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PROGRAM

Thursday November 20, 2014

| 13h30 to 14h30 | Registration / Welcome

14h30 Start, welcome address :
Jean-Jacques Toulmé / Alain Blanchard / Pierre Bagstos

Session 1: Biomimetism, Orthogonal biosystems, Bianoscience for synthetic biology

Chairperson: Gilles Guichard / Jean-Jacques Touin
14h40 | Roman Jerala National Institute of Chemistry, Ljubljana, Sloveai

Design of topological proteins based on concatehetded-coil modules

15h20 | Elisabeth Garanger | LCPO, IECB

Recombinant production and chemical modificatiohslastin-like polypeptides

(ELPSs)

15h40 | Yonathan Arfi INRA-Université de Bordeaux, UMR 1332 BFP

Incorporation of bacterial lytic polysaccharide rnorygenases into designer

cellulosomes to enhance cellulose degradation

16h Muriel Gondry CEA, Saclay, France

Cyclodipeptide synthase-dependent pathways: towtaedproduction of novel

bioactive molecules

16h40 Coffee break

17h Piet Herdewijn Institute of Systems and Synthetic Biology, Evry,
France / KU Leuven, Belgium

The Xenome Project

17h40 | Thierry Michon INRA-Université de Bordeaux, UMR 1332 BFP
Using virus particles scaffolds for imaging proteat work
18h Laetitia Daury CBMN, University Bordeaux

Native bacterial efflux pumps assembled in synthigtid membranes

18h20 to

19h30 Cocktail + Posters
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Friday November 21, 2014

Session 2: Minimal cells and organisms, Genomic eingering

Chairperson: Fabien Darfeuille / Pascal Sirand-Rumet
Imperial College London, UK

9h Tom Ellis

Engineering Yeast: Synthesising Regulation andl&sising a new Genome

9h40 | Sébastien Lecommandoux

LCPO, UMR CNRS 5629, Bordeaux-INP

From compartmentalized polymersomes to "plastilstel

10h | Guillaume Durand

INSERM, ARNA - Université de Bordeaux

Switchable regulatory elements for modulating gexgression

10h20

Coffee break

10h40| Luis Serrano

Centre for Genomic Regulation, Barcelona, Spain

Engineering of a minimal bacterial therapeutic csas

11h20| Lucie Fernandez

INRA, UMR 1332 BFP

The promising CRISPR/Cas technology for efficieeb@me engineering in plant

11h40| Jean-Paul di Rago

IBGC, CNRS - Université de Bordeaux

Mitochondrial to nuclear gene transfer by synthetiolution

| 12h | Elasticoli - iGEM Bordeaux Team Project 2014
12h10 to
14h Lunch

Session 3: Biodiversity, Metabolic engineering

Chairperson: Sébastien Vilair

14h Lud|V|_ne Lapagnere/ Société Evolva, Basel, Switzerland
Federico Brianza
Synthetic biology approaches for nutrition and treal
14h40 | Laurent Simon LaBRI — Bordeaux INP
SAT-Based Metabolics Pathways Analysis Without Cibatipn
15h Vincent Arondel CNRS UB UMR5200
Oil palm mesocarp: the most efficient oil-synthesgzsystem in plants
15h20 Coffee break
15h40 . INSA, Laboratoire d'Ingénierie des Systemes
Isabelle Meynial-Salles ) , o o2
Biologiques et des Procédeés, Toulouse, France
Rational design, evolution and characterizatioarobptimized cell factory for
the continuous production of 1, 3-propanediol
16h20 | Frédéric Domergue CNRS UB UMR 5200
Production of fatty alcohols derivatives by metabehgineering
16h40 | Noé Cochetel INRA, ISVV, EGFV, UMR 1287
A GoldenBraid based approach to study the strigofecbiosynthesis pathway ¢
Grapevine

| 17h | Concluding remarks / End of the meeting: Alain Bleard, Jean-Jacques Toulmg
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POSTERS

P1l: Ribosomal RNA m5U modification by a folate-depend& methyltransferase
revealed in mycoplasma using synthetic biology

Carole Lartigue, Anne Lebaudy, Alain Blanchard, lBasEl Yacoubi, Simon Rose, Henri
Grosjean, Stephen Douthwaite

P2: Cloning of Flavescence dorée phytoplasma genomearSaccharomyces cerevisiae
Claire Charenton, Géraldine Gourgues, Delphine D&sfQima Khalil, Patricia Carle, Xavier
Foissac, Pascal Sirand-Pugnet, Alain Blanchardyl€&smartigue

P3:  Saturated lon chain fatty acid vesicles as robugirotocell modest
J-Paul Douliez*1, Bérénice Houinsou Houssou?2, Aredeameau?2, Laurence Navailles3,
Frédéric Nallet3, Axelle Grélard4, Cédric Gaillara2d Erick J. Dufourc4

P4:  Auto-assembly of rubber particle proteins and inteactions with various model
membranes

Karine BERTHELOT?*, Yannick ESTEVEZ, Bénédicte COURX-SALIN, Vanessa
ZHENDRE, Sarah HENRY, Julie THEVENOT, Erick J. DUBRC, Isabel D. ALVES,
Sophie LECOMTE and Frédéric PERUCH*

P5: Kissing Origamis

.Houmadi, E. Dausse, J. Elezgaray, JP. Aimd,aldmé

P6: VIRTUAL MITOCHONDRION. A Modular and Multi Level W  hole-
Mitochondrion Model
Jean-Pierre Mazat, Stéphane Ransac, Christine étakéargit Heiske

P7: Native bacterial efflux pumps assembled in synthit lipid membranes

L. Daury, JC. Taveau, F. Orange, M. Picard, |. BrglK. Pos, O. Lambert

P8: Smaller genomes to help answer larger questions
Anne-Gaélle Planson, Michael Mangan, Philippe Noitienne Dervyn

P9:  Molecular technologies for hybrid folded architectires
Simon J. Dawson, Joseph Rogers, Hiroaki Suga aardHc

P10: Combined Fluorescence-Electrochemical Studies oinEymatic Reactions in

Biomimetic Micrometric Vesicles
B. Goudeau, P. LeFrancois, E. Suraniti, O. Travk®&eDimova, S. Arbault
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Design of topological proteins based on concatenateoiled-coil modules

Roman Jerala
National Institute of Chemistry, Department of Bidtnology,
Ljubljana, Slovenia
EN-FIST Centre of Excellence, Ljubljana, Slovenia
roman.jerala@ki.si

Proteins are the most advanced nanostructures)edeby the
sequence of amino acids. Nature provides a limachber of

_ protein folds, which have been optimized duringletton. New
= s N protein folds are very challenging to design duehi® delicate
balance of numerous weak long range noncovaleetadations stabilizing proteins structure.
New protein assemblies have been designed from icatidns of protein oligomerizing
domains or from tandem repeat proteins. Thoseegfieg rely on nearest neighbor local
interactions, which can only specify a limited rangf shapes. Nucleic acids on the other
hand have been repurposed by DNA nanotechnolodgrio almost any desired 3D shape
based on the long-range specific interactions betwsegments that form complementary
duplexes. We bypassed the problem of desiguiegnovotopological protein folds by
relying on the well-understood specificity of caileoil dimers and used them as modules to
guide an Eulerian trail of polymer between verticéspolyhedra. This type of assembly
includes long-range interactions which can spectdynplex folds. The principle was first
demonstrated on the construction of a nanoscaleipréetrahedron, composed of a single
polypeptide chain composed of 12 coiled-coil forqndegments In this assembly 6 edges of
the polyhedron were defined by orthogonal coiled-doners derived from the natural and
designed coiled-coil pairs. This principle reprdsea new platform of structural scaffold
formation that could be extended to other polyheaha for different applications. Design of
polypeptide-based modular polyhedra was inspiredhey DNA-based nanostructures and
both types belong to the&opofolds, where the fold is defined by the arrangement of
interacting segments of polymer chains rather tiham the hydrophobic core as in natural
proteins. In comparison to coiled-coil dimers DNanconly form antiparallel dimers, which
limits its range of polyhedra that could be fornfemn a single chain. Nevertheless DNA
represents a useful platform for prototyping thesigie of the folding pathway for the
subsequent transfer to the self-assembled polygeepanostructures.

