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* By 2025, global cities will generate approximately 2.2 billion tonnes of solid
waste biomass per year (The World Bank, 2017).
~* Lignocellulosic plant biomass is the major waste product.
N | |croorgan|sms convert waste blomass to methane-rich biogas.
P_ aerobic diges 'a AD) plz nts and landfills are engineered environments
ere mi ganis se.dior asgj decomposition and biogas
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* There are over 17,000 AD plants and 500,000 landfill sites in the EU alone.

* Enhancing microbial biomass conversion to biogas in AD plants and landfill
provides a sustainable and renewable green-energy source.

* Typically, microorganisms from animal faeces / slurry used as inoculum for AD.

ooyl i Biotechnology for Biofuels

Condusions: Our data indicate thal a relatively kower abundance of bacieria alfiliated with the phylum of Boc-
teraidetes and, to some cxtent, librobacterss is associated with a deoreased richniess of predicted lignocellulobytic
enzymes in biogas fermenters, This difference can be attributed to-a partial lack of genes coding for cellulolytic GH
ergymes derved from bacteria which are affiliated with the Fibrobacteres and, especially, the Bocteroidetes. The partial
deficiency of these genes implies a potentially impartant limiration in the bicgas fermenter with regard 1o the initial
hydrobysis of biomass. Based on these findings, we speculate thal increasing Lhe members of Bacteroidetes and Fbro- Auxiliary |

bacteres in bioagas fermenters will most likely result in an increased hydralytic performance, . bA;ti‘;i“es [
arbohydrate

Binding
Modules
Carbohydrate
Esterases

RESEARCH ARTICLE Cohesin

1 AMERICAN Applied and Environmental Science
Pl SOCIETY FOR July/August 2017 Volume 2 Issue 4 e00300-17 .
MICROBIOLOGY https://doi.org/10.1128/mSphere.00300-17 Dockerin

Glycoside
Hydrolases

= . - . — . Glycosyl
Lignocellulose-Degrading Microbial Communities in Transferases |§

Landfill Sites Represent a Repository of Unexplored Powsaccgyaar;fg
Biomass-Degrading Diversity S-layer
Homology

Domain

Emma Ransom-Jones?, Alan J. McCarthy?, Sam Haldenby®, James Doonan?, James E. McDonald

0° Ransom-Jones et al., 2017
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Could microbiota from landfill sites enhance biomass conversion
in AD plants?

Can synthetic landfill microbiomes be used for bioaugmentation
of AD and landfill processes?




2 CoBiolech Project plan

Aims of the SYNBIOGAS project:

* Characterise anaerobic landfill
microbiomes associated with
waste biomass conversion.

* Design optimal synthetic
microbiomes for anaerobic
digestion.

* Application and validation of
synthetic microbiomes for

bioaugmentation of landfill sites

and AD plants.
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Landfill

microbiota \E/ feedstocks

Microbiome
sequencing

Waste

Microbial
isolation

WP1. Characterising landfill microbiomes
(Lead: McDonald, Bangor University)

Task 1.1 Construction of landfill microbiome reactors

Task 1.2 Multi-omic sequencing of biomass-degrading microbiomes
Task 1.3 Isolation of landfill biomass-converting microorganisms
Task 1.4 Genomics of landfill biomass-degrading isolates
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Computational
enzyme discovery

Biochemical
characterisation

WP2. Computational enzyme discovery and lab characterisation
(Leads: Henrissat/Terrapon, CNRS and Aix-Marseille University)
Task 2.1 Computational enzyme discovery

Task 2.2 Bacteroidetes polysaccharide utilization loci (PULs)
Task 2.3 Enzyme screening and biochemical characterization
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Design synthetic

WP3. Network modelling and synthetic microbiome design
(Lead: Centler, Helmholtz)

Task 3.1 Community-wide metabolic network modelling.
Task 3.2 Reconstruction of individual metabolic network models.

Network microbiome Task 3.3 Dynamic community simulations.

modelling Task 3.4 Screening for optimal communities TRL2 & 3
2t - - WP4. Lab and industrial application of synthetic microbiomes
&Y = 9

L af

Lab validation of
syn-microbiome

Industrial
application

(Lead: Centler, Helmholtz; McDonald, Bangor)

Task 4.1 Lab validation of synthetic microbiomes

Task 4.2 Scale-up of synthetic microbiome for bioaugmentation
Task 4.3 Application of syn. microbiome in AD plants and landfills
Task 4.4 Validation of process improvements

LCA, CBA, KT

i E TRL4,5&6

WPS5. Economic, environmental and social impact
(Lead: Jones, Bangor University)

