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Laboratoire Ingénierie Des Systemes Biologiques Et Procédés

Life Sciences Engineering sciences

11 Research teams in LISBP

306 persons / 150 Permanent staff / 5 platforms

Å Basic research to develop integrated approach for modern industrial biotechnology with wide 
applications in energy (biofuels), synthons, biomaterials, pharmaceuticals, food and feed, water 
resources, ŜǘŎΧ



CIMEs Department/Team : Mission 

Enzyme-based

Processes
(acellular system

Free or immobilized enzymes)

Discovery
Data mining

Functional genomics

Metagenomics/Metatranscriptomics

Structure/Activity/

Engineering
Biochemical, biophysical studies

Directed molecular evolution

Semi-rational design

Synthetic

Biology
(celullar system)

Computational

Structural Biology
Molecular modelling

Methodogical development

Computational protein design

Developmentof genericknowledgeto - discovernew enzymes
- elucidateenzyme structure/activity/dynamicsrelations
- guide proteindesign

Delivery of natural or engineeredenzymes for white biotechnology

Enzyme

Catalysis

Ecosystem

functions
(biomarkers)



CIMEs Department/Team : Application Fields / Target Enzymes 

Target Bio-Products× Biomass Feedstocks

Target enzymes

Sucrose, 
Starch
Lignocelluloses
Lipids
Proteins

Glycoside-Hydrolases 
(Families10, 11, 13, 51, 62, 70, 120, 130, 109, 129)

GlycosylTransferases
(UGT from plants)

Enzymes of Lipidmetabolism
(Lipases, Desaturases, fatty acylsynthase)

Enzymes of aminoacidmetabolism
(Kinases, dehydrogenase, reductaseetc..)

Proteases, Oxidases, Nitrilases
Depolymerases

Food &Feed, Health
Prebiotics, oligosaccharides, glycoconjugates, 
aminoacidsanalogsetc..

BioRefinery/Fine Chemistry/ 
Cosmetics
New synthons, Biopolymers, Surfactants, 
Lubricants
Fine chemicals, 

Energy&Environment
Biofuels, Polymerrecycling, Biopolymers

× Synthetic substrates

CiMEsΩ projectfallswithin the frame of Biotechnologyand BioEconomy
Alternateroutes to sustainable, safeand competitiveproductsynthesis



S. Bozonnet IR INRA, G. Cioci IR INRA, S. Pizzut AI INRA, N. Monties Tech INRA, L. Tarquis Tech INSA,  N. 

Caron Lab assistant INRA, V. Lemee Tech INSA

CIMEs Department/Team : Organization

A commonvision of enzyme catalysis
Within a group organizedin 5 thematicareas
22 permanent staff; 50 non permanent staff

I. André

DR CNRS
S. Barbe

CR INRA

J. Esque

IR INRA

5 non-tenured

Computational

staff

4 non-tenured

Transversal 

exp.staff 

Molecular

Modelling & 

Design

EAD1-CIMES

F. Bordes
MCF INSA

S. Duquesne
CR INRA

C. Croux
IR INSA

A. Marty, PU 

INSA on leave

CSO Carbios

16 non tenured

staff

1 non-tenured

Transversal 

staff 

LipX

C. Dumon
CR INRA

R. Fauré 

CR CNRS

C. Montanier

CR INRA

M. OôDonohue
DR INRA, 

Head of CEPIA-

INRA Department

15 non tenured

staff

Ligno

cellulases

M. Remaud-

Simeon

PU INSA
D. Guieysse

MCF INSA

S. Morel 
MCF INSA

C. Moulis
MCF INSA

D. Combes 
PU INSA

9 non tenured

+5 non tenured

transversal staff

EnZyNov

G. Véronèse
DR INRA

E. Laville

CR INRA

4 non-tenured

staff

2 non-tenured

Transversal 

staff 

DiscOmics

Technical& Financial support



Analytical

facilities
N. Monties

Biochemical characterization

Screening facilities

S. Pizzut
Generation of enzymatic diversity

Activity screening

Protein characterization

G. Cioci, L. Tarquis
Protein purification

biophysical characterisation

CIMEs Department/Team : In House Facilities PICT-ICEO Platform

The ǘŜŀƳΩǎcorefacility
One manager to eachsubdivision
CertifiedIBISA/CNOC/ISO9001/LIMS