NATIVE PROTEIN FOLD TOPOLOGICAL PROTEIN FOLD

topological protein fold where the structure isidedl by the topology of the chain stabilized
by pairwise interactions.
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Recombinant production and chemical modifications belastin-like
polypeptides (ELPS)

Elisabeth Garanger
LCPO, IECB, F-33600 Pessac, France
garanger@enscbp.fr

Our group focuses on the recombinant productionenttal
modifications and self-assembly studies of recomutimiopolymers
derived from the hydrophobic region of tropoelagémmed Elastin-
like polypeptides (ELPs) consisting of multiple egps of Val-Pro-
Gly-Xaa-Gly pentapeptides, where the guest resiaa) can be

y any amino acid except Proline. ELPs are charae@riby a
reversible inverse transition temperature (Tt) elshich the free polymer chains remain
disordered, fully hydrated and thus soluble in amsesolution, and above which they
hydrophobically fold into more ordered structuresl dogether assemble to form insoluble
aggregates. The Tt constitutes a major and doublandage for the purification of ELPs as
well as for the control of their self-assembly pedpes. In this presentation, we will describe
the production and purification methods for ELPsthwdifferent sizes and chemical
compositions and illustrate through different exémp their post-polymerization
modifications using chemoselective bioconjugatibamistries.
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Incorporation of bacterial lytic polysaccharide morooxygenasesinto
designer cellulosomes to enhance cellulose degradat

Yonathan Arfi
INRA-Université de Bordeaux, UMR 1332 BFP
yonathan.arfi@u-bordeaux.fr

Efficient breakdown of cellulosic biomass is a kmttleneck in the
development of plant-based bioenergies. Studiescatiulolytic
microorganisms led to the characterization of gdarange of
enzymatic systems usable for cellulose breakdowut, durrent
technologies are not efficient enough to warramtrtharge-scale
implementation. This study aims at combining twoapggms in a
single system, using a synthetic biology appro&ulysaccharide monooxygenases (redox
enzymes capable of boosting cellulose degradatveng engineered to gain the ability to self
assemble in cellulosomal complexes. As a resultheir integration in complexes, these
enzymes were able to degrade cellulose at a signify higher rate compared with the free
enzymes, suggesting that this strategy could leadmbre efficient technologies for
lignocellulose conversion.
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Cyclodipeptide synthase-dependent pathways:
towards the production of novel bioactive molecules

Isabelle Jacquédireille Moutiez? Jérome SeguihEmmanuelle
Schmitt” Yves Mechulan®,Jean-Luc Pernodéfascal Belirf,
Muriel Gondry®
®Institut de Biologie et Technologies de Saclay, @ssariat a
'Energie Atomique et aux Energies alternatives AGH-91191
Gif-sur-Yvette, France,

PLaboratoire de Biochimie, UMR 7654, Ecole Polytdghe, CNRS,
F-91120 Palaiseau, France,

“Université Paris-Sud, CNRS, UMR 8621, Institut éa&ique et

" )l" Ill
A ,..-i Microbiologie, F-91405 Orsay, France
ity muriel.gondry@cea.fr

Cyclodipeptides (CDPs) and their complex derivajveéhe diketopiperazines (DKPSs),
constitute a large class of secondary metabolitestlgn synthesized by microorganisms.
Owing to the diverse and noteworthy bioactivitigsserved for many naturally occurring
DKPs, the CDP-ring has long been recognized asvdgged scaffold for the generation of
bioactive compounds (Borthwick, 2012)The biosynthesis of CDP-containing natural
products was formerly thought to be catalysed byibosomal peptide synthetases (NRPSS).
However, we identified a novel family of enzymés tyclodipeptide synthases (CDPSs) that
hijack aminoacyl-tRNAs from their canonical function ribosomal protein synthesis to
produce various CDPs (Gondry et al, 2603he CDPs produced are then modified by CDP-
tailoring enzymes associated with CDPSs in DKP yitieesis pathways (Belin et al, 2009;
Belin et al, 2012; Giessen & Marahiel, 2014; Gonelrgl, 2003*>°

First, | will present all knowledge gained on thBRESs since their discovery that have led to
unravelling the catalytic mechanism used by thasgyrees to achieve the non-ribosomal
synthesis of CDPs (Moutiez et al, 2014a; MoutiealeR014b}®. Then, our recent findings
that reveal unprecedented features of the CDPSyfamd give a first approach to predict the
CDPs synthesized by new CDPSs will be discusselliZ | will conclude on the chemical
diversity encoded by the CDPS-dependent biosymthpathways, and their possible
engineering to produce a diversity of natural andatural DKPs.
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THE XENOME PROJECT

Piet Herdewijn
Medical Research, KU Leuven, Minderbroedersstr&atBE-3000
Leuven, Belgium
Piet.Herdewijn@rega.kuleuven.be

ABSTRACT

With the aim to develop synthetic genes and syittlggtnomes we
have started a selection procedure of chemicallydifieo
nucleotides and nucleic acids that could fulfil tequirements for in
Vivo propagation.

INTRODUCTION, RESULTS AND DISCUSSION, CONCLUSION

The development of a simple xenobiological systemlies the selection of an orthogonal
nucleic acid (XNA), which codes for a selectablediion indispensable for the growth of the
host cell, of an uptake system for XNA precursarg] of a dedicated polymerase that does
not interfere with DNA and RNA synthesis.

The selection of an XNA together with its dedicapetymerase is a gradual process as we
have to rely on present biotechnological tools deolving enzyme functions. An HNA or
CeNA based system, for example, is easier to aehiegan a GNA or XyloNA system. This,
however, should not restrain us from studying orphacleic acids with aberrant sugars and
bases (deviating fundamentally from the naturaivegents).

As energy storage and genetic functions in a eyl on similar functionalities, it would be
advantageous to develop an alternative metabolisading to XNA precursors in the
genetically reprogrammed organisms.

The uptake of XNA precursors implies the selectibrthe appropriate conjugates for active
uptake of nucleotides in bacterial cells. A magsue here is the efficiency of this system as
large amounts of genetic material is needed to @ugwowth and evolution. Thus, modified
monomers for XNA synthesis, could consist of maifbackbone, base and leaving group,
conjugated to reporter groups for uptake.

