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Best Fits Your Needs?

Find Out Using Agilent’s New Interactive Tool

The Mea of Confidence

Experience Agilent’s New Interactive Tool that Will
Help You Choose the Best PCR Enzyme for Your Application

Agilent Technologies provides a wide range of high-fidelity, specialty and
routine enzymes built to meet virtually every amplification need.

Herculase Il, PfuUltra Il, Pagb000 and so many more... Not sure which one
to choose?

With just a few clicks, Agilent can help you select the right polymerase for
your research with our interactive Polymerase Decision Tree.

To try it and learn more about our PCR Enzymes:
www.agilent.com/genomics/PCRTree

Agilent Technologies



INTRODUCTION ..ccuuiiiiuuiiiiiinniiiiirneiiiieniiiiisueiimissseriesssettesssertesssertesssssstsssssssessssssseessssssees 3

PROGRAIMIMIEL.......ccituiieniieiiiniiiiiitniieeeiniereetaiseesiessiosstasssnssenssesssassrssersssssssssssasssasssnsssnsssnssansss 7
MERCREDI 4 SEPTEMBRE 2013 .......ccccituiituiiinicinciasiansiensiensssssssssssssssssassssssssssesssns 15
APRES-MIDL.c....cooeeeeeeeeeeeeeeeeee sttt et e e ettt e e e e e e ettt te e e e e e e ettt seeseaaaetaassassssaasessssaaessaassnesses 17
SESSION 1 : Un siecle de recherche en enzymologie .........ccccccoveiriiiveririccnnnennnne 19
JEUDI 5 SEPTEMBRE 2013.......ccccitiiiuiiiniiruiirnirniineiimesieesimesrssrssrssssssssssssssssssssrssns 27
L I 29
SESSION 2 : Structures et MECANISMES .......ccccveeeiieireeriicnrneereicsneeesessneeesesssnnesssans 31
APRES-IIDI.....ooeeeeeeee s snnnsnnnnanann 41
SESSION 3 : Régulations des eNzymes..........ccccvveeeiinieiinieinnnenninesssnnesssnesssssesns 45
SESSION 4 : Approches biophysSiqUES.........cccvrreeeeiiiiiiiiciineeeeeeeeeccerneeeeeeeeeesenes 53
REMISE DES PRIX .. iuituiieniieniieiiniiiniieniissisieisieisisieisessiossiassssssssssssssssssssssasssnsssnsssnns 61
VENDREDI 6 SEPTEMBRE 2013 .......ccceciiuiiniiniienieiiniieiisiasiaiisesiesisiisssesressssssssessanss 65
L I 67
SESSION 5 : Applications et interfaces .......cccccveeeeiriiicccrieerecieeeccccceneeeeeeseecenns 69
POSTERS ..cuuiiiiiiiiieiiieiieeiiniieiresiresiresimsiasrnsrsssresseestosstasssassrassssssssssssstassrsssrsssrsssenssasssasssas 81
LISTE DES PARTICIPANTS ....iuiiiuiiiuiinniiniiniiieiimesiessrassresirasisssissstsssrsssrsssssssasssasssasssssssnsssnsss 111
PARTENAIRES .....ccuiitiiiiiiiiiiiiiiiiiiisieineisiiieiieeiiossiasstassssissssssssssssrassssssssssssssasssasssnsssnsssnsss 121

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013



Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013



INTRODUCTION

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013




Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013



Le congrés 2013 du Groupe Thématique Enzymes de la SFBBM célébrera en particulier deux
anniversaires : les 100 ans du modele michaélien et les 50 ans du concept de régulation
allostérique. Seront abordées au cours de ce congrés plusieurs thématiques susceptibles
d'intéresser les chercheurs des secteurs académique et industriel intéressés par les

enzymes.

Des conférences plénieres, des présentations orales et par affiches, sélectionnées a partir de
résumés, permettront d'aborder les enzymes dans leurs dimensions moléculaires et
intégratives au travers de 5 sessions. Une remise de prix viendra récompenser de jeunes
chercheurs ayant exposé leurs travaux. Ces récompenses s'inscrivent dans I'objectif principal
de ce congreés, celui de susciter l'intérét pour I'étude des enzymes aupres de la communauté
scientifique, et plus particulierement au sein des jeunes chercheurs.

Comité d'organisation :

Jean-Marie Dupret BFA, Paris
Fernando Rodrigues-Lima BFA, Paris
Giuseppe Baldacci IJM, Paris
Florent Busi BFA, Paris
Jean-Michel Camadro [JM, Paris
Francgoise Contamina BFA, Paris
Julien Dairou BFA, Paris

Comité scientifique :

Bernard Badet ICSN, Gif-sur-Yvette
Sandrine Boschi-Muller AREMS, Nancy
Guy Branlant AREMS, Nancy
Frédéric Dardel LCRB, Paris
Jean-Marie Dupret BFA, Paris
Christophe Léger BIP, Marseille
Corinne Lionne CPBS, Montpellier
Isabelle Petropoulos UPMC, Paris
Magali Remaud-Siméon LISBP, Toulouse
Fernando Rodrigues-Lima BFA, Paris

Charles Tellier UFIP, Nantes

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013



Avec le concours de :

Agilent Technologies Genomics

Dominique Dutscher

Roche Diagnostics

SAFAS Monaco

I’'Université Paris Diderot- Paris 7

la Société Francaise de Biochimie et de Biologie Moléculaire (SFBBM)
I'unité de Biologie Fonctionnelle et Adaptative (BFA)

I'Institut Jacques Monod (IJM)

I'UFR des sciences du vivant (UFR SdV)

le CNRS

Conférenciers invités :

Athel Cornish-Bowden BIP, Marseille

Eileen K. Jaffe Fox Chase Cancer Center, USA
Anja Krieger-Liszkay CEA, Saclay

Daniel Mansuy LCBPT, Paris

Dan Tawfik Weizmann Institute, Israél
Julien Valton Cellectis, Paris
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MERCREDI 4 SEPTEMBRE 2013

13h30

14h00

14h30

15h15

15h30

16h30

17h15

17h30

17h45

18h00

19h00

Apres-midi

Accueil
Introduction
Session 1 : Un siécle de recherche en enzymologie

Conférence pléniére 01 - A. Cornish-Bowden :
100 ans de la cinétique Michaelis-Menten

Communication orale 01 - B. Baudin :
Enseignement de I'enzymologie élémentaire : place d’un logiciel de
simulation de cinétiques enzymatiques

Pause café / Session posters

Conférence pléniére 02 - D. Tawfik :
The moderately efficient enzyme

Communication orale 02 - S. Emond :
Identifying Adaptive Indels using Directed Enzyme Evolution

Communication orale 03 - Y. Malbert :

Enzymatic engineering through both random and semi-rational directed
evolution to improve an a-1,2 branching glucansucrase

Communication orale 04 - C. Miton :

Exploring catalytic promiscuity in the alkaline phosphatase superfamily by
directed evolution

Session posters

Cocktail dinatoire / Session posters
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JEUDI 5 SEPTEMBRE 2013

09h00

09h45

10h00

10h15

10h30

11h30

11h45

12h00

12h15

10

Matin

Session 2 : Structures et mécanismes

Conférence pléniére 03 - D. Mansuy :
Bases structurales et mécanistiques de I'extréme diversité de substrats et de
réactions des cytochromes P450

Communication orale 05 - P. Belin :
Substrate and reaction specificity of the cytochrome P450 CYP121 from
Mycobacterium tuberculosis

Communication orale 06 - E. Cambon :
One enzyme — Many activities : Use of multiple enzyme engineering
approaches to create novel functions of a carbohydrate-active enzyme

Communication orale 07 - S. Dementin :
Mechanism of two nickel enzymes: Hydrogenase and Carbon Monoxide
Dehydrogenase

Pause café / Session posters
Communication orale 08 - E. Kaplan :
Cibler les aminoglycosides phosphotransférases, un moyen de lutter contre

les résistances bactériennes

Communication orale 09 - P. Lafite :
Caractérisation des galactofuranosyltransférases de Leishmania

Communication orale 10 - F. Talfournier :
An extensive conformational sampling of the Rossman fold domain is
integral to the catalytic mechanism of a bacterial acylating acetaldehyde

dehydrogenase

Déjeuner / Session posters
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14h00

14h45

15h00

15h15

15h30

15h45

16h45

17h30

17h45

18h00

18h15

Apres-midi

Session 3 : Régulations des enzymes

Conférence pléniére 04 - E.K. Jaffe :
The morpheein model of protein allostery - an anomaly or an overlooked
generalization?

Communication orale 11 - L. Chaloin :
Allosteric inhibitors against the cytosolic 5’-nucleotidase Il for overcoming
resistance to anticancerous treatments

Communication orale 12 - B. Golinelli-Pimpaneau :
Morpheein-type allosteric regulation of E. coli glucosamine-6-phosphate
synthase

Communication orale 13 - F. Lecaille :
Modulation de I'activité de la cathepsine S par le chondroitine 4-sulfate

Communication orale 14 - M. Reboud-Ravaux :
Le principe de bivalence pour obtenir de puissants inhibiteurs non
covalents du protéasome humain

Pause café / Session posters

Session 4 : Approches biophysiques

Conférence pléniére 05 - A. Krieger-Liszkay :
Generation of singlet oxygen in photosystem Il

Communication orale 15 - M. Moussaoui :
Relationship between different flavohemoglobin structural states and its
enzymatic activity

Communication orale 16 - H. Munier-Lehmann :
CBS domains control allostery behavior and fibre formation in IMPDHs
through a common octameric architecture

Communication orale 17 - Y-H. Sanejouand :
Dynamic of conserved water molecules in family 1 glycoside hydrolases: an
X-ray, DXMS and Molecular Dynamics study

Communication orale 18 - G. Truan :

Echanges conformationnels rapides dans une protéine multidomaine : Ia
NADPH cytochrome P450 réductase
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Remise des Prix

18h30 Prix SFBBM, article de I’année :
A. Fleurie : Fine tuning of bacterial cell division and elongation by the StkP
kinase

18h45 Prix du meilleur poster

19h00 Session posters

19h30 Cocktail dinatoire / Session posters
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VENDREDI 6 SEPTEMBRE 2013

09h00

09h45

10h00

10h15

10h30

10h45

11h15

11h30

11h45

12h00

12h15

Matin

Session 5 : Applications et interfaces

Conférence pléniere 06 - J. Valton :
XPC Gene Therapy Using TALEN™

Communication orale 19 - A. Frelet-Barrand :
Lactococcus lactis, recent developments
in functional heterologous expression of membrane proteins

Communication orale 20 - C. Lionne :
Nouveaux dérivés de néamine insensibles a l'inactivation par une enzyme de
résistance bactérienne

Communication orale 21 - X. Maréchal :
Inhibition de la différenciation des myoblastes par des inhibiteurs de
I’enzyme insulysine développés par click chemistry in situ

Communication orale 22 - F. Mavré :

Electrochemical characterization of the soluble PQQ-dependent glucose
dehydrogenase. Effect of directed mutagenesis on selectivity and
cooperativity

Pause café / Session posters

Communication orale 23 - Hervé Chaulet, Société Agilent Technologies
Genomics :
Herculase Il & Applications

Communication orale 24 - A. Verges :
Diversification of Neisseria polysaccharea amylosucrase activity
through a semi-rational engineering approach

Communication orale 25 - M. Vuillemin :

Search for new GH-70 a-transglucosylases in lactic acid bacteria diversity
dedicated to the synthesis of tailor-made a-glucans

Communication orale 26 - J. Dairou :

Mise au point d’un dosage de I’activité kinase de la protéine DYRK1A par

HPLC

Conclusions

Congres SFBBM GT Enzymes Paris 2013 13
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MERCREDI 4 SEPTEMBRE 2013

Accueil : 13h30 a 14h00

PROGRAMME DE L’APRES-MIDI : 14h00 & 19h00
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SESSION 1

Un siécle de recherche en enzymologie
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Conférence pléniere 01 :

100 ans de la cinétigue Michaelis-Menten

Athel Cornish-Bowden
CNRS-BIP UMR 7281, 31 chemin Joseph-Aiguier, B.P. 71,
13402 Marseille Cedex 20, France
Email acornish@imm.cnrs.fr

One hundred years ago Leonor Michaelis and Maud Menten published a paper that has
become one of the most highly cited in biochemistry: more than that, it is cited much more
often in the 21st century than it was in preceding decades. It laid the foundation of kinetic
studies of enzymes, introducing the initial-rate protocol that has remained standard in
steady-state studies ever since. Previous workers had attempted to analyse complete
time courses, which was impractical with the techniques available. In addition, Michaelis
and Menten were almost the first to make control of pH an essential component of kinetic
investigations. Although they were not the first to write the equation usually called by their
name, as it had been given earlier by Victor Henri, but they were the first to place it on a
solid basis. The major increase in citation rate in recent years can be explained in part by
a general revival of interest in enzymes, but also by the growth of a number of special
disciplines, including systems biology and single-molecule experiments.

Congres SFBBM GT Enzymes Paris 2013
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Communication orale 01.

Enseignement de I’enzymologie élémentaire : place d’un logiciel
de simulation de cinétiques enzymatiques

Bruno Baudin
UFR Pharmacie UPS 5 rue Jean-Baptiste Clément
92296 Chéatenay-Malabry Cedex France
bruno.baudin@u-psud.fr

Ce logiciel a été concu pour répondre a un appel d’offre de 'UNF3S et aux besoins de
'enseignement universitaire dans le premier cycle des études scientifiques et médicales,
en particulier pour la Premiére Année Commune des Etudes de Santé (PACES). Vingt-
deux simulations permettent de comprendre le fonctionnement des enzymes (v, = f([S]), Vo
= f([E]), effet de la température et du pH), de définir le type et les constantes de I'enzyme
(graphes de Michaelis-Menten et de Cornish-Bowden, Vm et Km, allostérie), de
caractériser des inhibiteurs enzymatiques (graphes de Lineweaver-Burk et d’Eadie-
Hofstee, Ki), ainsi que de mesurer des vitesses de catalyse. Une autoévaluation
progressive est proposée, ainsi que la réalisation d’exercices d’application. Des renvois
vers du cours ou des informations complémentaires sont proposés tout au long de ces
ressources numériques (rappels de thermodynamique, de cinétique chimique...). Le
scénario pédagogique se déroule en 3 parties orientées vers tout ou partie des
programmes de la PACES, du L2 en Sciences ou Pharmacie ou encore de la préparation
au concours de l'Internat en Pharmacie. Aprés une introduction sur les enzymes et la
catalyse enzymatique, la premiére partie concerne la simulation du comportement d’'une
enzyme michaelienne, la seconde est consacrée aux simulations des effets des
inhibiteurs enzymatiques, et la troisieme montre le comportement des enzymes
allostériques et des effecteurs allostériques.

Mots clés : Enzymologie, Cinétiques, Enseignement, Ressources
Numeériques, Michaelis-Menten, Inhibiteurs Enzymatiques, Allostérie.
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Conférence pléniere 02 :

The moderately efficient enzyme

Dan S. Tawfik
Department of Biological Chemistry, The Weizmann institute of Science, Rehovot 76100, Israel
dan.tawfik@weizmann.ac.il

| will argue that, in contrast to the textbook superstars, the vast majority of enzymes are only
moderately efficient, with the average enzyme exhibiting a keayKy value of 10° M™* s™. The
implication is that, in the average enzyme, less than one in 10* substrate-enzyme encounters
results in product formation. | will address the evolutionary origins of moderate enzyme efficiency. |
will also discuss the molecular basis of this phenomenon — the dominance of futile encounters, in
relation to enzyme promiscuity and evolvability.

Congres SFBBM GT Enzymes Paris 2013
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Communication orale 02.

Identifying Adaptive Indels using Directed Enzyme Evolution

Stephane Emond?, Nobuhiko Tokuriki? et Florian Hollfelder!

! Department of Biochemistry, University of Cambridge, 80 Tennis Court Road, Cambridge CB2
1GA, United Kingdom, ? Michael Smith Laboratories, University of British Columbia, Vancouver, BC
V6T 174, Canada
se310 @cam.ac.uk

Proteins evolve and acquire new functions in Nature by accumulating mutations. Several
mechanisms, such as insertions, deletions, substitutions, circular permutations and
rearrangement of domains, account for the majority of evolutionary changes. While the
accumulation and effects of substitutions have been extensively studied, understanding
the structural and functional effects of insertions and deletions (indels) remains a
challenge. Indels are allegedly highly deleterious mutations because they are more likely
to disrupt the structural integrity of proteins than substitutions. On the other hand, they
may induce significant structural changes that substitutions only cannot cause and thus
are believed to be key players in many natural evolutionary processes, such as the
modification of active site loops to generate new enzyme functions™ or the emergence of
new protein structures?.

We aimed at performing laboratory evolution experiments incorporating indels to
investigate whether backbone modifications can be selected for functional effects. Starting
from a previously reported methodology based on transposition mutagenesis®®, we have
developed a new approach to generate libraries of protein variants by randomly
introducing short indels inside a gene of interest. We have applied this technique to
identify adaptive indels (i.e., conferring new functions) in two promiscuous enzymes (P.
diminuta phosphotriesterase and P. aeruginosa arylsulfatase). Our results indicate that,
while being generally more deleterious than substitutions, indels can also be selected for
functional effect and may allow access to alternative mutational trajectories in laboratory
evolution of proteins.

M Afriat-Jurnou L, Jackson CJ, Tawfik DS. 2012. Reconstructing a missing link in the evolution of a recently
diverged phosphotriesterase by active-site loop remodeling. Biochemistry 51:6047—6055. 4 Grishin NV. 2001.
Fold change in evolution of protein structures. J Struct Biol. 134:167-185. Bl Jones DD. 2005. Triplet
nucleotide removal at random positions in a target gene: the tolerance of TEM-1 fg-lactamase to an amino acid
deletion. Nucleic Acids Res. 33(9):e80.

Mots clés : Directed Evolution, Indels, Promiscuity
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Communication orale 03.

Enzymatic engineering through both random and semi-rational
directed evolution to improve an a-1,2 branching glucansucrase.

Yannick Malbert!, Sandra Pizzut-Serin®, Virginie Riviére', Marléne Vuillemin®,
Sandrine Morel, Isabelle André*, Claire Moulis* and Magali Remaud-Siméon*
'Université de Toulouse, France, INSA, UPS, INP, LISBP, 135 Avenue de Rangueil, F-31077
Toulouse, France, CNRS, UMR5504, F-31400 Toulouse, France, INRA, UMR792 Ingénierie des
Systemes Biologiques et des Procédés, F-31400 Toulouse.
malbert@insa-toulouse.fr

Glucansucrases from Glycoside-Hydrolase family 70 (GH70) are transglucosylases
produced by lactic acid bacteria and naturally catalyze the polymerization of glucosyl
residues with concomitant fructose release from sucrose, a low-cost and abundant
agroresource. Depending on the enzyme specificity, a large variety of glucans containing
all types of glucosidic bonds, namely a-(1—2), a-(1—3), a-(1—4) or a-(1—6) and varying
in terms of size, structure, degree of branching, and spatial arrangement are synthesized.
Among them, GBD-CD2, a truncated form of DsrE isolated from Leuconostoc citreum B-
1299, exclusively catalyzes a-(1—2) branching onto glucans ™. This linkage type confers
attractive prebiotic properties to oligosaccharides . Engineering of this original enzyme is
currently investigated to i) improve the understanding of GBD-CD2 mode of action, ii)
extend the ability of the enzyme to recognize unnatural acceptors, and iii) improve the
enzyme thermostability and resistance to organic solvents.

Two strategies of enzyme evolution were conducted in parallel to take advantage of both
rational knowledge and power of combinatorial engineering. To this purpose,

- an original epPCR based strategy was developed to achieve four turns of random
mutagenesis. Screening of third and fourth rounds of evolution allowed isolating
more than 500 novel enzymes, still active while containing an average of 15
mutations per kb for the last turn of evolution.

- docking analyzes in the recently solved structure of the a-(1—2) branching
enzyme were also performed to target amino-acids more specifically involved in
unnatural acceptor recognition. Saturation mutagenesis using NDT codon was
used to generate four semi-rationally designed libraries.

