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Welcome to the 3 Florence Confeence on
Phenotype MicroArray Analysis ofCells

On behalf of the Organizing Committee, we would like to extend a warm
welcome to everyone participating in th€& Horence Conference that will
take place from Thursday afternoon until Saturday lunchtime (September 10
12, 2015).

The title of this yearos event daFIl ore
Anal ysis of Cell so refl ect snitydoar asp
researchers working in different fields of biology to share, compare and
evaluate multiple types of Phenotype MicroArray datad to show the

numerous applications of this higfroughput phenomic technology and its

potential in the cell phenotying area For the first time, the Florence
Conference programme includes sgnificant number of talks on the
application of Biolog Phenotype MicroArray to kauwyotic cell analysis,

including mammalian cells and mutirganism interactions.

We believe hat this third edition of the Florence Conference will provide a
forum for discussing the state of the art of Phenotype MicroArray technology
in relation to other omics data as well as presenting new ideas for future
research. We hope that this forum s#rve as a powerful tool for deepening
the knowledge on microbial and mammalian cell biology and for developing
better communication among scientists throughout the world.

We are grateful to the University of Florence for hosting the third edition of
the Conference, and we would like to take this opportunity to thank all the
Partners and Sponsors of the Conference.

We hope you have a rewarding Conference and enjoy exploring and
discovering the beautiful city of Florence.

Carlo Viti Luciana Giovannetti

Chair of the Conference Organizing Committee



Organizing and Scientific Committee

Barry R. Bochner, CEO & CSO Biolog Inc., USA

Terry C. Hazen Virtual Institute for Microbial Stress and Survival, and
Lawrence Berkeley National Laboratory UniversityGa#lifornia, USA

Luciana Giovannetti, Department of Agrifood Production and
Environmental Sciences, University of Florence, Italy

Markus Goker, Department of Microbiology, Leibniz Institute DSMZ
German Collection of Microorganisms and Cell Culture, Geyman

Marco R. Oggioni, Department of Genetics, University of Leicester,
United Kingdom

Carlo Viti, Department of Agrifood Production and Environmental
Sciences, University of Florence, Italy

Charles E. Schwartz Greenwood Genetic Center, Greenwood, SC, USA

Joana Falcdo Salles Microbial Ecology, Centre for Ecological and
Evolutionary Studies, University of Groningen, the Netherlands

Local Organizing Committee

Enrico Tatti, National University of Ireland, Galway, Ireland

Francesca Decorosi, Department of Agrifood Production and
Environmental Science$/niversity of Florence, Italy

Marco Galardini, EMBL-EBI - European Bioinformatics Institute,
Cambridge, United Kingdom

Stefano Mocali,Agricultural Research Council (CRA), Italy

Alessio Mengonj Department of BiologyUniversity of Firenze, Italy

Alessandro Camussi, Department of Agrifood Production and
Environmental Sciences, University of Florence, Italy

Scientific Secretariat

Francesca Demrosi, Department of Agrifood Production and
Environmental Sciences, University of Florence, Italy

Giulia Spini, Department of Agfood Production and Environmental
Sciences, University of Florence, Italy

Enrico Tatti National University of Ireland, Galway, Ireland



Partners, Sponsors and Patren

- Societa Italiana di
: Microblologla Generale e
* Biotecnologie Microbiche

UNIVERSITA
DEGLI STUDI

FIRENZE



http://www.poloscitec.unifi.it/phenotype/3.htm

Programme

Thursday 10"

University of Florence, Via Gino Capponi 9 Room 8

Pre-conference workshop on analysing PMlata

9.30:12.30 Markus Goker
Lea Vaas
Maria del Carmen
Montero-Calasanz
Benjamin Hofner

Preconference workshop on analysing PM d.
with the opm package

Opening of Conference

15.00 15.45 Registration

15.4516.00 The Authorities
Carlo Viti and
Luciana Giovannetti,
University of Florence,
Italy

Opening lectures

16.0016.40 Barry B. Bochner,
Biolog Hayward, CA,
USA

16.4617.20 José L. Martinez,
Centro Nacional de
Biotecnologia Madrid,
Spain

17.2618.00 Marco Fondi,
University of Florence,
ltaly

18.0018.40 Charles E. Schwartz
Greenwood Genetic
Center, USA

Welcome to Florence University
Opening of the Third Florence Conference ol
Phenotype MicroArrays

Phenotype MicroArray technology: recent
advances using microbial and mammalian ce

Deciphering antibiotic resistance and associe
fithess costs

Phenotype Microarray and metabolic modelli

Phenotype Microarray analysis may provide
insight for potential therapeutic approaches ii
human disorders

18.4620.30 Welcome cocktall




Friday 11" - morning
University of Florence, Palazzo Marucelli, Via San Gallol0- Aula Magna

8.008.30 Registration

Section: Multi organism interactions
Chair: Renato Fani, University of Florence, Italy

Lectures

8.308.55 Joana Falcdo Salles A mechanistic view of microbiahvasions
University of
Groningen, the

Netherlands

8.559.20 Giulia Spini, Effect of the plant flavonoid luteolin oBEnsifer
University of Florence, meliloti 3001
Italy

9.209.45 Anja Rosel, Twincore, Application of the Biolog Phenotyp
Germany Microarray™ to study changes in host ct

metabolism during influenza a virus infection
9.4510.10 George C.diCenzqg Metabolic profiling provides insight into th
McMaster University, function and evolution of the multipartit

Canada bacterial genome

10.10 10.40 Coffee break and posteexhibition




Section: Interesting environmental microorganisms

Chair: José L.

10.4611.05

11.0511.30

11.3611.55

11.5512.20

12.2012.45

12.4512.55

Martinez, Centro Nacional de BiotecnologidMadrid, Spain

Lectures

Terry C. Hazen,
University of
Tennessee, USA
Stefano Mocali CRA,
Italy

Dimitris Petroutsos,
Research Institute of
Life Sciences and
Technologies, CNRS,
France

Kourosh Saleht
Ashtiani, New York
University-Abu Dhabi,
United Arab Emirates
Dayi Zhang, Lancaster
University, United
Kingdom

Ramona Marascq
King Abdullah
University of Science
and Technology,
Kingdom of Saudi
Arabia

Phenotypic and genomic heterogeneity am
Colwellia psychrerythraesstrains from distan
deepsea basins

Exploring the metabolic properties of Antarc
PseudoalteromonaBAC125 and TB41 strains ¢
different temperres through phenotyp
microarray analysis

Colorr-and metabolisadependent regulation ¢
photoprotection in green algae

An integrated workflow for genomscale
reconstruction of algal metabolic networks

uncultivabl
isolation a

Mine and cultivate the
microorganisms via magnetic
phenotype microarray

Bacterial diversity and functional services witl
the rhizosheath of a desert plant

12.55-14.45 Lunch and posteexhibition

Vi



Friday 11" - afternoon

University of Florence, Palazzo Marucelli, Via San Gallo, 10 Aula Magna

Section: Genotype/Phenotypé, metabolism and taxonomy

Chair: Terry C. Hazen, University of Tennessee, USA

Lectures

14.4515.10 Pilar Bosch Roig,
Universitat Politecnica de
Valencia

Severino Zara,University

of Sassari, Italy

15.1615.35

15.3516.00 Renato Fani University of

Florence, Italy

16.0016.25 Anna de Breij, University

Medical Center, Leiden, the

Netherlands

Phenotypic microarray for cultural heritac
innovative tools for biecleaning approach

Inhibitory effects ofL-histidine on biofilm
formation andFLO11-associated phenotype
in Saccharomyces cerevisifler yeasts
From genome to phenome and ba
understanding the high metabolic versatil
of Burkholderia cepaci@omplex

A proteomic and phenomic approach to stt
the effect of the antimicrobial peptide QR5
on Staphylococcus aureus

16.2517.10 Coffee break and posteexhibition

Section: Genotype/Phenotype 2metabolism and taxonomy

Chair: Irina Druzhinina, University of Technology, Vienna, Austria

Lectures

1710-1735 Maria C. Montero-

Calasanz,Newcastle

Application of phenotype microarrays
microbial systematics: targeting difficu

University, United Kingdom groups

1735-18.00 Jean Guard,U.S-

Bimodality of metabolic heterogeneity acrc

Department of Agricultural, serotypes oSalmonella enterica

USA

18.00-1825 Martina Cappelletti,

University of Bologna, Italy of

1825-1850 Marco R. Oggioni,
University of Leicester,

United Kingdom

Genome and phenotype microarray analy
two Rhodococcus strains  with
environmental and industrial relevance
Epigenetic control of metabolic traits
bacteria

2000 Conference Dinner

Vii




Saturday 12"

University of Florence, ViaLaura, 48 - Aula Magna

Section: Bioinformatics and modding

Chair: Maria C. Montero -Calasanz,Newcastle University, United Kingdom

8.459.10

9.109.35

9.3510.00

10.0610.25

Lectures

Benjamin Hofner,
Institut fur
Medizininformatik,
Biometrie und
Epidemiologie,
Germany

Marco Galardini,
EMBL-EB, United
Kingdom

Dov Stekel| School of

Biosciences University

of Nottingham, United
Kingdom
Markus Goker,

Leibniz-Institut DSMZ,

Germany

Application of stateof-the-art machine learning
techniques to the PM [Dm on autisspectrum
disordersboosting withfalse discovery antrol

Joint genomigohenotypic analysis of bacteri
speciesthe need for a PM data repository

HiPerFit: Software for high throughput mod
fitting, parameter estimation and model choice
Biolog Phenotype Microarrays

The minimum information on a phenoty)
microarray study (MIPS) standard

10.2510.55 Coffee break

Section: EWkaryotic cell analysis

Chair: Barry B. Bochner, Biolog Hayward, CA, USA

10.5511.20

11.2611.45

11.4512.10

12.1612.35

Lectures

Polona Zigon,
University Medical
Centre Ljubljana,
Ljubljana, Slovenia
Luigi Boccuto,
Greenwood Genetic
Center, USA

Flavia Pinzari, CRA-
RPS, Italy

Irina Druzhinina ,
University of
Technology, Vienna,
Austria

Metabolic fingerprints of human primary endothel
and fibroblast cells

Biolog phenotype metabolic microarrays: finding t
link between genotype and phenotype

Phenotype MicroArrays as a tool to study nic
overlap and cataboliersatility of saprotrophic fung
Phenotype MicroArrays for genorvdde analisys of
carbohydrate active enzymes in eight species of
mycotrophic filamentous fungulichoderma

12.35 Closing of Conference
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Non-parametric analysis of Phenotype Microarray™ fungal respiration and
growth kinetics by additive mixed modeling (GAMM)
N. Abu-Samra L. Canfora, EMalusa, F. Pinzari

Investigation of biochemical and molecular inhibitor of alcohol plant extrac
on pathogenic bacteria
A. Al-Zahrani, E. AlJudaibi, H. OmerA. Al-Judaibi

Ef f e c t-lexacblérocyblohexaneand toluene on the catabolism of tr
saprotrophic soil fungusPenicillium griseofulvum

A. Ceci L. Pierro, C. Riccardi, F. Pinzari, O. Maggi, M. Petrangeli Papini, (
Gadd, A. M. Persiani

Biosynthesis and lysineconjugation of indoleacetic acid in Pseudomona
savastanoipv. nerii induces an impaired basal metabolism and an alteratic
of its ability to cause disease.

M. Cerboneschif. Decorosi,C. BiancalaniM.V. Ortenzi S. MacconiC. Viti, L.
Giovannettj S. Tegli

ACC deaminase genes could benvolved in unusual nitrogen source
utilization in Sinorhizobium meliloti

A. Checcucci M. Bazzicalupo, A. De Carlo, G. Emiliani, G. Spini, C. Viti,
Mengoni

Plasmid profile and antibiotic susceptibility of Vibrio vulnificus isolated fron
cockles Anadara granosain Selangor Malaysia

M.M.K. Al-Dulaimi, S. Abd. Mutalib, M. Abd. Ghani, N\N. Abuel Hassan, |
Alhashmi, A.D. Alkuwari, Md. Samsul Alam

Elucidation of metabolic network of Helicobacter pyloriclinical strains in
Malaysia
W.C. Lee M.F. Loke, K.L. Goh, J. Vadivelu

Study of the microbiota of lactic acid bacteria and bifidobacteria of bovin
colostrum

A. Meucci M. Zago, M.E.Fornasari, B. Bonvini, L. Rossetti, G. Cabassi
Giraffa, D. Carminati

Application of phenotypic microarrays to characterize the multiantibiotic
resistance bacteria isolated from onsite wastewater treatment technologies
G. Pga&G.a Jagowi e E.lborgeloh B. H&bdugoyhli Ehkd,J.