With this in mind, a selection system has been ldpeel to identify artificial genetic
oligomers that are subject to propagation in vie.well HNA, CeNA, ANA as GNA back-
bones have been compared for in vivo translitemaitibo DNA. With the aim of generating
random DNA sequences in vivo from defined synthetiigonucleotides, likewise, the
templating potential of HNA bearing ambiguous basas studied.

However, implementation of synthetic genes and g@®in vivo could be more easily
reached by in vivo evolution technologies and thst tinlimited self-reproduction of a micro-
organism with a chemically modified genome has beatized. This is based on following
some rigid chemical and biochemical selection rthes will be discussed.
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Using virus particles scaffolds for imaging proteirs at work

Agnés Anné Daniela Cardinal&, Noélle Carett&, Christophe
Demaille?; Hans Engelkamfi, Thierry Michon®; Jan Pille>®;
Jocelyne Waltef,

@Université Paris Diderot, Sorbonne Paris Cité, Ladtoire
d’Electrochimie Moléculaire, Unité Mixte de Recheec
Université - CNRS No 7591, Batiment Lavoisier, U& Jean de

Baif, 75205 Paris Cedex 13, France
PUMR 1332 Biologie du Fruit et Pathologie, INRA-Usrisité

Bordeaux, 71, av. Edouard Bourlaux, CS 20032-33882
Villenave d’Ornon Cedex, France
“Institute for Molecules and Materials, Radboud Wmsity Nijmegen, Huygens Building,

Heyendaalseweg 135, 6525 AJ Nijmegen,
The Netherlands

thierry.michon@bordeaux.inra.fr

Because of their high degree of organization, nahtsignaling and metabolitic
pathways achieve unsurpassed yields and specifidibderstanding the effect of spatial
organization on enzymatic activity in multi-enzyrsgstems is therefore of fundamental
interest. It may also help designing artificial ymatic systems offering enhanced catalytic
performances for the production of useful molecut@shigher sensitivity for bio-sensing
applications.

To gain insights into these systems, experimergabscale multi-enzymatic platforms
need to be designed and their functional behawiriogated. There are only few methods,
all of them very recent, available to constructhsowilti-enzyme systems and systematically
evaluate how spatial factors (e.g., position, degaon) influence enzymatic activity. This
limitation notably comes from the fact that the e of enzymes renders them extremely
difficult to organize into fully active supramoldau complexes amenable to experimental
studies. The use of DNA scafolds (ie. origami) stsupromising. However this method does
not offer a regio-selective positioning of the emey Besides, these origamis are costly and
this strategy is hard to upscale beyond the nam@mstale, in order to build robust
experimental platforms.

An emerging alternative to origami-based methasisto use engineered protein
scaffolds, mimicking natural structures, for design organized multi-enzyme systems.
Following the rule "like attracts like", we reasdndat enzymes of interest could be coupled
with a compatible highly ordered protein scaffolthe strategy we propose here, in order to
spatially organize biomolecular components at tigoscale, makes use of robust plant virus
nano-carriers as positioning helpers. Various egias to control the positioning of active
proteins on the virus surface will be presentedthim past 10 years our team built strong
interdisciplinary collaborations devoted to the elepments of techniques allowing to image
proteins at work on these virus scaffolds.
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Native bacterial efflux pumps assembled in synthatilipid membranes

Laetitia Daury, Jean-Christophe Taveéa&rangois OrandeMartin
Picard, Isabelle Broutify Klaas Po% O. Lambeft
(a) Architecture of Molecular Complexes and Celb&ss, CBMN,
University Bordeaux, Allée Geoffroy St Hilaire, 886Pessac, France.
(b) Laboratory of crystallography and NMR, Facuilté Pharmacie,
75270 Paris Cedex 06, France.
(c) Institute of Biochemistry and Cluster of Exeetie Frankfurt-
Macromolecular Complexes, Goethe-University FrankiD-60438
Frankfurt am Main, Germany
o.lambert@cbmn.u-bordeaux.fr

Pseudomonas aeruginosa is a Gram-negative bactdratroauses opportunistic infections in
immuno-compromised patients and exhibits natural acquired resistance to diverse
antibiotics. The prototypic MexAB-OprM drug efflugystem is composed of an internal
membrane transporter (MexB) exchanging antibictigainst proton motive force and of an
external membrane channel (OprM) facilitating tiké ef drugs. MexA attached to the inner
membrane by its fatty acid anchor is assumed tg plaole in bridging the gap between
MexB and OprM. Although atomic structures of alreth membrane proteins have been
determined, the structure of whole complex stithagns unknown.

Here we report on the reconstitution of OprM andxBlento lipid nanodiscs and on the
analogous to the E. coli TolC and AcrB as well, aai#e for structural—functional

investigations. We characterized the physicochdnticaditions governing the assembly of
the bipartite (OprM-MexA) and tripartite (OprM-MexkexB) complexes and analyzed the
structure of these complexes using electron miomgc This knowledge is of main

importance for the design of molecules preventiogglex formation, therefore representing
a new class of molecule helper to restore thenkjlictivity of antibiotics.

SB2-2014 Symposium 14 November 20-21, 2014



Engineering Yeast: Synthesising Regulation and Synésising a new
Genome

Benjamin Blount, Tim WeeninkZ Dejana Jovicevié,and Tom Ellig
%Centre for Synthetic Biology and Innovation (CSynBepartment
of Bioengineering, Imperial College London, Lond®N7 2AZ,
United Kingdom
t.ellis@imperial.ac.uk

Synthetic biology seeks to understand and derilwgevisom biology
via its re-design and synthesis using engineerintriples. Despite
&7 its early stage, synthetic biology has already shgreat potential to

% make both scientific breakthroughs and yield appions. Our lab’s
work on two areas of yeast synthetic biology isspreed in this talk.
At the pathway and circuit engineering level, wedhdeen working on the crucial parts to
tune gene expression and interconnect genes iala$e manner. We are now using these to
reprogram yeast behaviour. At the genome engingéegirel, we have joined the global Sc2.0
project to synthesise and assemble a human-desigrsin of theS. cerevisiaggenome.
Our lab is working on assembling chromosome Xltfos project, and looking to add new
function to the hybrid chromosomes we produce enxhy.