S. Bozonnet



Ligand Screening
Structural Biophysics Chemical Synthesis

2012 Merger of ICEO and PICT (the Integrated Screening Platform of Toulouse)
Reinforceour skillsin structural biologyand biophysicaltechniques
Raiseour externalprofile

CIMEs Department/Team : In House Facilities PICT-ICEO Platform



HTS screening

Improvedcomprehensionof 
ecosystemkey functions

Novelmechanismsinvolvedin 
Human-Gut microbiota-Food interactions

Ladeveze et al., J. Biol. Chem, 2010
Cecchiniet al., PLOS One, 2013

Ladeveze et al., Acta Cryst. D. 2015
Cuskinet al., J. Biol. Chem, 2015
Ladeveze et al., 2016, submitted

Discoveryof new protein families
and synergicenzymes 

1st carbohydrate modifyingfunctions
discoveredby metagenomics

Tasse et al., GenomeResearch, 2010
André et al., Curr. Opin. Chem. Biol., 2014
Larraufieet al., Proc.Nut.Soc., 2015
Ufartéet al., Mic.Envir. Gen. 2015

Diversity ïStructure - Function

relationships

Bioinformatics

Data integration

Expansion of enzyme catalog
for biotechnology

Enzymaticsynthesis
of high-value oligosaccharides 

from plant biomass

International patent PCT/EP2014/066565

DiscOmics Group

G. Véronèse

DR INRA

E. Laville

CR INRA

6 non tenured

staff

DiscOmics
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Phosphorolysis

Reverse-phosphorolysis

Ladeveze et al. 2013, J Biol Chem

Phosphorylases isolated by functional metagenomic

N-glycan core motif

Ladeveze et al. 2013-2014, WO patent

Mannooligosaccharides



Novel virtual screening tools for protein design : 
« Thinkingoutsidethe box» 

20n

Designedenzymes
or focusedlibraries
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3D-Protein 

template

Cost Function

Network , ToulBar2

Efficient combinatorial

optimization

102-104

Theoretical
sequencespace

In silico 
screening

Treatment of flexibility in 

protein design

Main roadblocks in CPD:

Energy functions adapted for 

protein design

Tophamet al., In revision

Simonciniet al., J. Comput. Chem., 2016
Traoré et al., J. Comput. Chem., 2016
Alloucheet al. AIJ, 2014
Traoré et al., Bioinformatics, 2013
Alloucheet al., CP2012, 2012

Robotics, Biomove3D

Viricelet al., ProceedingsMCO, 2015

Stability optimization methods

Ensemble-based affinity redesign methods

Viricelet al., CP Proceedings, 2016

Molecular Modelling&Design group

Integrated 

CPD software 

toolS

I. André

DR CNRS

S. Barbe

CR INRA

9 non-

tenured

MM&D



ENZYME

Discovery

and 

Engineering

Development of  engineered enzymes for white biotechnology in the 
fields of  lipids and polymers

Plastic polymers

Lipid

s
Enzyme-based 

PROCESSES

Enzymes for                                
SYNTHETIC BIOLOGY

Developmentof 
generic TOOLS

LA R£VOLUTION DU CYCLE DE VIE DES PLASTIQUES  

WE  PLASTICS 

INTRODUCTION SUR ALTERNEXT PARIS 
NOVEMBRE 2013 

Enzymatic
degradation
of plastics 

In vivo 
polymerisation

of plastics

Y. lipolytica

Lipases in supercritical CO2

resolution of racemic 
mixture Determinantof Fattyacidchain

lengthspecificity

CellulolyticYarrowia lipolytica 

PhD thesis
-Genomeediting

-Yeastdisplay

Enzymes for Lipid
functionnalisation

LIPX Group



PLASTIC
ENZYME

Dépolymerase

ENZYMES: SOCLE DES BIOPROCÉDÉS

Enzyme identification 
Biodiversity  Screening

(RNAseq, proteomics)

