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Lbe? .
= Usefulness of Molecular Biology Tools

» Microbial Resource Management

towards Ecological Engineering ?

From « Who is present ? » « Who is doing what ? » « With whom ? »....

... to « why are they doing it together? »
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Study and control of
electro-assisted fermentation in mixed cultures:

The role of engineering of microbial interactions
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Electro-Fermentation

“Novel process that consists of electrochemically controlling
microbial metabolism with electrodes”

> v : * Voltage applied on working electrode
t | . | |
| [ - * Anodic EF: partial electron sink
e e
I
I * Cathodic EF: additional electron source
Ox .
e [ * Microbial interaction between species and
[l electrode surface
Anode l Cathode

Electron sink Electron source . C . . .
I * Microbial interaction between species




é"y Experimental methodology

Control
(n=5)

Glucose (5 g.I'Y) & Other Nutrients: Starkey
PH,iia: 6.0 (MES Buffer)

Temperature: 37 °C

Operation: Batch x 20 h

Inoculum: HT anaerobic sludge sampled from
a lab-scale AD treating sewage sludge

- 0.9V vs SCE (n=2)
- 0.4V vs SCE (n=2)
Electro-Fermentation

+0.4 V vs SCE (n=3)

+0.9 V vs SCE (n=3)
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= H, production

(Anova, F=20.68, p=0.001)
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Metabolite distribution
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Microbial community

Family distribution (%)
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f Clostridiaceae




L Analysis of Metabolic patterns &
microbial community
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Could these tools help us
to optimize process performances?
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gy’ Anaerobic digestion

complex polymers

cel'h:n'aiyﬁc and other
hydrolytic bacteria

MOonomers

fermentative fermentative

bacteria

succinate,

alcohols

H.-producing fatty acid
oxidizing bacteria (syntrophs)

Homoacetogens

Acetoclastic

Hydrogenotrophic
methanogens

methanogens

Complex ecosystem — High diversity

SSCP fingerprint
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Lbe?

complex polymers

cth:n'aiyric and other
hydrolytic bacteria

mMonomers

fermentative fermentative

bacteria

succinate,

alcohols

H.-producing fatty acid
oxidizing bacteria (syntrophs)

===
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Anaerobic digestion

Under specific operating conditions
(pre-heating, low pH, short HRT)

No biogas but bioH, and biomolecules



é"y Anaerobic digestion

complex polymers

cth:n'a!}rric and other
hydrolytic bacteria

One major species
monomers

fermentative fermentative
bacteria bacteria

succinate,
ropionate, butyrate
alcohols

Few minor species : roles ?

L

H.-producing fatty acid
oxidizing bacteria (syntrophs)
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Ecological Engineering for biotic control

In each reactor, same operating conditions
(feed=glucose, HRT=10h, T=37°C, pH=5.5)

heated _
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In steady state in each reactor
(after several HRTSs),
only one major specie
Mix of 3 - J _: (difference only in minor species)
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Identical major bacteria, NO !l
so identical performance, isn’t it ?.... s
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Avallabla onling at www sclencedirect com .
HYDROGEN

SciVerse ScienceDirect ENERGY

Link between
structure and function
of the ecosystem

O,

L; N \% L D journal homepage: www. alsavier com/locate/he
LOLVILIN

Sub-dominant bacteria as keystone species in microbial
communities producing bio-hydrogen

=== IN?A Yan Rafrafi®, Eric Trably **, Jéréme Hamelin®, Eric Latrille“, Isabelle Meynial-Salles”,

T SOENCE& IMPACT Saida Benomar ¢, Marie-Thérése Giudici-Orticoni®, Jean-Philippe Steyer °
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Ecological Engineering for biotic control

Biotic control
of the metabolism

v" PERFORMANCES
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Study of the interactions : a model