DESIGN
CHANGES ASSEMBLE

; = E
SYNTHESISE INTEGRATE
DNA

J

Chrlll Synthetic Synlil
DNA

Figure 1. Synthesis and assembly of synthetic yeast chromes.
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From compartmentalized polymersomes to “plastic cés”

Maité Marguet, Lise Edembe, Olivier Sandre, AriRegret,
Emmanuel Ibarboure, Sébastien Lecommandoux
Université de Bordeaux, LCPO, UMR 5629, F-33600sBesFrance
CNRS, LCPO, UMR 5629, F-33600 Pessac, France
lecommandoux@enscbp.fr

The goal of this research line at the biology/ctetmibiophysics
interface is the development of micrometnulticompartimental
addressable capsuleswvhich can serve as hosts for biological entities,
: such as enzymes. The sequestration of individuainblecules in
these robust self-assembled polymer-based hostersyst would offer a controlled
environment to disentangle complex reaction patlsway introducing selected reactants in a
controlled dose or sequence while enzyme actidtylme monitored. This can be considered a
“bottom-up approach” to Synthetic Biology, harnagsa synthetic minimal cell acting as a
functional platform and allowing integration of rtiple components in a much simpler and
controlled form than natural cells
Minimal cell design requires firstompartimentalisation, where specific molecules and
macromolecules can be co-confined to facilitaterattion and transformation in a controlled
environment. Efforts have mainly relied on use @ipartments resulting from self-assembly
of biological phospholipids into liposomes. Thessicles can house synthetic processes such
as enzymatic conversion, polymerase chain reactiadsfull protein transcription. However,
the necessity to improve the physical and chenmmmalistness and versatility of vesicles has
driven new research into alternative membrane-fognslystems. Polymeric amphiphiles have
proved among the most promising synthetic membramdsch are block copolymers
comprising hydrophilic and hydrophobic polymersttban assemble into membranes and
vesicles deemepblymersomes'
In this context, our recent advances in using “bioitry approaches” to design complex,
compartmentalized materials will be propodedVe demonstrate the formation of
compartmentalized polymersomes with an internallly§ecavity using an original and
versatile emulsion-centrifugation procésSuch a system constitutes a first step towards the
challenge of structural cell mimicry with both “@mgelles” and “cytoplasm mimics”. This
study constitutes major progress in the field aictural biomimicry and will certainly enable
the rise of new, highly interesting properties I tfield of high-added value soft matter,
especially in controlled cascade (bio)reactiong\fe 1)

0 100 200 300 400 500 600
Distance (um)

Figure 1. “Plastic cells”, or multicompartmentalized polyreemes as enzymatic reactor. (a)
Graphical depiction of the applied system. (b) Plaffiles of the fluorescence cross-section
for different time point showing the increase afditescence with time.
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Switchable regulatory elements for modulating genexpression

Guillaume Durany Samuele Lidi Corinne Ravel&t Eric
Dauss® Eric Peyrifi and Jean-Jacques Toufmé
dLaboratoire ARNA, Université Bordeaux, Inserm USB%6 rue
Leo Saignat, 33000 Bordeaux
PUniversité Grenobles Alpes, DPM UMR 5063, 38041nGhde
jean-jacques.toulme@inserm.fr

. Aptamers are single chain nucleic acids obtainedutth a
combinatorial process termed SELEX (1, 2). Thepld strong
affinity and specificity for a given target thants their 3D-shape resulting from aptamer
intramolecular folding that subsequently leads ptiroized intermolecular interactions with
the target molecule. Aptamers have been obtainethstgvarious targets such as nucleic
acids, small molecules, proteins, cells and evegarusms. SELEX against the trans-
activation responsive (TAR) RNA imperfect stem-looplement of the human
immunodeficiency virus type 1 (HIV-1) allowed thdentification of a RNA hairpin aptamer
(named RO06). It interacts strongly and selectiwgith TAR (3), due to the formation of a
loop-loop interaction- also named kissing compleéxetween the two partners. We
demonstrated that the R06 aptamer was able to atoatTAR-dependent reporter gene

expression in cultured cells. (4).

It would be of high interest to articially regudad target gene in a conditional manner.
To this end we have exploited the formation of ikigscomplexes for sensing a small ligand
specifically recognized by a hairpin aptamer (S)ety, we derived pre-existing aptamers
against adenosine and GTP into aptaswiches that thavability to switch between an open
and a hairpin conformation upon binding to theigmate ligand. The apical loop of the
aptamer gives rise to a kissing complex with atsR&A hairpin (called aptakiss) only if the
aptaswitch is in a hairpin conformation, thus slgmtathe presence of the ligand.

A combination of the ability of kissing complex&scontrolin vitro gene expression
and of our kissing complex-based riboswitch opengsopportunities in synthetic biology.
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Engineering of a minimal bacterial therapeutic chasis
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1 European Molecular Biology Laboratory / Centre @enomic
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2 Universitat Pompeu Fabra, 08003 Barcelona, Spain.
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luis.serrano@crg.eu

Engineering bacteria to deliver therapeutic agent® present antigens for vaccination is an
emerging area of research with great clinical poaénThe most challenging issue in this
field is the selection of the right bacteria to imegr, commonly known as “chassis”. The best
chassis depends on the application but there i®mmon drawback in bacteria used
nowadays: their complexity and the lack of quattieainformation for many reactions which
limits genome engineering to classical trial anareapproaches. In this project, we want to
engineer the genome-reduced bacterium M. pneumaosiag a whole-cell model that will
drive the rational to create a chassis for humath @mmal therapy. Its small size (816
Kbases), the lack of cell wall, and the vast amapintomprehensive quantitative —omics
datasets makes this bacterium one of the best datedi for chassis design. By combining
bioinformatics, -omics, and biochemistry approachiék genome engineering tools, systems
biology analyses, and computational whole-cell neddYCOCHASSIS aims to: i) develop
a whole cell-model based on organism-specific erpartal data that will be validated
experimentally and that can predict the impact ehame modifications; ii) implement
genome engineering tools to delete non-essentthbpanic and virulent elements predicted
by the whole-cell model to engineer a therapeutassis; iii) as a proof of concept
introduce orthogonal gene circuits to secrete deptand enzymes capable of dissolving in
vitro biofilms made by the lung pathogens Pseud@amoaeruginosa and Staphylococus
aureus.
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The promising CRISPR/Cas technology for efficient gnome engineering in
plant

Frédéric GévaudadtFrédéric Delma8, Martine Lemaire-
Chamley, Joana Jorfyy Michel Hernould, Lucie FernandeZ
#UMR 1332, INRA Biologie du fruit et Pathologie BF71

Avenue Edouard Bourlaux,CS 20032
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Targeted gene editing represents considerable tafyes for crop
improvement compared to traditional time-consunsefgctions of
favorable alleles. Until now available tools suck ZFN and

I \ TALEN technologies for genome engineering were cwhpletely
adopted by the plant research community due tori@b® manipulations, management and
handling. More recently, a new technology namedSFR/Cas has emerged as an alternative
system to easily and flexibly modify endogenousegdRecent applications demonstrated the
efficiency of this technology in various plant sgsc The CRISPR/Cas system, based on a
small guide RNA molecule and an associated Cas@remtease, directs specific double
strand breaks in the target genomic DNA (DSB). D&RI to sequence mutations as a result
of imperfect DSB repairs either by non-homologood @ining (NHEJ) or by homologous
recombination (HR). Because the CRISPR/Cas systeas ia straightforward and powerful
method to address specific genome modificationplants, we currently implement this
valuable tool in our lab for plant functional genosresearch.
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Mitochondrial to nuclear gene transfer by syntheticevolution

di Rago Jean-Paul
. Institut de Biochimie et Génétique Cellulaires, G\R
o

Université de Bordeaux
ip.dirago@ibgc.cnrs.fr

o ]
f -J' Mitochondria, the hosts of energy production ananerous
-~ other vital processes in eukaryotes, are dependentwo
genomes for their function. Their own genomes (mADldre
remnants of an ancestral prokaryotic genome that ha
undergone strong reductive evolution. Today thenmanction
of mitochondrial genomes is the production of a femergy-transducing proteins. The
maintenance of a separate genetic system in mibotlais costly, because hundreds of
proteins are required to propagate and expressnitexhondrial genes. Furthermore, the
mitochondrion is not a good place to store genetmterials due to the production in
mitochondria of reactive oxygen species, whichelbdved to be at the origin of the numerous
MtDNA-based inherited diseases in humans and agssige loss of mitochondrial function
during life. It is therefore intriguing that not #e mitochondrial genes have been transferred
to the nucleus during evolution.