Magner

Comparative genomics analysis dDickeya solanistrains

M. Golanowska, M. GalardiniM. Potrykus N. HugouvieuxCottePattat, A
Mengoni, M. Bazzicalupo, E. Lojkowska

Microbial degradation of cyanobacteriatproduced exopolysaccharides
Microcystisbloom formations in an Israeli eutrophic lake

F. RossiF. Decorosi, GWeiss, G. Mugnai, ASimiani, C Viti, L . Giovannetti, A
Kaplan, R. De Philippis
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The Biolog Phenotype Microarray’™ elucidates metabolic differences amor
genetically conserved morphological variants oBurkholderia pseudomalle
strain MSHR5848

A. Shea R. Bernhards, D. Rozak, Chase, C. Cote, M. Wolcott, P. Worshan
Welkos

Characterization of SMc03167gene encoding for a major facilitator superfamil
efflux pump in Ensifer meliloti
G. Spini, F. DecorosiA. Checcucci, A. MengonL. Giovannettj C. Viti

Shigella species can be differentiated by their ability to use different carbc
substrates
C. TarteraM. K. Mammel, J. Gangiredla, S.A. Jackson, C.A. Elkins, A. Mukh:

Phenotypic characterization of Brettanomyces Bruxellensisstrains for the
tolerence to stresses encountered during second generation bioeth:
production

A. Van AsscheM. Codron, S. Crauwels, B. Lievens

Statistical tools for analyzing biolog phenotypic microarray data
M. Vehkalg M. Shubin, T.R. Connor, N.R. Thomsah,Corander

Community level physiological profiling of microbial population settlec
denitryfication field bioreactors.

A. ZaborowskiA. t aczek, A. Be dBoarzeekk,, J.. |
Dziadek

Does cecultivation with a pathogen change the nutriervutilization patterns of
endophytic fungi?

K. Blumenstein B.R. Albrectsen, J.A. Martin, D. Macaya Sanz, J. Witzell

The ND4BB information centre & the special case of phenotype microarray da
L.A.l. Vaas M. Kohler, T.Dorscheidt, J. Schoots, S. Manniche, K.V. Bochov
Gribbon, C. LevyPetelinkar, C. Stie Kallesge
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Logistic Information

Pleasesee page the directions to the Conference Venues.

Change In Location

For technical reasons, the Sant 6Apoll onia /
havedecided to move the conference to three historic buildings vegclaso Sant 0 Ap o |
Auditorium. We have chosethreelocations that we hope will more than make up for the
change from the Santo6Apoll onia Auditori um.

Thursday, 10" Sept.- University of Florence, Via Gino Capponi Room 8.

This building housed the laboratories of a number of famous scientists, the most famous of
these being Hugo Schiff (18849 15) . AHugo Schiff studi ed
Germany, but because oiHiberal views spent almost his entire career in Italy, where he
prepared and characterized Schiff bases (imines) and made many other chemical
investigations. His scientific career spanned more than 60 years, and he lived to see the
utilization of Schiffbases in [ 2+2] cycl oadlda dtiaomsso WAt che
Chem Int. Ed. 47: 1014.020.

Friday, 11" Sept. - University of Florence, Palazzo Maruceflenzi, Via San Gallo, 10
Aula Magna.

Palazzo MarucelFenzi was built in the 16th centuby Gherardo Silvani for the Castelli
family and was later enlarged by the Marucelli family. In 1829 it was bought by Emanuele
Fenzi to house his bank and his family. It is currently home to the Department of History,
Archaeology, Geography, Arts and Penfiance (SAGAS) of the University of Florence.

Saturday, 12" Sept.- University of Florence, Monastery of Crocetta, Via Laura; A8ila
Magna

The monastery of Crocetta was founded by the venerable Sister DomenRaraldiso in

1511. It owes its name to the little red cross that the nuns embroidered on their clothes. It was
built in 1519 and placed under the Dominican rule. The nuns received "donations" from the
“illustrious Duke Cosimo de 'Medici" from 1562. Todafter complex rebuilding, the
Monastery of Crocetta houses the Department of Education and Psychology of the University
of Florence.



Directions to Conference Venues

Conference Venues can be easily reached by ATAF buses that go to Piazza San Marco. All
the conference rooms and the Botanic Gardens are within close walking dist&neen(3

(page 3.

Information for Authors

For oral presentations we recommend speakers to check the day and slot in which their
presentation has been schedulgithough no substantial changes are expected at this stage,
speakers will be contacted by the Organizing Committee if some minor changes are
necessary.

Available time for opening lectures will be 35 minutes plus 5 minutes for audience questions,
and forthe other lectures will be 20 minutes plus 5 minutes.

For poster exhibition, presenters are reminded that posters will be exhibited on Frifay 11
September, from 9:00 AM to 5:00 PM. They can be removed at the end of the session.
Presenters are requestedstay close to their posters during the exhibitions.

Please remember that poster dimensions must be 80 cm wide and 120 cm high.

Special issue- A special issue oResearch in Microbiologwvill be publishedin 2016
Authors of all the oral and poster ggentations can submmanuscripts based on their
presentation for consideration for the special isSuémission of a paper to the special issue
implies that it representemnoriginal work not previously published and not being considered
for publicationelsewhere. Papers submitted for this special issue will undergo the normal
journal reviewing process.
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PHENOTYPE MICROARRAY TECHNOLOGY: RECENT ADVANCES USING
MICROBIAL AND MAMMALIAN CELLS

B.R. BOCHNER
CEO & CSO, Biolog, Inc., Hayward, CA

Phenotype MicroArray (PM) technology allows a biologist to testisands of phenotypes of a cell

line in a single experiment, to gain a comprehensive overview of the metabolism, physiology, and
pathway fluxes. It provides phenomic and metabolomic information that is complementary to
genomic or proteomic analysis arftem more easy to interpret and more useful. The PM technology
platform is applicable to a wide range of cells including bacterial, fungal, or animal and enables
metabolic analysis in the context of genotyghenotype studies. For example, it can be @isiefl)
analyzing cells with mutations to determine the metabolic and physiologic effects of genetic
differences, (2) studying and defining cell metabolism and metabolic regulation, (3) understanding
the interplay of environment and hormonal signals dmeefabolism and physiology, (4) optimizing

cell culture conditions in bioprocess development and optimization, and (5) looking at the effects of
drugs and other chemicals on cellular pathways. Recently applications are emerging to help analyze
microbiomesand human celinicrobial cell interactions. Specific examples and discoveries will be
presented to illustrate the many uses of this cell phenotyping technology.



DECIPHERING ANTIBIOTIC RESISTANCE AND ASSOCIA TED FITNESS COSTS

J.L. MARTINEZ
Centro Nacional de Biotecnologi@SIC,Darwin 3.28049Madrid, Spain

Resistance to antimicrobial agents, including antibiotics and biocides may produce changes on
bacterial physiology with relevance for the outcome of the infectious process. These changes are
usually considered dgness costinder the assumption that thequisition of resistance produced a
nonspecific metabolic burden. This hypothesis is based on the supposed constrains that the genetic
basis of resistance might impose to the bacterial cell. Resistance can be acquired as the consequen:
of mutations or equisition of resistance genes. For the filithess cosshould be the consequence

of a certain deadaptation of the proteins coded by the mutant alleles, that would be less proficient
than the wildtype ones. For the secotiitiness costshould be dut the use of the resources required

for the replication, transcription and translation of the novel, acquired resistance genes. Whilst these
hypothesis seem reasonable and have dstraiad to be true in occasigisother caseftness costs

are specit for the mutation involved or for the acquired gene. In these cases, the acquisition of
resistance may produce specific changes in the bacterial physiology, including those wiigtaling
basic metabolic process@%$e use of BIOLOG technology allows aqee analysis of some of these
changes and serve to predict the behaviour of the resistant microorganisms in different ecosystems
presenting differential nutrient resources. Along the presentation, some examples of this type of
integrative analysis will beresented with a particular focus on the integration of resistance in
bacterial metabolic networks.

In addition to this effect on bacterial metabolism, acquisition of resistance might alter (increase or
decrease) the susceptibility to other antimicrobidsides the ones forhich mutants have been
selected In these circumstances, the use of the BIOLOG technology allows a precise and wide
analysis of the changes in the susceptibility to the most common antimicrobials that bacterial
populations can face natural ecosystems and in clinical settings. During the presentation, examples
will be discussed on the effect that acquisition of resistance to commonly used biocides may have for
the development of antibiotic resistance by human bacterial pathogens.

Curiao, T., Marchi, E., Viti, C., Oggioni, M.R., Baquero, F., Martinez, J.L., and Coque, T.M. (2015)
Polymorphic variation in susceptibility and metabolism of triclessgistant mutantsf Escherichia coli
andKlebsiella pneumoniaelinical strains obtaied after exposure to biocides and antibiotiagtimicrob
Agents Chemothé&9: 34133423.

Olivares, J., AlvareDrtega, C., and Martinez, J.L. (2014) Metabolic compensation of fithess costs associated
with overexpression of the multidrug efflux pump MexBBrN in Pseudomonas aeruginasantimicrob
Agents Chemothé&8: 39043913.

Olivares, J., AlvareDrtega, C., Linares, J.F., Rojo, F., Kohler, T., and Martinez, J.L. (2012) Overproduction
of the multidrug efflux pump MexEBprN does not impaifPseudomonas equginosa fithess in
competition tests, but produces specific changes in bacterial regulatory netaroriken Microbiol 14:
19681981.

Sanchez, M.B., and Martinez, J.L. (2012) Differenéiplgenetic compatibility ofnr antibiotic resistance
determinarg with the chromosomaf Escherichia coliPLoS ONE/: e35149.

Shcherbakov, D., Akbergenov, R., Matt, T., Sander, P., Andersson, D.l., and Bottger, E.C. (2010) Directed
mutagenesis ofMycobacterium smegmatid6S rRNA to reconstruct the -wivo evolution of
aminoglycoside resistance ycobacterium tuberculosiMol Microbiol 77: 833840.



PHENOTYPE MICROARRAY AND METABOLIC MODELING

M. FONDI, E. BOSI, L. PRESTA, R. FANI
ComBo, (Florence ComputationBiology Group), Dep. of Biology, University of Florence, Via
Madonna del Piano 6, 50019, Sesto F.no, Florence

Living organisms continuously need to adapt to fluctuating levels of nutrients, exogenous toxic
compounds and environmental stresses (e.g. teyper pH etc.). In most cases, this adaptation
process involves systemic changes at different cellular levels, including gene expression, protein
synthesis regulation and metabolic reactions. Understanding the mechanisms underlying such
phenotypic switch&is one of the most intriguing and challenging topics in modern day biology and
one of the key aims of systems biology.

The ease at which genomes are currently sequenced has assigned to genomics one of the first ster
in microbial systems biology. On tle¢her hand, genome sequence only represents a snapshot of the
real phenotypic capabilities of an organism, providing very few indications on other crucial aspects
of the underlying life cycle such as response to environmental and genetic perturbatratjdhus

in time, gene essentiality and so on. To gain a systemic and exhaustive description of living entities,
static information deriving from genome sequence is not enough and other levels of knowledge
together with adequate modeling frameworks shoeléxploited.

Metabolic modeling, in particular, refers to a large plethoranddilico approaches that can be
adopted to quantitatively simulate chemical reactions fluxes within the cell. In recent years the
application of such computational techniques to in depth investigate microbial metabolism has
spread tremendously in microbiologicasearch; genome scale models have revealed powerful tools

to study a vast array of biological systems and applications in industrial and medical biotechnology,
including biofuel generation, food production, and drug development.-dgsigned metabolic
mocels can help predict the systemde effect of genetic and environmental perturbations on an
organism, and hence drive metabolic engineering experiments. An even more realistic picture of the
metabolic traits of a given organism can be obtained by exmohighthroughput data from
innovative technologies such as transcriptomics, fluxomics, proteomics. Such diverse data types can
also be mapped over metabolic models and, in this way, specific functional states derived. By
exploiting phenotype microarrayath, for example, genome scale metabolic networks can be refined
and eventually debugged to provide a more detailed picture of the actual metabolic state of a given
cell.

Here, we have used constrab@sed metabolic modeling and mudtnics integrationdr gaining a
systemlevel understanding of the metabolic landscape of the Antarctic bacteseudoaltermonas
haloplanktisTAC125 (PhTAC125), following two main external perturbations (i.e. temperature
shock and nutrients switching in a complex mediurh)IAC125 has been isolated from seawater
sampled along the Antarctic ishell, a permanently cold environment; it is capable of growing in

a wide temperature range (4 to 25 CU) thus r
possible celldr levels. Furthermore, PhTAC125 has recently attracted the interest of
biotechnologists, as it has been suggested as an alternative host for the soluble overproduction of
heterologous proteins. Nevertheless the volumetric product yields are still potw thve cell
densities and the establishment of ali@ttch culture system relying on complex media has revealed
the presence of several metabolic switches during which PhTAC125 selectively uses one (or few)
carbon source(s) to sustain growth. The undedstg of the actual reprogramming of the whole
metabolic network in these two conditions is currently poor, despite it may have important
biological/biotechnological drawbacks.



PHENOTYPE MICROARRAY ANALYSIS MAY PROVIDE INSIGHT FOR POTENTIAL
THERAPEUTIC APPROACHES IN HUMAN DISORDERS

C.E. SCHWARTZ
Greenwood Genetic Center, Greenwood, SC

My group has been utilizing the Biolog Phenotype MicroArray for the past half decade to explore its
usefulness in distinguishirgiman disorders based on their metabolic profile. In this regard, we have
been relatively successful and some of our findings are presented elsewhere at this meeting (Boccutc
et al.)