Task 5.1. Assessing practical barriers and opportunities for adoption
Task 5.2. Environmental impact of mitigation options

Task 5.3. Scalinlg up, and policy and industry implications

WP6. Project Management and dissemination

(Lead: McDonald, Bangor University)
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Technical overview
WPa: Chracterising landfill microbiomes
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¢ Landfill bioreactors set up

Municipal solid
waste

Chicken manure
paper/cow slurry

Maize

Food waste

AD sludge

» Gasphase

» Liquid
phase

Avutoclavingat120°C for
i5min

Frozendried

2% of total solid feedstocks was
added anaerobically to the
bioreactorsunder
N2-free oxygen gas

¢ Landfill Microbial communities

Fresh anaerabic leachate
(Hafod landfill site)
;

Anaerobic drilled waste

mixed (20% w/v)

Inoculum
Drilled waste/Leachate mixture

& Monitoring of the bioreactors during 28 days of incubation

pH variation

Supernatants
Biodegradation products
And Exoproteins analysis

DNA-RNA based
approaches

Pellets

Fibres analysis

Microorganisms
Isolationwork

Biogas volume

» Compare the biogas
yield of each
feedstock.

» Gasphase

» Liquid

Biogas composition
phase

» Determine biogas
composition (GC analysis) in
term of:

" CHg
* €02
* Hz, Ha2S...

Task 1: Construction of landfill microbiome reactors
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WPa: Chracterising landfill microbiomes

¢ Single gene community profiling: sequencing of the V4 region ¢  Shotgun metagenomes sequencing: 32 DNA Libraries in total were
of the 165 rRNA gene: 276 samples in total were analysed. sequenced, assembled, and analysed.
PCA Analysis: Clear separation by sampling time/feedstock FastQC: Sequence Counts PRI psai il o
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Assembly-based profiling Metagenomic dataset Read-based profiling

Community profiling: Total of 513 ASVs were found in all the samples
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Task 2: Multi-omic sequencing of biomass degrading
microbiome
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& [Isolation work: more than 600 strains were isolated

belonging to 61 different species.
Hungate techniques
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1 Anaerobicagar
medium dispatched
inHungate tubes.

2. Afterinoculation,
wheswereenoled
under cold water,

3. Colanies were
takenoutand then
transferredto the
liquid medium.
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Technical overview
WPa: Chracterising landfill microbiomes

Phylum Taxonomy

]

Bacteroidetes

‘_ Thermotogae

. Fusobacteria
B

Proteobacteria

. Halanaerobiaeota

Euryarchaeota

Synergistetes

. Chloroflexi

. Acidobacteria
. Epsilonbacteraeota

. Others

Genus Taxonomy
. Caldicoprobacter

. Enterococcus

] |Caproiciproducens Keratinibaculum

. Proteiniphilum . Tissierella
Clostridium | Fastidiosipila

B caricla B Haocela

[ Topid  Hydrogeni

y
0 Dest i

. Defluviitoga

. uncultured

! Sporanaerobacter
. Fusobacterium
. Tepidimicrobium

[ Bacinus

Acetomicrobium
. Pseudomonas
: Anaerosporobacter

B viio
. Salmonella

. Methanoculleus

Thiop jomona: . Fi i
. Anaerococcus . Thermotoga
Lactobacillus . Staphylococcus
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Enrichment and characterisation of of targeted groups:
e.g., cellulose degrading, and methanogens communities.
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Enrichment of methanogens, microorganisms responsible
of methane production in the bioreactors.

Task 3&4: Isolation and genomics of biomass degrading

microbiome
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WPa: Chracterising landfill microbiomes ',

¢ Description and characterisation of novel species: 15 novel & Genomics of isolates of interest: Whole genome sequencing and

species were isolated representing a novel species, genera genome annotation of the novel species isolates.
or even novel families.
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Task 3&4: Genomics of biomass degrading microbiome
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@ Context
& CAZy — specialist database for carbohydrate assembly/breakdown
& Annotation — identification of protein domain families
@ Functional interpretation — families with high substrate specificity
& Subfamilies — improve functional annotation in large/d{;verse families

@ Results
& Annotation of the whole gene catalog
— map to samples for interpretation
— select candidates for biochemistry

nosidases

betaylosidases

& Large subfamilies delineation facilitated by a Graph Theory criterion
— Proof-of-concept manuscript (in prep) for 3 CAZy families, more to come!
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WP3: network modelling

@ Task 1: Reconstruction of single-species

metabolic network models 006
5
@ Task 2: Community-wide metabolic (\c\“‘e
network modeling (‘enzyme-soup’) «'. o
@ Task 3: Microbiome simulations g/