One way to investigate what determines the resandf DNA in mitochondria, is to
test experimentally the possibility to express wfitandrial genes from nuclear DNA, which
is called allotopic expression. Yeast is a veryvemment system for such experiments,
because it can survive mutations that inactivageetinergetic function of mitochondria, and it
is possible to modify nearly at will in this orgam both the nuclear and mitochondrial
genomes. In collaboration with Lars Steinmetz (EMBleidelberg) we aim at discovering
mechanisms that enable adaptation to allotopicesgoon in yeast, with the eventual goal of
generating the first eukaryotic cells lacking mitondrial DNA but still able to respire. This
project will yield new insights into the mechanisdrs/ing the evolution of the mitochondrial
genome and improve our understanding of mitochahdhiology. Furthermore, due to the
absence of effective treatments for mitochondriséalses and practical methods to transfect
mammalian mitochondria with exogenous nucleic gcalktopic expression of 'healthy’
versions of mMtDNA genes could be a therapeutic a@eior diseases caused by mtDNA
mutations, which represent about 50% of the knowases of diseases caused by a
mitochondrial dysfunction.
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ELASTICOLI

IGEM Bordeaux Team Project 2014
https://fr-fr.facebook.com/BordeauxIGEM

Earlier this year we spoke about plastics and weeafthat plastics are useful for many
reasons, they're durable, flexible and can be nwbl@ait plastics also are problems because
of the destruction of ecosystems, pollution of samatural resources, and the reduction of
dump area.

So we tried to make E.Coli produce elastic proteams! this is our ELASTICOLI project.
We selected 3 elastic proteins, the elastin fronmmals, the resilin from insects and the
dragline silks from spiders. The elastin is resjjdasfor the elasticity of the skin and the

muscles. The resilin allow insects to jump or pitleir wings efficiently to fly. Finally the
dragline silk allow spiders to dangle because efttigh tensile strength and extensibility.
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Synthetic Biology Approaches for Nutrition and Heath

Federico Brianza and Ludivine Labagnéere
Evolva SA, Duggingerstrasse 23, CH-4153 Reinacliz&hand
federicob@evolva.contudivinel@evolva.com

Baker's yeast Saccharomyces cerevisjadhas been known since
thousands of years for its benefits in the prodaunctf a variety of food
products and alcoholic beverages. As one of thedtedied organisms,
yeast also plays a pivotal role in modern biotebtgioal processes with

a variety of novel application areas. The symbiagisynthetic biology
and classical metabolic engineering is economicpitymising for the
production of tailor-made small molecules and Fa generation of novel compounds.
Recently, heterologous expression of complete noétalpathways in yeast has become
feasible due to the introduction of novel tools fymthetic biolog} Initial attempts to
assemble metabolic pathways in yeast with plasragkt enzyme expression turned out to be
tedious and time-consuming. To address those clggte we and others started to assemble
pathways by introducing entire chromosomes intoetlil@ryotic organisrs. cerevisiae

The technology developed by us allows expressiomuwifiple genes simultaneously in the
host, which provides an easy and time-efficient w@ygenerate multi-step pathways. We
have successfully used this approach for heterogexpression of entire metabolic
pathways. Currently we use this technology, amoongstrs, to establish production routes
for valuable natural products in the flavour aragfance field, as well as for low calorie high
intensity sweeteners.
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SAT-based Metabolics Pathways Analysis without Comjation
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Elementary flux modes EFMS are commonly accepteds tfor
metabolic network analysis under steady state tiondi They can
be defined as the smallest sub-networks enabliagrtbtabolic system to operate in steady
state with all irreversible reactions proceedingha appropriate direction. However, when
networks are complex, the number of EFMS quicklgdke to a combinatorial explosion,
preventing from drawing even simple conclusionsriritheir analysis. Since the concept of
EFMS analysis was introduced in 1994, there has la@eimportant and ongoing effort to
develop more efficient algorithms. However, thessthnds share a common bottleneck: they
enumerate all the EFMS which make the computatigyossible when the metabolic network
is large and only few works try to search only EFMBh specific properties. As we will
show in this paper, enumerating all the EFMS isneatessary in many cases and it is possible
to directly query the network instead with an appiate tool. For ensuring a good query time,
we will rely on a state of the art SAT solver, wioik on a propositional encoding of EFMS,
and enriched with a simple SMT-like solver ensuffgMS consistency with stoichiometric
constraints. We illustrate our new framework byvmong experimental evidences of almost
immediate answer times on a non trivial metaboditwork.
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Oil palm mesocarp: the most efficient oil-synthesing system in plants
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Palm oil, the most important commodity oil worldigi is
extracted from the fruit mesocarp of oil-palm tr&¥eéhile seeds from
European oil crops such as rapeseed or sunflowgaicoat most 40-
50% oil, palm fruit mesocarp can accumulate up8% &il. Thus, oil
palm Is an attractive model for studying fundamkeagpects of oil biosynthesis and there is
an important economic interest in understanding hp@alm can accumulate such a large
amount of oil in order to increase the productidtyemperate oil-crops.

We have analyzed transcriptomes (Cdll.Ohlrogge USA), proteomes (CollM.
Bonneu Bordeaux), metabolomes (CoA. Moing, Bordeaux) including lipids (CollL.
Fouillen, Bordeaux) of 5 developmental stages spanning@t¢ioamulation of triacylglycerol,
the molecule the oil is made of. Oil palm mesodeapscriptomeswere compared to that of
leaves and date pafrmesocarp, tissues which do not accumulate oil. gl oil content in
oil palm was associated with much higher transdeipels for all fatty acid synthesis enzymes
and key enzymes of plastidial carbon metabolisni hwtder control oMWRI1 transcription
factor, specific plastid transporters and diacylglyceaolltransferases. Unexpectedly, the
most abundant lipid-related mRNA, which patterndat that of oil content, codes for a
triacylglycerol lipase which did not appear to impa&il synthesis as evidenced in palm
mutant lines (CollF. Morcillo, Montpellier, G. Ngando-Ebongue Cameroorf) Proteome
analyses mostly confirmed transcriptome resultd, ya@lded a few other candidate genes that
may contribute to high oil synthesis in oil palm soearp. It has been shown that
overexpression of WRI1 and DGAT in tobacco leawsl$ to accumulation of up to 17%
triacylglyceroP. To increase this value, our aim is to expresslimcco leaves several groups
of oil palm candidate genes to identify the combaores that will drive highest oil synthesis
(Coll. P. Durrens, Bordeaux). We will take advantage of plant-speciiodules devised for
GoldenGate clonirfy which allows one to clone at least 8 differenneg in the same
construct.
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Adaptative evolution has been widely used to ireeethe biotechnological production of
desired chemicals, but the detailed mechanism amtiples of this adaptive response is
generally poorly understood at the genetic, biodhainand metabolic levels. Here, the
Saccharomyces cerevisigé/cerol pathway and the B12-independ€hastridium butyricum
1,3-propanediol pathway were introduced ifischerichia coli and its central metabolic
network was restructured to couple the productibh,8propanediol (1,3-PD) to the growth
of the microorganism. This modified E. coli strams grown in conditions favoring adaptive
evolution for approximately 1000 hours. An evolyampulation was selected under optimal
conditions in a glucose mineral medium. Comparetthéooriginal strain, the evolved strain of
E. coli converted glucose to 1,3-PD with a high angjield (91%) and had significantly
increased titer (15.5 g/l) and productivity (1.53I/i). Comparative whole-genome
sequencing technology was used to identify gemetitations in the new strain, revealing five
mutated genes. These genes wptk glpR, dhakK nagD andGPP2 Each of the mutations
was further analyzed to determine the changes dausthe adaptive evolution and elucidate
their influence in the whole metabolic engineemework. Herein, we demonstrate that the
phenotype improvements were caused by these fivatioms, which work together to
increase the efficiency of the synthetic 1,3-PDdpiiion pathway and release the burden on
central metabolism. In addition, the results dertrates that the combination of metabolic
network rational design and adaptive evolution v@aable method in metabolic engineering
for strain development and optimization.