Characterization of the isolated mutants will be described and discussed with regard to
the evolution strategy.

[1] Brison Y, Fabre E, Moulis C, Portais JC, Monsan P, Remaud-Siméon M. 2010. Synthesis of dextrans with
controlled amounts of alpha-1,2 linkages using the transglucosidase GBD-CD2. Appl Microbiol Biotechnol,
86(2), pp 545-54.

[2] Fabre E, Bozonnet S, Arcache A, Willemot RM, Vignon M, Monsan P, Remaud-Simeon M. 2005. Role of
the two catalytic domains of DSR-E dextransucrase and their involvement in the formation of highly alpha-1,2
branched dextran. J Bacteriol, 187(1), pp 296-303.

[3] Brison Y, Pijning T, Malbert Y, Fabre E, Mourey L, Morel S, Potocki-Véronése G, Monsan P, Tranier S,
Remaud-Siméon M, Dijkstra BW. 2012. Functional and structural characterization of a-(1->2) branching
sucrase derived from DSR-E glucansucrase. J Biol Chem 287(11), pp 7915-24.

Mots clés : Glucansucrase, branching enzyme, enzyme engineering, directed
evolution, high throughput screening, prebiotics.
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Communication orale 04.

Exploring catalytic promiscuity in the alkaline phosphatase
superfamily by directed evolution

Charlotte M. Miton®, Stefanie Jonas?, Mark F. Mohamed*, Marko Hyvénen?,
Nobuhiko Tokuriki*®, Florian Hollfelder!
'Department of Biochemistry, University of Cambridge, Cambridge - United Kingdom
ZCurrent address: MPI for Developmental Biology, Tubingen - Germany
% Current address: Michael Smith Laboratory, University of British Columbia, Vancouver, Canada
cmmm2@cam.ac.uk

Catalytic promiscuity is defined as the ability of an enzyme to catalyse several chemically
distinct reactions besides its native activity. This latent promiscuity appears to be more
widespread than originally thought and may have played an important role in adaptive
evolution by providing possible evolutionary starting points for the emergence of new
functions 2. The Alkaline Phosphatase (AP) superfamily provides an ideal framework to
explore this hypothesis, as it encompasses a large set of evolutionary related
metalloenzymes frequently exhibiting crosswise catalytic promiscuity . Based on these
observations, our work aims at addressing the following question: which mechanistic and
structural features determine specificity or promiscuity among AP superfamily members?

We performed directed evolution to investigate how P. aeruginosa arylsulfatase (PAS) can
be turned into a phosphonate monoester hydrolase (PMH), one of its secondary activities.
Three rounds of neutral drift ), followed by six rounds of selection for improved
promiscuous activity resulted in a highly generalist enzyme with a ke./Ky of 10%-10°M™* s
for four chemically distinct substrates: phosphate diesters, phosphate, phosphonate, and
sulfate monoesters. Furthermore, the analysis of evolutionary intermediates revealed the
clustering of substitutions in loops that are absent in PMH structures. Semi-rationally
designed deletion libraries of these regions produced mutants tolerating up to 18 AA
deletions and displaying compelling changes in specificity (>103-fold). Detailed kinetics,
LFER, mutational and structural analysis of evolutionary intermediates shed new light on
the fine molecular changes accompanying the respecialization of a promiscuous scaffold.
Taken together, our results provide new insights into the respective contribution of binding
and catalysis, as well as multi-functional trade-offs in the evolution of new functions. It
also emphasizes the role of deletions in opening alternative evolutionary trajectories.

[1]. Jensen, R. A., Annual Reviews in Microbiology 1976.

[2]. O'Brien, P. J.; Herschlag, D., Chem Biol 1999, 6 (4), R91-R105.

[3]. Mohamed, M. F.; Hollfelder, F., Biochim Biophys Acta 2013, 1834 (1), 417-24.

[4]. van Loo, B.; Jonas, S.; Babtie, A. C.; Benjdia, A.; Berteau, O.; Hyvonen, M.; Hollfelder, F., Proc Natl Acad
Sci U S A 2010, 107 (7), 2740-5.

[5]. Gupta, R. D.; Tawfik, D. S., Nat Methods 2008, 5 (11), 939-42.

Mots-clés : catalytic promiscuity, directed evolution, neutral drift, design, indels,
superfamily
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Session 2 : Structures et mécanismes

Conférence pléniere 03 - D. Mansuy :
Bases structurales et mécanistiques de I'extréme diversité de substrats et de
réactions des cytochromes P450

Communication orale 05 - P. Belin :
Substrate and reaction specificity of the cytochrome P450 CYP121 from
Mycobacterium tuberculosis

Communication orale 06 - E. Cambon :
One enzyme — Many activities : Use of multiple enzyme engineering
approaches to create novel functions of a carbohydrate-active enzyme

Communication orale 07 - S. Dementin :
Mechanism of two nickel enzymes: Hydrogenase and Carbon Monoxide
Dehydrogenase

Pause café / Session posters
Communication orale 08 - E. Kaplan :
Cibler les aminoglycosides phosphotransférases, un moyen de lutter contre

les résistances bactériennes

Communication orale 09 - P. Lafite :
Caractérisation des galactofuranosyltransférases de Leishmania

Communication orale 10 - F. Talfournier :
An extensive conformational sampling of the Rossman fold domain is
integral to the catalytic mechanism of a bacterial acylating acetaldehyde

dehydrogenase

Déjeuner / Session posters
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Conférence pléniéere 03 :

Bases structurales et mécanistiques de I’extréme diversité de
substrats et de réactions des cytochromes P450

Daniel Mansuy
Université Paris Descartes, UMR 8601, 45 rue des Saints-Péres, 75270 Paris Cedex 06
Daniel.Mansuy@parisdescartes.fr

Diversité et adaptabilité sont les deux mots-clés qui caractérisent le mieux la superfamille
des cytochromes P450. Ces hémoprotéines ubiquitaires chez les étres vivants ont des
réles biologiques multiples avec un impact dans les domaines de la physiologie, la
pharmacologie, la toxicologie, les sciences des plantes et de I'environnement, et la
microbiologie.

La tres grande diversité de substrats des P450s responsables du métabolisme des
xénobiotiques est un élément clé de I'adaptation des étres vivants a leur environnement
chimique tout le temps changeant. Les études structurales réalisées ces dix derniéres
années ont montré que cette extréme diversité de substrat est basée sur une grande
diversité et une grande adaptabilité structurales de ces P450s.

La superfamille des P450s se caractérise aussi par I'étonnante diversité des réactions
gu’ils sont capables de catalyser. Des résultats récents montrent que certains P450s
catalysent des réactions trés différentes des réactions de momooxygénations classiques
pour cette classe denzymes, comme des hydrolyses, des additions d'H,O, des
décarboxylations, ou des cycloadditions 2+2. Les bases moléculaires de cette grande

diversité de réactions seront discutées a partir de résultats récents concernant le
mécanisme de ces réactions.

Congres SFBBM GT Enzymes Paris 2013
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Communication orale 05.

Substrate and reaction specificity of the cytochrome P450
CYP121 from Mycobacterium tuberculosis

Pascal Belin', Marie-Héléne Le Du?, Matthieu Fonvielle!, Olivier Lequin3, Alain
Lecoq’, Mickaél Jacquet, Robert Thai', Steven Dubois', Guillaume Grach®, Muriel
Gondry*

'CEA, iBiTec-S, Service d’Ingénierie Moléculaire des Protéines,

91191 Gif-sur-Yvette cedex, France
CEA, iBiTec-S, Service de Bioénergétique, Biologie Structurale et Mécanismes, Laboratoire de
Biologie Structurale et Radiobiologie, 91191 Gif-sur-Yvette cedex, France
*UMR 7613 CNRS/Université Pierre et Marie Curie, Synthése Structure et Fonction de Molécules
Bioactives, 4 place Jussieu 75252 Paris Cedex 05, France

CYP121 from the human pathogen Mycobacterium tuberculosis is one of the
mycobacterial P450s that have been shown to be essential for viability of bacteria (1). It is
capable of converting the cyclodipeptide cyclo(L-Tyr-L-Tyr) to mycocyclosin with formation
of a C-C bond between the aryl side chains (2). Interestingly, it is chromosomally
associated with a cyclodipeptide synthase, Rv2275, that has been shown to use charged
tRNAs to synthesize cyclo(L-Tyr-L-Tyr), among other cyclodipeptides (3). Nevertheless,
apart from azoles, no other CYP121 ligands have been described (4). Here we present
our recent investigation on the substrate and reaction specificity of CYP121. The
relationship between CYP121 and substrate analogues has been explored using UV-Vis
spectrophotometry, enzyme assays, mass spectrometry and crystal structure
determination. Results are discussed in terms of catalytic mechanism, biological role of
CYP121 and drug design against an essential protein from M. tuberculosis.

" McLean KJ, et al. (2008) J. Biol. Chem. 283, 33406-33416
*Belin P, et al. (2009) Proc. Natl. Acad. Sci. USA 106, 7426-7431
® Gondry M, et al. (2009) Nat. Chem. Biol. 5, 414-420

*McLean KJ, et al. (2002) J. Inorg. Biochem. 91, 527-541

Mots clés : P450, Mycobacterium tuberculosis, specificity
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Communication orale 06.

One enzyme — Many activities:
Use of multiple enzyme engineering approaches to
create novel functions of a carbohydrate-active enzyme

Emmanuelle Cambon®??, Alizée Vergés*?® David Daudé>??, Sophie Barbe'??,
Claire Moulis***, Magali Remaud-Siméon*??, and Isabelle André*??
I Université de Toulouse; INSA, UPS, INP, LISBP, 135 Avenue de Rangueil, F-31077 Toulouse, France, 2CNRS
UMR 5504, F-31400 Toulouse, France, INRA UMR792, Ingénierie des Systémes Biologiques et des Procédés.
F-31400 Toulouse, France. Emmanuelle.Cambon @insa-toulouse.fr

Glucansucrases are transglycosylases that use sucrose, an abundant agro-resource, as glucosyl
donor for the synthesis of a-glucans. Unlike enzymes belonging to the glycosyltransferase family,
these enzymes do not require any expensive nucleotide-activated sugar as glucosyl donor to
proceed to the reaction and thus, they can be seen as attractive biocatalysts for industrial synthesis
and modification of polysaccharides as well as production of added value carbohydrate-based
molecules (Champion et al.,, 2009; Champion et al., 2012; Daudé, et al.,, 2013). Among
glucansucrases, the amylosucrase from Neisseria polysaccharea, which naturally synthesizes -
1,4 glucans, has received particular attention. However, the natural efficiency of this enzyme can
be limited in terms of productivity or substrate and product specificities. To overcome these limits,
we applied several molecular engineering strategies to access optimized biocatalysts for different
applications.

First, a random strategy based on the neutral drift theory was applied to the amylosucrase. After 4
rounds of evolution, a library presenting an average of 2.8 mutations per gene and still active on
the original donor substrate was constructed and screened towards many different potential
acceptor molecules. The isolated enzymatic variants were shown to display altered substrate
promiscuity and remarkably, one of them exhibited a novel acceptor specificity.

Next, innovative molecular modeling techniques were used to identify a key amino acid residue
involved both in the active site topology, in the substrate recognition and in the glucosylated
product release. To investigate further its role, the residue was systematically mutated by the 19
possible amino acids. Screening of the library led to the isolation of one single-variant showing a
10-fold increase in catalytic efficiency and a different distribution of synthesized products compared
to the parental wild-type enzyme. This variant appears particularly attractive for the high production
of insoluble polymer from sucrose as sole substrate.

Lastly, an original and ambitious semi-rational strategy combining the use of both computational
protein design and molecular protein engineering tools led to the construction of a 50,000 variant
library with a controlled diversity, each variant containing between 9 and 25 mutations. Upon high-
throughput screening of the library, variants showing hyperactivities towards sucrose and original
product profiles were isolated and are currently under characterization.

Altogether, these results highlight the high malleability and plasticity of amylosucrase from N.
polysaccharea to accommodate a large range of different acceptor molecules, making it a multi-
purpose biocatalyst of great potential for many biotechnological applications.

[1] E Champion, | André, C Moulis, J Boutet, K Descroix, S Morel, P Monsan, L.A Mulard, M Remaud-Siméon. 2009. Design
of alpha-transglucosidases of controlled specificity for programmed chemoenzymatic synthesis of antigenic
oligosaccharides. J. Am. Chem. Soc., 131: 7379-7389

.[2] E Champion, F. Guérin, C. Moulis, S. Barbe, T.H. Tran, S. Morel, K. Descroix, P. Monsan, L. Mourey, L.A. Mulard, S.
Tranier, M. Remaud-Siméon, |. André. 2012. Applying pairwise combinations of amino acids mutations for sorting out highly
efficient glucosylation tools for chemo-enzymatic synthesis of bacterial oligosaccharides. J. Am. Chem. Soc., 134: 18677-
18688.

[3] D. Daudé, S. Morel, D. Guieysse, M. Remaud-Siméon, |. André. 2013. Probing substrate promiscuity of amylosucrase
from Neisseria polysaccharea. ChemCatChem. In press

Mots clés : Enzyme engineering, neutral drift, semi-rational strategy, carbohydrate-
active enzyme, novel functions.
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Communication orale 07.

Mechanism of two nickel enzymes:
Hydrogenase and Carbon Monoxide Dehydrogenase

Jessica Hadj-Said, Abbas Abou-Hamdan, Carole Baffert, Vincent Fourmond,
Christophe Léger and Sébastien Dementin
Bioénergétique et Ingénierie des Protéines, UMR 7281, CNRS Aix-Marseille Université
31, chemin Joseph Aiguier 13402 Marseille Cedex 20
dementin@imm.cnrs.fr

Only eight enzymes are known to contain nickel in their active site, most of them catalyze
the use and/or production of small molecules that are central to the global hydrogen,
carbon, nitrogen, and oxygen cycles'. They include hydrogenases (H2ases) and carbon
monoxide dehydrogenases (CODH), the biological catalysts of H'/H, and CO,/CO
conversion, respectively. Their active sites are inorganic clusters made of Ni, Fe and sulfur
(see figure). The mechanisms of these enzymes also involve the transport of small
molecules from the solvent to the buried active sites, the transfer of protons and the
transfer of electrons along chain of FeS clusters.

In our laboratory, we study all the aspects of the mechanism of a H2ase and a CODH
purified from Desulfovibrio species using a combination of biochemical, spectroscopic,
crystallographic and electrochemical approaches. | will compare the two enzymes and
present a selection of our latest results %°.

Beyond this fundamental aspect, these enzymes are described as potential catalysts or
inspiration sources for the design of synthetic compounds to use in H, oxidation/production
and carbon fixation systems, and their precise characterization is a prerequisite to their
biotechnological exploitation.

Active site of hydrogenase (left) carbon monoxide dehydrogenase (right). Atom colors : green (Ni),
orange (Fe), yellow (S), white (C), red (O) et blue (N).

Ragsdale SW 2009, J. Biol. Chem. 284:18571-5; @Abou-Hamdan A et al. 2013, Nat. Chem. Biol. 9:15-7;
Blabou-Hamdan A et al. 2012, PNAS USA 109: 19916-21; “IDementin et al. 2011, JACS 133:10211-21;
Bl iebgott et al. 2010, Nat. Chem. Biol. 6:63-70; ’Dementin et al. 2004 J. Biol. Chem 279:10508-13

Mots clés : hydrogenase, carbon monoxide dehydrogenase, mechanism, nickel
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Communication orale 08.

Cibler les aminoglycosides phosphotransférases,
un moyen de lutter contre les résistances bactériennes

Elise Kaplan®, Nadia Leban®, Jean-Francois Guichou?, Perrine Lallemand®,
Laurent Chaloin®, Corinne Lionne?
'Centre d’études d’agents Pathogenes et Biotechnologies pour la Santé (CPBS), UMR 5236
CNRS/UM1& 2 et “Centre de Biologie Structurale (CBS), Montpellier, France.
elise.kaplan@cpbs.cnrs.fr

Les aminoglycosides sont des antibiotiques a large spectre utilisés pour le traitement des
infections bactériennes séveres. Cependant, leur utilisation a été compromise par
l'apparition d’enzymes capables de les modifier comme les Aminoglycosides
PHosphotransférases (APH), induisant alors une perte de leur efficacité clinique. Parmi
ces enzymes, I'APH(2”)-IVa posséde la particularité d’utiliser indifféremment 'ATP ou le
GTP comme donneur de phosphate. Des études de cinétiques a I'état transitoire révélent
que les étapes limitantes de la réaction sont différentes en fonction du type de nucléotide
utilisé. Validé avec une enzyme de la méme famille™, ce type d’approche permet de
révéler les détails du mécanisme enzymatique et d'identifier les intermédiaires
prépondérants de la réaction.

Ces premiers résultats sont complétés par des techniques de biophysique d’étude de
stabilité thermique (thermofluor) et de calorimétrie (ITC) de fagon a obtenir les paramétres
thermodynamiques de liaison des interactions protéine-ligand. Pour mieux comprendre
les relations structure-fonction, des essais cristallographiques ont permis de déterminer, a
une résolution de 2.35 A, la premiére structure du complexe APH(2”)-IVa-ADP. Les
interactions responsables de la fixation du nucléotide ont été mises en évidence et
permettent d’établir des similitudes avec des protéines kinases. La comparaison avec la
structure du complexe APH(2”)-IVa-GDP devrait pouvoir expliquer la non-spécificité de
I'enzyme pour le nucléotide ainsi que les différences cinétiques observées.

En paralléle et dans l'optique de développer de nouvelles molécules thérapeutiques
capables d’inhiber ces enzymes, nous avons recherché des composés capables
d'interagir avec les intermédiaires prépondérants par des approches de criblage virtuel
(docking). Ainsi, parmi les 12 000 composés criblés, 14 molécules prédites comme étant
les plus affines ont été testés in vitro, ce qui a permis d’identifier un puissant inhibiteur de
FAPH(2”)-IVa. Sa caractérisation cinétique suggere une inhibition non-compétitive vis-a-
vis de I'aminoglycoside. Dans le but de confirmer son mécanisme d’inhibition et les
interactions clés gouvernant sa fixation, des essais cristallographiques sont en cours. Les
études structure-fonction permettront d’optimiser la molécule pour améliorer son activité
mais également de mieux comprendre le mécanisme général ces enzymes.

M| allemand et al. (2012) FEBS Lett. 586(23):4223-7

Mots clés : Aminoglycoside, Résistance bactérienne, Inhibiteur, Docking
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Communication orale 09.

Caractérisation des galactofuranosyltransférases de Leishmania.

Pierre Lafite', Thibault Rattier’, Sorya Belaz?, Jean-Pierre Gangneux?, Florence
Robert-Gangneux? et Richard Daniellou®
!Institut de Chimie Organique et Analytl% e, UMR CNRS 7311 Université d’Orléans, Rue de
Chartres BP6759, 45067 Orléans Cedex 2. “Université Rennes 1 - Faculté de Médecine et CHU de
Rennes INSERM U1085, IRSET 2 Av Prof Léon Bernard 35 043 RENNES cedex
Email : pierre.lafite @univ-orleans.fr

La leishmaniose est considérée comme I'une des Maladies Tropicales Négligées les plus fatales,
touchant particulierement les populations les plus pauvres[ A ce jour, aucun vaccin ni traitements
médicamenteux efficaces ne sont accessibles a ces populations. La surface cellulaire du parasite
Leishmania est recouverte de glycanes complexes, dont le réle lors de I|nfect|on et la survie du
microorganisme dans I'environnement hostile de I'héte infecté a été démontrée?. Ces glycanes
sont particuliers, car ils contiennent notamment une unité monosaccharldlque unique (le
Galactofuranose Galf), que I'on ne retrouve pas chez les mammiféres (voir figure)®. La présence
de ce sucre inhabituel représente donc un moyen de cibler spécifiquement les voies de
biosynthése de I'enveloppe polysaccharidique des leishmanies.
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Dans le géndme de Leishmania, 4 galactofuranosyltransférases (GalfT) potentiellement
responsable de I'incorporation de ce monosaccharide ont été identifiees (LPG1, LPG1G, LPG1L et

LPG1G) ™.