Just as important, our Biolog analyses have allowed us to gain vainalght into potential
therapeutic approaches for some human disorders. We have successfully applied the Phenotype
MicroArray platform, plates PM MM8, to establish: 1) Both fibroblasts and lymphoblasts from
patients with the MECP2 dup syndrome exhibi@imal utilization of critical cytokines mediating

the immune response. This had led us to propose a treatment involving a combined treatment of
anakinra and subcutaneous administration of IgG to lessen the number of respiratory infections which
are quitedeadly in these young males; 2) The abnormal response to growth factors by fibroblasts
from patients with segmental overgrowth syndromes was decreased when treated with Rapamycin.
We are exploring the potential of treating the overgrowth lesion by loadftyinistering the drug;

3) Patients with SnyddRobinson syndrome, a defect in spermine synthase, actually exhibit a
metabolic profile indicating a problem in the citrate cycle, which may reflect a mitochondrial
dysfunction. This dysfunction could ariserin oxidative stress or an impact on the electron transport
system. This has led us to consider treating the affected males, who exhibit seizures, with drugs that
function by attacking the electron transport system in cells or act as antioxidants.

Taken t@ether, these three examples demonstrate the value of the PM methodology in providing
insight, sometimes not clearly evident from the phenotype, for potential therapy of human disorders.
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A MECHANISTIC VIEW OF MICROBIAL INVASIONS

J.F. SALLES, J.D. VANELSAS!, F. POLY?, X. LE ROUX?, C.A. MALLON?

1Groningen Institute for Evolutionary Life Sciences, University of Groningen, the Netherlands
2Université de Lyon, INRA, CNRS, Laboratory of Microbial Ecology (UMR 5557 CNRS, USC 1364
INRA), Villeurbanne, Frang j.falcao.salles@rug.nl

Biological invasions were until recently synonymous only with macroorganisms due to the long held
belief that anything smaller than one millimeter was homogenously distributed on Earth and lacked
an indigenous territory. Howevdahe advent of highthroughput DNA sequencing technology and
subsequent detailed characterization of microbes from environmental samples revealed that
microorganisms could indeed exhibit biogeographical patterns, opening the door to a new perspective
of life at the smalkcale: microbial invasions. Here we make use of an invasion framework to
postulate that microbial invasions are a process of (i) introduction, (ii) establishment, (iii) spread, and
(iv) impact. Using a model system where we simulate thasion of a nofpathogenic derivative of

the bacteriumEscherichia coliO157:H7 into soil communities of different diversity levels, we
provide a detailed examination of the patterns and mechanisms of a microbial invasion.

Firstly, microbiostasis, used tesktribe the inherent invasion resistance of microbial communities,

is found to act as a barrier between the establishment and spread phases. By using next generatio
sequencing as well as BIOLOG plates, we revealed that the strength of this the bistancesi
mechanism is dependent upon the diversity of the microbial community and amount of available
resources. Across both of these gradielats;oli survival is indicative of theoit i t ed Adi ve
invasion effect, 0 wh e rreldverdiverse @mreunities and wce versd. |
Furthermore, the observed patterns are well |
Aremaining niche available to the invader. o
resource use based the competitive abilities of all individuals in the community (in the case of
community niche) and the level of competition between the invader and residents (in the case of the
remaining niche available to the invader). As community niche increasasianwecreases. At the

same time, the remaining niche available to the invader will also decrease, indicating that competition
for resources is a major mechanism promoting invasion resistance.

Secondly, we examined whetkand, if so, howan invasion impcts the resident microbial
community. Using similar approaches, these questions are answered by measuring

four bacterial community associated parameters before and after invasion: (i) diversity, (ii)
taxonomic structure, (iii) niche breadth, and (iv) micktructure. Despite the fact that colid s
invasion is never successful, we observed that impacts still occur. Invasion slightly increases
diversity and significantly shifts taxonomic structure. In a similar fashion, the niche breadth and niche
structurewithin communities also shift. Interestingly, these alterations of taxonomic and niche
structure are linked, and the emergence of previously rare or subordinate

taxa that appear upon invasion account for the emergence of newly utilized niches. Thigrbehavi
underscores the dynamic and unique nature of microbial invasions, which future experiments may
also show modifies the invasion resistance mechanism and community functioning.

Overall, besides helping to revelé patterns, mechanisms, and general principles of a phenomenon
that has long existed but only recently discovered, these discoveries have the potential to aid many
practical applications where the manipulations of microbial invasions are key. Sucloscechrde

the treatment of human pathogens, the effectiveness of probiotics, and the survival of biocontrol and
biofertilizing agents.
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EFFECT OF THE PLANT FLAVONOID LUTEOLIN  ON ENSIFER MELILOTI 3001

G. SPINt, F. DECOROS}, M. CERBONESCHYP, S. TEGLI 2, A. MENGONI 3, C. VITIY, L.
GIOVANNETTI?

Department of Agrifood Production and Environmental Scignaes Genexpreskaboratory,
University of Florence, Florence, Italy

’Department of Agrifood Prodtion and Environmental SciencéPlant Pathology Sectip
University of Florence, Florence, Italy

3Department of Biology, University of Florence, Florence, Italy

Ensifer meliloti (formerly Sinorhizobium melilofj a Gramnegative nitrogetfixing
proteobacterium is considered a model bacterium for legurnzobium symbiosis.The
establishment of a successful symbiosis betweesifer melilotiand compatible host legumes
(Medicagospp.) depends on a complex molecular signal exchange. The early stage of theamolecul
dialogue involves the release from plant roots of the flavonoid luteolin, which in turn induces the
expression of rhizobial nodulationdd) genes required for root infection and nodule development.

To date, several studies have contributed to charaeia detail the bacterial response to the luteolin
perception as far as gene expression is concerned. Nevertheless, despite this molecular information
a global view ore. melilotiphenotypes affected by the plant signal luteolin is still lacking. Towere

an extensive phenotypic investigation of luteolin effect on the nitrogen fixingeliloti3001 has

been performed.

Results revealed that the plant signal luteolin affects a wide spectieinmediloti3001 phenotypes.
Phenotype MicroArray (PM) ggtication pointed out an enhanced resistance phenotypenaéliloti

3001 in the presence of luteolin toward a broad set of chemicals including several antibiotics, toxic
ions, respiration inhibitors, membrane damagers, DNA intercalants and other patgitiarobial

agents. Moreover, the presence of luteolin significantly reduced ovefatlNhomoserine lactones
production, as well as the lag phase in relation to the inoculum cellular density, the motility and
biofilm formation under nutriedimited growth conditions.The indole3-acetic acid (IAA)
production waslso found to be affecteid vitro as response to luteolin.

Overall, our findings suggest that the plant signal luteolin triggers a pleiotropic resp&nsesiiloti

3001 related to the nutritional conditions, that is possibly unlinked to the nodulation factor
biosynthesis and controls several aspects of bacterial physiology unexplored with molecular analysis
conducted so far.
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APPLICATION OF THE BIOLOG PHENOTYPE MICRO ARRAY™ TO STUDY
CHANGES IN HOST CELL METABOLISM DURING INFLUENZA A VIRUS INFECTION

A. ROSEL, L.A.l. VAAS? N. BURGDORE, A. MOSTAFA?, S. PLESCHKA, F. PESSLER*
TWINCORE Centre for Clinical and Experimental Infection Research, Group Biomarkénféatious
Diseases, Hannover

2Fraunhofer IMESP, Hamburg

®Institute for Medical Virology, GieRen

“Helmholtz Centre for Infection Research, Braunschweig

Background.Every year, influenza viruses infect up to 20% of the German general population.
Mortality and morbidity are highest among infants and elderly individuals [1]. Data from mouse
models of influenza A virus (IAV) infection suggest that infection with more virulent strains can
result in a massive metabolic disorder in infected tissues in the tontex f a fNcytoki
Especially changes in mitochondrial ATBnd Q-/ROSproduction via pyruvate dehydrogenase
(PDH) seem to play an important role [2]. However, a global functional analysis of metabolic changes
in infected human host cells has notbgerformed, and it is not known which other pathways may
be affected.

Aims.We therefore aimed to adapt the Phenotype MicroAMdgr mammalian cells (PMM) to
investigate global changes in substrate utilization and energy metabolism in human cell lines infected
with [AV.

Methods and Resultg/e established a protocol for IAV infection of the human lung epithelial cell
line A549 anl the macrophage cell line THPin Biolog PMM plates. We compared a witgipe

IAV isolate (A/Giessen/6/09, H1N1) from the 2009 pandemic {MV) [3] with a reassortant,

which is identical except that it contains the NS segment from the more virulentAFRE&rto
Rico/8/34, H1IN1) strain (RAAV) and has proved to be more virulent in mice and cell lines (A.M.
and S.P., unpublished results). Infections were initially established on TOX1 plates using different
multiplicities of infection (MOIs). Host cell spiration was analyzed with thegackageopm([4] at

4, 8, 12 and 24 h post infection.

Both viral strains led to changes in respiration in the A549 and Tldé&ls, albeit with different
kinetics. Furthermore, a clear dose response was observed iromfeih either strain.
Conclusions.These initial results demonstrate a change in the metabolic phenotype of host cells
during 1AV infection and suggest that the Biolog Pltechnique may be a useful tool for global
profiling of host cell energy metabolisduring infection with IAV and, likely, other viruses.
Outlook. We are now starting a detailed investigation employingNW®Mlates 14 for screening
metabolic activity of the infected cells on 367 different energy substrates. These experiments are
geared to search for distinct pathways and metabolic hubs which fremtiflly changed upon
infection with 1AV with different virulence.

[ 1] Robert Koch Institut Alnfektionsepidemiol
[2] K. Yamane et. al (2014), PLoS ONE%): €98032

[3] A. Mostafa et al (2013), Jourhaf Virological Methods 193: 66810

[4] L.A.l. Vaas et a(2013), Bioinformatics 29 (14): 1828324
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METABOLIC PROFILING PROVIDES INSIGHT INTO THE FUNCTION AND
EVOLUTION OF THE MULTIPARTITE BACTERIAL GENOME

G.C. DICENZG? B. MILUNOVIC!, F. FAN?, M. FONDF, A.M. MACLEAN?, B.E. MCCARRY,
G.B.GOLDING!, A. MENGONP, T.M. FINAN?

!Department of Biology, McMaster University, 1280 Main St. W., Hamilton, Ontario, Canada, L8S
4K1

2Department of Biology, Universityf Florence, Via Madonna del Piano 0019, Sesto Fiorentino
(Florence), Italy

3Department of Chemistry and Chemical Biology, McMaster University, 1280 Main St. W.,
Hamilton, Ontario, Canada, L8S 4M1

Historically, the bacterial genome was viewed as consisting of a single large chromosome. However,
it has become evident in recent years that many species do not conform to this simplistic view and
indeed have a multipartite genome, which consists ofipheiliarge DNA fragments, or replicons.

This genome architecture is particularly prevalent among plant symbiontSigeghizobiumand
Rhizobiun), as well as plant and animal pathogens @&grobacterium Brucella Vibrio, and
Burkholderig. Yet despite a number of societally relevant organisms containing a multipartite
genome, the functional significance and the evolutionary driving forces of this genome architecture
are not fully elucidated. The genomeSihorhizobium melilotia soitdwel i npotetbacterium

that enters into Nfixing symbiosis with legumes, consists of three replicons: a 3.65 Mb
chromosome, a 1.68 Mb chromid (pSymB), and.35 Mb megaplasmid (pSymAljo tackle the
guestions surrounding multipartite genome evolutionfandtion, we constructel. melilotistrains

in which pSymA (epSymA), pSymB (e&epSymB), or |
from the cell, representing a genome reduction of 20%, 25%, and 45%, respectively. We have
characterized the consequencéthes synthetic genome reduction through a variety of techniques,
including metabolic profiling using both phenotype microarray (Biolog) technologies and HILIC
TOFMS metabolite analyses. These two complementary approaches clearly indicated that the
metalmlism and metabolic capacity 8f melilotiis significantly disrupted following the removal of

the evolutionarily older pSymB replicon, while the loss of the younger and more variable pSymA
replicon had little impact. Carbon metabolism was the most dgverpacted, with a nearly 70%
reduction in utilizable carbon sources following the removal of pSymA and pSymB; yet, only a few
of these metabolic traits appeared relevant in a sterile, bulk soil environment. Previously, we reported
the construction of &. melilotideletion mutant library collection, in which each strain carries a large

(~ 507 350 kilobase), defined deletion of either pSymA or pSymB. In ongoing work, we are
screening the pSymB deletion mutants for carbon metabolic defects using the@syatem, with

the intent of |l ocalizing the genetic basis f
results are to be integrated with a comprehenisivalico metabolic model that we are currently
developing. This model will be used toaexine the differential contribution of each replicon to the
core and accessory metabolic pathwayS.ahelilotj and to explore the extent to which the genetic
determinants of individual metabolic pathways are spread across more than one replicon. Overall
the characterizations described here provide evidence that secondary replicons are primarily niche
specialized entities, and that-ewolution with the existing genome results in a gradual metabolic
integration. This niche specialization implies that #exondary replicons of symbionts and
pathogens are enriched in genes involved in host interaction, providing a target for genetic analysis
of these processes.