SB2-2014 Symposium 27 November 20-21, 2014



Production of fatty alcohols derivatives by metabat engineering
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Due to dwindling fossil oil reserves and assodaevironmental impacts of their use,
the development of renewable bio-oil resourcesiridustry is one of the most urgent and
challenging tasks that human society faces todaynaPy fatty alcohols are aliphatic
compounds that contain a hydroxyl group at the itgahposition. They are used in a variety
of human applications, such as in cleaning detésgensmetics, pharmaceutical formulations,
food products, textiles and coatings. Wax estelschvare fatty alcohols combined with fatty
acids, are particularly valuable as high perforneaindustrial lubricanty. Fatty alcohols are
found in all kingdoms of life and play a variety lmblogical roles in bacteria, insects, plants,
and mammals. In plants, fatty alcohols are commugical constituents of plant surface
lipid barriers.

The goal of the international ICON projebttp://icon.slu.se/ICON/index.hinwas to
redesign oilseed crops to produce wax esters msie#riacylglycerols in order to generate
biodegradable and tailored oils for the lubricamdustry. UsingArabidopsis thalianaas a
model plant, we have characterised several Fatyy Reductases (FARS) that are responsible
for the NADPH-dependent production of fatty alcaffol. In plant, these enzymes are either
microsomal or plastid localized, opening the pagitio produce wax esters in two different
cellular compartments®. We have also characterised a bifunctional FARt@rysferase
protein involved in ether lipid metaboli§hand used it as a model to create fusion proteins
that contain the complete wax ester biosynthetibiyay. Using site-directed mutagenesis,
we have identified amino acids involved in subﬁlsalecificity], paving the way to engineer
FAR enzymes for producing desired fatty alcoholsteent strategies to produce renewable
lipid products of high commercial value in variopgnt and microbial platforms will be
presented.
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A GoldenBraid based approach to study the strigolaone biosynthesis
pathway of Grapevine
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The transfer of a new biosynthetic pathways is gbva
challenge whatever the model organism used. Thelolewment

of new cloning strategies for expression of muitigenes offers the possibilities to introduce
new or to modify existing biosynthetic pathwayslants. Hereby, we described an example
of such study in the frame of plant breeding inpgrane.

Grafting is widely used in the agriculture of frbkaring crops such as grapevinétié
vinifera) because rootstocks can provide resistance tdeaile pests and diseases as well as
improve tolerance to many environmental stressdat(@t al 2003; Jonest al 2009). The
use of rootstocks, in which the entire root systéra plant is replaced, has a profound effect
on scion development such as vegetative growth yaall. The control of the scion
development by the rootstock genotype is the refutbmplex mechanisms involving long-
distance signaling between the rootstock and thensgenotypes. Hormones play an
important role in that process (Pwpal, 2012).

We focused this work on a new class of phytohormptige strigolactones (Brewet al,
2013), which have been shown to be involved inciretrol of shoot development in several
plant species but have never been identified iperae until now. Three genes putatively
encoding enzymes of the strigolactones biosyntheatisway have been cloned fronVis
riparia rootstock genotype. To study their function, witiated the overexpression of three
Vitis genes putatively encoding enzymes of the strigotees biosynthesis pathway in a
heterologous systens¢lanum lycopersicunusing the recently developed technology called
GoldenBraid (Sarrion-Perdigonesal, 2011).
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Ribosomal RNA m5U modification by a folate-dependemmethyltransferase
revealed in mycoplasma using synthetic biology
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Methylation of uridine to form ribothymidine (m5Up a widespread modification that
contributes to the functional fine-tuning of tRNAsd rRNAs in all three domains of life. In
the RNAs of most organisms, m5U modifications aalyzed by methyltransferases that use
S-adenosylmethionine (AdoMet) as their methyl gralgmor. One noteworthy exception is
seen in some bacteria, where the highly consefRdhtmethylation at m5U54 is added by
the enzyme TrmFO using an unrelated mechanism M&hN10-methylenetetrahydrofolate
as the one carbon donor. Further divergence is sed¢ine m5U modification systems of
mycoplasmas where the minimal genome of Mycoplasamicolum has two homologs of
TrmFO and no analogous AdoMet-dependent enzymeali¥ot this bacterium lacks the
m5U54 tRNA modification, but has m5U1939 in 23S ¥RM conserved modification added
by AdoMet-dependent enzymes in all other charaagdrbacteria. We identified the enzyme
responsible for this modification in M. capricolulyy developing a synthetic biology
approach to delete single or multiple genes from caoplasma genomes. The
methyltransferase RImFO, a TrmFO homolog encodeibsp0476, specifically catalyzes
m5U1939 modification and as such represents tls¢ folate-dependent enzyme seen to
modify rRNA. Thus, as for the modification of US4 iRNAs, two mechanistically distinct
types of enzyme have evolved independently to yagain5U formation at a specific site in
ribosomal RNA.
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Cloning of Flavescence dorée phytoplasma genomean®accharomyces
cerevisiae