- Une quantification des ARNm par RT-gPCR a partir d’isolats cliniques de leishmanies
pathogénes a permis de caractériser leur niveau d’expression lors du cycle de vie du parasite.

- Le clonage, la surexpression chez E. coli et la purification de ces 4 GalfT (les seules identifiées
a ce jour provenant d’un organisme eucaryote) permettent d’envisager a court terme la
caractérisation biochimique de ces enzymes (études structurales et mécanistiques).

L’étude au niveau moléculaire de ces enzymes pourra mener a la conception de composés
inhibiteurs ayant potentiellement des activités anti-parasitaires. Bl

[1] W.H.O. report, Vol. 949, 2010. [2] Franco et al, J. Parasitol. Res. 2012 (2012) 165126 [3] Peltier et al, Carb
Res 343 (2008) 1897-923 ; Chublunova et al 356 (2012) 344-51 [4] Zhang et al, Mol. Biochem. Parasitol. 136
(2004) 11-23. [5] Dureau et al, Carb Res, 345 (2010) 1299-305.
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Mots clés : Galactofuranosyltransférases, Leishmania, Galactofuranose, synthése
de la paroi cellulaire
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Communication orale 10.

An extensive conformational sampling of the Rossman fold
domain is integral to the catalytic mechanism of a bacterial
acylating acetaldehyde dehydrogenase

Fischer B.}, Boutserin S.%, Collin S., Mazon H.}, Branlant G.*, Gruez A. * et
Talfournier F. *
'UMR 7365 IMoPA Ingénierie Moléculaire et Physiopathologie Articulaire, Biopdle, campus
Biologie-Santé, Vandoeuvre-lés-Nancy
francois.talfournier@univ-lorraine.fr
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14h45

15h00

15h15

15h30

15h45

16h45

17h30

17h45

18h00

18h15

Session 3 : Régulations des enzymes

Conférence pléniére 04 - E.K. Jaffe :
The morpheein model of protein allostery - an anomaly or an overlooked
generalization?

Communication orale 11 - L. Chaloin :
Allosteric inhibitors against the cytosolic 5’-nucleotidase Il for overcoming
resistance to anticancerous treatments

Communication orale 12 - B. Golinelli-Pimpaneau :
Morpheein-type allosteric regulation of E. coli glucosamine-6-phosphate
synthase

Communication orale 13 - F. Lecaille :
Modulation de l'activité de la cathepsine S
par le chondroitine 4-sulfate

Communication orale 14 - M. Reboud-Ravaux :
Le principe de bivalence pour obtenir de puissants inhibiteurs non
covalents du protéasome humain

Pause café / Session posters

Session 4 : Approches biophysiques

Conférence pléniére 05 - A. Krieger-Liszkay :
Generation of singlet oxygen in photosystem II

Communication orale 15 - M. Moussaoui :
Relationship between different flavohemoglobin structural states and its
enzymatic activity

Communication orale 16 - H. Munier-Lehmann :
CBS domains control allostery behavior and fibre formation in IMPDHs
through a common octameric architecture

Communication orale 17 - Y-H. Sanejouand :
Dynamic of conserved water molecules in family 1 glycoside hydrolases: an
X-ray, DXMS and Molecular Dynamics study

Communication orale 18 - G. Truan :

Echanges conformationnels rapides dans une protéine multidomaine: la
NADPH cytochrome P450 réductase
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Remise des Prix

18h30 Prix SFBBM, article de I’année :
A. Fleurie : Fine tuning of bacterial cell division and elongation by the StkP
kinase

18h45 Prix du meilleur poster

19h00 Session posters

19h30 Cocktail dinatoire / Session posters

44 Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013



SESSION 3

Régulations des enzymes

o

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013

45



46

o

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013



Conférence pléniere 04 :

The morpheein model of protein allostery - an anomaly or an
overlooked generalization?

Eileen K. Jaffe
Fox Chase Cancer Center, 333 Cottman Ave, Philadelphia PA 19111
eileen.jaffe@fccc.edu

The unexpected behavior of the enzyme porphobilinogen synthase sets a precedent we
have generalized as the morpheein model of protein allostery wherein trapping alternate
architecturally distinct multimers serves as a new approach to allosteric drug discovery.
By definition, porphobilinogen synthase is the prototype morpheein. Using largely
behavioral criteria, ~40 proteins have been identified as putative morpheeins, some of
which are drug targets for treatment of inborn errors of metabolism and/or cancer. We will
present data addressing the quaternary structure dynamics of two putative morpheeins,
phenylalanine hydroxylase and adenylosuccinate lyase and relate these results to the
identification of new therapies for phenylketonuria and adenylosuccinate lyase deficiency.

Congres SFBBM GT Enzymes Paris 2013
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Communication orale 11.

48

Allosteric inhibitors against the cytosolic 5’-nucleotidase Il for
overcoming resistance to anticancerous treatments

Z. Marton?, E. Cros-Perrial?, L.P. Jordheim?, C. Dumontet?, C. Lionne® & L. Chaloin?
Centre d’étude d’agents Pathogénes et Biotechnologies pour la Santé (CPBS — CNRS UMR5236,
Universités de Montpellier 1 & 2), 1919 route de Mende, 34293 Montpellier cedex 5, France.
’Centre de Recherche en Cancérologie de Lyon (Université de Lyon 1 — INSERM U1052 — CNRS
UMR 5286 — Centre Léon Bérard), 8 avenue Rockefeller, 69008 Lyon, France.
laurent.chaloin@cpbs.cnrs.fr

Enzyme function can be blocked by small inhibitors through a competitive mechanism (the
inhibitor binds into the substrate site). However, this kind of inhibition may turn out fully
inefficient at high concentrations of substrate. A way to overcome this major drawback is
to design inhibitors that target allosteric or regulatory sites of the enzyme. These inhibitors
which bind to another site cannot be ruled out by a high amount of substrate. In this study,
we focused on the cytosolic 5’-nuclectidase Il (cN-Il) that possesses one active and two
regulatory sites. The function of cN-Il is to maintain the intracellular level of nucleosides by
dephosphorylating their monophosphate counterparts (IMP or GMP). However, several
clinical evidences have reported a correlation between cN-Il expression in cancer cells
and patients’ outcome treated with cytotoxic nucleoside analogues. For instance, the
treatment of acute myeloid leukemia leads to a worse patient outcome when cN-Il is over-
expressed. One way to define the exact role of cN-II in the phenomenon of cancer therapy
resistance is to develop new inhibitors™?. Virtual screening of chemical libraries has been
used to find allosteric inhibitors by targeting the cavity formed by the second regulatory
site of this enzyme. Conventional strategies make use of a single crystal structure for
screening the target protein of interest. In our study, we explored a larger conformational
space by including several protein conformers issued from molecular dynamics. Most
interesting compounds according to their ranking places were tested with the recombinant
enzyme in order to evaluate their inhibitory activity. Three hit compounds were able to
block the nucleotidase activity and were further characterized by kinetics. Interestingly,
one of them showed an uncompetitive inhibition while other similar compounds exhibited
either competitive or mixed inhibition. Moreover, in vitro validated hit compounds were
further evaluated in cancer cell lines to determine their potential effect in sensitization to
anticancer drugs. Interestingly, they were shown to increase the tumoral cell toxicity and
current experiments are in progress to define the synergic effect with anticancerous drugs.
This work raises the importance in the selection of the targeted cavity for enzyme
inhibition that, in fine, may lead to more accurately defined inhibitor type. In addition, this
study will provide new small candidate molecules to be used in combination with
anticancer drugs for overcoming resistance phenomena encountered in cancer treatment.

M Gallier F. et al. PLoS Comp. Biol. (2011) 7(12): €1002295.d0i:10.1371
 jordheim L.P.et al. Biochemical Pharmacology, (2013) 85, 497-506

Mots clés : Enzyme inhibition / allostery / resistance / virtual screening
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Morpheein-type allosteric regulation of E. coli glucosamine-6-
phosphate synthase

Stéphane Mouilleron?, Marie-Ange Badet-Denisot?, Ludovic Pecqueurl'3, Karine Madiona?,
Nadine Assrir?, Bernard Badet?, and Béatrice Golinelli-Pimpaneau®®
'Laboratoire d’Enzymologie et Biochimie Structurales, “Institut de Chimie des Substances Naturelles,
Centre de Recherche de Gif, CNRS, 1 Avenue de la Terrasse, 91198 Gif-sur-Yvette, *Laboratoire de
Chimie des Processus Biologiques, CNRS, College de France, 11 place Marcelin Berthelot,
75005 Paris, France
beatrice.golinelli@college-de-france.fr

Glucosamine-6P synthase (GImS) catalyzes glucosamine-6P synthesis from fructose-6P and
glutamine. The amino-terminal cysteine acts as a nucleophile to release ammonia from
glutamine, which is then transferred to fructose-6-P through an 18 A-long channel. Although
wild-type GImS is active as a dimer, it is in equilibrium with a hexameric state, in vitro and in
vivo. The hexameric state has also been visualized in the inactive C1A mutant crystal structure.
The shift of the equilibrium toward the hexameric form in the presence of cyclic glucosamine 6-
phosphate, together with the decrease of the specific activity with increasing enzyme
concentration, strongly supports product inhibition through hexamer stabilization. Altogether,
our data allow us to propose a morpheein model, in which the active dimer can rearrange into a
transiently stable form, which has the propensity to form an inactive hexamer (1). This would
account for a physiologically relevant allosteric regulation of E. coli GImS.

Inactive hexamer

3. Biol. Chem., 2012, 287, 34533

Key words: morpheein-type allosteric regulation, glutamine-dependent
amidotransferase, ammonia channeling
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Modulation de I'activité de la cathepsine S
par le chondroitine 4-sulfate

Juliette Sagel'z, Florian Mallévre®, Fabien Barbarin-Costes®, Sergey A. Samsonov’,
Jan-Philip Gehrcke®, Maria Teresa Pisabarro®, Eric Perrier?, Sylvianne Schnebert?,
André Roget?, Thierry Livache®, Carine Nizard? Gilles Lalmanach™*,

Fabien Lecaille*

'INSERM, UMR 1100, Pathologies Respiratoires: protéolyse et aérosolthérapie, Centre d'Etude
des Pathologies Respiratoires, Université Francois Rabelais, Tours *Louis Vuitton Moét Hennessy
(LVMH-Recherche), Saint Jean de Braye *INAC CEA Grenoble, CREAB, UMR SPrAM 5819,
Grenoble, “Département de Biochimie, Université Frangois Rabelais, Tours Structural
Bioinformatics, BIOTEC Technical University of Dresden, Tatzberg, Germany. email:
fabien.lecaille@univ-tours.fr

La cathepsine S est une protéase a cystéine humaine qui participe a de nombreux
processus physiologiques et pathologiques tels que l'asthme, larthrite rhumatoide, le
psoriasis, 'athérosclérose ou encore I'obésité . Différentes études ont montré que dans
ces pathologies, la cathepsine S est fortement exprimée et participe a la dégradation de
différents constituants de la matrice extracellulaire et de la membrane basale (collagéne
IV, nidogéne) . Ainsi, la cathepsine S a été validée comme cible thérapeutique dans le
traitement de certaines de ces maladies.

Les glycosaminoglycanes (GAG) sont des polysaccharides linéaires chargés
négativement présents dans les lysosomes, a la surface des cellules et au niveau de la
matrice extracellulaire, qui interagissent et régulent différentes molécules, comme les
facteurs de croissance. Les GAG sont aussi capables de réguler l'activité de certaines
protéases et faciliter leur maturation.

Dans ces conditions, I'objectif de notre étude était de savoir si les GAG sulfatés (héparine,
héparane sulfate, chondroitines 4- et 6-sulfate, dermatane sulfate) et non sulfaté (acide
hyaluronique) participent a la modulation de l'activité protéolytique de la cathepsine S ©.
L’activité protéolytique de la cathepsine S vis-a-vis du collagéne IV et d’un substrat
fluorogénique, Z-Phe-Arg-AMC est significativement réduite in vitro par le chondroitine 4-
sulfate (C4-S) de facon dose-dépendante, selon un mécanisme d'inhibition mixte (Ki
=16.5 yM). L’activité de la cathepsine S est rétablie en présence de NaCl, ce qui suggere
gue le C4-S perturbe l'activité de cette enzyme via des interactions électrostatiques.
D’autre part, des doses croissantes en C4-S ont pour effet de ralentir la maturation de la
procathepsine S a pH acide. Un complexe entre le C4-S et la cathepsine S a été mis en
évidence en solution par gel filtration et l'affinité a été mesurée par résonance
plasmonique de surface (Kd = 210 + 40 nM). Trois sites de fixation potentiels du C4-S ont
été identifiés (dont un a proximité du site actif de la cathepsine S) par modélisation
moléculaire.

ME. Lecaille, J. Kaleta & D. Bromme. (2002). Chem. Rev. 102, 4459-4488. ¥ J. Sage, E. Noblesse, C.
Nizard, T. Sasaki, S. Schnebert, E. Perrier, R. Kurfurst, D. Bromme, G. Lalmanach & F. Lecaille. (2012) PLoS
ONE 7, €43494. ¥ J. Sage et al., J. Mol. Biol. (en révision).

Mots clés: protéases, glycosaminoglycanes, inhibition, modélisation
moléculaire
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Le principe de bivalence pour obtenir de puissants inhibiteurs
non covalents du protéasome humain

A. Desvergne!, E. Genin?, X. Maréchal', N. Gallastegui®, L. Dufau®, N. Richy?,
M. Groll®, J. Vidal® Michéle Reboud-Ravaux'

! Enzymologie Moléculaire et Fonctionnelle, UR4, UPMC-Sorbonne Universités, Paris; > Chimie et
Photonique Moléculaires, CNRS-UMR 6226, Univ. de Rennes 1, Rennes; ° Center for Integrated
Protein Science, Technische Universitat Miinchen, Garching. Germany.
michele.reboud@upmc.fr; Joelle.Vidal@univ-rennes1.fr

La multivalence est utilisée par la nature dans beaucoup d’interactions biologiques
simultanées entre ligands et récepteurs. Nous avons utilisé ce principe pour augmenter
I'affinité et la biodisponibilité d’'inhibiteurs non covalents du protéasome que nous avions
développés précédemment.!? Ces inhibiteurs sont des mimes linéaires d’un inhibiteur
naturel peptidique cyclique, le TMC-95A. La topographie unique des six sites actifs de
cette enzyme multicatalytique a été exploitée pour concevoir et synthétiser des inhibiteurs
puissants et potentiellement trés sélectifs possédant deux tétes inhibitrices reliées par des
espaceurs organiques de longueur contrélée. Leur fixation simultanée dans un site
chymotryptique et un site tryptique a été mise en évidence par les études cinétiques et la
cristallographie aux rayons X de complexes protéasome/inhibiteurs. L’utilisation du
concept de la multivalence a ainsi conduit a des inhibiteurs efficaces (K; = 6-11 nM) et
sélectifs du protéasome.P* Doués d’efficacité cellulaire, ces inhibiteurs sont de bons
candidats a des études plus poussées en vue d’applications thérapeutiques. L’inhibition
de la dégradation intracellulaire des protéines catalysée par le protéasome fait en effet de
celui-ci une cible thérapeutique actuelle,®™ notamment pour les inhibiteurs non covalents,
trés peu représentés.®®

Figure 1. Ciblage simultané des sites actifs de type chymotryptique (ChT-L) et tryptique (T-L) du protéasome 20S humain
par les nouveaux inhibiteurs bivalents.

N, Basse, S. Piguel, D. Papapoustolou, A. Ferrier-Berthelot, N. Richy, M. Pagano, P. Sarthou, J. Sobczak-
Thépot, M. Reboud-Ravaux, J. Vidal J. Med. Chem. 2007, 50, 2842-2850. ¥/ M. Groll, N. Gallastegui, X.
Maréchal, V. Le Ravalec, N. Basse, N. Richy, E. Genin, R. Huber, L. Moroder, J. Vidal, M. Reboud-Ravaux,
ChemMedChem, 2010, 5, 1701-1705. ¥l X. Maréchal, A. Pujol, N. Richy, E. Genin, N. Basse, M. Reboud-
Ravaux, J. Vidal Eur. J. Med. Chem, 2012, 52, 322-327. “ Desvergne A, Genin E, Maréchal X, Gallastegui N,
Dufau L, Richy N, Groll M, Vidal J, Reboud-Ravaux M. J Med Chem. 2013, 56(8), 3367-78. BIE. Genin, M.
Reboud-Ravaux, J. Vidal, Curr. Top. Med. Chem. 2010, 10, 232-256 ' X. Maréchal, E. Genin, L. Qin, O.
Sperandio, M. Montes, N. Basse, N. Richy, M. A. Miteva, M. Reboud-Ravaux, J. Vidal, B. O. Villoutreix. Curr
Med Chem. 2013, 20(18), 2351-62.

Mots clés : protéasome ; inhibiteurs non covalents ; inhibiteurs bivalents ;
conception rationnelle; mimes du TMC-95A.
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Conférence pléniéere 05 :

Generation of singlet oxygen in photosystem Il

Anja Krieger-Liszkay
CEA Saclay, CNRS UMR 8221
anja.krieger-liszkay@cea.fr

Photosynthetic organisms are subjected to photo-oxidative stress when more light energy
is absorbed than used in photosynthesis. In the light, highly reactive singlet oxygen can be
produced via triplet chlorophyll formation in the reaction centre of photosystem Il (PSII).
Changes in the midpoint potential of the primary quinone acceptor Q, in PSIl modulate
the pathway of charge recombination in PSII, the formation of excited chlorophyll in its
triplet state and influence the yield of singlet oxygen production.

By titrating variable chlorophyll fluorescence, we have determined the midpoint potential
of the redox couple QA/Qx" to be -80 mV in PSII with an active oxygen evolving complex
(OEC) and to be +65 mV when Ca?*, an obligatory cofactor of the OEC, is released.
Singlet oxygen generation was measured with the 'O, probe TEMP using EPR
spectroscopy. The midpoint potential of Q, was also modified by using specific herbicides
which bind to the Qg-binding pocket, the site to which the secondary quinone acceptor
binds. The effect of herbicides on Q. was monitored by measuring chlorophyll
fluorescence and thermoluminescence. Phenolic herbicides shifted the midpoint potential
of Qa to a lower value while urea-type herbicides had the opposite effect. Furthermore, the
midpoint potential of Q4 was affected by the mutation of A249S located at the Qa-binding
site.

The influence of different herbicides on the midpoint potentials of the primary quinone
acceptor Qa can be used as a tool to modify the yield of 'O, production in PSIl. While
production of hydroxyl and superoxide anion radicals were herbicide-independent, the
yield of 'O, with a phenolic herbicide was twice that with an urea herbicide. In addition, an
upregulation of gene expression in response to 'O, produced by PSIl was observed. This
was tested by following the expression of a reporter gene construct and of a glutathione
peroxidase homologous gene from Chlamydomonas. These genes were specifically up-
regulated by 'O, in the presence of a phenolic herbicide while they were down-regulated
in the presence of DCMU.
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Relationship between different flavohemoglobin structural
states and its enzymatic activity

M. Moussaoui', A. Ezzine', E. El Hammi?, N.M. Marzouki®, U. Ermler® and L. Baciou®
"Laboratoire de Chimie Physique, CNRS-Université Paris-Sud, UMR8000, F-91405 Orsay,
France, 2 Max-Planck-Institut fur Biophysik, Frankfurt, Germany adress, ’LIP-MB, INSAT
University of Carthage, Tunis, Tunisia
myriam.moussaoui@u-psud.fr

Flavohemoglobins (flavoHbs) are widespread only within microorganisms and play a key
role in the bacterial resistance to nitrosative stress and NOe< signaling modulation.
Typically, flavoHbs contains three domains: an N-terminal globin domain which harbors a
single heme type b and a C-terminal ferredoxin reductase-like FAD- and NAD-binding
module. Since flavoHbs are not present in mammals, flavoHb inhibition may be an
efficient approach to decrease pathogen virulence. Several azole-based heme iron
ligating compounds, in particular antifungal imidazole derivatives, inhibit the flavoHb-
catalyzed NO’-dioxygenase activity. Recently, we have determined the structural basis for
binding imidazole derivatives to flavoHbs [1, 2]. We have shown that these enzymes
adopt open and closed states dependent on the absence, presence and chemical nature
of the heme ligand. We have also determined kinetically and thermodynamically one step
of the internal electron transfer [3].To make progress in understanding the structure,
function and mechanism of flavoHbs we have cloned and produced the flavoHb from
Staphylococcus aureus, responsible for a large number of human infections and
investigated the enzyme properties, the effect of azole antibiotics and the structure-
function relationship in comparison to the well-known flavoHbs from the non-pathogenic
bacteria. The mutation of key residues situated in the flexible region of the protein
appeared to modify drastically the enzymatic properties suggesting that peculiar residue
might play a crucial role in regulation of the enzyme activity.