Enzyme evolution
(Thermostability, activityΧύ

Enzyme 
production
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24 h

incorporation of depolymerases
into plastics

BIODEGRADATION

Processdeveloppement
Enzymaticdegradationof polymers

Purification of 
initial 

monomers
RECYCLING

LIPX Group

1 patent filed WO/2016062695
2 patent demand
1 licence

Plastics Degradation
Biodegradableplastics conception



PLA

RAW 
Biomass

Lactic Acid

In-vivo production 
of PLA

Extraction

1 Patent 
PLA  of high Mw

100% homopolymerof PLA  
of  MW :  50.000 Da

PLA 
recycling

PHA 
synthase*

PLALactate

Acétate

Lactyl-CoA

CoA-SHAcétyl-CoA

Pct

LIPX Group

Bioproductionof PDLA biopolymers



Oleicacid

Y. lipolytica V Cosmetic
VPharmaceutic
V Bioplastics
V Lubrifiant

OH

O
C18:1
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O

C18:1-OH

OH

Ricinoleic acid

By domainswapping
and mutagenesis

Enzyme engineering

His3

Fe

Hydroxylase

His3

Fe

His3

Fe

Desaturase

Unknownstructure

ü Understandingthe molecularbasis of selectivity

His3

Fe

His3

Fe

By molecularmodelling

Lipidmetabolismengineering

Maximize                  
the pool of 

phospholipids

Improve the 

liberation of the 

Ricinoleyl

moiety
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LIPX Group

OLEOVISION: Engineering Y. lipolyticafor Fattyacidfunctionalization

http://www.google.fr/imgres?imgurl=http://www.fleurs-en-blog.info/images/tournesol.jpg&imgrefurl=http://www.fleurs-en-blog.info/blog-article.asp?lid=2&h=952&w=952&sz=147&tbnid=IUuQuMvFU5YooM::&tbnh=148&tbnw=148&prev=/images?q=tournesol&hl=fr&usg=__4T6BmR5ZQVGtOh33tmkiJimjzSc=&ei=hU__SbPHOI3GsgaasJWoAw&sa=X&oi=image_result&resnum=1&ct=image


Lignocellulose

Cellulose 
micro-fibrils

Lignins

Hemicellulose

Lignocellulases Group

Glycoside Hydrolases
Carboxylesterases

Carbohydrate Binding Modules



Biomass deconstruction in muro
(Xray-nanotomography)

Exploitingbiodiversity

Engineering GH, CE  
L. Song et al.(2014) Biotechnol. Biofuels
J. Durand et al., in prep.

Transglycosylases
B. Bissarroet al.(2014) BBA - Gen. Subjects
B. Bissarroet al.(2015) Biochem. J.
B. Bissarroet al.(2015) ACS Catal.
J. Durand et al.(2016) ACS Catal.

Non natural activity
Incorporation of non-natural
aminoacidsin enzymes

Chromogenic substrates
V. Borsenberger et al. (2012) ChemBioChem

V. Borsenberger et al. (2013) Tetrahedron Lett.

O. Gherbovet et al. (2016) J. Mol. Catal. B: Enzym.

G. Arnalet al. (2015)Appl. Environ. Microbiol.
B. Guyezet al., in prep.

Enzyme structure-function
H. Bouraouiet al. (2016)Biotechnol. Biofuels

Multi -enzymatic Assembly
and spatial synergism

P. Alviraet al., in prep.
C. Montanieret al., in prep.

Glycoside Hydrolases
Carboxylesterases

Carbohydrate Binding Modules

Biosurfactants

Biomassbioblock

Lignocellulases Group



Å Create lignocellulose degradation ability

Engineering Y. lipolytica to metabolizelignocellulosicbiomassinto lipids
of medium chainlength

BioJetFuel

Å Control fatty acidchainlength

3 Patents 

LIPX // Lignocellulases // FAME Groups

Coordinator: Carole Jouve



Engineering of 

naturally existing

enzymes 
Directed molecular evolution

Rational engineering

Semi-rational engineering

Generation of artificial

catalysts

Collection of 
sucrose-active

enzymes with new 
specificities

Access to novel enzymes

Preamble

Sequence mining

Functional Genomic and 

metagenomics

Exploration of 

natural diversity

Computational Protein Design



Sucrose-active enzymes from GH13 and 70 families

V Naturally highly efficient and versatile transglucosylases

V Use sucrose as glucosyl donor

V Adopt an a-retaining mechanism

Jensen et al., Biochemistry, 2004 

Fru

Fru

FruSucrose isomers

(Leucrose)