Claire CharentonGéraldine Gourgues, Delphine Desqué, Dima Khaditricia Carle, Xavier
Foissac, Pascal Sirand-Pugnet, Alain Blanchardyl€&smartigue

claire.charenton@bordeaux.inra.fr

Flavescence Dorée (FD) is a severe epidemic gnapexellows declared as a quarantine
disease in the European Community. Despite mangategulations for control and
eradication, the disease continues to spread irth8ou Europe mainly in northern Italy,
Spain and southern France. For countries, wheredb®-economic and cultural impacts of
wine industry are of primary importance, the digeaspresents an important issue. The
disease has been associated with the Flavescemée ploytoplasma (FD-p), a non-cultivable
bacterium, which is transmitted to Vitis viniferagrgpevine) by the (vine feeding)
ampelophageous leafhopper Scaphoideus titanusorAgter phytoplasmas species, the main
difficulty to identify candidate genes that coule bnvolved in pathogenicity and/or
transmission by insects remains the lack of artiefit axenic culture method. As synthetic
biology methods have been developed with succassother Mollicutes, there is the obvious
possibility to try to extend these tools to phyagrhas, including FD-p. One of these methods
is the cloning of complete mycoplasma genome irstyadnich offers possibility of genome
engineering using the large palette of genetic outhavailable in Saccharomyces cerevisiae.
Until now, only genomes from cultivated Mollicuteave been cloned in yeast. Our goal was
to try to recover intact FD-p genomes from infecpéahts to clone it as parts or better, as a
whole in yeast. To obtain reasonable amount ofq@igsma DNA, FD-p was propagated in
broad bean via serial transmission with the expemia vector Euscelidius variegatus. Plants
extracts were then embedded in agarose plugs fomdsomes isolation. All preparations
contained intact FD-p genomes in sufficient amdontransform yeast. However, samples
were always contaminated with host plant DNA andeweften refractory to restriction
enzyme digestion. This was the case with all theymes predicted to hydrolyze FD-p
genome once. Among the restriction enzymes diggs$tia FD-p genome two or three times,
several of them produced partial digestion of FPepome. However, FD-p genome purified
in agarose plugs was successfully hydrolyzed wisisHBI (2 sites) or Mlul (3 sites). The
resulting restricted products were used for théransformation of S. cerevisiae with specific
yeast vectors using the Transformation-AssociatedoRibination (TAR) cloning method.
Yeast clones multiplying some of these FD-p genofregments were isolated and
characterized. Around 30% of the FD-p genome isectily cloned in yeast.
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Saturated lon chain fatty acid vesicles as robustrptocell modest

J-Paul Doulie¥1, Bérénice Houinsou Houssou?2, A-Laure Fameaufrdrace Navailles3,
Frédéric Nallet3, Axelle Grélard4, Cédric Gaillara®d Erick J. Dufourc4

jean-paul.douliez@bordeaux.inra.fr

How prebiotic ingredients were compartmentalizedhrenearly Earth is a central issue for our
understanding of the emergence of life in protecdHatty acid vesicles or membrane-free
microdroplets of counter-charged polyelectrolytesaCervates) are valuable protocellular
models. Here, we integrate these two models by ldeve a unique system based on
saturated long chain fatty acids (sLCFA) that fobuth vesicles and membrane-free
microdroplets. We also show that reversible tramsst from microdroplets to vesicles can be
induced allowing the proposal of a unified protboglodel that is expected to gather

advantages of both initial models.
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Auto-assembly of rubber particle proteins and inteactions with various
model membranes

Karine BERTHELOT, Yannick ESTEVEZ, Bénédicte COULARY-SALIN, Vaness
ZHENDRE, Sarah HENRY, Julie THEVENOT, Erick J. DUBRC, Isabel D. ALVES,
Sophie LECOMTE and Frédéric PERUCH*

kberthelot@enschp.br peruch@enscbp.fr

Hevea brasiliensis is a tropical plant belongingtihe Euphorbiaceae family, which is
cultivated worldwide, but mainly in south-east Asta produce natural rubber (NR), a
poly(cis-1,4-polyisoprene) biopolymer of high ecomo importance. NR is produced from
the latex after tapping. Latex contains two mammponents and allergens Hevb3 and Hevbl,
which are also named Small Rubber Particle Prof8iRPP) and the Rubber Elongation
Factor (REF). REF and SRPP have been respectioedlized on the membrane of rubber
particles. Genes encoding for REF and SRPP prokeine been cloned and various isoforms
identified, but their real functional role has nelseen uncovered.

In order to elucidate their possible functions, pgified both proteins and discovered that
REF displays aggregation properties. Performingcheonical and structural analyses we
characterized REF as an amyloid, whereas SRPP hadyntharacteristics of an alpha-
helical protein [1, 2]. In addition, we investigdt¢he interaction of both proteins with
different kind of membrane models [3]. We performigadd dot blots and ellipsometry
measurements on monolayers, which showed that REFSRPP are not presenting the same
kind of interaction at the interfaces.We went ferthn our investigations by performing
studies on other membrane models (SUV, MLV, sugabMtilayers) and by analyzing their
interactions by ATR-FTIR, ssNMR and PWR.

With this work, we propose the first lead in elwidg the role of REF and SRPP in hevea
latex, their presence in the rubber particle memd@nd their potential involvement in rubber
biosynthesis [4].

[1] Berthelot, Lecomte, Estevez, Coulary-Salin, 8égb, Cullin, Deffieux and Peruch, 2012.
PLoS One, 7, e4806.

[2] Berthelot, Lecomte, Estevez, Coulary-Salin aReéruch, 2014. BBA Proteins &
Proteomics, 1844, 473-485.

[3] Berthelot, Lecomte, Estevez, Zhendre, Henryfdbtc, Alves and Peruch, 2014. BBA
Biomembranes, 1838, 287-299.

[4] Berthelot, Lecomte, Estevez and Peruch, 201dctBmie (10.1016/j.biochi.2014.07.002 )
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Kissing Origamis
S.Houmadi, E. Dausse, J. Elezgaray, JP. AldéeToulmé

[p.aime@cnanogso.org

In this work, we explore the possibility to sellsamble and to self organize structures and
functions using DNA Origamis functionalized withsking loops Apta-Kiss-Switch as
elementary building units.
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VIRTUAL MITOCHONDRION. A Modular and Multi Level Wh ole-
Mitochondrion Model

Jean-Pierre MazaStéphane Ransac, Christine Nazaret, Margit Heiske
jpm@u-bordeaux?2.fr

Introduction and general aims

Mitochondria are vital organelles involved in AT¥hthesis, NADH reoxidation, metabolites
production, oxygen sensing, calcium signalling R@IS production.

The general aim of our research project is to agvel whole-mitochondrion model able to
capture the numerous aspects of this organelléiavbeur and their interactions.

Modelling strategy

Our modelling strategy is to study mitochondriaddterent level and to divide each level in
different modules which are independently built;gmaeterized and individually tested. These
models produce/use as inputs/outputs state vasiateh as amount of transcripts, enzyme
activities, metabolites concentrations, ROS pradug¢tredox state etc. which are used to
interface the modules together, constituting a sopedule such as the respiratory chain
assembled of respiratory complexes. A model ofstiyger-module is obtained by assembling
the elementary modules models, using common staiables. This method permits to test
not only the individual models themselves operatiogether but also the way of their
assembling (architecture of the system) and to jomppper level of modelling.

Finally the Super-models are assembled to builth@levmitochondrion model.

Properties and benefits of a whole-mitochondrion mael.

Our whole-mitochondrion model will attempt to: (@¢scribe the simultaneous occurrence of
fundamentally different mitochondrial processes OIMA replication, transcription and
traduction, mtproteins import, phospholipids impamnid shared with reticulum, energization,
(2) quantitatively describe the mitochondrial melab fluxes and their regulation and
interaction with cell metabolism, (3) accuratelyegict a wide range of observable
mitochondrial behaviour (apoptosis, mitophagy, duagission), (4) give a better
understanding of mitochondrial dysfunctions repabitemitochondrial diseases and help find
ameliorative therapies (5) help to design syntheiticuits to incorporate into mitochondria
and study their effects on the host mitochondr{éh,assist in the design of various types of
synthetic mitochondria for different purposes: ceae of lactic acid, maintain of redox state,
ATP synthesis etc.

