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Microbial Ecology Laboratory

Research Topics

Microbial Ecology of 
wastewater 
treatment systems

Valuable products 
recovery from 
wastewater

Greenhouse gases 
emissions in cold 
environments



Moving from linear economy to circular economy
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Anaerobic digestion biorefinery

Nzeteu et al., 2022 5



6Al Mamun et al., 2015



Break the chain 
bioH2

Organic acids

Bioplastics

Medium chain organic acids

CH4 upgrade

CO2 capture 
to produce 
acetate
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Challenges

How can we select the microorganisms that 
carry out the process?

How can we prevent competing 
microorganisms?

How can we maintain the stability of the 
process?
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Workflow
Know the 
microorganisms

Predict their 
function

Optimal conditions for the 
selection of appropriate 
microorganisms

Lab scale 
bioreactors
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Sequencing methods to study microbial communities

16S rRNA gene
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Who?
Function



Sequencing methods

Reuter et al., 2015

Illumina Ion Torrent Pac.Bio. Nanopore

Short reads
Long reads. 
Third generation methods 11
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Databases

ARNr de 16S from wastewater 
treatment plants

ARNr de 16S all 
microorganisms
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Metagenomic for function
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Assembled genomes from metagenomic data

MAG
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Genome centric analysis



Sequencing strategies
16S rRNA gene 

● Select primers

● Depth (reads by 
sample)

● Sequencing 
platform and reads 
length (Illumina, 
Ion Torrent, 
Mini-Ion)

● Database 

Metagenomic

● Replicates
● Depth and 

coverage
● Amount of DNA 

and quality
● Platform 

(Illumina)
● Analysis 

(functional, 
MAGs, taxonomy)

Metatranscriptomic

● Triplicates
● Depth and 

coverage
● Amount of RNA 

and quality
● Platform (Illumina)
● Analysis 

(functional, MAGs 
expression)
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● Biohydrogen production

● VFA/MCCA production

Unknown microorganisms:  Chloroflexota

         Verrucomicrobia

Examples

Valuable products recovery Microbiology of full scale methanogenic reactors



Biohydrogen production by dark fermentation 
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Cabezas et al., 2015



BioH2 producing microorganisms

Firmicutes
Clostridium
Ethanoligenens
Thermoanaerobacter

Delta Proteobacteria
Enterobacteriaceae

Thermotogales
Thermotoga
Kosmotoga

Microorganisms involved in H2 production

H2 consumers

Methanogens  
(hydrogenotrophic)

Homoacetogens

Competitors

Lactic acid bacteria

Propionic producing 
bacteria
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Workflow
Know the 
microorganisms

Predict their 
function

Optimal conditions for the 
selection of appropriate 
microorganisms

Lab scale 
bioreactors
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Low yields

Instability

Problems

21
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Castelló et al., 2020



Microbial communities from 20 H2-producing 
reactors using 16S rRNA genes pyrosequencing
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Group 1 samples with high production of H2

Group 2 samples with medium production of H2

Group 3 samples with low production of H2
Etchebehere et al., 2016



Meta  analysis based in 16S rRNA gene 
sequences deposited in the databases

24Montoya-Rosales et al., 2025 in preparation

13 studies, 121 
samples from H2 
producing 
bioreactors.

16S rRNA gene 
sequences 
deposited in the 
databases and 
metadata 
associated.

Different statistical 
analysis
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Low diversity in reactors with 
good performance

Co dominance of Lactobacillus and Clostridium

Main results



Lactic acid bacteria in bioH2 reactors

Metabolic pathways to produce hydrogen consuming lactic acid. 
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11 lab-scale reactors 
producing H2
Operated in Brazil and 
Mexico.

27 samples

Metagenomic approach to bio-H2 reactors

27Bovio-Winkler et al., 2025 in preparation



Results

    Genes for H2 
production using 
lactic acid 

263 MAGs were 
assembled

Phylogenomic 
tree

Metabolic 
pathways 
reconstruction

28Bovio-Winkler et al., 2025 in preparation



Low diversity, stability problems

Interactions between microorganisms

Hidden metabolic pathways

It was easy to inhibit methanogenesis

It was difficult to control 
homoacetogenesis

Lessons from bioH2 reactors 
microbiology studies
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VFA as a central step in an anaerobic biorefinery

Asunis et al., 2020, Journal of Environmental Management 30



Fed batch reactor

Low pH favour the lactic acid production (pH 4)

High selectivity (97%)

High optical purity (98%)

If you can't beat them, join them 

Lactic acid production using cheese whey

Very low diversity

High selection of LAB

Depending on which microorganism 
predominates, the produced stereoisomer may 
differ.

