Downloaded from orbit.dtu.dk on: Jan 08, 2023

Electron uptake characteristics and diversity of electro-active ammonium, methane,
thiosulfate and hydrogen enriched cultures from rapid sand filters

Gülay, Arda; Jensen, Marlene Mark; Bælum, J.; Ponten, T.S.; Smets, Barth F.

Publication date:
2019
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit

Citation (APA):
Gülay, A., Jensen, M. M., Bælum, J., Ponten, T. S., & Smets, B. F. (2019). Electron uptake characteristics and
diversity of electro-active ammonium, methane, thiosulfate and hydrogen enriched cultures from rapid sand
filters. Poster session presented at Eletromicrobiology conference 2019, Aarhus, Denmark.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
 You may not further distribute the material or use it for any profit-making activity or commercial gain
 You may freely distribute the URL identifying the publication in the public portal
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Electron uptake characteristics and diversity of electro-active
ammonium, methane, thiosulfate and hydrogen enriched
cultures from rapid sand filters
A. Gülay, M. M. Jensen, J. Baelum, T. S. Ponten, B.F. Smets
e-mail : ardagulay@fas.harvard.edu, argl@env.dtu.dk
1. Introduction

3. Results
(A) Methane pre-enriched, (B) Hydrogen pre-enriched, (C) Thiosulfate preenriched, (D) Ammonium pre-enriched cultures

Electrochemical activity :

Rapid
sand
filtration
is
a
conventional
biotechnological
process used in numerous fullscale applications in Europe to
treat
groundwaters.
The
microbiome consists of several
chemolithoautotrophic
guilds
including methane, hydrogen
sulfide, ammonium, nitrite, iron,
manganese oxidizers (Gülay et
al. 2016).

(A) Methane pre-enriched, (B) Hydrogen pre-enriched, (C) Thiosulfate pre-enriched, (D)
Ammonium pre-enriched cultures

Rep 1

Rep 2

Cell extracts were obtained from
Islevbro waterworks in Denmark
and
enriched
for
hydrogen,
methane, thiosulfate, ammonium,
iron(II) and manganese oxidizing
communities. Electro-activity and
community
composition
of
enriched
communities
were
determined
using
bioelectrochemical system and
16S rRNA illumina sequencing.

Figure 1 A representative process scheme of a
drinking water treatment plant in Islevbro treating
groundwater.
Images
are
taken
from
actual
waterworks that were investigated in this study
Hydrogen enriched

Thiosulfate enriched

Methane enriched

Figure 4 Current density of reactors incolated with methane, hydrogen, thiosulfide
and ammonia pre-enriched populations.

Ammonium enriched

Figure 5 Cyclic voltammetry (CV) graphs of reactors incolated with methane,
hydrogen, thiosulfide and ammonia pre-enriched populations.

Methane enriched Replicate 1

Methane enriched Replicate 2

Figure 2 Hydrogen, methane, Thiosulfate and Ammonium
enriched cultures after 7 transfers

2. Research questions
Is there any positive link between the efficiency of electron uptake
and the type of microbial oxidation pathways?
How does the rate of electron uptake vary for different functional
guilds?”.
What is the ratios of energy distribution to cell growth and microbial
products of EET capable communities?

•
•

•

Hydrogen enriched Replicate 1

A

Hydrogen enriched Replicate 2

Figure 6 Total energy (kJ) taken by the reactors incolated with methane,
hydrogen, thiosulfide and ammonia pre-enriched populations and by tha biotic
control reactor.

Figure 3 Representative electrode pictures taken from the cathode section of the BES reactors

Thiosulfate enriched Replicate 1

3. Materials and Methods

A

Thiosulfate enriched Replicate 2

Enrichments
The microcosms of methane and hydrogen oxidizers were amended
with 60 mL of 100% methane and 100% hydrogen. The microcosms
of ammonium, thiosulfate and manganese oxidizers were
supplemented with 10mM of ammonium, thiosulfate and manganese
(II) as the electron donor. After a 15-day incubation, 10 mL of the
enrichment cultures were used to inoculate new serum bottles
containing 60 mL fresh aerobic MWMM media.
Bioelectrochemical reactor and operation

Two-chamber H-type BESs were constructed from two 250-mL
plexiglass boxes each joined together with silicone rubbers. The
two chambers were separated by a pretreated cation exchange
membrane
(CMI-7000S
Cation
Membrane,
Membranes
International INC.). For chronoamperometric measurements, the
BESs were connected to a potentiostat (Ivium Technologies, Iviumn-Stat Multichannel potentiostat) by applying a cathode potential of
−0.450 V (vs. AgCl). The scan range of the CV was from ⫺0.1 V to
⫺-0.5 V, and the scan rate was 1 mV/s.
Efficiency calculations

Ammonia enriched Replicate 1

A

Ammonia enriched Replicate 2

Current densities were calculated as J = I/Acat, where J is the
current density, I is current, ACat is cathode surface area.
𝑡

න 𝐴 𝑉 ∗ 1000 with I the current (A), V the voltage (V), and t time (s).
0

Figure 7 Distribution of energy (%) in in reactors incolated with methane, hydrogen,
thiosulfide and ammonia pre-enriched populations

Biomass formation:
CO2(g) + 0.24 NH3(aq) + 0.525 H2O (ℓ) → CH1.77O0.49N0.24(s) + 1.02 O2(g) ΔrGo = 479 kJ/mol
Microbial product formation:
The energy used to produce particulate and dissolved organics in BES was estimated from the TOC-DOC
and DOC values
Cell counts
Deattached
biofilm
on
the
electrode. 0.5 mL of aliquot
were subjected to SYTO staining
and stained cells were analyzed
with a confocal laser scanning
microscope.
Amplicon sequencing
16S rRNA analysis by Illumina MiSeq
at the DTU Multi Assay Core Center

Table 1 Overall calculation scheme to estimate energy distribution of electro active communities in this study
Calculation of
energy loss in
BES system

Energy used in
the abiotic
control

Calculation of
energy given to
carbon fixation

Energy estimation
for carbon fixation
using the
alkalinity
consumption

Calculation
of biomass
growth

Calculation of energy
used for microbial
products
(i) Estimation of energy
from total and dissolve
organic measurements in
bulk water
–

Cell number
quantification
by direct cell
(ii) Estimation of energy
counts
required for detected cells
in bulk water

Calculation of energy used
for maintenance
(i) Total energy given by
potentiostat (ii) Energy used in the abiotic
control (iii) Energy used for microbial
growth - (bulk + electrode)
(iv) Energy used for microbial
products

Figure 8 Microbial community composition within inoculum and BES reactors at the 40th and 60th operation
days. Heatmaps were constructed for all 4 types of enrichments. D40 represents the operation day 40 and
D60 represents the operation day 60 after cell extraction and 2nd inoculation.

4. Conclusions
We found that microbial communities enriched with hydrogen and
thiosulfate are more efficent in terms of rate of electron uptake. On the
other hand, the members of ammonium and methane enriched
communities directed more energy to biomass growth than hydrogen and
thiosulfate enriched communities although they consumed lower levels of
energy. We detected that the total microbial community composition
significantly shifted from inoculum microbial community at the day of 40
and 60 days of operation. A genetic survey to investigate why dissimilatory
pathways are more efficient, will be implemented as further study using
high throughput sequencing.
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