MWEl Hammi, E. et al. (2011) Structure of R. eutropha flavohemoglobin in complex with three antibiotic azole
compounds. Biochemistry 50:1255-64

PIE| Hammi, E. et al. (2012) Active site analysis of yeast flavohemoglobin based on its structure with a small
ligand or econazole. FEBS J. 279:4565-75

BIEl Hammi, E. et al. (2012) New insights into the mechanism of electron transfer within flavohemoglobins:
tunnelling pathways, packing density, thermodynamic and kinetic analyses. Phys. Chem. Chem. Phys.
14:13872

Mots clés : Flavohemoglobins, NO'-dioxygenase, Rigid-body motion, Structure-
Function relationship, Bacterial resistance
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CBS domains control allostery behavior and fibre formation in
IMPDHs through a common octameric architecture

Gilles Labesse™?, Thomas Alexandre®*®, Joséphine Lai Kee Him'?, Patrick Bron'?,
Ahmed Haouz®®, Bertrand Raynal”®, Héléne Munier-Lehmann®*”
'CNRS UMR5048, Universités Montpellier 1 et 2; Centre de Biochimie Structurale, France
’INSERM U1054
*|nstitut Pasteur, Unité de Chimie et Biocatalyse, France
*CNRS UMR3523
®Université Paris Diderot, Sorbonne Paris Cité, France
®Institut Pasteur, Proteopole, Plateforme de Biophysique des Macromolecules et de leurs
Interactions, France
"Institut Pasteur, Proteopole, Plateforme de Cristallogenése et Diffraction des Rayons X, France
®CNRS, UMR3528
* helene.munier-lehmann@pasteur.fr

Inosine-5'-monophosphate dehydrogenase (IMPDH)™? is a major target for antiviral,
antiparasitic, antileukemic and immunosuppressive therapies. It is an ubiquitous and
essential enzyme for the biosynthesis of guanosine nucleotides. Up to now, IMPDHSs have
been reported as tetrameric enzymes harbouring a catalytic domain and a tandem of
cystathionine--synthase (CBS) modules. The latter have no precise function assigned
despite their nearly absolute conservation among IMPDHs and consistent indication of
their importance in vivo. The aim of our study was to provide evidence for the role of the
CBS modules on the quaternary structure and on the regulation of IMPDHs.

A multidisciplinary approach involving enzymology, site-directed mutagenesis, analytical
ultracentrifugation, X-ray crystallography, SAXS, cryo-electron microscopy and molecular
modelling allowed us to demonstrate that the Pseudomonas aeruginosa IMPDH is
functionally active as an octamer and allosterically regulated by MgATP via each CBS
module. Revisiting deposited structural data we found this newly discovered octameric
organization conserved in other IMPDH structures. Furthermore, we demonstrated that
the human IMPDH1 formed two distinct octamers that can pile up into isolated fibres in the
presence of MgATP while its pathogenic mutant D226N, localised into the CBS domains,
appeared to form massively aggregating fibres. The dramatic impact of this mutation could
explain the severe retinopathy adRP10.

Our data’® revealed for the first time that IMPDH has an octameric architecture modulated
by MgATP binding to the CBS modules, inducing large structural rearrangements. Thus,
the regulatory CBS modules in IMPDHs are functional and they can either modulate
catalysis or/fand macromolecular assembly. Targeting the conserved effector binding
pockets identified within the CBS modules might be promising to develop antibacterial
compounds or drugs to counter retinopathy onset.

References:

1. Hedstrom, L. (2009) IMP dehydrogenase: structure, mechanism, and inhibition, Chem. Rev. 109, 2903-
2928.

2. Pankiewicz, K. W., and Goldstein, B. M. (2003) Inosine Monophosphate Dehydrogenase: A Major
Therapeutic Target, ACS Symposium Series.

3. Labesse, G., Alexandre, T., Vaupre, L., Salard-Arnaud, I., Him, J. L., Raynal, B., Bron, P., and Munier-
Lehmann, H. (2013) MgATP Regulates Allostery and Fiber Formation in IMPDHs, Structure, DOI
10.1016/j.str.2013.03.011.

Mots clés : nucleotide metabolism, supramolecular assembly, CBS domains, crystal
structure, site-directed mutagenesis, effector binding site
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Dynamic of conserved water molecules in family 1 glycoside
hydrolases: an X-ray, DXMS and Molecular Dynamics study

David Teze', Johann Hendrickx®, Michel Dion*, Charles Tellier*, Virgil Woods?, Vinh
Tran® and Yves-Henri Sanejouand*
'Université de Nantes, UFIP, CNRS FRE n°3478, 2 rue de la Houssiniére,
F-44322 Nantes cedex 03, France
’Department of Medicine, University of California, 9500 Gilman Dr., San Diego,
La Jolla, CA 92093-0652, USA
yves-henri.sanejouand @univ-nantes.fr

Taking advantage of the wealth of structural data available for family 1 glycoside
hydrolases (GH1), a study of the conservation of the numerous internal water molecule
sites (WMS) found in this family was undertakenl. It appears that more than 70% of these
WMS are well conserved among evolution, as they are found in the same position in more
than 60% of the 193 molecules from 74 PDB structures that originate from the three
kingdoms of life. Interestingly, 75% of these WMS are not isolated within the structures but
belong to several clusters of WMS, potentially revealing water molecule paths.

Such a high conservation among evolution substantiates for an important structural
or functional role. However, the determination of this role only on the basis of the static X-
ray coordinates appears to be puzzling. Then, to assess which among the conserved
WMS thus found have significant intrinsic dynamics, molecular dynamics simulations were
performed on the B-glycosidase of Thermus thermophilus, the GH1 for which the highest
resolution of X-ray data are available (0.99A, 1ug6.pdb). Inside the protein, global or
partial displacements of water molecules observed during MD simulations mainly occur
along the suggested paths. Interestingly, several water molecules from these WMS could
exchange with either bulk water or water from the active site, suggesting the existence of
these “water channels” inside this protein could participate to the functional mechanism.
Such a functional water channel has been proposed for the 1,3-a-3,6-anhydro-L-
galactosidase of Zobellia galactanivorans (GH117), which may provide the nucleophile
water molecule to the active site2.

In order to have an experimental confirmation of these water channels, we performed
Deuterium Exchange Mass Spectrometry (DXMS) on the B-glycosidase of Thermus
thermophilus to analyze the exchange rates of the protein protons with the solvent
protons, i.e. their accessibility to water. DXMS confirmed a high-rate exchange zone
inside the protein corresponding to the largest water channel identified by Molecular
Dynamics simulations.

These results strongly suggest that there are conserved water channels inside
GHZ1, which might have an important role in the function of the protein.

Mots clés : Glycoside hydrolases, water channel, DXMS, molecular dynamics
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Echanges conformationnels rapides dans une protéine
multidomaine: la NADPH cytochrome P450 réductase

Oriane Frances?, Fataneh Fatemi!, Javier Pérez*> Ewen Lescop! et Gilles Truan®
LICSN, 1 Av. de la Terrasse, 91198, Gif-sur-Yvette Cedex
2SWING beamline, Synchrotron SOLEIL, BP 48, 91192 Gif-sur-Yvette
% LISBP, 135 Avenue de Rangueil, F-31077 Toulouse
gilles.truan@insa-toulouse.fr

La NADPH-cytochrome P450 réductase (CPR) est une protéine multidomaine composée :
d’'un domaine contenant un FAD et un domaine contenant un FMN reliés par un domaine
contenant un linker flexible et un domaine en hélice alpha. A partir d’analyses a la fois
structurales et biochimiques, la communauté scientifique a mis en évidence des
mouvements importants des domaines catalytiques (voir figure) entre deux états (fermé et
ouverts) représentant chacun une étape du cycle catalytique (état fermé : transfert entre
FAD et FMN ; état ouvert : transfert entre FMN et accepteurs). Nos travaux démontrent
gu’en en absence de cycle catalytique, la CPR est présente sous forme d’'un équilibre
dynamique rapide entre la conformation rigide et fermée (également appelé état
verrouillé) et une forme nouvellement caractérisée et hautement flexible ou les contacts
interdomaines sont quasiment absents (état déverrouillé). La force ionique et le pH
contrdlent les populations relatives des deux états a I'équilibre. Un modeéle cinétique a été
établi pour décrire la variation de I'efficacité du flux d'électrons en fonction du changement
conformationnel rapide entre les états actifs aux différentes étapes du cycle catalytique.
Ce mécanisme de régulation cinétique pourrait constituer un point clé dans la conception
de nouvelles enzymes multidomaines synthétiques au sein desquelles des changements
conformationnels seraient nécessaires pour réaliser la catalyse.

Mots clés: Protéine multidomaine, transfert d’électrons, dynamique,
mouvements de domaines, SAXS, RMN
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Fine tuning of bacterial cell division and elongation by the StkP
kinase

Aurore Fleurie!, Chao Zhao', Sylvie Manuse?, Nathalie Campo?,
Caroline Cluzel®, Jean-Pierre Lavergne', Céline Freton?,
Christophe Combet', Sébastien Guiral*, Boumediene Soufi*,
Boris Macek®, Anne-Marie Di Guilmi®, Jean-Pierre Claverys?,
Anne Galinier® et Christophe Grangeasse’

1) BMSSI, Université LYON1, CNRS, 7 passage du Vercors, 69367 Lyon, France, 2) LMGM, Université de
Toulouse, CNRS, 31000Toulouse, France, 3) LBTI, Université de Lyon, CNRS, 7 passage du Vercors, 69367
Lyon, France, 4) Proteome Center, University of Tuebingen, auf der Morgenstelle 15, 72076 Tuebingen,
Germany, 5) IBS, Université Joseph Fourier, CNRS, 41 Jules Horowitz, 38027 Grenoble, France, 6) LCB, Aix-
Marseille Université, CNRS, 31 chemin J. Aiguier, 13402 Marseille, France

Bacteria possess a versatile repertoire of protein-kinases. With mounting
evidence of the role of serine/threonine and tyrosine signaling in the regulation of
diverse cellular processes, their critical role is gaining prominence. Recently, we
have demonstrated that the membrane Hanks-type serine/threonine kinase StkP
plays a central role in regulating cell wall synthesis and controls septum
positioning, assembly and closure in Streptococcus pneumoniae. However, the
underlying regulatory mechanisms remain unknown. In addition, little information is
available on the mechanisms responsible for peptidoglycan synthesis and how
pneumococcus achieves its characteristic ellipsoid-shape. Thus, investigating
StkP-mediated phosphorylation represents a promising avenue to decipher the
regulatory mechanisms governing S. pneumoniae morphogenesis and division.
We have already observed that DivIVA could be phosphorylated on Thr-201 by
StkP and that expression of non-phosphorytable DivIVA affects cell shape
integrity. Here | will present our most recent results related to the role of StkP in
pneumococcal cell morphogenesis. We notably identify a modulator of StkP kinase
activity that is required for StkP septal localization and subsequent
phosphorylation of DivIVA. We show that the StkP/DivIVA/modulator triad
connects the Z-ring to the peptidoglycan biosynthesis machinery. We propose that
StkP regulates the dynamics of septal and peripheral peptidoglycan synthesis
responsible for the ovoid-shape of pneumococcus cells.
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Conférence pléniére 06 :

XPC Gene Therapy Using TALENTM

Julien Valton®, Fayza Daboussi'¥, Aurélie Dupuy”?, Roman Galetto®, Agneés
Gouble?, Jacques Armier?, Anne Stary?, Alain Sarasin?, and Philippe Duchateau*
! Cellectis SA, Paris, France, * Institut Gustave Roussy, Villejuif, France, ¥ authors
contributed equally well to the work
julien.valton@cellectis.com

Xeroderma Pigmentosum group C (XPC) is a rare, autosomal, recessive syndrome
characterized by hypersensitivity to UVC light associated with a dramatic predisposition to
skin neoplasms. XPC cells are deficient in the nucleotide excision repair (NER) pathway,
a complex process involved in the recognition and removal of DNA lesions. XP-C mutation
corresponds to the deletion of a TG dinucleotide (ATG) located in the middle of exon 9 of
the human XPC gene. This deletion leads to the expression of an inactive truncated XPC
protein, normally involved in NER mechanism. The lack XPC activity potentializes UVC
dependent DNA damages and is responsible for the development of high number of skin
cancers. In the past few years, several studies have demonstrated the tremendous
potential of nuclease-based targeted approaches for gene correction. These approaches
rely on the ability of engineered nucleases known as Meganucleases, Zinc Finger
nucleases or TALENS, to precisely generate a double strand break at a specific locus and
promote its correction through the insertion of an exogenous DNA repair matrix. Here, we
describe the targeted correction of XPC mutation in the XPC deficient cell line using
TALEN™. The presence of methylated CpGs in the XPC locus, an epigenetic modification
known to inhibit TALEN DNA binding capacity, led us to adapt its design and our
experimental conditions to optimize its in vivo efficacy. Our results show that our approach
enabled successful gene correction of the XPC locus, re-expression of full-length XPC
protein and allow full recovery of wild-type UVC resistance of the XPC deficient cell line.
Overall, we demonstrate that TALEN-based targeted approach represents reliable and
efficient strategies for gene correction. In addition to these results, the design and
specificity of TALENSs will be discussed.
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Lactococcus lactis, recent developments
in functional heterologous expression of membrane proteins

Sana Bakari', Frangois André', Marcel Delaforge’, Norbert Rolland?
and Annie Frelet-Barrand®
' CEA Saclay, iBiTec-S/SB2SM UMR 8221/LSOD, Gif-sur-Yvette, % CEA, iRTSV/LPCV, Grenoble
annie.barrand-frelet@cea.fr

In spite of the functional and biotechnological importance of membrane proteins, their
study remains difficult because of their hydrophobicity and their low abundance in the
cells. Moreover, in the well known heterologous systems, these proteins are often
produced at very weak rates, toxic and/or not correctly folded up. Lactococcus lactis,
Gram-positive lactic bacterium, traditionally used in food fermentation, are now largely
used in biotechnology for the production on a large scale of prokaryotic and eukaryotic
proteins M34%¢ The expression of 20 membrane proteins was tested in this bacterium,
proteins which could not be produced in sufficient quantities by using traditional systems
of expression. With this intention, a strategy of cloning in the vector of expression of L.
lactis, pNZ8148, compatible with the Gateway entry vectors has been preliminary
established. Thus, L. lactis proved to be an alternative system of expression for
membrane proteins. First, all the proteins of Arabidopsis thaliana tested could be
produced on levels compatible with biochemical analyses. Processes of solubilization and
purification could also be developed and several proteins were active ?*°¢. Moreover,
since last year, some human proteins could be expressed and active in this system "%
unpublished data] - Einglly these data suggest that L. lactis would be an attractive system for an
effective and functional production of difficult membrane proteins.

M Bernaudat F, Frelet-Barrand A, Pochon N, Dementin S, Hivin P, Boutigny S, Rioux JB, Salvi D, Seigneurin-

Berny D, Richaud P, Joyard J, Pignol D, Sabaty M, Desnos T, Pebay-Peyroula E, Darrouzet E, Vernet T,

Rolland N (2011) Heterologous expression of membrane proteins: choosing the appropriate host. PLoS One

6:29191.

@ Catty P, Boutigny S, Miras R, Joyard J, Rolland N, Seigneurin-Berny D (2011) Biochemical characterization

of AtHMAG/PAAL, a chloroplast envelope Cu(l)-ATPase. J Biol Chem 286:36188-97.

Bl Frelet-Barrand A, Boutigny S, Kunji ER, Rolland N. (2010a) Membrane protein expression in Lactococcus

lactis. Methods Mol Biol. 601:67-85.

“ Frelet-Barrand A, Boutigny S, Moyet L, Deniaud A, Seigneurin-Berny D, Salvi D, Bernaudat F, Richaud P,

Pebay-Peyroula E, Joyard J, Rolland N. (2010b) Lactococcus lactis, an alternative system for functional

expression of peripheral and intrinsic Arabidopsis membrane proteins. PLoS One 5:8746.

Bl Kunji ER, Slotboom DJ, Poolman B. (2003) Lactococcus lactis as host for overproduction of functional

membrane proteins. Biochim. Biophys. Acta 1610:97-108.

® Monné M, Chan KW, Slotboom DJ, Kunji ER. (2005) Functional expression of eukaryotic membrane
roteins in Lactococcus lactis. Protein Sci. 14:3048-56.

I Steen A, Wiederhold E, Gandhi T, Breiting R and Slotboom DJ (2011) Physiological Adaptation of the

Bacterium Lactococcus lactis in Response to the Production of Human CFTR. Mol Cell Proteom.

10.1074/mcp.M000052-MCP200-2.

Bl Mifsud J, Ravaud S, Krammer EM, Chipot C, Kunji ER, Pebay-Peyroula E, Dehez F(2013)The substrate

specificity of the human ADP/ATP carrier AAC1. Mol Membr Biol 30(2):160-8.

Mots clés : Lactococcus lactis, membrane proteins, Gateway

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013




Communication orale 20.

Nouveaux dérivés de néamine insensibles a l'inactivation par une
enzyme de résistance bactérienne

Nadia Leban®, Fabienne Berrée?, Elise Kaplan', Bertrand Carboni?, Brice Felden?,
Laurent Chaloin®, Corinne Lionne*

!Centre d'études d'agents Pathogénes et Biotechnologies pour la Santé (CPBS), UMR5236 CNRS,
Univ. Montpellier 1 et 2, ?Institut des Sciences Chimiques de Rennes, UMR 6226 CNRS, Univ.
Rennes 1, ]INSERM U835, UPRES EA 2311, Laboratoire de Biochimie Pharmaceutique, Rennes.
corinne.lionne@cpbs.cnrs.fr

Les aminoglycosides, dont font partie la kanamycine et la streptomycine, sont des
antibiotiques a large spectre, principalement actifs sur les bactéries Gram (-), notamment
les entérobactéries et Pseudomonas aeruginosa, mais aussi sur quelques bactéries Gram
(+), en particulier les staphylocoques, et sur certaines mycobactéries. Leur utilisation a
cependant été ralentie par des problémes liés, d'une part a leur néphro ou ototoxicité,
résultant d'interactions non spécifiques avec I'ARN, et dautre part, a la résistance
bactérienne causée principalement par l'inactivation de I'antibiotique par des enzymes de
modification.

L'analyse des éléments structuraux communs a la famille des aminoglycosides naturels
ou semi-synthétiques montre qu'ils contiennent souvent un noyau néamine. Tout en ayant
une activité antibiotique modeste, il constitue cependant un motif minimal requis pour la
liasison a la cible bactérienne, I'ARN ribosomal 16S. Par conséquent, ce pseudo
disaccharide a été utilisé comme élément de base pour générer de nouveaux
antibiotiques potentiels dans le but de contourner la résistance microbienne, tout en
conservant l'activité et en diminuant la toxicité associée!™.