Inés Etchelet thesis
Djalma Ferraz
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Two main 
pathways

Who are the 
microorganisms 
involved?

Which are the best 
conditions?

Culture strategy

Chain elongation

32Montoya-Rosales et al., 2023



The application of an 
electric current enables 
control over the 
distribution of 
fermentation products.

Cardeña et al., 2024

Electro-fermentation
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Using data from databases to understand the 
process.

Metagenomics and metatranscriptomic 
approach.

Answer general questions

Know the role of unknown microorganisms

Discover new interaction within 
microorganisms

Discover new functions

Understanding AD microbiology using 
metagenomics

Meegoda et al., 2025 3434



Ostos et al., 2024

Recommended 
review on 
metagenomics 
applied to AD
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Full-length 16S rRNA gene sequencing of 285 full-scale anaerobic digesters (ADs) (Dueholm et al., 2024)

MiDAS database
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It gives a number for unknown genera and species

Browse taxonomy
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Many important phyla from the AD microbiota 
are composed by unknown microorganisms.

Bovio-Winkler et al., 2021. Database mining to 
unravel the ecology of the phylum Chloroflexi 
in anaerobic full scale bioreactors.

Meta analysis performed with 16S 
rRNA gene sequences from 62 
methanogenic reactors: 
27 reactors treating wastewater (WTAR) and 
35 reactors treating solid waste (STAR).

Unknown microorganisms in full scale anaerobic reactors 

38



Most abundant genera within Chloroflexota
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Anaerolineae family precominate

Some gera are shared within many 
reactors. 

Many un-described genera (midas_g)
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Why Chloroflexota?

● They are always present in the different 
wastewater systems

● They are filaments
● They can produce bulking problems
● They can be important for the aggregation 

of the biomass



Chloroflexota in three different wwt systems
Do Chloroflexota have the same role in the different systems?

Full scale 
Methanogenic 
reactor
Anaerobic
COD to CH4

Full scale 
Activated sludge
Aerobic
COD to CO2 and biomass

Lab scale
Anammox reactor
Anaerobic
NH4+ + NO2-  to N2

RED CYTED TRITON



Metagenomics 



Chloroflexi are present 
in the three reactors 
with high abundance



Function

Hydrolyti
c 
enzymes

Respiration



Chloroflexota in wastewater treatment 
reactors a metagenomic approach

18 published papers and data from the present work, which used shotgun
87 full-scale reactors distributed in 15 countries, comprising 45 AS and 42 
MET reactors 
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Orange: MAGs from 
activated sludge  

Blue: MAGs from anaerobic 
reactors  

Most MAGs are not close to 
any cultivated representative  

MAGs from activated sludge 
with aerobic respiration 
genes  

They share a large number of 
hydrolytic enzyme and 
adhesion genes.

264 MAGs
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● Present in systems with a high cell content 
and long cell residence time.

● They grow from complex organic polymers 
as exopolymers or cell debris.

● They have different ways of obtaining energy 
depending on the reactor operation.

● Slow growth.
● Filamentous morphology is essential for 

forming granules and flocs.

47Spaghetti granulation theory, Ahn (2000) 

Chloroflexota role in wwt reactors
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Which genes are active in the reactors?
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Metatranscriptomic data

Data from 16 reactors, 9 methanogenic (anaerobic), 7 activated sludge (aerobic) from Uruguay and 
other countries. 

Bovio- winkler et al., 2026 in preparation



50Genome size Genes expressed by genome
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Which genes are active in the reactors?

● They grow from complex 
organic polymers as 
exopolymers or cell debris.

● They have different ways of 
obtaining energy depending 
on the reactor operation.

● Slow growth.

● Filamentous morphology is 
essential for forming 
granules and flocs.



Challenges
● Use data from database to answer 

specific questions.

● Create specific sequences databases 
with metadata of reactors 
performances.

● Understand the microbiology of new 
process (chain elongation, 
electromethanogenesis)

● Design strategies to improve process 
based on metagenomics data.

● Modelling and process control based 
on genomic data

Promote collaborative projects 
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