Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Metabolic model for an unusual and versatile Tetrasphaera involved in enhanced
biological phosphorus removal based on whole genome sequencing

Kristiansen, Rikke; Nguyen, Hien Thi Thu; Saunders, Aaron Marc; Nielsen, Jeppe Lund;
Wimmer, Reinhard; Le, Vang; Petrovski, Steve; Mcllroy, Simon Jon; Seviour, Robert;
Calteau, Alexandra; Nielsen, Kare Lehmann; Nielsen, Per Halkjaer

Publication date:
2012

Document Version
Early version, also known as pre-print

Link to publication from Aalborg University

Citation for published version (APA):

Kristiansen, R., Nguyen, H. T. T., Saunders, A. M., Nielsen, J. L., Wimmer, R., Le, V., Petrovski, S., Mcllroy, S.
J., Seviour, R., Calteau, A., Nielsen, K. L., & Nielsen, P. H. (2012). Metabolic model for an unusual and versatile
Tetrasphaera involved in enhanced biological phosphorus removal based on whole genome sequencing.
Abstract from 14th International Symposium on Microbial Ecology, Copenhagen, 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 -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: April 25, 2024


https://vbn.aau.dk/en/publications/01e80f56-1ac3-4503-9947-d56a553270dc

Abstract for ISME14, Copenhagen 2012

Metabolic model for an unusual and versatile Tetrasphaera involved in enhanced
biological phosphorus removal based on whole genome sequencing

Rikke Kristiansen®, Hien Thi Thu Nguyen®, Aaron Marc Saunders®, Jeppe Lund Nielsen', Reinhard
Wimmer?, Vang Que Le?, Steve Petrovski?, Simon Jon Mcllroy?, Robert Seviour?, Alexandra
Calteau®, Kére Lehmann Nielsen®, Per Halkjeer Nielsen™*

!Department of Biotechnology, Chemistry, and Environmental Engineering, Aalborg University,
Aalborg, Denmark

“Biotechnology Research Centre, La Trobe University, Bendigo, Vic 3552, Australia
SLABGeM, CEA/DSV/IG/Genoscope, EVRY Cedex, France

Enhanced biological phosphorus removal wastewater treatment systems are designed to remove
inorganic phosphorus from wastewater by selecting for microorganisms, collectively known as the
polyphosphate-accumulating organisms. These organisms store inorganic phosphorus as
intracellular polyphosphate in excess of their growth requirements. This is essentially achieved by
the cycling of the biomass through a carbon source rich anaerobic phase and carbon deficient
aerobic phase. The polyphosphate stores provide the energy for anaerobic carbon assimilation and
storage which can be utilized for growth and maintenance in the subsequent aerobic phase.
Recently, microorganisms belonging to the actinobacterial genus Tetrasphaera have been identified
as putative polyphosphate-accumulating organisms and found to be diverse and abundant in full-
scale enhanced biological phosphorus removal plants. Knowledge about the physiology of
Tetrasphaera is limited, but its ecological niche appears to be different from that of “Candidatus
Accumulibacter phosphatis” which is considered the model for the polyphosphate-accumulating
organism phenotype. To elucidate the physiology of the Tetrasphaera, the genomes of four
activated sludge isolates (T. australiensis, T. japonica, T. elongata, and T. jenkinsii) were
sequenced using the lllumina platform and annotated with the MaGe annotation software. The
central aspects of carbon, phosphorus and nitrogen metabolism were investigated in detail. A
metabolic model was then constructed to explain the physiology of the Tetrasphaera that allows
them to be so successful under the dynamic conditions of enhanced biological phosphorus removal
systems. Key features of this model were validated experimentally. We propose that Tetrasphaera-
related polyphosphate-accumulating organisms can anaerobically assimilate a variety of carbon
compounds, including glucose which is either fermented to a number of different compounds
(acetate, alanine, lactate and succinate) or stored as glycogen. The energy required for anaerobic
glycogen production is provided from the degradation of stored polyphosphate and the fermentation
of glucose. During the subsequent aerobic phase, where the organisms are starved of an external
carbon source, the stored glycogen is catabolised to provide energy for growth and to replenish their
intracellular polyphosphate reserves needed for subsequent anaerobic metabolism. Additionally,
Tetrasphaera can utilise nitrate and nitrite as electron acceptors in the absence of oxygen. The
proposed model is considerably different to those previously developed for the polyphosphate-
accumulating organisms, where the carbon source is stored as polyhydroxyalkanoates, with
reducing equivalents sourced from the anaerobic hydrolysis of glycogen, which is utilised
aerobically to replenish these glycogen stores. The findings described here have shown that the
Tetrasphaera in enhanced biological phosphorus removal exhibit an unusual and versatile
‘polyphosphate-accumulating organism type’ metabolism. This study also provides a novel
alternate metabolic strategy for survival of organisms with the ‘phosphate accumulating” phenotype
in these systems.