Desulfovibrio sp.
H2 =
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Ecological Engineering for biotic control

g influences the metabolism of 11

l Glucose
Cooutture (Cab)
25 /Culture pure rer
(Cab) o
H, {caculfure}___i Lactate
30 4 +__ P 1
St 1
E Acetate EtOh
N, /
5 qu {CGC“_IEE_ l!-—--""'i_ H, (Cab seul) Aatioae e woa . -
] = il ] o, ” PP up-regulation
/ / own regulation €
s | / % -3 CO, (Cab seul) '
Y
04 L T e
: 10 2 30 10 50 a0 70 Butyrate "‘ﬁ e ﬁ -t»  Butanol
Time (hours) S e ca )

[H,] x 2.5 I And faster ! | Change in metabolic flux
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Ecological Engineering for biotic control

Study of the interactions : a model

: Desulfovibrio sp.
i H2=Q

Co-culture

0 hours

d

18 hours

r—

30 hours

Aggregation of the two organisms
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In addition....
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Ecological Engineering for biotic control

New microbial interactions !

COMMUNICATIONS

ARTICLE

Received 30 Jun 2014 | Accepted 12 Jan 2015 | Published xx xxx 2015

Nutritional stress induces exchange of cell material
and energetic coupling between bacterial species

Saida Benomar"*, David Ranava'*, Maria Luz Cardenas', Eric Trably?, Yan RafrafiZ, Adrien Ducret3,
Jéréme Hamelin?, Elisabeth Lojou', Jean-Philippe Steg.urer2 & Marie-Thérése Giudici-Orticoni!
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Is microbial diversity an advantage?

===
= SCIEMCE & IMPACT



Lbe?
Role of the inoculum and microbial diversity

mmpl@

ceﬂ-nrfm’j.fr:'c and other
hydrolytic bacteria

fermentative
bacteria

H -producing fatty acid
oxidizing bacteria (syntrophs)

i H, +CO,

v’ 17 different inocula (from real digesters réels
or natural environments) Qriti

Hydrogenotrophic
methanogens

v' Same complex substrate for all digesters Acetoclastic -

methanogens

v Same stable conditions for hundreds of days
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Role of the inoculum and microbial diversity

occasional substrate
addition as fed-batch
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Hypothesis: Divergence of ecosystem performance
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Role of the inoculum and microbial diversity

occasional substrate feeding/withdrawing final substrate pulse(s) in batch,
addition as fed-batch every two day BMP-like

&% &%
. ;,"- ﬁ ‘ V' \,'.

‘ Adaptation phase Continuous mode Final performance

T
ﬁ iy ﬂ'l
@ :.F;S O A,
}‘ e
! - _
Six months three months

Initial
inoculum

The 17 inocula : soil, compost, freshwater sediments, digestors...
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Role of the inoculum and microbial diversity

Final performance Batch performance ~ From 17 continuous processes
o to 256 batch reactors !

06 —— 000

ﬁ
%—* % g —— 000

06 —— 000
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Role of the inoculum and microbial diversity

The 17 N
ecosystems After mixing
alone of the 17
No ecosystems . .
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Role of the inoculum and microbial diversity

syntrophic networks
with different community structures
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How to integrate all the information
in mathematical models?
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Aeret a Achat + A‘ArGlﬂ
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Microbial diversity or functional distribution?

The ISME Journal (2014), 1-5 @
& 2014 International Society far Microbial Ecology A0 rights ressrved 1751-7362/14

\weaRa N ture comyismej

SHORT COMMUNICATION
A thermodynamic theory of microbial growth

Elie Desmond-Le Quémeéner and Théodore Bouchez
Irstea, UR HBAN, Antony, Centre d'Antony, Anfony, France

1.00+
ulfate-reducers

EQ.TS-
Modelling competition between 5
. : g

multiple populations: 8o
emergence of the %
"redox tower of microbial metabolism" %

0.251 aerobes
0.00-
oo 0.5 1.0 1.5

acetate
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Growth rate formulation:

S
K +S

From =M.

with

Only tuning parameter ! »

SCIENCE & IMPACT

Microbial diversity or functional distribution?

card(C) | ,MET
l
to U= Umax ‘ ‘ eVnlCli
i=1

knT
Umax = %f(T: AS, kg, h)

vMET = AN 4 2(C,T) - viAT

AGgn (C,T) — AGdis(NOCCSrVCS)

A(C, T) B _AGcat(C» T)

I, harvest volume

'('];: concentration of chemical specie #i
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Comparing with classical Monod equation

1.4_ 8 g

1.2 1 55

1.0 1

0.8

0.6

growth rate (1/h)

0.4 4

00 002 004 008 008010

024 |

T T T T
00D 005 00 0I5

0.0

T T

0 2 4 6 8
[Glucose] (10 mol/1)

Microbial diversity or functional distribution?

Complex particulate waste and inactive
biomass

Inert particulate

Proteins Fats

Carbohydr.
Inert soluble

VP um‘axi Vh - umaxv' Vh

umax’

MS AA LCFA

umax' Vh - umax’ Vh o umax’ Vh

i .
- —y— H
P Propionate - HVa, HBu | i

[ ¥ S
Mmax Vh - . n I | Mmax Vh

L - v
| Acetate = Upaw Vi H, Seath
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Examples of remaining
open questions
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L Never forget Mother Nature !

[
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220

100 70

Treated Pollution (kgggp/m3.j)
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file://localhost/Users/Jerome/Documents/BOULOT/Communication/Cours/Cours_DA-ISAM_2014/MVI_1030.AVI

Bicenemg. Res (301 3) 61063 106
DHH 10, 1007 =0 20 55401 395 ey

Overview of the Oldest Existing Set of Substrate-optimized
Anaerobic Processes: Digestive Tracts
Jean-Jacgwes Godon - Lawre Arcemishé bire -

Renaud Escudic « Jerime Harmand « Edouard Miambi
Jeam- Philippe Steyer




L Never forget Mother Nature !

From the analysis of 190 digestive tracts
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L Never forget Mother Nature !

% Batch reactor @
‘L—%? Continuous stirred tank reactor (CSTR) -E)j)

CSTRs in serie 4 HHH b

Plug-flow reactor =3 >

==1|\2).\
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L Never forget Mother Nature !

In terms of volume

enzymes

Readily

Biodegradable

Substrates

assimilation
sugar, acetate, etc.)

—80 % 20 % 0%-

_30% 50%__

Slowly
Blodegradable Herbivorous

Substrates —20%—10%———70 %

o PO




L Never forget Mother Nature !

The ‘herbivorous’ configuration

Lama

Hoazin

Cow
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“  New opportunities for wastewater treatment ?
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“ New opportunities for wastewater treatment ?

White light Fluorescence light Scanning electron
stereomicroscopy stereomicroscopy microscopy
Cross-sections

traditional wastewater treatment

* Granules settle very well: Largely reduce size of settler (space and operation = $5)
* Phototrophs produce oxygen: reduced need for external oxygen supply (aeration = S5)
*  When digested, phototrophic granules produces 30% more CH, (55)
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As a conclusion...
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Thank you for your attention

biorafﬁnerie environnementale |
0-traitomont ° impacts environpementaux

 orm Dépollution | |
“mb"’f""‘s - EGEnwron'r)lement“ pal

dlgestlon anaeroble@ ‘oécolomeﬁmcrobwnneg

5—-OIE " méthanisation] ;
L f:DC?g_g 3 §§ ﬁvalonsatlon
£ tEsgtp polluants = 52
2 1835 residus. °§
S iz a - iNarbonne
2 | ©wode
@

——— W
Laboratalire de ~.
Blotechnologiede -

FEnvironnement ({7
)

http://www.montpellier.inra.fr/narbonne

jean-philippe.steyer@inra.fr