Glucose

H2O

Hydrolysis

Polymerization

(Glc)n-1

(Glucose)n

Glc-O-Acc

Acceptor reaction

HO-Acceptor

Preamble



a-όмҦсύκ a-όмҦоύ ƭƛƴƪŀƎŜǎ

a-όмҦпύ ƭƛƴƪŀƎŜǎ Ҕ 50% 

a-όмҦоύ ƭƛƴƪŀƎŜǎ Ҕ 50% 
a-όмҦсύ ƭƛƴƪŀƎŜǎ Ҕ 50% 

Dextran

Reuteran

Mutan

Alternan

105- 108

g/mol

Sucrose-active enzymes from GH13 and 70 families

Preamble

100 % a-όмҦпύ linkages
Amylose-like polymer



Å Improvethe comprehensionof enzyme mechanism

ÅGetinsight into the structural determinantsof

Å linkage specificity
Å Polymerizationmechanism
Å reactiondynamics

ÅDevelopnew catalytictools for innovation

Motivations for GH13/70 discovery and engineering

Preamble



Engineering of naturally existing enzymes 

Structurally Guided Engineering 

Outline

Mining of Genomic Sequences

Discovery of novel enzymes in GH 70

Exploitation of our BioBank of catalysts



Novel enzymes from Oenococcus genus
Discovery

Ç Isolatedfrom compostedresiduesof 
distilledShochu

Ç Circularchromosome 1,84 Mb
Ç One plasmid8,3 kb
Ç 1833 predictedCDS

O. kitaharae DSM 17330
Bornemanet al, 2012

1 GH70 encodinggene

DSR-OK

Vuillemin et al, in preparation



NU A/B TSS

Best BLAST hit : 
58% id, 71% si with DSR-Sdextransucrasefrom L. mesenteroidesNRRL B-512 F

Novel glucansucrases from Oenococcus genus

DSR-OK dextransucrase(1484 aa, 165 kDa)

1H NMR Analyses AFFFF-MALLS Analyses

97,6%

2,4%

1×109 g.mol-1

Pi = 1.8

Discovery



Rotationaltesting

DSR-OK polymer

DSR-S dextran

Commercial dextran

VPseudoplasticbehaviour
VHighlyviscousnature at low shearrate

x104

VDΩҔDΩΩ Elasticbehavior
VGel type

DΩ

DΩΩ

Reactionconditions : 
292 mM Sucrose, pH5,75, 30°C, 1U.mL-1

Novel glucansucrases from Oenococcus genus

DSR-OK dextransucrase(1484 aa, 165 kDa) // Polymerproperties

Dynamicmeasurements

Discovery
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Viscosity analysis

viscosity

DSR-OK DSR-VarD4N

Novel glucansucrases from Oenococcus genus
Discovery



Temperature 20°C

Geometry plate/plate P35

Pre-shearing 10s-1 during 60s

Equilibration 120s

Rheological measurements 

HPSEC-IR Analysis

Novel glucansucrases from Oenococcus genus
Discovery



(Glucose)n

Glc-O-Acc

Glc-
Enzyme

Enzyme 
+ Sucrose

OH-Acc

EXPLORINGNATURAL

DIVERSITY

ENLARGEGH-70 ENZYME

REPERTOIRE

Filling the box with new specificities

Genomesequencing
And data mining

Discovery



LeuconostoccitreumNRRL B-1299, 
Producer of a highlya-(1Ҧнύbrancheddextran

LeuconostoccitreumNRRL B-742, 
Producer of a highlya-όмҦоύ brancheddextran

Genome mining of highly branched dextran producers

C. Moulis et al, Cellular and Molecular Life Sciences, 2016

30 % a-όмҦнύ 50 % a-όмҦоύ

Discovery



V Shotgun454 + Long pair-end 8Kb (NewblerAssembly)
V One circularchromosome 1,759,809 bp
V One plasmid3,396 bp
V 1786 predictedCDS

dsrB

dsrA

dsrE

brsAdsrM

Identification of 
3 novelGH70 encoding

genesidentified

Black: conservedregions
White : non-conservedregions

1. KM20
2. NRRL B-742

3. E16
4. C10
5. C11

Novel enzymes from L. citreum 1299 and L. citreum B-742

Passerini et al, FEBS journal, 2015

Strain1299

brsBdsrF

Strain742


