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Closed ecosystems...

EcoSphere by Hanson ] and Folsome C

.. are underpinned by
microbial communities



Microbial Communities

High industrial and medical Scientific frontier with a
relevance multitude of open questions

BIOTECH AGRI-TECH How can we explain diversity
WATER MEDICAL In microbial communities?

What is the function (if any) in a
given microbial community?

Does community stability
relate to diversity?

What are the key interactions
In microbial communities?

What is the relation between
ecological and evolutionary processes?

Widder S. et al, ISME J 10:11 (2016)




A Functional/Tractable Microbial Community?

Anaerobic Digestion (AD)

COMPLEX POLYMERS
{proteins, polysaccharides, ete.)

* primary fermenters

OLIGOMERS
({sugars, peptides, ete.)
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http://www.mannvit.com/Markets/UnitedKingdom/AnaerobicDigestion/

Schink B Microbiol Mol Biol Rev 61:2 (1997)
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Our Approach

Decipher complex, natural systems |

l

‘ ? Insights and Applications ? ‘

¢ BOTTOM-UP

Engineer minimal systems to learn about
biochemical basis of communities

po/fwww.mannvit, i icDigestion/




‘Top-down insights’ from AD communities

EXETER  Work led by Angus Buckling et al
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Degradation performance, ie biogas production differs among
communities from AD reactors vs. natural

Community composition (and biogas production) converges upon
adaptation to same feedstock



‘Top-down insights’ from AD communities

EXETER Work led by Angus Buckling et al

Communities’ mixtures are dominated by top performing community
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Offshoot: Temporal analysis of industrial AD reactors

www.anaerodynamics.com

dnaero
d .

Home

Reactors

Welcome to the online home of The UK AD Microbiome Monitoring Project. This is a BBSRC-funded praject that uses high-throughput
genetic sequencing to characterise the microbial communities within industrial Anaerobic Digestion Bioreactors. Anaerobic Digestion is a

renewable energy technology whereby waste is consumed by microbes to produce biogas. While the process has been used for decades, the

microbial communities underpinning it are not fully understood.

In this project, we will monitor microbial community composition on a weekly basis for over a year. By correlating this genomic data with
extensive meta-data from bioreactors (e.g. methane production, feed composition, pH), we hope to develop predictive models of how the

microbial community structure and function changes over time. Our project is supported by commercial AD sites, as well as the UK Anaerobic

Digestion Network and aims to become a source for reliable data for the AD industry and the scientific community interested in microbial

communities. On this website, you can track our progress and access the data we generate, as it becomes available. As a starting point, the

graph below shows operating conditions in participating AD reactors over time, while further details on reactors is also available. When

sequencing of the reactor microbial communities is carried out, these results will be made available as well.
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Functional annotation of genomes and meta genomes
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‘Top-down insights’ from AD communities

Microbiome composition/diversity Is important for
community function (methane production)

Members of functional communities tend to ‘stick’
together as a community

=> Interactions within communities are important
and perhaps optimised through co-adaptations



‘ ? Insights and Applications ? ‘

T BOTTOM-UP

Engineer synthetic communities to learn about
biochemical basis of communities

¢ Metabolic Cycles
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Grosskopf & Soyer, Curr. Op. Biotech (2014)




Syntrophy: Crucial

COMPLEX POLYMERS
{proteins, polysaccharides, etc.)

* primary fermenters

OLIGOMERS
{sugars, peptides, etc.)

v

LONG CHAIN FATTY ACIDS
ALCOHOLS
(propionate, butyrate, atc.)

secondary fermenters *
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Schink B Microbiol Mol Biol Rev 61:2 (1997)

in AD systems
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Thermodynamics basis for genetic
drivers of syntrophy

The syntrophy enabling mutation allows energy investment to overcome
thermodynamic hurdle:

Lactate + HoO —> Acetate + CO2 + 2H> AGo = -8.79 kJ/mol
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Grosskopf T. et al. ISME J. (2016).




Extending syntrophic interactions increases
methane production from lactate

Jing Chen
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Syntrophic stability driven by competition for H-

Mb monoculture on 30mM acetate
with or without H»

mM Methane (per L medium)
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See Jing’s talk and bioRxiv
manuscript;

https://www.biorxiv.org/content/early/2018/04/24/307041

N2/CO2



Towards a minimal system for anaerobic
degradation of defined wastes?

defined

food waste
>
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u — @
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Metabolite cycling: Crucial in marine systems?

Metabolic Cycles

&N

Christian Zerfass

Helper heterotrophs? Mineral provision for phototrophs?
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Establishing a mineral re-cycling motif around
Manganese and Manganese-oxide(s)

A co-culture media?

oy

Roseobacter Shewanella

AzwK-3b MnO: oneidensis MR-
Shewanella oneidensis Roseobacter sp. AzwK-3b
Salinity (NaCl) Low — Intermediate Intermediate — High
NH4* Required Required
Ca2+ Induces Aggregation Required
Vitamins - 5 Required
Growth on
-Lactate YES NO
-Acetate NO (negligible) YES




A natural cross-feeding interaction

Cross-feeding allowing direct

Lactate interaction in a bi-culture
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Mn dynamics in the bi-culture

Mn-oxidation dynamics:
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What about Mn oxidation? Why does it occur?

