Aalborg Universitet

Genomic investigation of the filamentous foam forming Candidatus ‘Microthrix
parvicella’ isolated from activated sludge
McIlroy, Simon Jon; Seviour, Robert; Rossetti, Simona; Tandoi, Valter; Kristiansen, Rikke;
Nielsen, Jeppe Lund; Petrovski, Steve; Nielsen, Per Halkjær

Publication date:
2012
Document Version
Early version, also known as pre-print
Link to publication from Aalborg University

Citation for published version (APA):
McIlroy, S. J., Seviour, R., Rossetti, S., Tandoi, V., Kristiansen, R., Nielsen, J. L., Petrovski, S., & Nielsen, P. H.
(2012). Genomic investigation of the filamentous foam forming Candidatus ‘Microthrix parvicella’ isolated from
activated sludge. Poster presented at 7th Danish Conference on Biotechonology and Molecular Biology, Vejle,
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: January 09, 2023

Genomic investigation of the filamentous foam forming
Candidatus ‘Microthrix parvicella’ isolated from activated sludge
Simon J. McIlroy1, Robert J. Seviour2, Simona Rossetti3, Valter Tandoi3,
Rikke Kristiansen1, Jeppe L. Nielsen1, Steve Petrovski2 & Per H. Nielsen1
1

Department of Biotechnology, Chemistry, and Environmental Engineering, Aalborg University, Aalborg, Denmark
2 Biotechnology Research Centre, La Trobe University, Bendigo, Vic 3552, Australia
3 Water Research Institute, CNR, Via Reno 1, 00198 Rome, Italy

Introduction

Summary of metabolic model

Candidatus ‘Microthrix parvicella’ (henceforth referred to as ‘Microthrix’)
is a Gram positive, filamentous member of the Actinobacteria (Fig. 1). It
is observed in activated sludge wastewater treatment plants where it is
often associated with the poor sludge separation problems known as
‘bulking’ and ‘foaming’ (Fig. 2).

Based on the annotation of key pathways the main features of the
proposed metabolic model for ‘Microthrix’ in activated sludge is
summarised as follows (Fig. 3).

Despite the importance
of ‘Microthrix’ little is
known
about
its
physiology and why it
thrives
in
these
treatment plants; an
improved understanding
is likely to provide the
key to improving future
control strategies.

Aim
To develop a putative
metabolic
model
to
explain the success of
‘Microthrix’ under the
dynamic conditions of
activated
sludge
treatment (Fig. 3).

Anaerobic conditions:
• Uptake and storage of lipids as intracellular triacylglycerols (TAGs).
• Hydrolysis of polyphosphate provides energy for carbon uptake and
storage.
Aerobic/anoxic conditions:
• Stored TAGs are utilised via the β-oxidation pathway, ethylmalonylCoA pathway and TCA cycle providing energy and carbon for growth
and cell maintenance.
• Phosphate is taken up and stored as polyphosphate.

Fig 1. 16S rRNA gene ML phylogenetic tree of ‘Microthrix’
isolates and selected related sequences.

Approach
• An almost complete
genome Of ‘Microthrix’
strain RN1 (Fig. 1)
was obtained using
the 454 sequencing
method.

Fig 2. Gram stain micrograph of the biomass from an
activated sludge plant dominated with ‘Microthrix’.

• Annotations were made with the MaGe platform (Genoscope) for
the key metabolic pathways, entailing the carbon, nitrogen and
phosphorus metabolism.

Summary of key pathways
Pathway
Central carbon metabolism
Oxidative TCA cycle
Reductive TCA cycle
Glyoxylate shunt
Ethylmalonyl-CoA
Glycolysis EM
Glycolysis ED
Gluconeogenisis
Fermentation
Storage polymers
Polyhydroxyalkanoate synthesis
Glycogen synthesis
Polyphosphate synthesis
Triacylglycerol synthesis
Denitrification
Nitrate (NO3 -) → Nitrite (NO2-)
Nitrite (NO2-) → Nitric oxide (NO)
Nitric oxide (NO) → Nitrogen (N2)

Present in genome?

Table 1. Summary of selected pathways in the ‘Microthrix’ genome.

Yes
No
No
Yes
Yes
No
Yes
No
No
No
Yes
Yes
Yes
Yes
No

Fig 3. Diagrammatic summary of the energy and carbon metabolism of ‘Microthrix’ in activated
sludge wastewater treatment systems.

Closing remarks
• As indicated by in situ data the ‘Microthrix’ genome indicates that it is
a lipid specialist.
• The annotated genome provides the foundation for –omic based
methods such as transcriptomic and proteomic studies that will
validate this model and provide further insight into its in situ
physiology.
• The annotation analysis of the ‘Microthix’ genome is an ongoing
project.

