Relating biomolecular data to denitrification rates in infiltrating river water

Insights from enzyme-based reactive transport modelling
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MOTIVATION o

Nitrogen cycling by microbial processes modulates the water quality in rivers
and groundwater.

Quantitative biomolecular data (abundances of functional genes, transcripts
and enzymes) have been suggested to provide information about nitrogen
cycling processes.

lM The quantitative interpretation of these novel data types and their

relationship with reaction rates need further validation.
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RESEARCH QUESTIONS

« How do biomolecular quantities respond to dynamic redox conditions in groundwater?

« How do these quantities relate to reaction rates?

«  What should be considered when measuring biomolecular variables to obtain information

about reaction rates?

APPROACH We use a transcript- and enzyme-explicit reactive transport model to address these
questions at the example of the river-groundwater-interface.
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SIMULATION SCENARIO 2a)

Oxygen concentrations in the river water are
subject to diurnal fluctuations (scenario 1) or

constant (scenario 2). Oxygen and nitrate serve as electron

acceptors for the oxidation of organic

carbon from the river water and aquifer
matrix.
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Oxic river water with high nitrate concentrations infiltrates groundwater.
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MODEL IMPLEMENTATION

inducing/

inhibiting factors NO3
« Denitrification is described by an L_

transcription

enzyme-explicit model formulation. factors NarR FnrP NNR
« Simulated functional enzyme concentrations MRNA na,G mrs
directly influence denitrification rates. l l
enzymes NAR NIR
« Reactions are coupled to the 1-D l l
advection-dispersion equation with a finite cates NO3" NOy" Ny

volume approach.

Figure 1: Scheme of the enzyme-explicit reaction
model (Storiko et al., in press).
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SPATIO-TEMPORAL PATTERNS OF TRANSCRIPTS AND ENZYMES

« Periodic oxygen
fluctuations propagate into
the domain.
> Zone of active
denitrification shifts back
and forth (panel A and D).

« Strong daily fluctuationsin
functional-gene transcript
concentrations (panel B).

« Functional-enzyme and
biomass concentrations
are stable over time (panel
CandE).
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Figure 2: Spatial concentration distributions in the two scenarios, aggregated

over time in the fluctuating case.



RELATIONSHIP OF REACTION RATES AND BIOMOLECULAR DATA | Z
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Often, we are more interested in ¢ [transcripts/cell] X107 c [enzymes/cell] X107
average reaction rates—how do they
relate to transcript and enzyme Figure 3: Relationship of concentrations and rates over time (indicated
concentrations? by color) and space (several loops).
ions:
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RELATIONSHIP OF REACTION RATES AND BIOMOLECULAR DATA 11 Z

« Daily averages of transcript or

%1020 Vvariable =mRNA variable = enzymes .
enzyme concentrations and SEw .d .d o L= 10+ =
denitrification rates show a clear ?D 5 g ! ..0‘°. ..o‘°. 4 : %
relationship that is similar for § SE . ,’. /. 2 :-10-S§
transcripts and enzymes. . g

« However, the relationship is highly oLy . e g
non-linear and non-unique %58 E £
because denitrification rates are § EE = B
not only limited by gene expression i ’ 00 05 10 15 0 : P ST E
(enzyme concentrations) but also C [transcripts/cell] X107 ¢ [enzymes/cell] X102

by substrate availability and

o Figure 4: Relationship of average concentrations and average reaction
oxygen inhibition.

rates over space (several dots).
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CONCLUSIONS Pag

(®© Different time scales of production and decay cause daily fluctuations of transcript, but not
enzyme concentrations.

W 7o get a picture of the transcriptome regardless, measurements at several time points
(averages, time series) are necessary.

®  Functional-gene transcripts and enzymes cannot uniquely predict reaction rates—even when
the system is at steady state. - A linear correlation approach is too simple.
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