14



PHENOTYPIC AND GENOM IC HETEROGENEITY AMO NG COLWELLIA
PSYCHRERYTHRAEASTRAINS FROM DISTANT DEEP-SEA BASINS

T.C. HAZEN?345 S M. TECHTMANNZ, S.C. STELLING? D.C. JOYNER? S.M.
UTTUKAR*® A.P. HARRIS? N.K. ALSHIBLI'? S.D. BROWN®

Department of Civil and Environmental Engineering, University of Tennessee, Knoxville, TN USA
2Center forEnvironmental Biotechnology, University of Tennessee, Knoxville, TN

3Department of Microbiology, University of Tennessee, Knoxyills

“Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, TN

SGraduate School of Genome Science and Technoldmjyersity of Tennessee, Knoxville, TN

16S rRNA gene sequencing is routinely used to identify the taxonomy of prokaryotes. Recent
evidence suggests that microbes with nearly identical 16S rRNA genes can have substantial
genotypic heterogeneity. To betterderstand the diversity within a single microbial species, we set
out to characterize the phenotypic and genomic diversity of three strains that would be classified as
Colwelliapsychrerythraedased on 16S rRNA taxonom@olwelliaare psychrophilic heterotrophic
marine bacteria found in many cold ecosystems. Addition@uvellia species have been shown

to respond to marine oil spills and were important members of the microbial community in the Gulf
of Mexico during the DeepwatdHorizon oil spill. In this study we compare the carbon source
utilization profiles and genomic diversity for thr€elwellia psychrerythraeatrains isolated from
geographically distant deegga basins.

We have recently isolated two strains ©f psychrerythraeastrain ND2E from the Eastern
Mediterranean and strain, GAB14E from the Great Australian Bight. These two recently isolated
strains were compared with the type sti@irmpsychrerythrae&4H, which was isolated from arctic
sediments. To understand the phenotypic diversity of these strains, we employed Biolog phenotype
microarrays to test the carbon source utilization profiles of these isolates. To investigate the genomic
heterogeneity of thesertfe strains we sequenced the genomes of the two recently isolated strains
and compared them with the genome of the type strain. These three isolates share greater than 98.2¢
16S rRNA identity. However, the carbon source utilization profiles were distinadch of the

strains with less than half of the carbon sources being shared between all three strains. There were
also dramatic differences in the genetic makeup of these three strains. The two most closely related
strains, 34H and GAB14 (99.3% 16S rRikentity), are very divergent on the genomic level (79.8%
average nucleotide identitylhese differences in genomic content are in part due to large insertions
and deletions, which, in some cases, correspond to predicted genomic islands. These findings
combine to suggest that there can be substantial phenotypic and genomic heterogeneity among &
single microbial species in different geographical locations
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EXPLORING THE METABOLIC PROPERTIES OF THE ANTARCTIC BACTERIUM
PSEUDOALTEROMONAS HALOPLANCTIS TAC125 AT DIFFERENT TEMPERATURES
THROUGH GENOMIC AND PHENOMIC ANALYSES

S. MOCALLF, C. CHIELLINIY, A. FABIANIY, S. DECUZZH# D. DE PASCALE, E. PARRILLPF,
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Messina, Italy

About 90% of the oceands volume is colder tha
to cold environments (psychrophiles).Their ability to proliferate in the cold requires a vast array of
genetic and metabolic adaptations to maintain the metatatés and sustained growth compatible

with life in such severe environmental conditions. However, the underlying molecular mechanisms
and the metabolic pathways involved in the cold adaptation mechanisms are not fully understood.
Thus, here we assessbéd metabolic features of the marine phychrophilic stPaeudoalteromonas
haloplanktisTAC125, a model organisms for ceddlaptation, at 4°C and 15°C by means of a
phenomic approach. Furthermore, the genomic and phenomic features of TAC125 were also
compaed to the contrasting coladapted®seudoalteromonas atlantidaB41,

Although the genome size of TB41 is considerably larger than TAC125 (about 800.00bp), the higher
number of genes in most of COG categories of TB41 did not reflect any higher metabsditdl ity

at 4°C as compared to TAC125 which, in contrast, showed a remarkable high adaptation to cold
conditions. In fact, the metabolic downshift occurred between 15°C and 4°C was 8,7% and 56,1%
for TAC125 and TB41, respectively. Most of the compounatalmlized exclusively at 4°C by
TAC125 were biocidal or antimicrobials, other than some cold adapted molecules such as plumbagin
and folate antagonist compounds. Linking genome and phenome features of the two strains through
the Ductape tool highlightedh¢ role of several substrates which are better catabolized by TAC125
and are related to several c@daptation mechanisms, such as glutathione metabolism andn&rgini

and Proline metabolism (i.&permine) or vitamine B6 metabolism (i.e. Pyridoxine). lkenmore

the ability of TAC125 to grow on Caprylic Acid (related to fatty acid biosynthesis) supports the link
between fatty acid metabolism and adaptation to cold temperature in bacteria.
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COLOR- AND METABOLISM -DEPENDENT REGULATION OF PHOTOPROTECTION
IN GREEN ALGAE
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Light carries fundamental information for living organisms perceived by photoreceptor proteins,
which convert it to biological signals. In plegtynthetic organisms light is also the energy source to
convert CQ into organic metabolites. When the absorbed light exceeds the photosynthetic capacity
of the cells, a photprotective mechanism, called N&hotochemical Quenching (NPQ), is
activated, that dissipates excess energy as heat. In green algae NPQ reghigidigit inducible

protein LHCSR3, a nucleancoded chloroplast localized protein LHCSR3.

The signal transduction process that controls the expression of LHCSR3 involves -sidpiatimg

events and requires an active photosynthetic electron flothéwxact mechanisms and molecular
actors are largely unknown.

Here we will present evidence that LHCSR3hlamydomonaseinhardtii is under control of the

blue light photoreceptor PHOTOTROPIN (PHOT) and that the Pid&3endent LHCSRS3
regulation is trasduced via the kinase domain of PHOT. Besides the-deljpendent regulation of
LHCSR3 via PHOT, a metabolisodependent regulation also exists, evidenced by the fact that
acetate transcriptionally inhibits LHCSR3. Using a mutant strain that expressepanier gene
luciferase under control of the promoter of LHCSR3 we applied the Bidtbgnotype Microarray
technology and found that besides acetate other central carbon metabolites transcriptionally inhibit
LHCSRS.

Overall our data suggest the existence of a tightly regulated interconnection between photo
perception (through the blue light photoreceptor PHOT), phbliaation (metabolism) and photo
protection (LHCSR3 and NPQ) in the green alGalamydomonageinhardtii.
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AN INTEGRATED WORKFLOW FOR GENOME -SCALE RECONSTRUCTION OF
ALGAL METABOLIC NETWORKS

D.R. NELSON, A. JAISWAL?, A. CHAIBOONCHOER, B. DOHAP, W. FI#, M. ARNOUX?, K.
JIJAKLI?, K. SALEHI-ASHTIANI*2
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Barriers to genotypphenotype characterization are often encountered when newly isolated algal
species are studied. Importantly, the challenge of obtaining a comprehensive metabolic description
significantly impedes reconstruction of the species metabwdiovork. Here, we describe an
integrated analysis pipeline for metabolic characterization of new algal isolates. The workflow
involvesde novaassembly and annotation of the genome, comprehensive phenotyping of metabolism
through the use d?henotypeéMicroArray (PM) technology, and reconciliation of genomic evidence
with metabolic data for reconstruction of the network. We present validation of our pipeline through
studies carried out on the model algalamydomonas reinhardtithen use a new specie$
Chloroidium that we isolated from the UABerein referred to a€hloroidium sp. DN1as an
example of the breadth of information that can be obtained with our approach. Our assembly of
Chloroidium sp. DNYielded a genome of 52.5 Mb and 10,605 predi@&Fs. Analysis of the draft
genome and ORFeome revealed potential metabolic strategies to explain its adaptation to the deser
climate. The isolate€hloroidiumspecies was found to have a rapid growth rate with a broad salt
tolerance, and to accumuldipid bodies in undisturbed cultures. Our PM analyses indicated that
Chloroidium sp. DN1s able to grow heterotrophically on 10 different carbon compounds including
2,3-Butanedione, Dihydroxycetone, DArabitol, D-Mannitol, D-Sorbitol, DMannose, Bgluccse,

T r e h a Kets-Rutyric &cid, DHalose, and BGalactose. Additionally, 38 peptides/dipeptides
were found to serve as nitrogen sources promoting heterotrophic growth. We created a draft genome
scale metabolic network faZhloroidium sp. DN1that compises 1,445 genes in 194 pathways.
Several genes were predicted in genomic analyses that are likely to play rGlesroidium sp.

D N 1 bread carbon substrate uptake capabilities and adaptation to variable salt condons.
results validated our wkflow for comprehensive characterization of new algal isolates, in turn
enabling rapid identification of algae that may possess metabolic properties suitable for commercial
applications.
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MINE AND CULTIVATE T HE UNCULTIVABLE MICR OORGANISMS VIA MAGNE TIC
ISOLATION AND PHENOTYPE MICROA RRAY

D. ZHANG
Lancaster Environment Centre, Lancaster University, Lancaster, LA1 2AW, UK

Phenotype microarray has been widely applied for the physiological and ecological functions of pure
cultivated bacteria or microbial community. Given the fact that over 99% of indigenous bacteria in
natural environment are still uncultivable, they havedrtgnt roles in ecological system but their
phenotypes hide within the complex microbial community. For the first time, we developed a
magnetic isolation system to separate the living and functional microorganisms from microbiota and
achieve their cultivadn by phenotype microarray. This magnetenoparticle mediated isolation is

a cuttingedge technique by labelling all the living bacteria in the microbial community via magnetic
nanoparticles. The magnetic microbiota is cultivated in original environarahtthe functional
bacteria lose their magnetism through division, consequently isolated from the other inert bacteria by
magnetic manipulation. The isolated bacteria are still alive with their unique ecological functions and
the phenotype microarray iBen applied to evaluate their carbon/nitrogen utilization and growth
dynamics. From the case study in a coke plant wastewater treatment in the UK, we have successfully
isolated then situ functional phenol degradeBurkholderiales instead of cultivabl®seudomonas
consistent with the results of stable isotope probing (SIP). Four carbafaiiide, eD-glucose,
tyramine and kglutamine) and five nitrogen ¢arginine, L-histidine, L-citrulline, L-pyroglutamic

aci d -AmmaN-valeric acid) sources carrgmote Burkholderialesgrowth and enhance the
phenol degradation capacity. With the modified cultivation medium, we achieved the cultivation of
the previously uncultivablBurkholderialesand identified their inhibition by hydroxylamine during
wastewater reatment process. Without substrate labelling and complex operation, this novel
technique combines magnetianoparticle mediated isolation and phenotype microarray, opening a
door as a costffective tool to reveal thia situ physiological behaviour aretological functions of
uncultivable bacteria in complex microbial community.
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BACTERIAL DIVERSITY AND FUNCTIONAL SERVICES WITHIN THE
RHIZOSHEATH OF A DESERT PLANT
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Desert plantdevelop specific pysiological and morphological adaptations to cope with water
limitation. The xeric plants of the gentanicum growing in the sand dunes of the Grand Erg
Oriental of the Tunisian Sahara,ds ideal example for effective adaptations to arid conditions. It
has a uniqueoot morphology where the central root is surrounded by a cylindrical protective sand
grain rhizosheath. This structure is contrib
hairs and tissues and the associated microorganissisgdtetions, and sand particles. All these
components are presumably involved in increasing moisture and limiting desiccation, protecting the
root central coreTo evaluate the microbiome contribution to such a root development, we analysed
the bacteriatliversity associated with the root system compartments together with the metabolisms
and physiological profiles of these communities. Microscopy analysis of the rhizosheath revealed a
complex matrix of root hairs, sand grains and bacteria. Ctilidepenént analysis and bacteria
isolation showed a different spatial distribution of bacteria according to the specific root system
compartments, indicating that different selective pressures shape the root bacterial communities in a
spatial range of a few mitheters. Gammapoteobacteriadominated the internal root tissyes
converselyActinobacteriaof the Micrococcaceaand Streptomycetacedamilies were enriched in

the rhizosheath. In addition, the bacterial functionality of both root system fraction aeddbact
strains was estimated wusing carbon and nitr
Microarray). The collected data indicate that Banicumrhizosheath selectsumique and specific
bacterialcommunity adapted to drought conditions and prewd excellent example to study water
stress resistance in the harsh conditions of the Sahara sands
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PHENOTYPIC MICROARRAY FOR CULTURAL HERITAGE: INNOVATIVE TOOLS
FOR BIO-CLEANING APPROACH
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Research on biotechnology application to the field of Cultural Heritage (CH) restoration have shown
how the selected microorganisms are efficient to clean particularly complex and embedded
substances, process called:-bieaning. Bacteriara able to synthesize a group of specific enzymes

for the degradation of complex materials deposited on frescos, sculptures and monuments. Severa
studies have used sulfateducing bacteria and nitrateducing bacteria to remove undesirable
complex compaonds. The biecleaning processes have shown to be respectful to the artwork,
environmental friendly and safe for restorers because not toxic or pollutant substances are used. This
technique have prove to be effective removing black crusts, salt efflocesamd animal glue
residues, in a less invasive and more specific way than the traditional cleaning techniques. However,
in order to increase the diffusion of these biological techniques using living organisms for CH
restoration, the use of products romic, efficient and respectful with the artwork, more attention
must be paid on the bacterial metabolic mechanisms occurring durirgjebiing processes.
Consequently, it is useful and important to apply to therésboration field the phenotypic
techngues available for a fast and profound study of the bacteria applied fdebiting strategies.