Nous avons testé la sensibilité de ces nouveaux dérivés de néamine a l'inactivation
bactérienne par une des enzymes impliquées dans la résistance, I'Aminoglycoside
PHosphotransférase(3')-llla, APH (3)-llla. Pour cela, nous avons comparé les constantes
de vitesse obtenues avec ces dérivés et le composé de départ, la néamine, par une
méthode préalablement validée!?. L'activité de I'enzyme est significativement réduite avec
deux d'entre eux, suggérant qu'ils sont moins susceptibles que la néamine a l'inactivation
par phosphorylation. Ces molécules ont été testées sur des souches d'E. coli sur-
exprimant I'APH(3")-1lla. Nous avons montré que les deux composés qui étaient les moins
bons substrats pour I'APH(3")-llla in vitro, permettaient de restaurer la sensibilité a la
kanamycine A & un niveau comparable a celui d'E. coli n'exprimant pas d'APH.

Le docking de ces nouveaux dérivés de la néamine dans le site actif de I'APH(3 ")-llla
donne des explications structurales aux résultats biochimiques et biologiques observés.

@ Gernigon N., Bordeau V., Berrée F., Felden B. & Carboni B. (2012) Org. Biomol. Chem. 10, 4720-4730.
@ | allemand P., Leban N., Kunzelmann S., Chaloin L., Serpersu E.H., Webb M.R., Barman T. & Lionne C.
(2012) FEBS Lett. 586, 4223-4227.

Mots clés : Antibiotiques, enzymes bactériennes, phosphorylations, composeés
chimiques a visée thérapeutique.
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Inhibition de la différenciation des myoblastes par des inhibiteurs
de I'’enzyme insulysine développés par click chemistry in situ

Maréchal Xavier'®, Bosc Damien™®, Charton Julie'®, Berte Gonzague™®, Verdelet
Tristan™®, Dumont Julie’®, Dassonneville Sandrine™®, Duplan Isabelle®, Paquet
Charlotte®, Herledan Adrien?®, Piveteau Catherine'®, Steals Bart®, Leroux
Florence®, Hennuyer Nathalie®, Deprez Benoit'®, Deprez-Poulain Rebecca'®
! (INSERM), U761 Biostructures and Drug Discovery, Lille, France. ? University of Lille2, Univ Lille
Nord de France, IFR 114, Lille, France. ® Institut Pasteur de Lille, France. * IFR 142, Molecular and
Cellular Medicine, Lille, France. ° PRIM Lille, France. ° (INSERM), U1011 Nuclear receptors,
cardiovascular diseases and diabetes, Lille, France
xavier.marechal@pasteur-lille.fr

L’insulysine (ou IDE, insulin degrading enzyme) est une metalloprotéase a zinc (EC
3.4.24.56) hautement conservée et ubiquitaire. En dégradant des substrats
amyloidogénigues comme le peptide amyloide B et 'amyline, ou l'insuline, IDE pourrait
intervenir dans certains processus pathologiques tel que la maladie d’Alzheimer ou le
diabéte de type 2 respectivement. Des fonctions d’'IDE sont également attribuées a son
interaction avec d’autres protéines comme le protéasome ou la glycoprotéine E du virus
de la varicelle. Epting et al. ont démontré que IDE était associée a la protéine Stem Cell
Antigen 1 (SCA-1 ou Ly-6A/E) dans les myoblastes C2C12 en différenciation™. Un défaut
d’expression de cette protéine au sein des cellules C2C12 provoque une absence de
différenciation de ces derniéres?. De plus une diminution de I'expression d’IDE aboutit
également & un défaut de différenciation des cellules C2C12%".

Nous avons testé des inhibiteurs d’IDE développés par click chemistry in situ pour leur
capacité a inhiber la différenciation des cellules C2C12. Les cellules ont été traitées
durant les deux heures précédant leur différenciation et durant toute la durée de la
différenciation. En calculant l'index de fusion des myoblastes ainsi qu’en regardant
I'expression de géne codant des protéines marqueurs de différenciation (tels que MyoG
ou Myh1), nous avons pu montrer qu’'une molécule inhibitrice provoquait un défaut dans la
différenciation des cellules C2C12 de maniére dose dépendante. En revanche un
composé analogue 100 fois moins actif sur 'enzyme IDE isolée ne modifie pas la capacité
des C2C12 a se différencier.

Par cette étude nous confirmons le réle d’'IDE dans le mécanisme de différenciation de
cellules myoblastiques. De plus l'effet de ces inhibiteurs sélectifs sur ce modele cellulaire
et leurs caractéristiques physicochimiques et pharmacodynamiques favorables font de
ces produits des outils pharmacologiques de grande utilité pour étudier les roles d’IDE
dans des modéles cellulaires et animaux.

[1]. Epting, CL. et al. 2008, J. Cell. Physiol. 217(1) : 250-60
[2]. Epting, CL. et al. 2004, J. Cell Sci. 117 : 6185-95

Mots clés : Insulysine, inhibiteur, myoblaste, différenciation, expression
génique.
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Electrochemical characterization of the soluble PQQ-dependent
glucose dehydrogenase. Effect of directed mutagenesis on
selectivity and cooperativity

Miranda-Castro R.}, Nasri Z.1, Mavré F.},Stines-Chaumeil C.2, Mano N.?,
and Limoges B.
! Laboratoire d'Electrochimie Moléculaire de I'Université de Paris Diderot 15 rue Jean de Baif,
75251, Paris, France. 2 Centre de Recherche Paul Pascal 115, Avenue Albert Schweitzer.
francois.mavre@univ-paris-diderot.fr

The enzyme PQQ-GDH (pyrrologquinoline quinone dependent glucose dehydrogenase) is
of particular interest for the detection of glucose in biosensor format. Indeed, in
comparison with the traditionally used Glucose oxidase (GO), PQQ-GDH possesses a
high catalytic efficiency towards glucose oxidation (> 10° M™.s™, that is two orders of
magnitude higher than GO), a high turnover (> 1500 s™), insensitivity to dioxygen, as well
as a capacity to accept a wide range of artificial electron acceptors. For these reasons,
PQQ-GDH is a promising enzyme for several biotechnological applications such as biofuel
cells or biosensors. However, the counterpart of its high reactivity is a poor selectivity. For
instance, PQQ-GDH catalyzes the oxidation of several mono- or di-saccharides such as
galactose or maltose. Some efforts have thus been made to improve the selectivity of this
enzyme by directed mutagenesis with the aim to take advantage of improved mutants for
the development of more sensitive and specific glucose biosensors.

With the aim to rationally improve the selectivity of PQQ-GDH by directed mutagenesis,
we have undertaken a detailed kinetic analysis of its mechanism by redox-mediated
electrochemistry. From such investigation, we were able to demonstrate substrate
inhibition and cooperativity between the two subunits. This allostery is concomitant to an
opening of the catalytic site pocket, leading to a decreased selectivity in cooperative
mode. Through a rational approach of directed mutagenesis as well as a detailed study of
the influence of each mutation on the mechanism, we were able to improve the selectivity
by a factor 10 while conserving a reactivity superior to GO.

Olsthoorn, A.J.J. ; Duine J.A. Biochemistry, 1998, 37, 13854.

Durand, F.; Limoges, B.; Mano, N.; Mavré, F.; Miranda-Castro, R.; Savéant, J.-M. J. Am. Chem. Soc., 2011,
133, 12801.

Mots clés : glucose dehydrogenase, selectivity, cooperativity, electrochemistry,
directed mutagenesis.
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Herculase Il & Applications

Hervé Chaulet’, Claude REVEL>? and Sophie DUBACQ"?
!Agilent Technologies.
’Responsable instrumentation et génomique, claude_revel@non.agilent.com Tel: 06 86 03 52 63
3Responszable réactifs, sophie_dubacg@agilent.com Tel: 06 77 23 94 87

Herculase Il Fusion DNA Polymerase provides you with superior yields in both routine and
challenging PCR applications, with the additional benefit of allowing the use of fast cycling
times. Some PCR targets are problematic to amplify due to their content or structure. Our
Herculase Il Fusion DNA Polymerase helps you overcome these PCR challenges with
successful amplification of complex and GC-rich templates. The Herculase Il enzyme also
provides fidelity comparable to Pfu DNA Polymerase, which is 6 times more accurate than
Taq DNA polymerase.

Applications where Herculase Il Fusion DNA Polymerase Excels

Herculase Il is an ideal polymerase to choose for applications where fidelity is required but
may not be the only factor. (If fidelity is the primary concern, PfuUltra Il Fusion HS DNA
Polymerase would suit the application.) Combine high fidelity with Herculase II's ability to
deliver unrivaled yields, extreme sensitivity, and the ability to amplify difficult samples, and
you have an ideal polymerase for routine high fidelity use. In addition, Herculase Il is
economical enough to be used for high throughput applications.

Herculase Il in Next-Gen Sequencing

Our data indicates that Herculase Il is a superior polymerase for Next-Gen

Sequencing. The high yields allow for fewer cycles of amplification thereby reducing PCR
bias. In addition, during library preparation, Herculase Il delivers the best size distribution
of any polymerase with the vast majority of amplicons in the ideal sequencing size range.
In conjunction with SureSelect, this leads to the need for fewer sequencing reactions and
better sets of sequencing data.
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Diversification of Neisseria polysaccharea amylosucrase activity
through a semi-rational engineering approach

Alizée Vergés'??*, Emmanuelle Cambon’??, Sophie Barbe'?3, Samuel Tranier?,
Magali Remaud-Siméon*??, and Isabelle André*??
YINSA, UPS, INP, LISBP, Université de Toulouse, 135 Avenue de Rangueil, F-31077, Toulouse,
France ; > CNRS, UMR 5504, F-31400, Toulouse, France ; ° INRA, UMR 792, Ingénierie des
Systemes Biologiques et des Procédés, F-31400, Toulouse, France ; * Institut de Pharmacologie et
de Biologie Structurale, UPS, CNRS, Université de Toulouse, 205 Route de Narbonne, F-31077,
Toulouse, France.

iandre@insa-toulouse.fr

Chemical synthesis of complex oligosaccharides still remains critical. Enzymes have
emerged as powerful tools to circumvent chemical boundaries of glycochemistry.
However, natural enzymes do not necessarily display the required properties and need to
be optimized by molecular engineering. Chemo-enzymatic approaches may thus be
attractive for exploring new synthetic routes.

The amylosucrase from Neisseria polysaccharea (NpAS) is a transglycosylase that uses
sucrose, a widespread and low-cost substrate, as glucosyl donor for the synthesis of a-
glucans and glyco-conjugates!”. A semi-rational engineering approach has been
considered to extend the potential of this enzyme towards glycodiversification.
Computational protein design methodologies were used to guide the construction of a
library of NpAS mutants which was subsequently screened for their activity on sucrose
utilization and transglucosylation reaction. A pH-based colorimetric screening protocol
enabled first to isolate 57 sucrose-utilizing amylosucrase variants®*%, A secondary
screening based on high-performance liquid chromatography was further applied to
characterize the reaction products synthesized by these variants. Altogether 4 enzymatic
variants displaying original product profiles or an enhanced sucrose activity compared to
the parental wild-type enzyme were identified and characterized in more details at both
biochemical and structural levels.

X-ray crystallography studies were also undertaken to better understand molecular
determinants involved in the novel properties of amylosucrase mutants and improve our
comprehension of the sequence-structure-function relationships with the view of providing
new insights to guide the design of tailor-made enzyme libraries.

[1] G Potocki de Montalk et al., 1999, J. Bacteriol., 181, pp. 375-381

[2] E Champion et al., 2010, ChemCatChem., 2, pp. 969-975

[3] E Champion et al., 2009, J. Am. Chem. Soc., 131(21), pp. 7379-738

[4] E Champion et al., 2012, J. Am. Chem. Soc., 134 (45), pp. 18677-18688

Mots clés : semi-rational engineering, amylosucrase, glycodiversification,
transglucosylation
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Search for new GH-70 a-transglucosylases in lactic acid bacteria
diversity dedicated to the synthesis of tailor-made a-glucans

Marléne Vuillemin!, Marion Claverie!, Lisa Ufarté', Sandrine Morel*, Agnés Sabaté?,
Pierre Monsan'®, Magali Remaud-Siméon* et Claire Moulis®
'Université de Toulouse, France, INSA, UPS, INP, LISBP, 135 Avenue de Rangueil, F-31077
Toulouse, France, CNRS, UMR5504, F-31400 Toulouse, France, INRA, UMR792 Ingénierie des
Systemes Biologiques et des Procédés, F-31400 Toulouse.

’INRA, UR1268, Biopolyméres Interactions Assemblages, F-44300 Nantes, France,
*Toulouse White Biotechnology, Parc technologique du canal, 3 rue des satellites, F-31400
Toulouse, France
mvuillem@insa-toulouse.fr

The potential of carbohydrate active-enzymes to synthesize new polysaccharides
from renewable resources is immense and far from having been fully explored and
exploited. This paradox is due to several factors. Many biopolymers are synthesized from
nucleotide activated sugars which are expensive. Their synthesis relies in some cases on
enzymes which are difficult to isolate, characterize and produce at prices compatible with
their use at the industrial scale. However, there are signs that this is changing. The
demand for biopolymers from renewable natural resources often biodegradable and
produced by environmental safe processes is increasing. Clearly, polymers produced by
biological systems appear to be a promising alternative to petroleum-based polymers. In
parallel, the progress of recombinant enzyme over-expression and engineering allows
decreasing the enzyme cost, and offers new possibilities to improve the enzyme
performances.

Working in the field of glycobiology, our group has a long standing interest in
Glucansucrases, bacterial polymerases classified in GH family 70%. From sucrose, and
without any nucleotide activated sugars, they catalyze the synthesis of high molecular
mass homopolymers of glucose. These transglucosylases are also able to catalyze the
transfer of glucosyl units onto exogenous hydroxylated acceptors for the production of
oligosaccharides and glycoconjugates, thus giving access to a large variety of products??.
This presentation will describe our recent findings on several very original Glucansucrases
isolated thanks to a recent campaign of lactic acid bacteria genome sequencing.
Distinctive specificities in term of i) glucan molecular masses and/or ii) degree of a-1,2 or
a-1,3 branching onto linear a-1,6 backbones will be reported, as their impact on the
physico-chemical properties of the final products.

[l] Carbohydrate Active Enzymes database, http://www.cazy.org/ and Cantarel BL, Coutinho PM, Rancurel

C, Bernard T, Lombard V, Henrissat B. 2009. Nucleic Acids Res, 37, D233-238

[2] MoNsaAN P, REMAUD-SIMEON M, ANDRE |. 2010. Curr. Opin. Microbiol. 13, 293-300.

[3] LEEMHuUIS H, PIINING T, DOBRUCHOWSKA JM, VAN LEEUWEN SS, KrRALJ S, DIJKSTRA BW, DIJKHUIZEN L. 2013.
Journal of Biotechnology, 163(2), 250-272.

Mots clés : biopolymers, oligosaccharides, glucansucrases.
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Mise au point d’un dosage de I’activité kinase de la protéine
DYRK1A par HPLC

Linh C. BUI*, Laure TABOUY?, Florent BUSI*, Jean-Marie DUPRET?, Nathalie
JANEL?, Jean-Maurice DELABAR?, Fernando RODRIGUES-LIMA?, Julien DAIROU*

! Univ. Paris Diderot, Sorbonne Paris Cité, Unité de Biologie Fonctionnelle et Adaptative (BFA),
EAC 4413 CNRS, Paris

Le Syndrome de Down est une maladie chromosomique congénitale ayant pour cause
premiére la présence d’'un chromosome 21 surnuméraire. L'établissement des cartes de
corrélation génotypes/phénotypes chez les patients atteints du Syndrome de Down a
permis de mettre en évidence le rbéle du géne DYRK1A. Celui-ci code pour une protéine
kinase tyrosine-sérine/thréonine appartenant a la famille des DYRK ou «Dual specificity
tyrosine phosphorylation-regulated kinase». Cette enzyme catalyse la phosphorylation sur
des résidus serine et/ou thréonine de protéines cibles, en particulier certains facteurs de
transcription, des protéines d’épissage et des protéines synaptiques.

Afin de comprendre les implications de DYRK1A dans le développement neuronal normal
et pathologique, il est essentiel de disposer d'un test d’activité robuste de 'enzyme. Les
méthodes de dosage de l'activité kinase de DYRK1A reposent essentiellement sur des
approches utilisant la radioactivité. Cependant, ces méthodes sont trés fastidieuses et ne
permettent pas de développer un test haut débit pour par exemple le criblage
d'inhibiteurs. Nous avons mis au point un dosage basé sur la séparation par
chromatographie a haute pression (HPLC) d'un peptide substrat de I'enzyme et de son
peptide produit phosphorylé. Afin d'augmenter la sensibilité du dosage, nous avons
couplé le peptide a un groupement fluorescent. Cette méthode de dosage s’est révélée
trés rapide, peu onéreuse et sensible.

Le test a permis de confirmer les propriétés inhibitrices de certaines molécules identifiées
comme inhibiteurs de DYRK1A. Finalement, l'utilisation d'extraits de cerveau de souris
transgénique du syndrome de down a permis de confirmer que notre dosage peut étre
utilisé avec des milieux biologiques complexes.
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Cost Function Network Optimization based Framework for
Computational Protein Design

Seydou Traoré™?, David Allouche®, Isabelle André*?, Simon de Givry*,
George Katsirelos*, Thomas Schiex* and Sophie Barbe™?
'Université de Toulouse;INSA,UPS,INP; LISBP, 135 Avenue de Rangueil, F-31077 Toulouse,
France
2 INRA, UMR792, Ingénierie des Systémes Biologiques et des Procédés, F-31400 Toulouse
®CNRS, UMR5504, F-31400 Toulouse, France
*Unité de Biométrie et Intelligence Atrtificielle, UR 875, INRA, F-31320 Castanet Tolosan, France
isabelle.andre@insa-toulouse.fr

The engineering of tailored proteins with desired properties holds great interest for
applications ranging from medecine, biotechnology and synthetic biology and
nanotechnologies. In recent years, computational protein design (CPD) approaches have
demonstrated their potential to adequately capture fundamental aspects of molecular
recognition and have already enabled the successful (re)design of several enzymes.

In CPD, the protein is often modeled as a fixed backbone with a set of mutable and
flexible side chains. Flexible residues explore a discrete set of low-energy conformations
(called rotamers) of the native amino acid type while mutable residues explore rotamers of
all 20 possible amino acid residues or a reduced subset. The resulting combinatorial
problem consists then in finding the combined assignment of amino acid type and rotamer
at all variable positions that optimizes a target pairwise score.

The Dead-End Elimination (DEE) is the most commonly used deterministic CPD
approach. Besides the benefit of provably finding the Global Minimum Energy
Conformation (GMEC), such methods ensure that the source of any discrepancy between
experimental results and CPD predictions resides in the inadequacies of the biophysical
models and not the algorithm.

In this work, we modeled the CPD problem as a “Cost Function Network” [1] using
toulbar2 (a dedicated open source CFN solver) and compared its performance against
DEE implemented in Osprey 2.0 (a dedicated open source CPD software [2]) and Integer
Linear Programing (ILP) using the IBM ILOG Cplex ILP solver [3]. The three methods
were evaluated on a set of 35 benchmark systems showing the remarkable performance
of the CFN-based framework that brings CPD beyond the limits of usual dedicated
methods.

[1] Allouche,D. et al. Computational Protein Design as a Cost Function Network Optimization Problem. In
Proc. of CP. 2012.

[2] P. Gainza et al. OSPREY: Protein design with ensembles, flexibility, and provable algorithms. Methods
Enzymol. 2013;523:87-107.

[3] Traoré et al. Cost function network optimization based framework for computational protein design.
Bioinformatics. 2013: in press.