Mn oxidation requires excreted exoenzymes and NADH investment

COSsT

With NADH invested from

0, H,0 cell metabolism
— \ 7
Scavenging ROS generated
o @ by cell metabolism (Resp.)
Scavenging ROS generated v
by cell metabolism (Resp.) Mn3+ MnVO,

Mn oxidation as cooperative trait!
Impact on radical chemistry?

See Christian’s poster/talk
and bioRxiv manuscript;

https://www.biorxiv.org/content/early/2018/04/04/294975




Towards a closed microbial ecosystem?

Self-sustaining production

from sunlight??
etate Lactate

' products?
MnOz
Roseobacter Shewanella
AzwK-3b oneidensis MR-
Acetate = Lactate = Need for a spatially engineered system?

) )

@ @ Aerobic, liquid phase for acetate and Mn
oxidation

Anaerobic phase devoid of terminal electron
acceptors, so that MnOx reduction is favoured



Auxotrophy: Common in algae (and fungi?)

‘Ar"

Auxotrophy

Xue Jiang

B12 dependency iIn algae
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Heliwell KE et al. Trends in Genetics (2013)
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Catalase loss in cyanobacteria

93 Prochlorococcus sp. MED4
95 Prochlorococcus sp. MIT9312
95 Prochlorococcus sp. NATL2A

100

Morris JJ et al. mBio (2012)
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Functional losses due to stable
environmental provisions??
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Morris JJ et al. mBio (2012)



A endophytic fungi that can also live on its own(?)

Serendipita indica (formerly Piriformaspira indica)

Promote plant growth
Associate wild range of plants
Can grow without host

Sanders, I. R., & Croll, D. (2010). Kumari (2005)



S. indica is auxotrophic for thiamine...

‘. ,“’j‘ J| Yeast extract
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J| Nicotine acid
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Thiamine auxotrophy In fungi...

..seems confined to Basidomycota

Phyla
[ ] Ascomycota
[ ] Basidiomycota
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...can be satisfied by solil bacteria Bacillus subtilis

Y. indica B subiilis
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The impact of spatial / temporal separation on
establishing an auxotrophic inter&~*~=

B. subtilis colony

Spread Spat|a”y B surface @ 04mm M 0.8mm 1.2 mm
S.indica separate

Pre-Mix
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Jiang X et. al. ISME Journal (2018).




Towards a minimal plant supporting system?

Loilie .

l\l‘_\'\/

[:\} -
N S5 e.g. S. indica

X | ' 777

Plants

Heterotrophs

o \\ [ >
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\\‘ f =
/ _ 4 5
Sail gype znd host gepes determine bacterial communities
in tneplant root microbiomc secsesd
S UM Rl 1=% TEACHIN

e.g. Bacillus subtilis

Rhizobial ecosystem Synthetic cross-kingdom community

Possible applications in hydroponic plant
growth systems, seed coatings, etc.



‘ ? Insights and Applications ? ‘

T BOTTOM-UP

Engineer synthetic communities to learn about
biochemical basis of communities

Cross-Feeding
# ® Metabolic Cycles
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Complementary
’ Auxotrophy l_olf"

Grosskopf & Soyer, Curr. Op. Biotech (2014)




Metabolism is about electron flow

Electron rich Electron-dense
substrates storage compounds?
- Depositions on

"
Oxidative metals’

stress "
\ B Organic acids H:
&
Strong electron ‘ ‘
h\

acceptors

Respiratory Fermentative
pathways pathways Syntrophy

\ / Cross-feeding

Cellular trade-offs
Biophysical / Environmental drivers

Auxotrophy?



Redox ladder and thermodynamic
inhibition

reduction potential E° (mV)

600 400 200 0 —200 -400  —600

800

e acetate/pyruvate

o lactate+CO,/glucose
o H'/H, e CO,/formate

e CO./lactate
o COu/butyrate _
e CO2/methane  © sulfur/HS
o pyruvate/lactate e acetate/methane

e sulfite/HS
| ] H+/H2

e fumarate/succinate

» glyoxylate/glycolate

e nitrite/NO

e MNO,/Mn?* e nitrate/nitrite

e Fe**/Fe®*
[ OQ/HQO

CS Q
—\ 0 ESnad
pH=7 Microbial
Biomass

pH=0

Is “electronic’ control of cell
and community metabolism
possible?

Zerfass C, et al. Curr Op Biotech 2017



BIO-ELECTRICAL ENGINEERING (BEE)
30/31 May 2018, Warwick

Electricity and plants
Electrical interfaces to cells

Microbial electricity and
electro-fermentation

Biological organisations
through electrical fields

Bio-electrochemistry and
electrical measurements



Ecology & Evolution

“ Biophysical Drivers
- Thermo
. Electricity - dynamics

-~ cellular
- Trade-Offs

|

Towards a Theory of Metabolism
For Cellular and Community Engineering
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DIY Science (in space?)

available to download/buy soon

MlcrobeMeter Follow progress at:
YW @humanetechltd

D. vulgaris

0.00 0.10 0.20
| | | | |

Turbidity

0.00 0.10 0.20
| | | | |

Time (h)
I®” INTEGRATIVE SYNTHETIC BIOLOGY —W"‘“P