We have used, for the first time, the Phenotypic Microarray (PM) technique for characterizing the
bacteria utilized for bieleaning of CHs, in order to idefyt the benefits and drawbacks of these
biorestoration treatments.

In our experimental conditions, the potential use of Phenotypic Microarray for screening and
characterization dPseudomonas stutzea bacterium adopted for badeaning, was tested.

Several cultural conditions and parameters on PM tests were recorded including: i) best contact time
between artworks and cell suspension; ii) list ofdesirable substances that are able to eliminate;

iii) reduction of eventual inhibitors and interferesauring bacterial activities. In particular the PM
assays have demonstrated thastutzerb190 is able to utilize th#l.5% of the studied Gcompounds
(including amino acids; carboxylic acids, fatty acids, carbohydrate, esters, polymers and alcohalsjl

the 54.7% of nitrogen sources tested (including organic and inorganic N sources). Other PM assays have
shown that these bacteria are osmotolerant until 6.0% NaCl gradient and able to grow from pH 5 to pH

10. Chemical sensibility assays show that the bterium is able to resist medium- high dose of the

majority of the tested chemical components (including a variety of inhibitors, toxic agents and
antibiotics).

All these data acquired will therefore allow increasing the optimization in bioremova¢eéfycand
reducing artwork risks during bideaning strategies.
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INHIBITORY EFFECTS OF L -HISTIDINE ON BIOFILM FORMATION AND FLO11-
ASSOCIATED PHENOTYPES IN SACCHAROMYCES CEREVI$AE FLOR YEASTS
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Flor yeasts oSaccharomyces cerevisiaee wine yeasts characterized by a distinctive biodiversity
due toFLO11 gene that codes for a hydrophobic ¢edlll mannoprotein with a role in biofilm
formation. Here, by Phenotype Microart¥yanalysis 380 nitrogen compounds were administered
to threeS. cerevisiadlor strains handlingrLO11alleles characterized by diffamt expressions. Flor
yeasts were able to metabolized amino acids and dipeptides as the sole nitrogen source, with the
exception of Ehistidine. L-histidine totally inhibited growth and its effect on cell viability was
inversely related t&-LO11 expressionHence, Lhistidine did not affect the viability of thggf | o 1 1
and S288c strains. Moreovershistidine considerably decreased-lequid biofilm formation and
adhesion to polystyrene of the flor yeasts, and, interestingly, no effect on the expresdiaf lev
FLO11lgenewas observedrinally, L-histidine changed the chitin and glycan content on flor yeasts
cell wall.
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METABOLIC VERSATILITY OF BURKHOLDERIA CEPACIA COMPLEX

E. PERRIN, M. FONDF, I. MAIDA.%, V. ORLANDINI, E. BOSt, A. MENGONF, M.
GALARDINI?, P.VANDAMME?, F. DECOROS] C. VITE, L. GIOVANNETTI 3, S. BURONY,

G. RICCARDF, R. ALDUINA®, G. GALLO?, A.M. PUGLIA®, A. FIORPE, G. GIULIANC®, R.

FANI?

!Department of Biology, University of Florendealy

’Laboratory of Microbiology, Dept. Biochemistry and Microbiology, Ghent University, K. L.
Ledeganckstraat 35,-8000 Ghent, Belgium

3Department of Agrifood Production and Environmental Scignaes Genexpreskaboratory,
University of Florence, Flence, Italy

“‘Depart ment of Biology and Biotechnology fLaz
*Department of Biological, Chemical and Pharmaceutical Sciences and Technologies, University of
Palermo, Italy

®ENEA, Casaccia Res. Ctr., Via Anijarese 301, 00123 Roma, Italy

Strains of thé8urkholderia cepaci@omplex (Bcc) are able to colonize many different environments;
they can have a frdeving lifestyle, but they may also colonize multicellular eukaryotes
intracellularly and, althougthey are considered highly beneficial in the environment, they can also
cause lifethreatening infections in immurmmpromised and Cystic Fibrosis (CF) patients. This
heterogeneous lifestyle and the consequent high metabolic versatility is accompamnessinlly

large genomes, suggesting that particular genome structures and genetic content may support an
explain in evolutionary terms such high metabolic diversity.

Then, the purpose of this work was to provide a model of the relationships between ggandme
phenotypic diversity in the 18 Bcc type strains, through a #evél, systems biology approach.

The genome sequences of these 18 strains were obtained and their assembly revealed that sizes va
between 6,23 and 9,72 Mb. A Pulse Field Gel El@ttovesis analysis confirmed the presence of
multiple replicons in each strain. Further analysis on the sequences obtained allowed the
identification of peculiar patterns as concerning, on one hand, genes involved in pathogenesis,
virulence and antibiotia®sistance and on the other hand genes involved in plants growth promotion,
nitrogen fixation and degradation of toxic agents.

Large scale phenotypic characterization was also performed on these strains, adopting the Phenotyp
MicroArray (PM) technique. Té ability of these strains to grow using different carbon/nitrogen
sources and to grow in the presence of different pH, osmolytes and toxic compounds was tested. In
addition the M.I.C. of different classes of antibiotics were determined.

All those data wee then used to perform an analysis of relationships between genome data and
phenome results with the software suite DuctApe, to provide a first model of genetaleolic
description and differentiation of Bcc strains.
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A PROTEOMIC AND PHEN OMIC APPROACH TO STUDY THE EFFECT OF THE
ANTIMICROBIAL PEPTID E OP-145 ONSTAPHYLOCOCCUS AUREUS
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Emergence of multidrugesistant (MDR) bacteria is becoming a major health concern worldwide as
patients infected with such strains can no longer be successfully treated. A promising alternative
treatment strategy is the use of antimicrobial peptighMPs). Within the Etf unded & Bi o
Al li anced (BALI ) iccorposmte immuna onchestwagng symnthmatic armimicrobial
and antibiofilm peptides into a novel controlled release drug delivery formulation to control
biomaterialassociated ifiections. The basis for the development of the AMPs wasl{®
previously named P60.4Ac, a 24 amino acid peptide derived from the human cathelieBinQR

145 killed Staphylococcus aureus vitro and eradicated this species from thde@ensional
wounded human skin models. Moreover,-O#5 inhibited the formation of biofilms &. aureusn

abiotic and biotic surfaces. To get more insight into the mechanism of antimicrobial abigginti

activity of this peptide, we performed proteomic and pheretyjcroarray analyses dh aureus
exposed to sumhibitory concentrations of OR45. The knowledge obtained using this approach is
vital to guide the design of novel and improved antimicrobial anebéofilm peptides.

This study was supported by a grérom the European Union (FRHEALTH-2011).
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APPLICATION OF PHENOTYPE MICROARRAYS IN MICROBIAL SYSTEMATICS:
TARGETING DIFFICULT GROUPS
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The genomics revolution is motivating the modernisation of prokaryotic systematics into a
comprehensi ve characterisation based on t he
chemotaxonomic methods and genomic approaches, tballed taxegenomics Nevertheless, to

react to thdarge quantities of data produced by hitbhoughput sequencing technologies, it is still
required that At r a deliable anchsaahdardiseg methodalegieseand ircrdase t
data portability to allow an efficig correlatiorof the results between distinct taxonomic studies and

an acceleration in microbial diversity knowledge.

Here, we Iillustrate the application of phenotype microarrays (PM) measurements to the
characterisation of novel species in the or@odermatophilalesparticularly slowgrowing
chemoorganotrophic bacteria inhabiting dry biotopes, which are challengamgitgse. Optimised
laboratory protocols provided reproducible phenotypic profiles, however, which could be explored
with specifically adapted bioinformatic tools implemented in the freely available package opm for
the R statistical environment. This alled for establishing meaningful and stable markers within the
order, for addressing the functionality encoded in the genomes and for reconstructing PM character
evolution to supported taxonomic reclassifications inotfuer.
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BIMODALITY OF METABO LIC HETER OGENEITY ACROSS SEROTYPES OF
SALMONELLA ENTERICA
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Salmonella entericaubspecies | is a major cause of foodborne iliness in people, and whole genome
analysis has revealed that genetic heterogeneity between and within serotypes is common. What is
not evident is how much phenotypic heterogeneity is present and how it @srtel@fenotype. To
explore this issue, phenotype microarray (PM) platesl@ were used to assay respiratory activity

of 3 different groupings of isolates on 950 different metabolic conditions and compounds (Biolog,
Hayward, CA). Group 1 included 4 indemkent replications wittfSalmonelh enterica serovar
Enteritidis strain 22079, which was previously sequenced and characterized by several analyses.
Respiration on fourteen (1.48%) compounds varied significantly between different colonies of strain
22079 affer accounting for technical variation; 11 were carbon sources, 2 were nitrogen sources and
1 was a phosphorous source. Analysis of ™ @roup of 8 independent field isolates

of serovarEnteritidis showed greater variability, and 81 metabolites (8.5%48rdd. Classes of
compounds included 15 carbon, 9 nitrogen, 9 phosphorous, 3 sulfur and 45 nutritional supplement
sources. Assay of a“3group of 4 serotypes not related serovarEnteritidis found that 113
metabolites (11.9%) varied, and these includ&dcarbon, 4 nitrogen, 4 phosphorous and 92
nutritional supplement sources. Thus, clonal selection of 22079 greatly reduced metabolic variation
within serotype, and this result was expected. However, the degree to which independently acquired
isolates okerovar Enteritidis varied within the same serotype was not expected, and results were that
variance was closer to that observed to occur between serotypes. Given that serovar Enteritidis is
considered an exceptionally clonal serovar witbamonella entéca, we suggest that genomic and
phenotypic analyses should be coupled to establish the origin of genomic heterogeneity occurring
acrossSalmonella enterica.
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The Rhodococcugenus comprises of Grapositive, noamotile, nonsporulating, aerobic bacteria,

with a high G+C content and a mycolic aciantaining cell wall. Merbers ofRhodoccocugenus

are widely distributed in soil, water and marine sediments; moreover, some of them are pathogens
for humans and animal&( equ) while others cause diseases of plaRsfascians Due to their
metabolic flexibility and their terance to various stresses, they play an important role in nutrient
cycling and have potential applications in bioremediation, biotransformations, and biocatalysis.
Consistent with the wide catabolic diversity, they possess large and complex genontesontaio

a multiplicity of catabolic genes, a high genetic redundancy of biosynthetic pathways and a
sophisticated regulatory network. Compared to the increasing numRbBodbcoccuspp. genomes

that have been sequenced, very limited studies are deadabheir wide metabolic abilities and on

their potentials for biodegradation activities related to genomic features.

The present work focuses on the analysis of metabolic capabilities and genomic features of
Rhodococcusp. BCP1 andRhodococcus opacu®7 that were isolated from an aerobic butane
utilizing consortium and from an aromatic hydrocarbon contaminated soil, respectively. Phylogenetic
analyses and genomic comparison with correlated species were performed to characterize the uniqut
regions presnt in the genome of R7 and BCP1 strains. Phenotype Microarray analysis was also
conducted using the Biolog redox technology with commercially available Biolog microtiter plates
(pre-loaded substrates) and with microtiter plates that were manually prewédrecdditional
organic/ xenobiotic compounds to be tested. Compared to BTPdtrain generally showed higher
metabolic activities compared on the tested carbon sources and broader range of nitrogen and sulfu
sources. BCP1 specifically utilized somehmxylic acids and amino fatty acids as carbon and
nitrogen sources, respectively. The two strains were able to resist to various chemicals, pH values
and osmolytic substance®henotype microarray results also highlighted new biodegradation
capacities oBCP1 and R7 strains towards aliphatic and aromatic hydrocarbons as well as emergent
contaminants like naphthenic acidfiese metabolic data were combined with the genomic study to
genetically interpret the metabolic features of these bacterial straimpetgntial application for
bioremediation and industrial processes.

28



EPIGENETIC CONTROL OF METABOLIC TRAITS IN BACTERIA

M.R. OGGIONI
University of Leicester, United Kingdom

Phase variable type I restriction modificationNR systems have been identified and we have shown

that they provide a novel bacterial epigenetic control mechanism that affects both gene expression
and important bacterial phenotypes; i.e. in pathogerssethystems were linked to the capacity for
generating disease (Manso et al., Nature Communications 2014). The phase variable genetic module
are based on repeated inverted copies of the specificity gene (hsdS) efitisgsem that allows

for high frequacy recombination conferring the-RR system with multiple different methylation

target specificities. These doulliedS modules are widespread among firmicutes. In order to identify
metabolic traits associated to differential methylation of the genomleaveeisolated in the species
Streptococcus pneumoniaad Listeria monocytogenegariants, which express stably only one
single variant of the methylation specificity determinant. Phenotype Microarray technology is
currently being used to identify differe@s in carbon and nitrogen metabolism and variations in pH
and osmolytes. The characterization of these high frequency phase variable systems is of importance
as they represent a widespread genetic module for rapid generations of subpopulations reith diffe
fitness.
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APPLICATION OF STATE -OF-THE-ART MACHINE LEARNING TECHNIQUES TO
THE PM DATA ON AUTISM -SPECTRUM DISORDERS i BOOSTING WITH FALSE
DISCOVERY CONTROL
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Modern biotechnologiesuch as phenotype microarrays (PM), often result in-tigtensionatiata

sets with much more variables than observations (n « p). These data sets pose new challenges t
statistical analysis: Variable selection becom®s of the most important tasks in this setting.