Mots clés : Structural biology, combinatorial optimization, computational
protein design
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Large-scale exploration of enzyme biodiversity to discover novel
biocatalysts

De Berardinis V*??, Petit JL*?? Mariage A'*??, Dariy E **3, Perret A"?® , Zaparucha
Al22 Salanoubat M*?? Weissenbach J+23
'CEA, DSV, IG, Genoscope, 2 rue Gaston Crémieux, 91057 Evry, France; ’CNRS-UMRS030, 2 rue
Gaston Crémieux, 91057 Evry, France; *Université d’Evry Val d’Essonne, boulevard Frangois
Mitterrand, 91057 Evry, France.
vberard@genoscope.cns.fr

Some years ago, Genoscope, the French Sequencing Centre, had decided to diversify its
activities to include large-scale functional genomics studies and to develop a high
throughput platform for cloning genes and biochemical screenings of enzymes from
prokaryote genomes and metagenomes. This platform is mainly use in a systematic
enzymatic screening of large enzyme families to discover new biocatalysts for synthetic
chemistry and metabolic engineering. We combine various bioinformatic genome analysis
to select the smallest set of enzymes the most representative of the biodiversity and a
systematic biochemical screening to explore the biocatalytic capabilities of a family.

Enzymes could have a large spectrum of activities and exploiting enzyme catalytic
promiscuity might lead to new and efficient catalysts with, as yet, unprecedented activity
for reactions where no enzyme alternatives exist today. Today, novelty in terms of
biocatalysts is one of the most challenging problems. Moreover, a large majority of the
known enzymatic reactions were discovered in cultivated bacteria but now we are faced
with a new situation in which sequences from metagenomes, which are orphans of
organisms, become technically available. These metagenome sequences provide a
reservoir of genes and represent an interesting source of novel proteins that will
indubitably extend our knowledge of enzymatic reactions and lead to discover novel
biocatalysts to fulfill the needs of synthetic biology or industrial processes and to propose
alternatives to chemical synthesis. The Genoscope strain collection includes today 750
prokaryote strains and a metagenome from a waste water plant reservoir. A collection of
~10 000 genes from oxidases (Bayer-villigerases, dioxygenases,..), hydrolases (nitrilases,
lipases), lyases families (aldolases, tranketolases) and transferases (transaminases) have
been cloned and are screened for new biocatalysts and new activities.

Mots clés : Large-scale exploration, biocatalysis, synthetic chemistry ,
biodiversity, screening, promiscuity, genome analysis, synthetic biology
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La signalisation cellulaire redox par les peroxydases a thiol :
Quels sont les mécanismes moléculaires a I’origine de la
spécificité du relais redox H,0,/Gpx3/Yapl chez S. cerevisiae ?

Antoine BERSWEILER*, Hortense MAZON*, Alexandre KRIZNIK®, Guy BRANLANT?,
Sophie RAHUEL-CLERMONT?*
'UMR CNRS-Université de Lorraine 7365 IMoPA, Equipe Enzymologie Moléculaire et Structurale,
Campus Biologie-Santé, Biopble, 9 Avenue de la Forét de Haye, BP 184,
54505 Vandceuvre-lés-Nancy, FRANCE
E-mail: antoine.bersweiler@univ-lorraine.fr

Les peroxydases a thiol, initialement identifi€ées en tant qu'enzymes antioxydantes,
ont récemment été associées a la signalisation cellulaire redox comme détecteur et relais
du signal transmis par H,O, (1). Un des exemples les mieux documentés d'un tel
mécanisme est I'activation du facteur de transcription Yap1, un régulateur clef de la
réponse transcriptionnelle au stress H,O, chez Saccharomyces cerevisiae, qui dépend de
la formation de ponts disulfure intramoléculaires catalysés par la peroxydase a thiol Gpx3
(2 ; 3). Dans ce mécanisme, il a été proposé que le relais d’oxydation procéde via un
intermédiaire acide sulfénique porté par la Cys36 catalytique Cp, Gpx3-Cp-SOH (figure)
(3). D’autre part, la protéine Ybp1 a été identifiee comme partenaire essentiel de
l'activation de Yap1 par Gpx3 (4).

La réactivité intrinséque d’un acide
sulfénique  implique l'existence de
réactions en compétition avec la réaction
d’activation de Yap1, en particulier avec la
Cys82 de recyclage Cr de Gpx3 ou avec
d'autres thiols cellulaires, ce qui souléve la
guestion de la spécificité de I'activation de
Yapl. Pour aborder cette problématique,
et élucider le réle de la protéine Ybpl

dans ce mécanisme, nous avons UutiliSé Activation des
une  approche combinant i) la  génescibles s
caractérisation du cycle peroxydasique de

Gpx3 dans le but de définir les parameétres cinétiques du relais redox ; ii) I'étude du role de
Ypbl dans I'évolution de l'intermédiaire Gpx3-Cp-SOH vers les deux voies en compétition
(figure) ; iii) l'analyse des interactions entre les trois partenaires par des méthodes
spectroscopiques.

) =)

Trx | SsH
s

S Fourquet, S., Huang, M., D’Autreaux, B., Toledano, M.B. (2008), Antiox. and redox signaling 10, 1565-76.
 pelaunay, A., Isnard, A.D., Toledano, M.B. (2000) EMBO J. 19, 5157-66.

Bl Delaunay, A., Pflieger, D., Barrault, M.B., Vinh, J., Toledano, M.B. (2002) Cell 111, 471-81.

4] Veal, E.A., Ross, S.J., Malakasi, P., Peacock, E., Morgan, B.A. (2003) J. Biol. Chem. 278, 30896-904.

Mots clés : H,0,, peroxydase a thiol, Yapl, signalisation redox, cinétique,
S. cerevisiae
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REDUCTIVE ACTIVATION OF RESPIRATORY NITRATE
REDUCTASE FROM ESCHERICHIA COLI

P. Ceccaldi®, L. Sylvi®®, C. Léger*®, A. Magalon®, and V. Fourmond*?

'Unité de Bioénergétique et Ingemene des Protéines, CNRS- UMR7281 “Laboratoire de Chimie
Bactérienne, CNRS-UMR7283, ° Aix-Marseille Université, 58 bd Charles Livon — 13284 Marseille
cedex 07
pceccaldi@imm.cnrs.fr

Nitrate reductases (NR) catalyze the 2 e/2 H" reduction of nitrate to nitrite and water.
Most of them are molybdenum enzymes. Three NR are members of the Mo-bisPGD
superfamily, and have to be activated to perform catalysis [1, 2]. Respiratory and
assimilatory nitrate reductases (NR), respectively from Paracoccus pantotrophus and
Synechococcus elongatus, activate through a complex process involving both chemical
and redox steps [1]. In our lab, we have developed chromoamperometric methods to
analyse the activation and inactivation of redox enzymes [3]. In the present work, we
propose to apply this quantitative approach to the reductive activation of respiratory NR
from Escherichia coli (Figure 1), for which several aspects of the mechanism have been
probed for many years [4, 5, 6, 7, 8].

Figure 1. First cyclic voltammogram of 0
adsorbed wild type E. coli NarGH on a
PGE electrode. The forward scan

shows less reduction current than the &; S
backward one, revealing an activation ?E’
process. g -
>
. . , O
Experimental conditions: 1 mM nitrate, B R T o

Activation
pH 6,0, 37 °C, scanrate: 20 mV/s. | oo

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2

Redox potential (mV/ESH)

M Field S. J. et al., Dalton Transactions, 2005, 21, 3580-6

‘2] Fourrmond V. et al., J. Phys. Chem. B, 2008, 112, 15478-86
FourmondV et al., J. Am. Chem. Soc., 2010, 132, 4848-57
ngharelll etal., Blochemlstry 1996, 35, 4828-36
%I Magalon et al., Blochemlstry 1998, 37, 7363-70

[6] Elliot S. J. et al., Biochemistry, 2004, 43, 799-807
Lanuano P. et aI Biochemistry, 2007, 46, 5323-9
8 Arias-Cartin R., J. Am. Chem. Soc., 2010, 132, 5942-3

Mots clés : metalloenzymes, molybdoenzymes, enzyme kinetics, bio-inorganic
catalysis, oxidoreductases, electrochemistry
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N-acétylation des amines aromatiques par Trichoderma spp.

Angélique Cocaign?, Linh-Chi Bui*, Philippe Silar?, Laetitia Chan Ho Tong?, Florent
Busi', Christian Mougin®, Fernando Rodrigues-Lima*, Jean-Marie Dupret’,
et Julien Dairou™.

! Univ. Paris Diderot, Sorbonne Paris Cité, Unité de Biologie Fonctionnelle et Adaptative (BFA),
EAC 4413 CNRS, Paris
% Univ. Paris-Sud 11, Institut de Génétique et Microbiologie, CNRS UMR 8621, Orsay et
Univ. Paris Diderot, Sorbonne Paris Cité, Institut des Energies de Demain, Paris
% INRA, UR 251 PESSAC, Physicochimie et écotoxicologie des Sols d’Agrosystemes
contaminés, Versailles
angelique.cocaign@gmail.com

Les amines aromatiques (AA) représentent I'une des classes majeures de contaminants
retrouvés dans les sols (dérivés de pesticides, composés industriels, etc.). Nous avons
récemment rapporté que Il'ascomycéte Podospora anserina pourrait détoxiquer
efficacement des composés de type AA grace a lactivité d'une arylamine N-
acétyltransférase (NAT) fongique™®. Les NATs, membres de la famille des enzymes du
métabolisme des xénobiotiques, catalysent le transfert d’'un groupement acétyl de I'acétyl-
coenzyme A sur les AA, contribuant ainsi a leur détoxication. Les NATSs, encore peu
étudiées chez les champignons, ont été caractérisées chez Trichoderma virens et
Trichoderma reesei ®. Les enzymes recombinantes obtenues présentent une spécificité de
substrat similaire a celle de P. anserina bien que leur efficacité catalytique soit beaucoup
plus faible. Des tests de toxicité ont cependant révélé que T. reesei et T. virens peuvent
croitre en présence de fortes concentrations d’AA dont la 3,4-dichloroaniline (3,4-DCA),
un résidu toxique de pesticide. Pour déterminer quelle est I'implication des NATs dans
cette résistance, nous avons étudié la formation d’acétyl 3,4-DCA dans le milieu de
culture ou dans de la terre contaminée par de la 3,4-DCA, en présence de T. reesei ou de
T. virens. Les résultats obtenus, démontrent que ces deux espéces ont la capacité de
métaboliser efficacement la 3,4-DCA présente dans leur environnement. De plus, chez T.
reesei, la voie de N-acétylation a été identifite comme l'un des mécanismes de
détoxication des AA. Ces résultats offrent de nouvelles perspectives de bioremédiation
pour ces 2 champignons, jusqu’a présent, essentiellement utilisés comme source de
cellulases (T. reesei) ou comme agent de bio-contrdle (T. virens).

[1] Martins M. et al. 2009. J. Biol. Chem. 284:18726—18733.
[2] Silar P. et al. 2011. Nat. Rev. Microbiol. 9:477.
[3] Cocaign A. et al. 2013. Appl. Environ. Microbiol. 79 : 4719-4726.

Mots clés : Arylamine N-acétyltransférase, amine aromatique,
biotransformation, champignons.
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Isolation of promiscuous hydrolases from metagenomic libraries
screened in microfluidic droplets

Pierre-Yves Colin?, Balint Kintses?, Fabrice Gielen?, Charlotte Miton?, Dick B.
Janssen? and Florian Hollfelder®
! Department of Biochemistry, University of Cambridge, Cambridge CB2 1GA, UK, 2 Laboratory of
Biochemistry, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
pyc28@cam.ac.uk

Functional metagenomics enables the isolation and the study of proteins from
microorganisms that cannot be otherwise cultured under laboratory conditions. Indeed,
uncultured microorganisms represent 99% of the microorganisms living on earth and, as
such, provide an enormous reservoir of new enzymes!l. However, their accessibility in
metagenomic libraries is limited by the rather low throughput of current screening
methods. Conversely, microfluidic droplets offer a very high throughput capacity and
provide an attractive platform for functional screening of large metagenomic libraries.
Through the integration of several microfluidic modules, it is indeed possible to perform
numerous successive biological operations (e.g. storage, detection, sorting of droplets)?.
The miniaturization of cell lysate assays to the single cell level in droplets®® and its
optimization for functional metagenomics enabled us to screen more than 10° variants in
less than 3 hours. Such high throughput functional studies of soil and cow rumen
metagenomes allowed us to isolate previously unidentified sulphatases and
sulfotransferases demonstrating the power of our system to select new biocatalysts from
environmental samples. Preliminary characterization results confirmed the isolation of a
new promiscuous” sulphatase exhibiting activity toward sulphate monoester (Kea/Kw =
1.14x10° M*.s™) and phosphonate monoester (ke./Kn= 2.75x10* M*.s™). In future works,
we plan to use different substrates (including non-natural substrates) during screening
campaigns in order to discover new promiscuous catalysts in metagenomic libraries.
Through the use of our high throughput functional screening system, we thus aim at
testing the hypothesis that promiscuity could be a common trait among natural enzymes.

Mandelsman J. (2004). MICROBIOL MOL BIOL R. 68, 669-685. ?Kintses B, et al. (2010) Curr Opin Chem
Biol 14, 548-555. BlKintses B, et al. (2012) Chem Biol 19, 1001-1009. “/Babtie A, et al. (2010) Curr Opin
Chem Biol, 14, 200-207.

Mots clés : Functional Metagenomics, Microfluidic Droplets, High-Throughput
Screening, Promiscuity
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Figure 1 — The subunit organisation of the virginiamycin M1 synthase, consisting of three
proteins (rectangles) and multiple catalytic domains (circles).

The modular polyketide synthases (PKS), common to many bacterial antibiotic-producers,
are huge multienzyme, multidomain systems which can be likened to molecular assembly
lines.! An understanding of the structural and mechanistic aspects which underpin
interdomain cooperation during biosynthesis by modular PKS is crucial to ongoing efforts
to re-engineer these systems for the production of novel compounds of medicinal value.?

Previous attempts to resolve the structures of PKS modules by X-ray crystallography have
been unsuccessful, likely due to the inherent flexibility of the multienzymes. Here we have
employed small-angle X-ray scattering (SAXS), in combination with NMR structure
elucidation and homology modelling of individual domains, to obtain the first low-resolution
structural data on an entire PKS module.

The model system comprises a multidomain region of the virginiamycin M1 PKS from
Streptomyces virginiae (Fig. 1, dashed lines), a target of relevance for its involvement in
production of the commercial antibiotic dalfopristin. The investigated region, at the C-
terminus of the VirA protein, interacts with a wide range of protein partners, including a
complex of discrete enzymes responsible for f-methylation of the polyketide, and the N-
terminus of the downstream PKS protein VirG.® Our studies have shown the region to
adopt an unusual extended conformation, which we propose to be related to the necessity
of interacting with its many partners.

K. J. Weissman & R. Miiller, ChemBioChem, 2008, 9, 826-848.
@ Tran, R. W. Broadhurst, M. Tosin, A. Cavalli & K. J. Weissman, Chem. Biol., 2010, 17, 705-716.
BIN. Pulsawat, S. Kitani & T. Nihira, Gene, 2007, 393, 31-42.

Mots clés : polyketide synthase, SAXS, multienzyme, structure, enzyme
mechanism
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Proteasome regulation by the circadian clock:
implications for the degradation of oxidized proteins

Audrey Desvergne, Nicolas Ugarte, Isabelle Petropoulos and Bertrand Friguet
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audrey.desvergne@snv.jussieu.fr

The circadian clock generates rhythms with a periodicity of 24 hours of various
biochemicals and physiological processes. Recent data suggest a mutual influence
between the circadian clock and the cell cycle, and provides a functional link between the
circadian clock, cancer and ageing (Sahar and Sassone-Corsi et al., 2009).

Circadian rhythmicity of antioxidant mechanisms has also long been reported (Hardeland
et al., 2003). The established link between the circadian clock and anti-oxidative defence
suggests that elements of the redox homeostasis, especially protein redox homeostasis,
including oxidized protein degradation and repair pathways such as the proteasome,
could be modulated by the circadian clock. Interestingly, microarray analyses previously
revealed that several proteasome subunits and activators, such as PA28af3, are regulated
by the circadian clock at the transcript level in mice tissues (Panda et al., 2002).

Using HEK cells synchronized by a serum shock as an initial cellular model we have
shown that the catalytic subunits of the proteasome (B1, B2 and B5) and the
immunoproteasome (B1i, B2i and B5i) have a circadian transcriptional expression. In
addition, the proteasome peptidase activities are modulated with a circadian rhythmicity.
We have also demonstrated that the level of oxidized (i. e. carbonylated) proteins varies
rhythmically following a 24 hours period. Interestingly, the rhythms of the proteasome
activities match with the circadian oscillations observed for protein oxidative damage.

To further investigate the modulation of proteasome function for the degradation of
carbonylated proteins mediated by the circadian clock, we have monitored the transcript
level of some proteasome regulators. In fact, Pa28af (11S), a major proteasome and
immunoproteasome regulator that has been previously implicated in the oxidative stress
response (Pickering et al., 2011) was found to exhibit a circadian rhythmicity.

To continue with the same objective the protein expression levels of the different catalytic
subunits and regulators will also be analyzed. In addition, the regulation of the assembly
of proteasome subunits and regulators may also have a circadian regulation that will allow
us to explain the involvement of the circadian clock in the oxidized proteins degradation.

Sahar S, Sassone-Corsi P., Nat Rev Cancer. 2009, 9(12):886-96.
Hardeland et al., Chronobiol Int. 2003 Nov;20(6):921-62.

Panda et al., Cell 2002; 109: 307-320.

Pickering et al., Biol Chem. 2012 Mar 23;287(13):10021-31.

Mots clés : Circadian rhythmicity, Protein oxidation, Proteasome, Ageing
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* Corresponding author

Nowadays, the use of enzymes as biocatalysts is widespread to perform reactions in eco-
friendly conditions compared to chemical processes. As the cost of the enzymatic process
can be dramatically affected by the use of free enzymes, many immobilisation techniques
were developed. Amongst these techniques, the display of enzymes at the surface of
microorganisms is a powerful emerging strategy (1). This technique has several
advantages compared to chemical immobilisation techniques: the immobilised biocatalyst
can be produced by standard fermentation and evolved by conventional genetic
engineering.

Three Yarrowia lipolytica cell wall proteins (YIPIR, YICWP and YICBM) were evaluated for
their ability to display the xylanase TxXYN from Thermobacillus xylanilyticus on the cell
surface of Y. lipolytica. Endoxylanases (EC 3.2.1.8) are naturally involved in the
depolymerisation of the complex xylan backbone from plant cell wall. This property is
highly valuable as xylan is a complex polymer second to cellulose regarding abundance in
nature. Therefore, xylanases could be a low cost means to produce value-added products
from renewable carbon sources (2).

The fusion proteins were produced in Y. lipolytica JMY1212, a strain engineered for
mono-copy chromosomal insertion, and enabling accurate comparison of the displaying
systems (3). Cell bound activities reached to 50% for the YIPir fusion (71.6 U/g dried
cells). Cell display using YIPir was found three times more efficient than the YICWP
system formerly developed for Y. lipolytica, and enabled the anchoring of 1.5 to 40 times
the xylanase activity reported until now. Through this major improvement, we thus
propose an efficient alternative display system in Y. lipolytica.

This work is the first step to the construction of a biotechnologically relevant yeast for the
sequential degradation of hemicellulosic materials.

Sergeeva, A., M. G. Kolonin, J. J. Molldrem, R. Pasqualini and W. Arap. 2006. Display technologies:
application for the discovery of drug and gene delivery agents. Adv Drug Deliv Rev 58: 1622-54.

Beg, Q. K., M. Kapoor, L. Mahajan and G. S. Hoondal. 2001. Microbial xylanases and their industrial
applications: a review. Appl Microbiol Biotechnol 56: 326-38.

Bordes, F., F. Fudalej, V. Dossat, J. M. Nicaud and A. Marty. 2007. A new recombinant protein expression
system for high-throughput screening in the yeast Yarrowia lipolytica. J Microbiol Methods 70: 493-502

Mots clés : Yarrowia lipolytica, yeast display, xylanase
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Isothiocyanates Alter the Acetylation of Carcinogenic Aromatic
Amines by Inhibition of Arylamine N-acetyltransferase

Romain Duval', Florent Busi', Julien Dairou®, Jean-Marie Dupret®, et Fernando
Rodrigues-Lima*
! Univ. Paris Diderot, Sorbonne Paris Cité, Unité de Biologie Fonctionnelle et Adaptative (BFA),
EAC 4413 CNRS, Paris
romain.duv@gmail.com

Isothiocyanates (ITCs), including benzyl ITC (BITC) and phenethyl ITC (PEITC), are
compounds that are found in cruceferus vegetables such as brocoli, brussels sprouts or
cress. Epidemiological studies have shown that dietary intake of ITCs is associated with
reduced risk of certain human cancers.

