What Is microbial resource management? How
can we optimize the process by applying
microbial resource management?




) Meet the UniPD partner

The University of Padua is one of the oldest in Italy and Europe, it is ranked within the best 100 universities
in Europe. In the last evaluations of the Italian research centers, DiBio and DAFNAE ranked among the first

three and the first, respectively, in their related fields.

We are affiliated to the Genomics and Bioinformatics
research unit and the Waste to Bioproducts-Lab. Our
research unit is equipped with state-of-the-art
technologies for “omic analyses”, that combined with
microbial resource management expertise will meet
the project requirements
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) Background: methanogenic routes

Biological fixation of CO, with the use

of external H, can follow different

metabolic routes: | | Butanoate metabolism

Hydrogenotrophic methanogenesis e, H Homoacetogens

Propionate metabolism |

V-

L

2 >
archaea directly convert CO, to CH, [ Wood-Ljungdahi pathway |
< —_
|

Homoacetogenic bacteria
convert CO, to acetate
-> 0K if acetoclastic methanogenic archaea

convert the acetate into CH,
->NOT OK if acetate accumulates
in the system
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) Preliminary study: biofilm microbiome

Fundamental
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bacteriain
biofilm
formation
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) Methods: microbiome characterisation

Relative abundace
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Metagenomic workflow:

1. Extraction of genetic material from microbial samples Taxonomy

7. Sequencing and metagenomic analysis
5. Abundance, taxonomy and function of species

How many - Who - What
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) Methods: microbial control arch|tectures :
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In silico

Condition-
specific
modelling for
cross-feedings
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Genome-scale
metabolic

Fill gaps in the community-
model by level
improving gene simulations
annotations with defined

medium

models GEM

reconstruction

Modelling workflow:

1. Microbial metabolic modelling for system prediction

Avoid potential
inhibition from

process
perturbation

2. Integration of biochemical data from reactor operation, i.e. VFA, CH, content, pH

3. Strategy planning foravoiding potential system inhibition

Palu, Computational and Structural Biotechnology Journal, 2022*
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) Methods: ongoing work

(\\:\:
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> Maintenance of anaerobic microbial inoculum at 55°C
> Microscopy for morphology and live characterization

> Gas chromatography and optical density are used to verify
microbiota performance in CO, methanation
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) Microbial Inocula of COztoCl—M
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) Old Inoculum: flux balance analysis

Exchanged amino acids:
L-Alanine o o c
L Aspartate The preliminary study suggested a crucial role
L-Glutamine o o o o o
L kiaats of amino acids and other micronutrients in Y
L-S .. . . = R .
il syntrophic interactions during CO, e V,ﬁ*’wé
®  Glycine . 2 @ ,égu“"
) methanation. LR %
M. wolfeii
Firmicut . . . .
Mo Acetomicrobium > L-Glutamate is showed as the main amino acid
GSMM966 sp.

exchange between Acetomicrobium sp. (bacterium)
and Methanothermobacter wolfeii(archaeon).

> Other amino acids were hypothesized to be important
in the exchanges between the archaeon and several
bacteria(e.qg. Aspartate, Alanine, Leucine, Cysteine,
Serine and Valine).

Limnochori . sp.
Sp. GSMM974 De Bernardini, Microbiome, 2022*
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) Old Inoculum: test on amino acids

— D:D Plan of experimental setup
ol e contrel to verify key metabolites
, o DNA & RNA o . .
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P Amino acids role in process stability
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> Antibiotics without the addition of amino acids
killed the entire community.

§ - §~s §
> The addition of amino acids maintained stable the ﬁ* ﬁ* .‘;""@v.
process in depletion of bacteria, the microbiota > S
could survive and produce CH,
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P Old Inoculum: test on micronutrients uptake

Growth in thermophilic

conditions
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) Micronutrient role in process stability

® Control @ Nickel Cobalt >  [he addition of
micronutrients(i.e.
nickel and cobalt)to
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) Test for selection of suitable digestate
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) Strategy proposal for CO, methanation
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) Young Inoculum: from meso to thermophilic

1° Phase

2° Phase
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) Young Inoculum: microbiome composition
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Microbiota formed
on activated carbon
pellets and raschig
rings were different.

The dominant
archaeon M.
thermautotrophicus
was extremely rare
in the inoculum.
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) Young Inoculum: GRT reduction

The young inoculumis used in the prototype unit at low GRT, subsequently increasing
the inlet gas flow rate will provide higher CH, production

PROBLEM: risk of limiting the solubility and mass transfer of CO, and H, into the liquid
> AIM: enhance the efficiency of the biomethanation process

> OUTCOME: obtain a microbial consortia with high biomethanation potential
H,CO, (4:1)

|I o
n GRT(h) |4 _E*_ j

i i metagenomics +

‘g g f ‘g Yg strain deconvolution
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) Future perspectives: Feeding-starvation

The surplus of renewable energy is needed to produce H, through H,0 electrolysis

PROBLEM: this surplus will not always be available — the CH, production will be stopped
and the microbial community will need time to recover after a starving period

> AIM: enhance the productivity of the methanation process

> QUTCOME: obtain a microbial consortia able to recover faster from starvation

H,CO,

(1) L[ s
] 5 : ! Recovery
Pl E ! speed

Lt/ 7-14 Days : Optimized archeon Mobile

metagenomics + 4 o

strain deconvolution ’ \
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Juestions?

Thanks for your
attention!
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