We compared 17 autism spectrum disorder (ASD) patients to 18 healthy controls in order to find
biomarkers for ASD (Hofner et al., 2015). To reduce the dimensionality and to gain more biological
insights, wemapped the PM data to amino acid pathwhya.second step, we used machine learning
techniques to determine which of the amino acid pathways were differemtigitgssed in ASD
patients.To be more precise, we considered the combination of nii@deld bosting and stability
selection.

Boosting (Bihimann and Yu, 2003) allows to estimate comphegdels with builin variable
selection. Stabilitgelection was recently@posed by Meinshausen andhBmann (2010) as flexible
frameworkfor variable selectiorand was later refined by Shah and Samworth (2@8)he use of
resampling procedures, stabiligglection adds a finite sample error control to high dimensional
variable selection procedures such as boosting.

We present results from a detailed simulastudy that presents insights on the usefulness of the
combt nation of boosting and stability selection. Limitationdl be discussed and guidance on the
specification and tuning of stability selection will be given. The results will then be usecefor th
detection of metabolic biomarkers for autism.

Boostingmethods are implemented in the R package mboost (Hofner et al., 2014; Hothorn et al.,
2010,2013). Stability selection for boosting and other machine learning approaches is implemented
in the R packge stabs (Hofneand Hothorn2015). Data storage, manipulatiand annotation for

PM data are implemented in the R package opm (Go™ ker, 2015).

Bihl mann P, Yu B (2003)o.ssfiBoReesgtriersgs i wint ha ntdh ec | lax Statifticat Assoéi o n . 0
ation, 98, 324339.

GOker M, with contributions by HofneB, VaasLAl, SikorskiJ, BuddruhsN and FiebigA (2015). opm: Analysing phenotype
microarray and growth curve data. R package version 1.2.14 httRl/opm.dsmz.de

Hofner B, Boccuto L, Gker M (2015).i Cont r ol | i ng f al-direensibrialssituatiores rbdostisg withnstalility g h
selection. o BMC Bioinformatics. Accepted for publication.

Hofner B, Hothorn T (2015). stabs: Stability selection with error corfrplackag version 0.8L, URL http://CRAN.

R-project.org/package=stabs

Hofner B, Mayr A, Robi nz o-hasedbaddsting® ®Amanddo nM t(u2tOolrdi)a.l fuMsoidnegl t he
Computational Statistics, 29 35.

Hothorn T, BihimannP, KneibT Schmi d M, Hof npas &8d (ROAD)i.ndMdAdRIO Journal o]

Research, 11, 2199113.

Hothorn T, Bihimann P, Kneib T, Schmid M, Hofner B (2015). mboost: Mdufeded boostind? package version 22, URL

http://CRAN.Rproject.org/pakage=mboost

Meinshausen N, 8@ | mann P (2010) . ASt abi | Jodurnal ofstleel Rey@lt Statistic&oCiety: Series BRI i s c u s
(Statistical Methodology), 72, 41473.
Shah RD, Samworth RJ (2013). dValroakbl at s<etl @ boirfialofiye Reyallhe @trir @m .

StatisticalSociety: Series B (Statistical Methodology), 75i 86.

30



JOINT GENOMIC -PHENOTYPIC ANALYSIS OF BACTERIAL SPECIES: THE NEED
FOR A PM DATA REPOSITORY

M. GALARDINI
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Last decade's advancesgenomics have proven that hundreds (if not thousand) bacterial genomes
can be obtained with limitedfert. Even more, genomic databases are filled with genb@lesging

to virtually every branch of the bacteri al t
looks depressingly empty, hampering the development of methods and studies aimed at deciphering
the translation of genetic differences to phgpes and their evolution. Phenotype Microarrays
woul d represent an ideal platform to constr
standardised set of conditions which allows to almost directly compare different species and strains.
Despite thigotential, virtually no PM raw data are available. Even though the PM raw format is a
very simple and light csv or json file, almost no published study adds those files as supplementary
material, but only a categorical classification of growth is reppdeen the different thresholds

used to define growth this is clearly a saftimal solution.

In this talk | will propose a few solutions to this problem, from publishing PM raw data as
supplementary material to build a centralised database (a bare mirerample of such database

will probably be shown). | will also show what kind of analysis could be carried out if such database
existed, hoping to foster a shared initiative.
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HIPERFIT: SOFTWARE F OR HIGH THROUGHPUT MODEL FIT TING, PARAMETER
ESTIMATION AND MODEL CHOICE FOR BIOLOG PH ENOTYPE MICROARRAYS

D. STEKEL
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Kingdom

We have developed software to enable high thmpugfitting of parametric models to Biolog data.

The aim is to allow Biolog users to obtain considerably more details from their data than area under
curve or end point at a fixed time. The software finds the best fit model to the data in each well, and
esti mates cruci al parameter values, such as |
can also identify and report cases of diauxie, along with associated parameters. The software has
backend that performs the analysis in high throughpua graphics processing card, and an easy to
use front end that uses a web browser to visualize and query the data and model fits. Users can tak
a Apcleantter i cO0 approach, drilling down to 4 ndiyv
c e nt r ioach, to aepepl, for example, those wells showing the shortest lag phase, or to perform
comparisons between different conditions. We demonstrate the software, showing examgdes from
coli andS. cerevisiaexperiments.
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Phenotype microarray (PM) systems simultanBocegpture kinetic data on nearly 2,000 phenotypes

of microbes or eukaryotic cells by recording stimulation or inhibition of energy production over time
with distinct substrates. A minimum standard for recording and distributing PM data, which aid, e.qg.,
in improving genome annotation and testing physiological hypotheses, does not yet exist, however.
In contrast, standards for sequence data such as the Minimum Information about a Genome Sequenc
(MIGS) have been established some years ago and are inchgaslogted by major sequencing
centres and sequence repositories ligpeg/gensc.org/projects/misxgscproject).

The Minimum Information on a Phenotype Microarray Study (MIPS) project was started by the
Genomic Standards Consortium to develop a standard for PM applications (see
http://gensc.org/projects/mips/ PM users interested in MIPS are asked to subscribe at
https://lists.sourceforge.net/lists/listinfo/genscmiip® to participate in the work on the forthcoming
MIPS white paper. Contributions by researchers who apply PM to environmental samples, or
organisms that are challenging to cultivate and measure tisuteny welcome.

The talk will provide an overview on MIPS version 4 to further stimulate interest in the project, to
promote discussions on standards in the PM community and to attract potential participants in
finishing the MIPS white paper.
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Background Human primary cells originating in different locations within the body could differ
greatly in theirunique metabolic profile, influencing how they act during pathophysiological
processes. Cell metabolism could affect how susceptible or resistantdéhteyarious disease risk
factors.One way to monitor cellular metabolism is through cell growth and proliferation. Tetrazolium
reduction is a ubiquitous property of cells enabling colorimetric cellular assays to be multiplexed into
phenotype microarrays.

Aim: Systemic autoimmune diseases, such as rheumatoid arthritis and scleroderma show an increase
risk for early development of coronary artery disease and myocardial infarction, as a consequence of
endothelial dysfunction. Scleroderma is also charaetr®y fibrosis, resulting in skin thickening

and lung damage. In order to better understand these pathophysiological processes, our specific goal
were to measure metabolic activity of primary human endothelial cells and fibroblasts, as well as
determinelieir specific metabolic fingerprints.

Methods: Human primary endothelial cells from the coronary artery (HCAEC) and from the
umbilical vein (HUVEC), and fibroblasts from normal, healthy lung (NHLF) and dermal (NHDF)
tissues (all from Lonza, Walkersvill®D, USA) were initially resuspended at a density of 200.000
cells/ml in Biolog IFM1 medium with Pen/Strep,-Glutamine and dialyzed FBS. Cells were then
seeded into Biolog Phenotype MicroArray plates (PMM4) at 10.000 cells/50 pl/well and
incubated at 3°C, under 5% Cé&¥for 18h. Following the incubation, 10 pl Redox Dye Mix MB/well

was added and the plates covered with sealing tape to prevemds3Owith resumed incubation.
Kinetically determined tetrazolium reduction (measured as intensity of d@age) was monitored
every 15 min in the OmniLog incubator/reader (Biolog Inc., Hayward, CA, USA) for 24h. During
this time 367 biochemical substrates were tested for utilization.

Results:Unique patterns were observed for HCAEC and HUVEC, with HCAEC roktaiy
tricarballylic acid and mannan to the highest extent, followed by pectin, gelatin, uridir@|urgnd
His-Trp, MetMet, D-Glucuronic acid, GlrGlu and GIAGIn. On the other hand, HUVEC
metabolized BGlucuronic acid, followed by GhsIn, GInGIn and other substrates. Fibroblasts
exhibited a different pattern of utilized substrate metabolites, specifically NHLF primarily utilized
dextrin, Dmaltose and Bnannose, followed by maltotriose, Bllactic acid, lleGlIn, Inosine,
Glycogen and GhGlu, AspGIn, Thr-GIn, PreGIn, PheGlu and PhéAsp. NHDF showed highest
tetrazolium reduction with Gk&lu, PheGlu, PheAsp, among others.

ConclusionWe show that substrate utilization with Phenotype MicroArrays PNWMIcan provide
metabolic characterization and a unique profile in specific primary human cell types.
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BIOLOG PHENOTYPE METABOLIC MICROARRAYS: FINDING THE LINK BETWEEN
GENOTYPE AND PHENOTYPE.
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Next-generation sequencing has provided researchers with a powerful tool to invesgdaienan
genome, but has also raised the challenge of correlating the vast number of genomic variants to the
individual 6s phenotype. The Biolog Phenotype
unbiased approach to explore multiple pathways simetasly and to evaluate the effects of genetic
variants on cell metabolism. We present three example in which the PM plates allowed us to
characterize the role of different mutations in the same gene or the same pathway that were associate
with diverse clnical presentations.

Example 1FG and_ujan syndromes are both associated with mutations iMER12gene but their

clinical features are quite different. FG is associated with macrocephaly, short stature, intellectual
disability (ID), hypotonia, and &dble behavior. Lujan has mild ID, marphanoid habitus,
hyperextensible joints, and behavioral issues. Metabolic profiles from lymphoblastoid cell lines
showed increased metabolism of most carbohydrates, ketone bodies, and Krebs cycle intermediate:
in two patients with FG (p.R961W mutation) and decreased metabolism of the same compounds in
one Lujan patient (p.N1007S mutation), thus perhaps providing metabolic evidence for the phenotype
heterogeneity associated with the tM&D12 mutations.

Example 2Fragie X syndrome (FRAXA) is the most common monogenic cause of ID in males and

is caused by abnormal methylation and suppression ofFMR1l gene transcription. Other than
moderate to severevelopmental delayhis condition is characterized by several vatral issues,
including autism spectrum disorder (ASD), anxiety, and ADD/ADHD. Investigation of lymphoblasts
from 16 FRAXA patients and 20 controls suggested specific associations of behavioral features and
certain metabolic profiles. Three FRAXA patientsth ASD showed decreased tryptophan
utilization, 4 cases with ADD/ADHD showed increased utilization of Krebs cycle intermediates and
ketone bodies, and 9 cases with the diagnosis of anxiety and/or obsesswasive disorder (OCD)
revealed increased madolism of glucoseelated sugars, Krebs cycle intermediates and carboxylic
acids.

Example 3 Abnormal activation of the Pi3lAKT pathway has been associated with a spectrum of
segmental overgrowth conditions. Metabolic analysis of fibroblasts fromtedfend unaffected
tissues of 16 individuals with different segmental overgrowth syndromes (CLOVE, Klippel
TrenaunayWeber, FibreAdipose Overgrowth) indicated that mutations affecting the Pi3K complex
exhibited a reduced response to growth factors actiy#he pathway (insulin, IGE, FGF1, GH,

PDGF), whileAKT1 mutations associated with Proteus syndrome caused increased response to the
same growth factors.

Taken together, these three examples demonstrateathable contribution of the PM plates in
investigating genotype/phenotype correlations and identifying metabolic targets for future
investigations and potential treatments.
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PHENOTYPE MICROARRAY S AS A TOOL TO STUDY NICHE OVERLAP AND
CATABOLIC VERSATILIT Y OF SAPROTROPHIC FUNGI
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Consiglioper la Ricercan Agricoltura e I'Analisi dell'Economia Agrari€entro diRicerca per lo
Studio delle Relazioni tra Pianta e Suolo (CRRS), Via della Navicella-2, Rome 00184, Italy

Fungi have a range of important ecological functions associated with nutrients and carbon cycling
processes in leaf litter and soil. They contribute to the total respiration of soil microorganisms for
more of 90% [1]. Functional diversity investigates tbke played by different species in relation to

the maintenance of ecosystem functionality. In this context researches about the relations existing
between fungal functional diversity and decomposition rates are important because availability of
nutrientsin soil is essentially due to the dynamics of the degradation of organic matter.