References:

1. Jean-Pierre Mazat, StA©phane Ransac, Margitkdeisnne Devin and Michel Rigoulet
(2013),: Mitochondrial Energetic Metabolism &€ Someneral principles (invited review).
IUBMB Life 65: 171-179.

2. Meunier, B., Fisher, N., Ransac, S., Mazat,.Jarfél Brasseur : Respiratory complex Il
disfunction in human and use of yeast as a modstudy mitochondrial diseases. Biochim.
Biophys. Acta. (2013); 1827:1346-61

3. Jean-Pierre Mazat, Jonathan Fromentin, Margiiskeée Christine Nazaret, Stéphane
Ransac : Virtual Mitochondrion: Towards An Integ@tModel Of Oxidative Phosphorylation
Complexes and Beyond. Biochem. Soc. Trans. (20801315-1219.

Keywords: Metabolic Pathways Modelling, Mitochondria; methdm modelling;
metabolism rewiring; synthetic mitochondrion; mtoadria diseases; stochastic nano-
dynamics, oxidative phosphorylation.
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Native bacterial efflux pumps assembled in synthatilipid membranes

L. Daury, JC. Taveau, F. Orange, M. Picard, |. BroK. Pos, O. Lambert

o.lambert@cbmn.u-bordeaux.fr

Pseudomonas aeruginosa is a Gram-negative bactdratrnauses opportunistic infections in
immuno-compromised patients and exhibits naturad aequired resistance to diverse
antibiotics. The prototypic MexAB-OprM drug efflugystem is composed of an internal
membrane transporter (MexB) exchanging antibictigainst proton motive force and of an
external membrane channel (OprM) facilitating tiké ef drugs. MexA attached to the inner
membrane by its fatty acid anchor is assumed tg plaole in bridging the gap between
MexB and OprM. Although atomic structures of alteth membrane proteins have been
determined, the structure of whole complex stithagns unknown.

Here we report on the reconstitution of OprM andxBlento lipid nanodiscs and on the
analogous to the E. coli TolC and AcrB as well, aaide for structural-functional
investigations. We characterized the physicochdntioaditions governing the assembly of
the bipartite (OprM-MexA) and tripartite (OprM-MexkexB) complexes and analyzed the
structure of these complexes using electron miomgc This knowledge is of main
importance for the design of molecules preventiogglex formation, therefore representing
a new class of molecule helper to restore thenkjlctivity of antibiotics.
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Smaller genomes to help answer larger questions

Anne-Gaélle PlansgiMichael Mangan, Philippe Noirot, Etienne Dervyn

Anne-Gaelle.Planson@jouy.inra.fr

Our main interest is to develop bacterial cellseatnl meet specific needs using synthetic
biological approaches. This involves the developgm@nnovel methods from biology to
mathematics to understand the functioning and tlagteon of the bacteria as a consequence
of genetic changes. In order to aid model-driverdifications of bacteria, we are currently
developing efficient chromosome engineering meth@ig synthetic biological applications
involve the construction of large metagenomic litkeg, production of metabolites of
industrial interest and production of secreted erey with glucansucrase activities. Our
selected biotechnological applications will be usedtestbeds to validate the developed
approaches, in order to finely tune synthetic palysnin relation to host cell metabolism.
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Molecular technologies for hybrid folded architectues

Simon J. DawsgnJoseph Rogers, Hiroaki Suga and Ilvan Huc
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Arguably, molecules endowed with the most extrawmni functions and efficiency are
biopolymers: they are responsible for the regutatd synthesis (enzyme catalysis), energy
conversion (photosynthesis), information storaged asplication (nucleic acid synthesis)
amongst other biological processes. Many of thebareced functions are unmatched by
man-made molecules. Chemists have drawn inspirditen nature to develop a number of
technologies to expand the registry of structured functions of biopolymers, methods
which exploit biopolymer backbones (e.g. proteisige, DNA nanotechnology) and methods
which aim to diversify the chemical structures afibd backbones. Two examples are: (i) the
development of artificial genetic codes and inovilirected evolution strategies which allow
the screening of large numbers of sequences far desired properties, and (ii) synthetic
foldamers: chemically synthesized artificial foldeahitectures.

We aim to develop a new molecular technology thanlmnes the benefits of the high
conformational stability and structural predictébilof aromatic amide foldamers, and the
powerful in vitro expression and selection of peées using the Flexible In vitro Translation
(FIT) and Random nonstandard Peptide Integratedobesy (RaPID) systems. Our four
specific objectives are: (i) Proof-of-concept destoation of the foldamer-templated folding
of medium sized peptides. Directed evolution of tkgs will deliver binders for given
foldamer targets; (ii) Challenging the ribosomagbession of mMRNA into peptides containing
an appended foldamer that serves as a covalentliydbstructural template, and the directed
evolution of such foldamer-peptide hybrids; (iiihcbrporation of monomeric units of
foldamers into peptide sequences by direct ribosexaression of mMRNA. This will explore
the ability of in vitro ribosomal expression to amporate non-natural monomers to enhance
peptide folding; (iv) Implementation of functiontinhybrid foldamer-peptide architectures to
afford new ligands for elusive mineral and orgdaaigets.
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Combined Fluorescence-Electrochemical Studies of Eymatic Reactions in
Biomimetic Micrometric Vesicles

B. Goudeau, P. LeFrancois, E. Suraniti, O. Travk®&Dimova, S. Arbault
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Our project aims at developing a system represgrairminimal model for biochemical
processes in proto-cells. The approach is basedeorloping unilammelar lipid vesicles
(GUV), which have cell-size dimensions (10-100 pandl in which enzymatic reactions can
be established under quantitative and time-resolw@atrol. Enzymatic products can be
monitored simultaneously by fluorescence microscopynd electrochemistry-based
approaches.

We first established the experimental condition®ten such unilammelar giant liposomes in
buffered media (PBS herein) compatible with enzyonaactions. Electroformation, the most
common protocol for vesicle preparation, was cagrgd. It consists in inducing the swelling
of lipid films deposited on ITO or Platinum eleass under an AC electric field. We find out
specific conditions to form closed vesicles (i)wsizes in the 10-100 micron range, (ii) being
stable over a few hour time-scale and (iii) pramée injected by a micropipette. In particular,
the nature of phospholipids (Egg-PC, DOPC) andcti@esterol content of membranes was
adjusted to form single vesicles that match thevalvequirements.

Then, we established the conditions to modify thernal medium of a target vesicle by
means of microinjection with a pipette (1Aum diaempt Injections of fluorescent probes
(fluorescein derivatives) yielded reproducible atable (minute time-scale) modifications of
the encapsulated content of isolated vesicles.llifzinge achieved the initiation of chemical
and biochemical reactions within vesicles: AmpleedReacting with hydrogen peroxide, and
Amplex Red reacting with H202 generated by GludOose&lase. These model reactions are
monitored within the vesicle interior via fluoresce microscopy. Our next approach is to
place an ultramicroelectrode in the immediate vigiof the vesicle membrane to detect the
permeation and diffusion of generated H202. Thimlwoation of methods will allow further
microreactor-based studies and understanding ofnesizc activities in femto-to-pico-liter
volumes under controlled conditions.
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