@ Task 4: Screening for optimal
communities
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@ Pipeline for metabolic reconstruction of multiple metabolic network
models:

1 v .
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Software to reconstruct Reaction database: Identification of pathways Identification of pathways
metabolic models combination of KEGG, BiGG, and MetaCyc likely present in organisms present in models
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WP3: Project outcomes so far
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& Web application to analyze, compare and curate metabolic network
models. It is available at sbmlcomp.bioinf.uni-leipzig.de
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In silico

growth phenotype

Reactions mapping
to KEGG and BioCyc pathways

mnﬂ 11 model_2

P athway complete

Calculate pathway activity

model_1 model_2
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in multiple models

D

<@

Export model after
deleting or including
reactions




Outcomes:

Bioreactors:

16S rRNA gene &
shotgun metagenomes.
>500 isolates, 61

species, 15 new species.

Enzyme discovery:
CAZYme detection.
Subfamilies for 3 GH

families.

Network modelling:
Pipeline for metabolic
model reconstruction.
Web application.

5 manuscripts in prep
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Landfill Waste

Microbiome
sequencing

Microbial
isolation
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microbiota \ feedstocks
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WP1. Characterising landfill microbiomes
(Lead: McDonald, Bangor University)

Task 1.1 Construction of landfill microbiome reactors

Task 1.2 Multi-omic sequencing of biomass-degrading microbiomes
ask 1.3 Isolation of landfill biomass-converting microorganisms
Task 1.4 Genomics of landfill biomass-degrading isolates

TRL2 &3
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Biochemical
characterisation
Computational
enzyme discovery

WP2. Computational enzyme discovery and lab characterisation
(Leads: Henrissat/Terrapon, CNRS and Aix-Marseille University)
Task 2.1 Computational enzyme discovery

Task 2.2 Bacteroidetes polysaccharide utilization loci (PULs)
Task 2.3 Enzyme screening and biochemical characterization

; i TRL2&3
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WP3. Network modelling and synthetic microbi desig
(Lead: Centler, Helmholtz)

Task 3.1 Community-wide metabolic network modelling.

Design synthetic Task 3.2 Reconstruction of individual metabolic network models.
Network microbiome  Task 3.3 Dynamic community simulations.
modelling Task 3.4 Screening for optimal communities TRL2 & 3
{;{S) ‘ ol - WP4. Lab and industrial application of synthetic microbiomes
""'*c\.-” “ (Lead: Centler, Helmholtz; McDonald, Bangor)
W Task 4.1 Lab validation of synthetic microbiomes
Task 4.2 Scale-up of synthetic microbiome for bioaugmentation

Lab validation of  Industrial
syn-microbiome application

Task 4.3 Application of syn. microbiome in AD plants and landfills
Task 4.4 Validation of process improvements

i E TRL4,5&6
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LCA, CBA, KT

WPS5. Economic, environmental and social impact
(Lead: Jones, Bangor University)

Task 5.1. Assessing practical barriers and opportunities for adoption
Task 5.2. Environmental impact of mitigation options
Task 5.3. Scaling up, and policy and industry implications
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Next steps:

Genome sequencing of
isolates

Enzyme characterisation

Network modelling

Testing and application
of synthetic
microbiomes

Problems: Covid-19, inability to meet in person (as a team, and with stakeholders)
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@ Social impacts: 29

'.
0, ~
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@ sustainable options for waste management —

@ reduce environmental impact of waste biomass A

@ development of key enabling technologies for
sustainable green-energy generation

@ Scientific outcomes:
@ Collection of microbial isolates from landfill sites

@ CAZYmes with enhanced catalytic activity and substrate
specificity

@ high resolution datasets on SLM activity

@ metabolic process models of AD processes -
@ validated SLMs for AD bioaugmentation S L o

@ life cycle assessment and roadmap for tech R
implementation 1

% @synbiogas
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Next steps SYNBIOGAS,

& Whatis planned
& [n person team meeting
& Stakeholder-focused dissemination & discussion events
& WPy research co-design with stakeholders

@& Outreach activities — animation, science festivals, press releases.
& Stakeholder handbook

& What should be achieved

& Several manuscripts in preparation.
& Bioaugmentation tests in landfill sites and AD plants.
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& Recommendations for political measures to overcome current and
potential obstacles for biotech research, market implementation of
biobased products, processes and technologies

Follow-on funding to support the development and commercialisation of
technologies emerging form the projects.
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James McDonald % @jamesemcdonald
Bangor University, UK. % @synbiogas

j.mcdonald@bangor.ac.uk www.synbiogas.com