Fungal functional diversity studies has mainly concentrated on evaluating the ability of selected fungi
to utilize simple sugars, cellulose, or lignin [1, 2]. Whilst obtagnguch information permits the
assignment of fungi into broad physiological groupings, this approach does not provide the tools
necessary for the evaluation of largmale patterns in fungal functional diversity, since all natural
systems contain fungi caple of decomposing the three aforementioned major classes of plant
compounds [3]. This shortcoming can be overcome by using the Phenotype Micftffsyatem

(PMs) [4] which allows for the testing of microorganisms against many different carbon sources.
The carbon source PMs were used successfully to detect the metabolic profiles of single fungal
isolates representing a valuable tool for uncovering the width of fungal trophic niche [5, 6]. It must
be said that PMs profiles obtained for the pure cultuagsreflect only functional potential rather
thanin situ functional ability, nevertheless some phenotypic traits can result outstanding respect to
others, and can ideally point some species as key stone elements of the decomposer community.
The PM systemmginally designed for unicellular prokaryotes was optimised for flamentous fungi
by both selecting carbon sources, to obtain mpdabes particularly capable of discriminating
between fungal phenotypg4], and by suspending spores or cells within asdenoculating fluid,
resulting in more uniform growth and relying on colour formation reflecting active metaldlism
However, colour formation did not always coincide with growth for all the 95 carbon sources, and
for some filamentous fungi biomassiwation can occur without colour development, or vice versa,
the colour developed in the wells corresponds to a very low biomass value. Moreover thHeMse of
with slow growing, not sporulating or xerophilic fungi requires some precautions and the mdoptio
of specific countermeasures in the preparation of the inoculum.

In this contribution will be given an overview on the us®bfs as a tool to study niche overlap and
catabolic versatility of saprotrophic fungi and their further application to culterdalge, post
harvest and bi@ontrol case studies.

1) Kjgller andStruwe 19820ikos 39: 389442.

2) Koukol and Baldrian, 201&oil Biology & Biochemistry49: 13.

3) Dobranic and Zak, 1998lycologig 91: 756765.

4) Bochner et al. 200GenomeResearch1l1: 12461255.

5) Atasanova and Druzhinina, 200@urnal of Zhejiang Universit$ CIENCE BBiomedicine and
Biotechnology), 11: 15168.
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Vienna University of Technology, Getreidemarkil®5, A1060 Viema, Austria.Phone:+43 1
58801 17202, Fax43 1 58801 1729%ruzhini@mail.zserv.tuwien.ac.at

Trichoderma rees&pM 6a is the progenitor of a plethora of high cellulases producing mutant strains
now used as the major industrial source of cellulase production. Interestingly the genome of this
fungus contains only a small repertoire of genes encoding celadehenicelluloseencoding

genes when compared to several other fungi including dtirodermaspecies.

The genudrichoderma(Hypocreales, Sordariomycetes, Ascomycota, Dikaria) contains fungi with
diverse nutritional strategies. The absolute majority oftifiesgi are capable to grow as saprotrophs

in vitro butin situthey are most frequently found as biotrophs on other fungi (mycoparasites) and in
association with plants (endophytes and epiphtes). A small group of species known for their ability
to grow in soil and on the broad variety of other substrates as saprotrophs became powerful
environmental opportunists that are also capable to cause mycoses in immunocompromised humans
Despite the later property, the ability to antagonise, parasitize and evemagilis widely applied

in agriculture for biological control of plant pathogenic fungi.

The cumulative importance dfrichodermafungi led to an increasing number of species for which
genomic sequences are now available. To exploit this information and to learn about the genomic
properties of cellulase producing and/or opportunistic and highly mycopafagtiodermaspecies

we investigated carbohydrate active enzymes (CAZymes) in eight species: four from the
Trichoderma Section Longibrachiatum (T. reesei T. parareesei T. citrinoviride and T.
longibrachiatun), T. harzianumT. virensand the two from the Sectidrrichoderma(T. atroviride

and T. asperellum) To tightly link genotypes to phenotypes we useadbon source utilization
Phenotype MicroArrays (PM) and mpared the utilization of carbohydrates (polgligo- and
monosaccharides), the corresponding polyols as well as amino sugars and sugar acids. Highes
growth rates were found on-&tetylglucosamine, Qlucuronic and Bgalacturonic acid, severalD
glucose and Dgalactose containing oligosaccharides as well as onabnose, Hructose, D
galactose and most polyolk. atrovirideandT. virensexhibited the highest growth rate of all eight
species on many of above listed carbon sources. There were, hoalsgespeciesand section
specific differences: e.g. all species from Secliongibrachiatunonly poorly assimilated sucrose,
whereas the others grew on it well. The genomic features underlying these phenotypes will be
presentedMajor emphasis will thetey be given to the genomic inventory of CAZymes and their
evolution and differentiation during speciationfinchoderma
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NON-PARAMETRIC ANALYSIS OF PHENOTYPE MICROAR RAY™ FUNGAL
RESPIRATION AND GROW TH KINETICS BY ADDIT IVE MIXED MODELING ( GAMM)

N. ABU-SAMRA?, L. CANFORA!, E. MALUSA?, F. PINZARF
ICRA-Research Centre for the S@llant System, Rome, Italy
2Researchnstitute of Horticulture, Skierniewice, Poland

The carbon source Phenotype MicroaftagPM™ ) technique provides an effective approach for
studying the metabolic profiles of different miesoganisms, and provides a starting point in
uncovering the pential ecological niche of bacteria and fungi. Indeed, profiles can be compared
across closely related strains or single isolates, and analysed in response to varying chemical anc
physical experimental treatmenésg. incubation temperatures, and absgmesénce of light during

growth [1, 2, 3].

Metabolic activity and growth of microrganisms inoculated in P microtitre plates is measured

at different wavelengths and time intervals. For fungi, readings are mdé6 atn (mitochondrial
activity) and750 nm (mycelial growth), following 0, 24, 48, 72, 96, 168, 192 or more hours of
incubation [2, 3]. Several replicate plates are usually used, and readings at each incubation interval
are repeated to account for error.

As a consequence, PMidata is highy multivariate and characterised by spatial and temporai auto
correlation. Distinct statistical packages anddelling techniques have been used to handle and
analyse this type of data [4, 5]. However, most implementations have focused on bacterial studies
and have largely failed to deal with data autocorrelation and grouping structures. Importantly, fungal
respiration and biomass kinetican differ substantially from that of prokaryotes, and may therefore
require distinct analytical strategies.

Within the statistical language environment provided by the R Open source software and associated
packages, we explore the use of (Generalised) Additive Mixed Modelling (GAMMS) [6] in the
analysis of PMM respiration and growth curves from fungi.

This smoothing dmes-based modelling technique can handle-imatependent data resulting from
temporal (and spatial) autocorrelation in PMiata; while providing a neparametric technique that

can flexibly adapt to any curve shape. Further, evasisation and Informtion-Theoretic (IT)
approaches can ensure identification of optimal curve parameters as for thariziase tradeff,
strengthening the quality of inference. Here we provide a general discussion on the implementation
of this modelling strategy for PM data, followed by a casstudy on respiration and growth data

from two different fungal strains and their-twculums. As part of the analysis we describe
additional techniques that can complement a GAlgded analysis (e.g. dataning algorithms),

or provide alternative modelling strategies (e.g Monte Carlo Markov Chain methods).

1. Bochner B.R.get al, (2001).Phenotype MicroArrays for higthroughput phenotypic testing and assay of gene
function,Genome Researchl, 12461255

2. Atanasova L., Druzhinina I|.S., (2010%lobal nutrient profiling by Phenotype MicroArrays: a tool
complementing genomic and proteomic studies in conidial fulogitnal of Zhejiang Universits CIENCE B
(Biomedicine and Biotechnology)1, 151168

3. DiLonard D.P.,et al, (2013).Metabolic profiling reveals a functional succession of active fungi during the
decay of Mediterranean plant litt&3oil Biology and Biochemistr$0: 2160219

4. Lindstrom J.E.et al, (1997).Microbial community analysis: a kinetapproach to constructing potential ¢
source utilization patternSoil Biology and Biochemistrg0, 2, 231239

5. Vaas L.A.l.,et al, (2012).Visualization and curwparameter estimation strategies for efficient exploration of
Phenotype Microarrakinetics,PloS ONE 7,4

6. Wood S.N., (2010)Generalised Additive Models: An Introduction withGhapman and Hall/CRC
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INVESTIGATION OF BIOCHEMICAL AND MOLECULAR INHIBITOR OF ALCOHOL
PLANT EXTRACT ON PATHOGENIC BACTERIA

A. AL-ZAHRANI", E. AL-JUDAIBI’, H. OMER’, A. AL-JUDAIBI?

Department ofood Science, Faculty for Girls, King Abdulaziz University, Jeddah, Saudi Arabia.
2Department of Biological Science, Science Faculty for Girls, King Abdulaziz University, Jeddah,
SaudiArabia.

Thefinding of veritiesnew soucesof artimicrobia potertial agerts are nealed to resist the new
geneationsof drug-resistant microorganisms. This study is designedto campeerthe arimicrobial

activity of the extract of the marine maaoadgae Ulva lactuca andthe medcinal plant Nigella sativa
against the Gram pos#tive ccci Saphylococais aureus and Gram neative badlli Pesidmonas
aeroginosa. The results showedhigh artibacterial activity, with inhibition of S aureusgrowth up
to 30 mm and20 mm andP. aeruginosa growth inhibition wasup to 12 mm and 15 mm, after the
treged with 100yl U. lactuca and N. sativa extracts, respedively. The MICs and MBCs were
reflected with the growth inhibitor with valuesof 2 pl, 8 ul and 4 i, 8 pl for S. aureus andP.

aeruginosaafter treated with N. sdivarespedively. The animicrobia activity of U. lactuca and N.

sativa extracts reflect on the dry weight and the hochemical and moleaular andysis. Further, the
ardysis of SEM showed anféiciencyof theextracts onthecell wall.
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EFFECTS AHEXACIHLOROCYCLOHEXAN E AND TOLUENE ON THE
CATABOLISM OF THE SA PROTROPHIC SOIL FUNG US PENICILLIUM GRISEOFUL VUM
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Geography, Chinese Academy of Scie e s Ur umgqi 830011, Peopl eds

b-ex ac hl or oc yHCH)dshagoxie, saecindgdnic halogenated organic compound, widely
used as insecticide, and can cause damage to reproductive and nervous systems in mammals. Thre
i somers of hexadHICIHoH @ yeaeHAH, heereirdided as persistent organic
pollutants in the Stockholm Convention in 2008, and their worldwide spread and persistence
represent a severe environmental problem. Fungal tolerance and biotransformation of toxic
substances hold considerable promise in envieortat remediation technologies as many fungi can
tolerate extreme environmental conditions and possess efficient extracellular degradative enzymes
with relatively nonspecific activities. In this study we have studied the metabolic effects of a
saprotrophg soil fungusPenicillium griseofulvunbierckx, isolated from polluted soils affected by

a high concentration of i somer s o-HCHhteexnsth | or
recalcitrant isomer to biodegradation. The Phenotype MicroAfraystemwas used to gather
information on fungal metabolism. A combined inoculum of the fungus with the same concentration
o f -H@H in toluene, and one with only toluene were performed in FF MicrdPlataays to
evaluate canetabolic effects of the xenobioticdathe solvent on the use of different carbon sources

by the fungus. Data obtained from the Phenotype MicroAfagsays were used in comparisons
between the three growth conditions aimed at i) evaluating the overall differences in metabolism of
the fungusat the presence of the xenobiotics (toluene and HCH); ii) determining the carbon sources
di fferently <cataboli zed b-MCHtahdeii) itlemtifymag gotentiah t h
inducer(s) that may increase the breakdown of toxic compounds. Thdl peecantage overlap in

the catabolism of 95 c¢ ar boeHCHand toluenewsth résgecttolthe f
control was 89.9% and 89.6%, respectively, at the beginning of the lag phase (48h), appearing higher
(>95%) when approaching the f@au. This suggested that an initial response by the fungus to the
pr es enc edCh dnd dlsb ef thé solvent (toluene) resulted in appreciable differences in the
pattern of substrate use with respect to the control. The presence of toluene alorfe~ipltites
lowered the metabolic efficiency of the fungus towards some compounds, while the presence of both
b-HCH and toluene had not such a strong effect with respect to the conkgbd®, Dribose and
glycerol at the presence of toluene and/or taduand HCH actually promoted fungal growth better

than in the control. These effects could be related to possible responses of the fungus to oxidative
stress induced by the presence of the xenobiotics.
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BIOSYNTHESIS AND LYSINE-CONJUGATION OF INDOLEACETIC A CID IN
PSEUDOMONAS SAVASTANOPV. NERII INDUCES AN IMPAIRED BASAL METABOLISM AND
AN ALTERATION OF ITS ABILITY TO CAUSE DISEASE.