Arylamine N-acetyltransferase (NATs) are xenobiotic metabolizing enzymes that are
present in a variety of mammalian tissues. NATs catalyze the acetylation of arylamine
compounds such as drugs, carcinogens, and other xenobiotics, leading to their
detoxification and/or bioactivation.

We found that both BITC and PEITC inhibit human NATs activity. Kinetic and molecular
analysis on recombinant NATs showed that the NATs inactivation by ITCs is fast and
irreversible. Moreover, biologically-revelant ITCs concentration impaired NATs activity in
HepG2 cells.

Our results suggest a new molecular mechanism of anti-carcinogenic effect of ITCs via
the inactivation of NATs bioactivation pathway.
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Thioglycoligases : Voies d’accés innovantes aux S-glycoprotéines

Laure Guillotin®, Pierre Lafite!, Richard Daniellou®
'Univ. Orléans, CNRS, ICOA, UMR 7311, rue de Chartres F-45067 Orléans, France
laure.guillotin@univ-orleans.fr

L’intérét porté aux glycoprotéines s’est accru depuis la mise en évidence du réle crucial
des sucres sur leurs propriétés structurales et fonctionnelles favorisant ainsi le
développement d’enzymes recombinantes permettant leur synthése.® Parmi la diversité
des types de glycosylation retrouvés dans la Nature, la S-glycosylation apparait comme
I'une des plus rares.” Dans ce contexte, les thioglycoligases, qui catalysent la création de
liaison de type S-glycosyle (schéma 1), apparaissent comme des biocatalyseurs de choix
pour la synthese de thioglycoprotéines.

—_
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Schéma 1 : Mécanisme des thioglycoligases. GP = groupe partant

L’objectif du projet Glycopeps (financé par la Région Centre) est de générer une banque
de thioglycoligases a partir de glycosidases, afin de :

- synthétiser des analogues de sucres non usuels (L-fucose, D-rhamnose,...) pour évaluer
biologiquement leurs activités,

- étendre ce processus a la synthése de S-glycoprotéines de sucres rares et avoir une
meilleure compréhension de leur réle biologique.

Cette étude présente la caractérisation enzymatique et structurale d’'une glycosidase
originale, BT2192 (appartenant a la famille GH29%), qui a conduit & I'élucidation de son
mécanisme de reconnaissance de substrat, unique au sein de la famille GH29.

W K. pbezouska et al, Biotechnol. Adv., 2013, 31, 17-37 ;

[ p_Lafite, R. Daniellou, Nat. Prod.Rep., 2012, 29 :729 ;

Bls. G. withers et al, Angew. Chem. Int. Ed, 2003, 3 :42 ; Daniellou et al, Org. Biomol. Chem., 2011, 9, 8371 ;
[ B. Henrissat et al, Nucleic Acids Res., 2009, 37 :D233-237

Mots clés : thioglycoligase, a-L-fucosidase, glycoside hydrolase family 29, relation
structure-fonction
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Functional characterization of glycosyltransferases involved in
glycosaminoglycan biosynthesis — Structure-function study of
chondroitin sulfate N-acetylgalactosaminyltransferase-1
(CSGalNACcT-1) involved in chondroitin sulfate initiation: Impact
of sulfation on activity and specificity

Sandrine Gulberti®, Jean-Claude Jacquinet?, Matthieu Chabel', Nick Ramalanjaona®,
Jacques Magdalou?, Patrick Netter!, Michael WH Coughtrie®, Mohamed Ouzzine?,
Sylvie Fournel-Gigleux?

! UMR 7561 CNRS-Nancy Université-Nancy |, Faculté de Médecine, BP 184, 54505 Vandoeuvre-
lés-Nancy Cedex, France, 2 UMR 6005 CNRS, Institut de Chimie Organique et Analytique, UFR
Sciences, 45067 Orléans, Cedex 02, France, * Medical Research Institute, Ninewells Hospital and
Medical School, University of Dundee, Dundee, DD1 9SY, United Kingdom
sandrine.gulberti@univ-lorraine.fr

Our studies are focused on the identification of key-proteins involved in
glycosaminoglycan (GAG) biosynthesis in cartilage during normal and pathological
conditions. In this tissue, GAGs play a critical role in the biomechanical and functional
properties of the joint. However, depletion in GAG content represents a main factor
contributing to cartilage matrix degradation and loss of articular function in traumatic or
degenerative arthropathies. Thus, a better understanding of GAG chains assembly is of
central importance towards the development of pharmacological and engineering
strategies aimed to counteract the loss of matrix components during arthropathies.

GAG assembly initiates through the formation of a linkage tetrasaccharide region serving
as primer for both chondroitin sulfate (CS) and heparan sulfate (HS) chain polymerization.
A possible role for sulfation of the linkage structure and of the constitutive disaccharide
unit of CS chains in the regulation of CS-GAG chain synthesis as been suggested. To
investigate this, we determined whether sulfate substitution of galactose (Gal) residues of
the linkage region or of N-acetylgalactosamine (GalNAc) of the disaccharide unit
influences activity and specificity of CSGalNAc-transferase-1 (CSGalNAcT-1), a key
glycosyltransferase of CS biosynthesis. We synthesized a series of sulfated and
unsulfated analogs of the linkage oligosaccharide and of the constitutive unit of CS and
tested these molecules as potential acceptor substrates for the recombinant human
CSGalNAcT-1. We show here that sulfation at C4 or C6 of the Gal residues markedly
influences CSGalNACT-1 initiation activity and catalytic efficiency. Kinetic analysis indicate
that CSGalNAcT-1 exhibited 3.6-, 1.6- and 2.2-fold higher enzymatic efficiency due to
lower K, values towards monosulfated trisaccharides substituted at C4 or C6 position of
Gall, and at C6 of Gal2, respectively, compared to the unsulfated oligosaccharide. This
highlights the critical influence of Gal substitution on both CSGalNAcT-1 activity and
specifity. No GalNACT activity was detected towards sulfated and unsulfated analogs of
the CS constitutive disaccharide (GIcA-B1,3-GalNAc), indicating that CSGalNAcT-1 was
involved in initiation but not in elongation of CS chains. Our results strongly suggest that

sulfation of the linkage region acts as a regulatory signal in CS chain initiation.

Gulberti S, Jacquinet JC, Chabel M, Ramalanjaona N, Magdalou J, Netter P, Coughtrie MW, Quzzine M,
Fournel-Gigleux S, Chondroitin sulfate N-acetylgalactosaminyltransferase-1 (CSGalNAcT-1) involved in
chondroitin sulfate initiation: Impact of sulfation on activity and specificity, Glycobiology, 2012, 22(4), 561-571

Mots clés : glycosaminoglycan synthesis / linkage region / sulfation / glycosyltransferase /
chondroitin sulfate
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Study of the mechanism of the CO dehydrogenase from
Desulfovibrio vulgaris

Jessica Hadj-Said, Vincent Fourmond, Sébastien Dementin and Christophe Léger
CNRS, Laboratoire de Bioénergétique et Ingénierie des protéines, IMM,
31 chemin Joseph Aiguier, 13402 cedex Marseille
jhadj@imm.cnrs.fr

Capture of atmospheric CO, and recycling into biofuels by microorganisms is one of the
major scientific challenges of the XXI™ century. Researches in this field are boosted by
rising atmospheric CO, levels and associated climate change owing to the ongoing
exploitation of remaining fossil fuel reserves. However, the precise knowledge of the
mechanism, genetic regulation and metabolism implying enzymes using CO, is required.
Some microorganisms contain carbon monoxide dehydrogenases (CODHs) which
catalyze the reversible reduction of carbon dioxide by reaction with two protons and two
electrons to yield carbon monoxide and water according to the reaction:

CO,+ 2H" +2e <> CO + H,0

Two types of CODHs are known: the Mo- and Cu-containing CODH found in aerobic
bacteria, and the Ni-containing CODH found in some anaerobic organisms. Ni-CODH can
be associated with Acetyl-CoA synthase to form a bifunctional complex. Here, we study
the monofunctional CODH from Desulfovibrio vulgaris Hildenborough, containing a
[NiFe,;S,4] cluster. Our goal is to develop structure-function approaches to understand the
catalytic mechanism of this enzyme.

Mots clés : CODH, CO..
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Oxydation de L-2-hydroxy acides par des flavoenzymes:
transfert d'hydrure ou mécanisme par carbanion?

Florence Lederer™? David Amar?, Paul North? Caroline Vignaud?
! aboratoire de Chimie physique, CNRS UMR 8000, Université Paris-Sud, 91405 Orsay Cedex

“Laboratoire d’Enzymologie et Biochimie Structurales, CNRS, 91190 Gif-sur-Yvette (France)
florence.lederer@u-psud.fr

Nous nous intéressons a une famille d'enzymes & FMN qui catalysent I'oxydation de L-2-
hydroxy acides en céto acides (1). Le domaine a flavine (FDH) du flavocytochrome b,
(Fcb2, une L-lactate déshydrogénase de levure) en est membre. La flavine réduite par le
substrat y est réoxydée par I'hnéme b,. Des structures tridimensionnelles de membres de
la famille indiquent un repliement et un site actif trés conservés, ce qui suggeéere un
mécanisme catalytique identique pour toute la famille. On peut envisager deux
mécanismes a priori. Dans le premier cas, une base de lI'enzyme arrache le proton de
I'nydroxyle en favorisant le départ de I'hydrogéne du C2 vers le FMN, sous forme
d'hydrure, comme pour les enzymes a nicotinamide. Dans le deuxiéme cas, la base du
site actif arrache I'nydrogéne du C2 sous forme d'un proton, engendrant un carbanion
intermédiaire, qui cede les électrons a la flavine. Ni la structure tridimensionnelle, ni la
modeélisation du substrat dans le site actif du Fcb2, pas plus que des calculs par DFT ne
permettent de conclure quant au mécanisme d'oxydation du lactate. Bien que certains
arguments semblent exclure un mécanisme par hydrure (2), une controverse existe
encore. Le trifluorolactate (F3Lac) est une sonde mécanistique intéressante, car I'effet
attracteur des fluors doit stabiliser un carbanion et rendre l'arrachement d'un hydrure
difficile. Il a déja été montré que ce composé est un inhibiteur et pas un substrat pour une
LDH a nicotinamide (3). Par des études a I'état stationnaire et préstationnaire, nous
montrons ici que le F3Lac est un substrat pour la FDH du Fcb2 oxydée et que le
trifluoropyruvate (F3Pyr) est un substrat pour la FDH réduite. Nous avons déterminé l'effet
isotopique primaire du deutérium dans le sens de I'oxydation du F3Lac et de la réduction
du F3Pyr. De plus, nous confirmons que le F3Lac est un inhibiteur pour la LDH a
nicotinamide, et qu'elle réduit le F3Pyr avec une extréme lenteur. Enfin, nous montrons
que F3Lac et F3Pyr sont des substrats pour un autre membre de la famille de la FDH, la
LCHAO (oxydase d'hydroxy acides a longue chaine). Une interprétation mécanistique des
résultats sera présentée.

1. Lindqvist, Y., Brandén, C. |., Mathews, F. S., and Lederer, F. (1991) J. Biol. Chem. 266, 3198-3207.
2. Lederer, F., Amar, D., Ould Boubacar, A. K., and Vignaud, C. (2005), In Flavins and Flavoproteins

2005 (Nishino, T., Miura, R., Tanokura, M., and Fukui, K., Eds.), pp 193-204, ArchiTect Inc. Tokyo.
3. Pogoloatti, A., Jr., and Rupley, J. A. (1973) Biochem Biophys Res Commun 55, 1214-1219.

Mots clés : Carbanion, Flavoprotéine, Hydrure, Mécanisme chimique,
Trifluorosubstrat
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Using electrochemical kinetics, DFT and MD to determine the
molecular mechanism of oxidative inactivation of FeFe
hydrogenases

Vincent Fourmond?, Carole Baffert?, Claudio Greco?, Kateryna Sybirna3, Hervé
Bottin®, Isabelle Meynial-Salles®, Philippe Soucaille*, Po-Hung Wang®, Jochen
Blumberger®, Luca De Gioia® and Christophe Léger!
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Universita degli Studi di Milano-Bicocca, Milan 20126, Italy, ®BiTec-S, SB2SM, LPB (URA CNRS
2096), DSV, CEA, 91191 Gif-sur-Yvette, “Université de Toulouse, INSA, UPS, INP, LISBP,
INRA:UMR792,135 CNRS:UMR 5504, Avenue de Rangueil, 31077 Toulouse, ° Department of
Physics and Astronomy, Gower Street, London WC1E 6BT, UK
christophe.leger@imm.cnrs.fr, http://bip.cnrs-mrs.fr/bip06/ twitter: @BIP6_Marseille

Nature is a valuable source of inspiration for designing catalysts, and various approaches
are used to elucidate the mechanism of hydrogenases, the enzymes which oxidize or
produce H2. The H-cluster is the place of H2 oxidation in FeFe hydrogenases, and
catalysis involves H2 binding on the vacant coordination site of an iron center. Using
electrochemistry (1,2), site-directed mutagenesis, DFT calculations (3) and Molecular
Dynamics (4), we found that the reversible oxidative inactivation of this enzyme results
from the non-productive binding of H2 to coordination sites that are normally blocked by
intrinsic CO ligands. This reversible reaction prevents oxidative destruction. The plasticity
of the coordination sphere around the reactive iron center therefore confers the enzyme
the ability to avoid harmful reactions under oxidizing conditions. Minor conformations may
also be important for function in the case of other redox enzymes, but we expect that they
should escape detection by spectroscopic and structural techniques.

1. C. Léger and P. Bertrand. Direct electrochemistry of redox enzymes as a tool for mechanistic studies
Chem. Rev. 2008, 108, 2379

2. Fourmond, V., et al, J. Am. Chem. Soc., 2013, 125, 3926

3. Greco, C., etal. J. Am. Chem. Soc., 2011, 133, 18742-18749

4. Wang, P.-H., et al. Proc. Natl. Acad. Sci. U.S.A., 2012, 109, 6399-6404

Mots clés : Metalloenzymes, Enzyme kinetics, Enzyme mechanism ,
Electrochemistry , Theoretical chemistry, Density functional Theory, Molecular
dynamics, Site-directed mutagenesis
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The effect of the biogenic amines spermidine and putrescine on
the gills of the Amazon river shrimp, Macrobrachium amazonicum
(Decapoda, Palaemonidae): kinetic analysis and phosphorylation

by inorganic phosphate

Malson N. Lucena', Marcelo R. Pinto?, Daniela P. Gargon®, John C. McNamara*,
Carlos F. L. Fontes® et Francisco A. Leone?

'Department of Biochemistry FMRP USP, >Department of Chemistry FFCLRP USP, *Department of
Molecular CCEN/UFPB, “Department of Biology FFCLRP USP, Brazil. °Institute of Medical
Biochemistry, UFRJ, Brazil.
neilson_bio@yahoo.com.br

In the transport ATPases like (Na',K")-ATPase, ATP is hydrolyzed via formation and
hydrolysis of phosphorylated intermediates, where phosphate is bound to an aspartyl
residue at the enzyme's substrate site. The resulting phosphorylated enzyme
intermediates (EP) play a crucial role in the common reaction scheme for (Na*,K")-
ATPase where their formation, catalysed by Mg®* and Na*, and breakdown, catalysed by
K*, are important steps in the energy transduction and cation transport. The biologically
active polyamines putrescine and spermidine are ubiquitous, small, positively charged
molecules that are essential for normal cellular function and proliferation. Polyamines
inhibit the (Na*,K")-ATPase supposedly by binding to clusters of acidic residues at the
enzyme. The goal of this work was to examine the effect of exogenously added
polyamines on the activity and phosphorylation levels of the (Na',K')-ATPase from M.
amazonicum gills in vitro. Total ATPase activity was notably inhibited (-82%) by 20 mmol
L* spermidine and (-43%) by 100 mmol L™ putrescine. As spermidine concentration
increased from 10° to 2 x10 mol L™, total ATPase activity decreased in juvenile from 231
U mg™ (1 U mg™= 1 nmol Pi* min™ mg) to less than 41 U mg™. Though, as putrescine
concentration increased from 10° to 10" mol L™, total ATPase activity decreased from
231 U mg™ to less than 132 U mg™. In presence of both polyamines, ouabain insensitive
ATPase activity varied little, suggesting that only (Na*,K*)-ATPase activity is affected. The
K's for spermidine and putrescine were 2.69+0.08 and 157.61+4.73 mmol L™,
respectively. In the presence of suboptimal concentrations of both Na™ and K™ (5 and 2
mmol L™ for Na* and K, respectively), maximum rates of 33 U mg™ were estimated for
spermidine. There was a increase in the apparent affinity of the enzyme to around 1.5 for
spermidine. Modulation of V and K by Na®, K* and Mg** varied considerably in the
presence of 5 mmol L™ spermidine and 25 mmol L™putrescine. Besides, in the presence
of 100 mmol L™ Na', both 5 mmol L™ spermidine and 25 mmol L™ putrescine inhibited
formation of the phosphoenzyme in 47% and 32%, respectively. Putrescine exhibited a
non-competitive inhibition patter for ATP, Mg®*, Na* and K" stimulation of the enzyme, in
contrast to the mixed-partial inhibition pattern to Mg** and Na* in presence of spermidine.
These findings suggest that spermidine compete for the cation binding sites on the
enzyme molecule, affecting both V and Kgs.
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ATPase, inhibition.

Congres SFBBM GT Enzymes Paris 2013
http://www.bfa.univ-paris-diderot.fr/SFBBM2013




Poster 18.

Investigation of enzyme mechanisms by a new rotating droplet
electrochemical method.
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We recently developed a new generic, simple, sensitive and easy-to-implement
electrochemical kinetic method for monitoring, in real time, the progress of a biochemical
reaction in a microdrop of few tens of microliters, with a kinetic time resolution of less than
1 s. A simple set-up makes it possible to mix and rotate a droplet at a high spin rate and
hence to generate a well-defined hydrodynamic steady-state convection layer at an
underlying stationary electrode. The features afforded by this new kinetic method allowed
us to investigate the reversible inhibition of the redox-mediated catalytic cycle of
horseradish peroxidase (HRP) by its substrate H,O,. The experimental time-course
amperometric kinetic plots were reproduced from numerical simulations of the whole HRP
catalytic reaction. From the best fits of simulations to the experimental data, the kinetics
rate constants primarily associated to the inactivation/reactivation pathways of the enzyme
were retrieved. The ability to perform kinetics with microliter-size samples makes this
methodology particularly attractive for reactions involving low-abundant and/or expensive
reagents.
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(1) Dequaire, M.; Limoges, B.; Moiroux, J.; Savéant, J.-M., J. Am. Chem. Soc., 2002, 124, 240-53
(2) Challier L., Miranda-Castro R., Marchal D., Noél V., Mavré F., and Limoges B. (submitted 2013)

Mots clés : kinetic analysis, inhibition, horseradish peroxidase, rotating droplet
electrochemistry
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Relations structure-activité dans la famille des Mur ligases
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delphine.patin@u-psud.fr

L’assemblage de la partie peptidique du peptidoglycane implique une famille d’enzymes,
les Mur ligases. Bien que ces enzymes partagent un mécanisme réactionnel similaire et
une structure 3D comparable, leur spécificité doit étre trés stricte puisque l'incorporation
d’'un « mauvais » acide aminé peut étre délétere pour la bactérie. L’élucidation des motifs
structuraux responsables de la haute spécificité des Mur ligases pourra aider la recherche
d’inhibiteurs agissant comme composés antibactériens. Dans cette communication, nous
rapportons la caractérisation biochimique d’enzymes MurD et MurE de différentes
espéces bactériennes.

Les orthologues de MurD de cing espéces (E. coli, S. aureus, S. pneumoniae, M.
tuberculosis et B. burgdorferi), ont été purifiées et caractérisées. Des dérivés de I'acide D-
glutamique, qui ont été montrés comme étant d’excellents inhibiteurs de MurD de E. coli,
apparaissent moins efficaces envers les quatre autres orthologues. Cela peut étre
expliqué par les différences dans les séquences d’acides aminés et dans la topologie des
sites actifs.

La spécificité de substrat acide aminé de trois enzymes MurE (E. coli, S. aureus et B.
burgdorferi), représentatives des trois types principaux de peptidoglycane (meso-DAP, L-
Lys et L-Orn) a été élucidée : le substrat préférentiel in vitro est le seul retrouvé dans le
peptidoglycane final. D’un point de vue structural, cela est corrélé avec I'existence d’'une
poche de liaison pour le meso-DAP chez MurE de E. coli et de séquences consensus
spécifiques de I'acide aminé chez différents orthologues de MurE.

Finalement, les ligases MurE de deux especes a Gram-négatif phylogénétiguement
apparentées, Chlamydia trachomatis et Verrucomicrobium spinosum, ont été purifiées et
caractérisées. Ces deux enzymes se sont révélées étre de typiques enzymes d’addition
du meso-DAP. L’analyse tridimensionnelle de MurE de V. spinosum, en utilisant la
modélisation protéique, a montré que les acides aminés clés composant le site actif des
enzymes d’addition du meso-DAP sont conservés dans cette protéine.

Mots clés : peptidoglycane, Mur ligases, inhibiteurs, structure tridimensionnelle
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metabolite in the strict aerobic bacterium Acinetobacter baylyi
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’

We aim to complete the metabolic activities inventory in the soil bacterium Acinetobacter
baylyi ADP1 (ADP1) by different methods (comparative genomics, high throughput growth
phenotyping, RNAseq...), with a special focus on the discovery of new enzymatic
activities through metabolomics.

We monitored metabolism adaptation by the use of an alternative carbon source by high-
resolution mass spectrometry (LC-ESI-LTQ/Orbitrap). The comparison of a metabolome
from cells grown on succinate (reference carbon source) or quinate (alternative carbon
source) highlighted the different intermediaries of this well-known catabolic pathway.

Similar studies done on Pseudomonas strains showed that the major changes regarding
the metabolite composition involve the degradation intermediaries of the carbon sources
used [1-2]. However, in ADP1, we did not notice such a ‘core metabolome’: almost 40% of
the detected metabolites in ADP1 present at least a 4 fold variation according to the
carbon source used.

But the most important point is that many metabolites, not identified, are only present on
quinate. We present here the structural elucidation of one of these metabolites. The
database interrogation using accurate mass did not allow us to propose an identification
consistent with the CID fragmentations. These fragmentations were analyzed by high
resolution and led us to suggest that the compound is most likely a tyrosine substituted in
benzylic position by an aminomethyl group. To our knowledge, this metabolite has never
been described so far. The experimental approach to elucidate this structure is discussed.

Thus, high-resolution mass spectrometry can be a very powerful tool to elucidate new
metabolites structure.

Bibliographic references :

[1] van der Werf MJ. et al. Mol. BioSyst., 2008, 4, 315
[2] Frimmersdorf E. et al. Environ. Microbiol., 2010,12, 1734
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Identification of key residues of B1,4-galactosyltransferase 7
(B4GalT7) implicated in acceptor binding site

Mineem Saliba, Nick Ramalanjaona, Sandrine Gulberti, Mohamed Ouzzine,
Sylvie Fournel-Gigleux
UMR 7365 CNRS-Lorraine University, Biopéle-Campus Biologie-Santé, BP 184, F 54505
Vandoeuvre-lés-Nancy France.
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Glycosyltransferases (GTs) represent an important family of enzymes involved in the biosynthesis
of glycosaminoglycan (GAG) chains of proteoglycans (PG), which play crucial roles in numerous
physiopathological conditions such as blood coagulation, cancer process, osteoarthritis, as well as
genetic disorders. GAG biosynthesis is initiated by the formation of a “tetrasaccharide linker”,
constituted of a GIcAR1,3Gall’1,3Gall31,4Xyl- sequence, which primes heparin/heparan-sulfates
and chondroitin-sulfate chains. This initiation step requires the consecutive action of four GTs,
among which B1,4-galactosyltransferase 7 (B4GalT7) catalyzes the transfer of galactose from
UDP-galactose onto a xylose acceptor residue. Genetic defect of this enzyme causes the progeroid
form of Ehlers-Danlos syndrome (EDS), a severe disorder (1). Noticeably, f4GalT7 is able to
initiate GAG chain biosynthesis from exogenous xyloside compounds that exhibit anti-cancer and
anti-thrombotic properties (2). Therefore, p4GalT7 represents an interesting therapeutic target
whose structure-function study is required for the design of xyloside compounds with therapeutic
applications. In this work, we aim to identify key amino acid residues of the human recombinant
B4GalT7 active site that govern xyloside acceptor substrate binding and recognition. Phylogenetic
analyses, sequence alignments and molecular modeling based on the 3D structure of the
Drosophila B4GalT7 catalytic domain (3), revealed that Y194 and Y196 residues are (i) conserved
among species, (ii) predicted to interact with the acceptor substrate, or with the neighboring amino
acid residues in the acceptor substrate binding site. To analyze their role, we examined the
consequences of conservative and non-conservative mutations on the kinetic properties of the
human B4GalT7 purified from recombinant bacteria (4). Results showed a loss of enzymatic activity
for Y194A, Y194F and Y196A mutants. Indeed, these mutants present a low V. value (<30
nmol.min'1.mg'1) compared to 1450 + 37 nmol.min'1.mg'1 for the wild-type enzyme, while their
affinity towards both donor and acceptor substrates is weaker with K, value > 2 mM, compared to
0.22 + 0,02 mM for UDP-galactose and 0,35 £ 0,02 mM for 4-methylumbelliferylxylose (4-MOX) for
the wild-type B4GalT7. Interestingly, a partial loss of activity was found for the Y196F mutation.
Indeed, the V. for this mutant was 68% lower than the wild-type B4GalT7, and the K., value
towards the donor substrate was similar to the wild-type, while it was 3-times higher for 4-MOX (K,
= 1,06 + 0.06 mM). These results suggest a possible implication of this residue in the interaction
with xylose or in the stabilization of the acceptor substrate-binding site. Ex vivo assays using 4-
MOX were performed to analyze the consequences of these mutations upon GAG chain synthesis
in CHO-pgsB618-deficient cells. Cells were transiently transfected with a B4GalT7-expression
vector and GAG synthesis rate initiated from 4-MOX was monitored by radiolabelled sulfate
incorporation. In agreement with the in vitro results, mutations affecting either Y194 or Y196
position led to a drop of GAG chain formation. This confirmed the possible role of these residues in
the capacity of f4GalT7 to use xylosides as substrate either by stabilizing the binding site structure
and/or by adequately positioning the acceptor substrate. We also investigated the role of R270
whose mutation contributes to the progeroid form of EDS. In vitro results showed that both
conservative and non-conservative mutations, R270K and R270A respectively, slightly decreased
the enzymatic activity without affecting the affinity for UDP-galactose, while significantly increased
Km value towards 4-MOX. These results confirm the possible role of this residue in the binding of
the acceptor substrate (Bui et al., 2010). Current investigation is ongoing to solve the 3D-structure
of human recombinant f4GalT7 and its genetic mutants to bring further insights into the molecular
basis of acceptor substrate recognition, towards the rationale design of xyloside effectors of GAG
synthesis.

(1) Bui C., Talhaoui I., Chabel M., Mulliert G., Coughtrie M. W. H., Ouzzine M., Fournel-Gigleux S. FEBS Lett. 2010. 584,
18, 3962-3968.

(2) Qiu, H., Jiang, J. L., Liu, M., Huang, X., Ding, S. J., & Wang, L. Molecular & Cellular Proteomics. 2013. In press

(3) Ramakrishnan B., Qasba P. K., Ramakrishnan B., Qasba P. K. J. Biol. Chem. 2010. 285, 15619—15626.

(4) Talhaoui, I, Bui, C., Oriol, R., Mulliert, G., Gulberti, S., Netter, P., Coughtrie M. W. H., Ouzzine M., Fournel-Gigleux S. J.
Biol. Chem. 2010, 285(48), 37342-37358.

Mots clés : Glycosyltransferases, xyloside, glycosaminoglycan , Ehlers-Danlos
syndrome, mutations, enzymatic activity
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Soluble glucose dehydrogenase (s-GDH) with a PQQ cofactor catalyzes the oxidation
of glucose into gluconolactone. This enzyme is widely used in glucose biosensors or
biofuel cells ™.

s-GDH from Acinetobacter calcoaceticus is homodimeric with one PQQ and three
calcium ions per monomer. Two calcium ions are involved in the enzyme dimerization
process and in the stabilization of the dimer, and the third is involved in the PQQ binding
in the active site. In Escherichia coli, an apoenzyme is produced. A reconstitution step
with PQQ is required to have a catalytically active enzyme. Several amino acids from the
PQQ binding pocket and one calcium ion allow the PQQ anchoring @ and the PQQ
dissociation constant is lower than the nanomolar one P\ During the catalysis, PQQ is
regenerated inside the active site by an artificial electron acceptor and is not released in
solution. Under pre-steady-state conditions, a fast kinetic reconstitution study of the GDH
with PQQ allows us to understand, from a fundamental point of view, the reconstitution
mechanism. Two techniques were used: 1/ fluorescence quenching of tryptophan during
the PQQ binding process and 2/ detection of PQQ reduction in conditions of a first
catalytic cycle in presence of glucose. The main result shows that conformational
rearrangment around the tryptophan reflects the enzymatic catalysis activation by PQQ
and calcium ion.

M Flexer and al., Anal. Chem, 2011, 83 (14), 5721-7
2 oubrie and al., EMBO J, 1999, 18 (19), 5187-5194
B! Matsushita and al., Biosc, Biot and Biochem, 1995, 59 (8) 1549-1555

Keywords : Cofactor reconstitution, Glucose dehydrogenase, Pyroloquinoline
quinone, Rapid Kinetics
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Semi rational approach to design new transglycosidases
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The important role of oligosaccharides and their conjugates in biology has been
increasingly recognized in the recent years. Unfortunately, despite the considerable
development of efficient synthetic methods in this field, the assembly of oligosaccharides
remains a substantial challenge. As an alternative, enzymatic glycosylation has become a
powerful tool for stereoselective synthesis of various glycosidic compounds. The
approach, which was developed recently in our laboratory, was based on the directed
evolution of glycosidases into transglycosidases using an original screening strategy [1].
Mutant enzymes that have almost completely lost their hydrolytic activity while keeping the
transglycosidase one can now be obtained. This approach has been validated on two
glycosidases, Thermus thermophilus B-D-glycosidase (TtBGly, GH1) [2] and Thermotoga
maritima a-L-fucosidase (TmaFuc, GH29) [3]. These new transglycosidases can compete
with glycosynthases for oligosaccharide synthesis. However, obtaining useful
transglycosidases by directed evolution is time consuming even with efficient screening
methods. This limits the number of new enzymes activities that can be obtained rapidly.
Based on the result of our previous random mutagenesis, three TtGly mutants were
kinetically characterized and their structures were determined by X-ray crystallography in
order to understand the molecular basis of this improvement.

We propose a working hypothesis about the effect of mutations and find general rules that
could speed up the creation of transglycosidases from glycosidases by rational
mutagenesis. We identified several amino-acid positions, for which mutations significantly
improve the transglycosylation activity of glycosidases. Thus, by single-point mutagenesis
on TtRGly we created four new mutants that exhibit improved synthetic activity, and allow
the formation of disaccharides with yields of 68 to 90% against only 36% when TtBGly
native was used. As all of the chosen positions were well-conserved among GH1
enzymes, our approach is most probably a general route to convert GH1 glycosidases into
transglycosidases. We are currently extending this approach to glycosidases from others
families, and particularly on a-glycosidases and furanosidases for which the
glycosynthase approach is less efficient.

Thus, we demonstrated that the outcome of evolution techniques can provide useful
information for subsequent semi-rational design of transglycosidases for oligosaccharide
synthesis.

W Kone F.M., Le Béchec, Sine J.P., Dion M., Tellier C. PEDS, 2009, 22, 37-44

@lFeng H-Y., Drone J., Hoffmann L., Tran V., Tellier C., Rabiller C., Dion M. J. Biol. Chem., 2005, 280, 37088-
37097

[3].Osanjo G., Drone J., Dion M., Solleux C., Tran V., Rabiller C., Tellier C. Biochemistry, 2007, 46, 1022-1033
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Inserm UMR-S 973, Molécules Thérapeutiques in silico, Univ. Paris Diderot, Paris.
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La régulation par des molécules spécifiques de l'activité du protéasome, machinerie
essentielle de la dégradation intracellulaire des protéines, est d’intérét dans le traitement
de diverses pathologies.™ Les inhibiteurs non covalents, trés peu représentés, constituent
une alternative a l'inhibition covalente réalisée par les deux inhibiteurs utilisés en thérapie
anticancéreuse. En paralléle de nos travaux sur des mimes peptidiques d’un inhibiteur
tripeptidique cyclique®®®, nous avons découvert, par criblage in silico d’'une collection de
430.000 molécules organiques, une nouvelle classe d’inhibiteurs non peptidiques du
protéasome humain 20S, les 1,2,4-oxadiazoles (Figure 1). Ces molécules ont été
optimisées par synthése chimique. Il s’agit d’inhibiteurs mixtes de l'activité de type
chymotryptique du protéasome 20S (K;= 26 nM et K’; = 7 nM pour la meilleure molécule).
lls agissent sélectivement sur cette enzyme. Leur mécanisme d’action a été corroboré par
des études de modélisation moléculaire démontrant une fixation inhabituelle de ces petits
inhibiteurs dans le sous-site S5. Des effets cytotoxiques ont aussi été observés sur les
lignées cellulaires modéles HelLa et HEK-293. Ce travail introduit donc une nouvelle
stratégie pour inhiber le protéasome : le ciblage d’un sous-site (ici S5) éloigné du sous-
site S1 classiquement ciblé pour développer des inhibiteurs de cette enzyme.

M =
I l N ‘-’_ ‘._C;}—OCHE
.-"\-\..Tr e {i
it OCH;
OH (Thrl)
Site actif 1

(protéasome 20S humain) W
S5 S4 S3 S22 S1 S1 S22
Figure 1. Fixation postulée des oxadiazoles dans le site de type chymotryptique du protéasome humain 20S.

M E. Genin, M. Reboud-Ravaux, J. Vidal, Curr. Top. Med. Chem. 2010, 10, 232-256. ¥ N. Basse, S. Piguel, D.
Papapoustolou, A. Ferrier-Berthelot, N. Richy, M. Pagano, P. Sarthou, J. Sobczak-Thépot, M. Reboud-Ravaux, J. Vidal J.
Med. Chem. 2007, 50, 2842-2850. ' M. Groll, N. Gallastegui, X. Maréchal, V. Le Ravalec, N. Basse, N. Richy, E. Genin, R.
Huber, L. Moroder, J. Vidal, M. Reboud-Ravaux, ChemMedChem, 2010, 5, 1701-1705. ! X. Maréchal, A. Pujol, N. Richy, E.
Genin, N. Basse, M. Reboud-Ravaux, J. Vidal Eur. J. Med. Chem, 2012, 52, 322-327. P'Desvergne A, Genin E, Maréchal X,
Gallastegui N, Dufau L, Richy N, Groll M, Vidal J, Reboud-Ravaux M. J Med Chem. 2013, 56(8), 3367-78. “X. Maréchal, E.
Genin, L. Qin, O. Sperandio, M. Montes, N. Basse, N. Richy, M. A. Miteva, M. Reboud-Ravaux, J. Vidal, B. O. Villoutreix.
Curr Med Chem. 2013, 20(18), 2351-62.
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From Transglutaminases to Arylamine N-Acetyltransferases:
Evolutionary specialization of a spatially conserved position
for transition-state stabilization
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Transglutaminase (TG), papain (PAP) and arylamine N-acetyltransferase (NATS)
enzymes belong to three different family enzymes which catalyze different reactions.
Nonetheless, these enzyme families share somme common catalytic centers such as a
Cys-His-Asp/Asn catalytic triad. Although the structures of PAP and TG are different,
structural superposition has allowed to identify a unique spatially conserved amino acid
position (GIn in PAP and Trp in TG enzymes, respectively) involved in transition-state
stabilisation.

Structural analysis allowed us to identify an equivalent amino acid position in the active
site of NAT enzymes. Interestingly, in NATs this amino acid position corresponds to an
aromatic residue (mainly Phe, but also Tyr and Trp) which is part of a conserved motif (P-
[FIY\W]-EN).

In this study, a structurally and functionally well-characterized NAT (Mesorhizobium loti
NAT1) was used as a NAT model enzyme to study the structural and functional role of this
position (Phe42 in M. loti NAT1). Mutant enzymes harbouring different amino acids at this
position (Y, W, H, I, L, A) were expressed and purified. Mutant Phe42Ala was found
unstable and very poorly expressed. The other mutants were soluble and correctly folded
as analyzed by circular dichroism and x-ray crystallography. Activity assays and kinetics
analyses showed that only Phe42Tyr and Phe42Trp mutants were active. Phed42Trp
displayed a kinetic behavior similar to the WT enzyme whereas Phe42Tyr was found to be
20 times more active than WT enzyme. As observed with transglutaminases (Lismaa et
al.,, 2003 PNAS), our data suggest that this position contributes to transition state
stabilisation through hydrogen-bonding and/or hydrophobic/aromatic interactions.
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~

: Inventeur des premiers oxymetres (1 952), des premiers spectrophotometres UVv- VlSlbIe d'réseau (1958),
_“des premiers spectrofluorlmetres & réseaux (1959) et des premiers lecteurs de microplaques multi-
détection ¢ reseaux en technologie 100% air (2001), SAFAS intégre au;ourd’hu: dans ses nouveaux modeles
de nouvelles percées technologlques qui pourralent blen r evoluuonner a leur tour les résultats de vos recherches.
5 'Chms:r un SAFAS c’est choisir un partenalre fiable et competent et c’est prendr (4 des annees d avance sur
.certams confreres ut1h,sant d’autres technologles ~

. s ,".
.‘ 0 3

Et-au-dela de ces performances excepnonnelles SAFAS vous propose ‘dés mstruments [ [ f abri Icanon fr ancc ", e
.avec un‘engagement fort de pérénnité de-votre lnvestlssement notre concept de SPECTROSCOPIE DURABI.E"‘” i
Longévité; fiabilité, évolutivité et gratu:te des mises & jour Iog:c:elles font partie' des avantages notoires dont
'bénéficient nos clients, qui exploitent generalement leurs instruments pendant pIus:eur s décennies tout.en.ayant
la possibilité de les upgrader et d’y installer de nouvelles opt10ns a.moindres frals au lieu de gasplllef léurs -
'prec:eux budgets dans des ‘achats successifs-d’appareillages neufs a obsolescence parfo:s programmee et dont

le ferralllage constitue un gachls enwr onnemental sans.commune mesure.

, s'pectrophotométres' " UV-Visible
(mono ‘& double-faisceau pour 12 cuves agitées et 1pl)’
spectrophotométres d’Absorptlon Atomique et - Emlssmn

spectrophotométres *a Infra:Rouge (FTIR,. ou bien sans. interférométre) :
~ lecteurs de microplaques elisa thermostatés rapides (3 sec/96puits, 100pts/secsur8) » : s
spectroﬂuorlmetres pour 10 cuves- agitées (pouvant mesurer .ouverts)

lecteurs de mlcroplaques multldetectlon évolutifs (optlon 10 cuves)

analyseurs de.mercure, d’hydrocarbures & sur mesure
fusion thermlque Iumlnometres B

SUSTAINABLE
SPECTROSCO &
...smce 1952

w.safd S.CG © SAFAS 2016 -
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