M. CERBONESCH!, F. DECOROS], C. BIANCALANI?!, M.V. ORTENZH, S. MACCONTL, C.

VITI?, L. GIOVANNETTI? S. TEGL}

Department ofAgrifood Production and Environmental Science (DISPAA), Plant Pathology
Section, University of Florence, Florence, Italy

’Department of Agrifood Production and Environmental Scignaas Genexpreskaboratory,
University of Florence, Florence, Italy

Besides plants, many organisms and even microorganisms are able to synthesise the major plan
auxin indole3-acetic acid (IAA), included fungi, algae and bacteria. For this phytohormone, several
IAA biosynthetic pathways have been identified in plasso@ted bacteria, with more than one
pathway existing in certain species. In some symbiotic and nitffdgag bacteria, their ability to
synthesise IAA was shown to affect essential steps of their interaction with their host plants, such as
the onset of aybiosis and their plant growAiromoting activity. The plant pathogenic bacterium
Pseudomonas savastanoi causal agent of Olive and Ol eande
3acetamide pat hwayo, for the c ovo steppahwayandthé t r
two enzymes Trp monooxygenase and IAM hydrolase (encoded bydNeandiaaH genes,
respectively). Moreover, the pathovaarii of P. savastano{Psn is also able to conjugate IAA to
lysine, giving a less biogically active compalby the enzyme IAAysine synthase coded by the

iaal gene. Besides its role in supporting the hyperplastic growth of the typical symptoms induced by
P. savastangievidences are accumulating about the role of bact@rain the planthost pathogen
interaction as well (Macconi, unpublished data).

In this work the wild type straiPsn23and the two mutantBsn23niaaM andPsn23niaal were
investigated by usingRhenotype Ncroarray approac{PM 9-20). Bacteria were grown at 26°C for

96 h, on KB mediunamendedvith L-Trp at initial concentration of 0.01 Q. The preliminary

results obtained so far showed 8teminPsn23and the mutantBsn23niaaM and Psn23piaal to

grow similarly on all toxic compounds of pan&# 9-20 and have the same chemical sawity.

The only exception foundias 8-hydroxyquinoling where the two mutants were severely impaired

in their growth in comparison with the wild tygesn23 It is important to undelined that 8
hydroxyquinolineis among those phytotoxic compourkdsown to be present sometimiesplant
exudates Therefore, more investigation are in progress to understand how the abiftgn td
syntlesise IAA and its specific resistance to a plant toxic substance s@ehyasoxyquinolineare
metabolically interonnectedby performing a widephenotype microarragnalysis
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ACC DEAMINASE GENES COULD BE INVOLVED IN UNUSUAL NITROGEN SOURCES
UTILIZATION IN SINORHIZOBIUM MELILOT |
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Department of Biology, University of Florence, via Madonna del Piano 6, 50019 Sesto F.no
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2IVALSA -Centro Nazionale Ricerche,via Madonna del Piano 10, 50019 Best¢Firenze), Italy
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The gene encoding the enzymartinocyclopropand-carboxylate (ACC)deaminase gcdS is
present in the dispensable genome of the plant symbiotic rhiz&inorhizobium melilotiAcdS is
supposed to be involved in the sequestering and cleaving offptadiced ACC, the precursor of

the plant stress hormone ethylene. However, the funofiacdSin symbiotic bacteria has not been
fully clarified and no definitive conclusion on the role of such gene on the efficiency of the symbiotic
interaction have been drawn.

To clarify this issue, comparatiygenomic analyses afcdSorthologs were performed B. meliloti

and functional studies were carried out by expressoagfrom natural strains in the model str&n
meliloti Rm1021, which lackacdSgene. Symbiotic and endophytic phenotypes of recoambins
parental strain were evaluated with respect to competition for root nodule occupancy, plant
colonization and modulation of ethylene production by the host plant. Additionally, phenotype
microarray experiments were performed to investigate the nietdinoction carried out by AcdS.

Data showed that thecdSspread inS. melilotithrough horizontal gene transfer. No increase in
fitness for nodule occupancy was found overexpresacdfs as well as faint effects on the
modulation of plant ethylene lelgewere observed. Surprisingly, AcdS was shown to confer the
ability to utilize formamide as sole nitrogen source. We concludeatitgin S. meliloticould be

more related to the exploitation of unusual nitrogen sources, in connection with rhizospheric
colonization or endophytic lifstyle than to the symbiotic interaction.
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PLASMID PROFILE AND ANTIBIOTIC SUSCEPTIBILITY OF VIBRIO VULNIFICUS
ISOLATED FROM COCKLES ( ANADARA GRANOSA IN SELANGOR MALAYSIA
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1School of Chemical Sciences and Food Technology, Faculty of Science and Technology, University
Kebangsaan Malaysia (UKM), Malaysia.43600 UKM Bangi, Selangor D.E., Malaysia.
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Background Vibrio vulnificusinfections are the worldwide public health problems associated with
illnesses resulting from consumption of raw or partially cooked seafood and expuaiiirthe
contaminated sea water. The aim of this study is to isolate and idéntifynificusfrom cockles in
Malaysia and detect antibiotic susceptibility and plasmid profiles.

Methods A total of 78 cockles, 40 from wet and 38 from supermarket were examined for the presence
of V. vulnificususing TCBS and Chromagar Vibrio. The antibiotic susceptibility tests were
performed for 12 antibiotics by the disc diffusion metHeat. moleculardentification of the isolates,

the 16 ribosomal RNA gene fragment was amplified by polymerase chain reaction and the
nucleotide data were subjected to BLAST analysis.

Results The morphological and biochemical test detededulnificusin 32% of the cokle samples

all of which showed resistance to two to eight antibiotics. Plasmids were found in 92% of the isolates
with 10 different profiles having two to four plasmids each. Based &rRBIA gene sequence
homology15 isolates were identified\&svulrnficus, five as otheNibrios and five as nonvibrios.
Conclusion We have observed a marked difference between morphological methods and molecular
methods in identification o¥. vulnificusindicating the inadequacy of the morphological technique

in discriminating theVibrio species. The occurrence \f vulnificusin the cockle samples is quite

high so consumption of uncooked and semicooked cockles should be avoided in order to prevent
food-borne infection by this pathogenic bacterium.
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ELUCIDATION OF METABOLIC NETWORK OF  HELICOBACTER PYLORI CLINICAL
STRAINS IN MALAYSIA
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Helicobacter pyloricolonizes almost half of the human population worldwidiepylori strains are
genetically diverse and specific genotypes are associatedvaitbus clinical manifestations
including gastric adenocarcinon@eptic ulcer disease (PUD) and nalcer dyspepsia (NUD)Io
understand the metabolic differences ambhgylori strains, we investigatedour MalaysianH.
pylori clinical strains that we had sequenced and a standard $traglori J99, at the phenotypic
level using the Biolog Phenotypic Microarray system to corroborate genomic dataitidfed the
analyses by mdicting carbon and nitrogen metabolic pathways fromHhpylori genomic data.
Biolog PM aided to validate the prediction. We have identified a core set of nutrient source that was
utilized by all strains tested and another set that was differentidiaedtby only the local strains.
Our data serves as an insight for future challenges in correlatingirdaar metabolic differences in
H. pylori.
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Colostrum is the first milk produced by the mammary gland during the early days of postpartum
period. The production, composition and physical characters of bovine colostrum vary greatly with
individual breeds, deding, length of dry period of cows and time postparturition. In addition to
normal nutrients such as proteins, carbohydrates, fats, vitamins and minerals, colostrum contains
many other biologically active constituents such as growth factors, antimiccolbmpounds and
immuneenhancing components. The role of colostrum is not only to provide nutrition, but also to
provide protection against infection. The microbiota of colostrum could also be involved in this
protective effect through gut colonization astomulation of the immune system as demonstrated in
humans. Several studies on the microbiota of human breast milk showed the dominance of lactic acid
bacteria (LAB), bifidobacteria (BFB), staphylococci and streptococci. Conversely, the microbiota of
bovine colostrum, particularly regarding LAB and BFB populations, is still poorly studied.

In the present study, the microbiota of six samples of bovine colostrum has been investigated. To
overcome the limitationsf culturedependent methods, the complexity of the microbial communities
was characterized by a physiological analysis using the Biolog EcoPlates method, and by a molecular
analysis using the LH (Length Heterogene®@gR method. The Biolog EcoPlates systallowed

to obtain a metabolic profile of the whole microbial community based on the different use of 31
carbon sources. The -ACR allowed the identification of the most representative bacterial genera
or species based on the length of specific DNArfragts, by comparison witn internal database

of LAB and BFB fragments. Thehanges in colour intensity in Biolog EcoPlates wells were
measured until 120 h and the average well color development (AWCD) for each colostrum sample
was calculated. The data meestatistically analysed and the physiological diversity of communities
was determined by using diversity indices (SharWwaver index H; Evennes$ E; Richness

R). The LHPCR profiles evidenced the differences of LAB and BFB communities in eactesamp
These bacterial groups were present in all samples, but the species attributed on the basis of the peal
detected in each electropherogram were different. The differences of LAB and BFB species present
in colostrum samples were also confirmed by cellgpendent methods. Strains isolated from agar
media and identified by sequencing of 16S rRNA gene, belongéddmbacillus(4 species),
Enterococcug4), Streptococcug?), Lactococcug3), Leuconostog2), andBifidobacterium(3). In
conclusion, thecombined use of classical cultedlependent method and metabolic or molecular
cultureindependent techniques allowed a deep characterization of the LAB and BFB populations.
Cultureindependent methods provided a reliable picture of the diversity of lzatedsystems
increasing the knowledge on function and structure of bovine colostrum microbiota.
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Wastewater treatment approaches vary from the conventional centralized systems to the entirely
onsite decentralized and cluster systenie @entralized systems which are usually publicly owned
collect and treat large volumes of wastewater for entire large communities. On the other hand,
decentralized onsite systems treat wastewater of individual homes and buildings. The wastewatel
treatmentplants are sources of resistance genes in the natural environment, and that they play ar
important role in the ecology of antibiotic resistance both intrinsic and acquired. They are interfaces
between different environments and provide an opportunitgfistance to mix between pathogens,
opportunistic pathogens, and environmental bacteria. Antibiotic resistance is a highly selectable
phenotype, and can be detected using growth inhibition assays performed in broth or by agar disc
diffusion.

The scope bthe study was to applyhenotype Biolog MicroArray (PM) technology to test the
sensitivity of the bacterial strains isolated from onsite wastewater treatment facilities to numerous
antibiotics. The following isolates were chosen for the st@®&#yratia narcescens ss marcescens
Pseudomonas fluorescens, Stenotrophomonas maltophilia, Stenotrophomonas rhizophila,
Microbacterium flavescens, Alcaligenes faecalis ss faecalis, Flavobacterium hydatis (26 C),
Variovorax paradoxus, Acinetobacter johnsonii, Aeronsob@stiarumThe raw influents, effluents,

liquid and solid samples from thierée different technologies were investigated: technologyixed bed

reactor, technology B trickling filter/Biofilter system with a filter consisting of roekool pieces orwhich

the microorganisms grow, and technology @erated filter system with a fluidized bed reactor with the
microorganisms growing on the surface of plastic media and suspended microorgdiemstrains
evaluated were chosen from the solid medium (T®#) the addition of the following antibiotics:
tetracycline,kanamycin, streptomycin, and penicillin. PM11 and PM12 microplates, Biolog Inc.
(Hayward, CA) were applied in the stud3M analysis showed a gain of phenotype (resistance or
positive growth) 6 the strains to 34 antibiotics. The strains were classified as-amiibiotic
resistance bacteria. PM technology allows phenotypic testing to become a simple analysis on gene
expression and allows to directly observe the consequence of a genetic change.
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Dickeya solancan cause the blackleg and softdstease on potato plants and tubers. In the past 15
years this species has spread in the European potato plantations that resulted in large income loss
mainly due to the extensive rotting of tubers in storage and no rising of potato plants in the field.
Genomes of foub. solanistrains indicating the differences in the virulence were compared to six
genomes of this species available in the GenBank. The purpose of the study was to find
differences/similarities in genes coding forsolanivirulence factos and their regulators.

The D. solanistrains that differed in virulence: IFBO099 and IFB0158 showing high virulence on
potato, IFB0221 manifesting medium virulence on potato and IFB0223 with low virulence on potato
were sequenced by 454 and PacBio nextegation sequencing methods. So far six dihegolani

strains isolated in different European countries have been sequenced, scaffolded and preliminary
annotated. We used these genomes and the genome of fully annotated closely rddedtii3937

strain for comparative analysis of genes encoding virulence factors and their regulators. General
features such as genome size, number of ortholog groups, number of open reading frames wer:
similar. TheD. solanipangenome and accessory genome was detetmine

The 41947 total proteins belonging to the 10 strains have been grouped into 5045 orthologous groups
3809 belonging to the core genome and 413 belonging to the accessory genome and 823 belonging 1
the unigue genome. The presence of the virulencerfagenes (such as those coding for pectate
lyases, cellulase, regulators of pectinolysis) in the 10 genomes has been verified by performing a
BlastBBH search, using the geneslbfdadantii3937 as queries. All studies genes appeared to have

an orthologmside the genome of eabh solanistrain. Most of the tested virulence related genes are
highly conserved.

Comparative analysis of the 1 solanigenomes confirmed the low variability between the strains
shown previously in MLST, rePCR and PFGE analigs The study suggested that the differences in

the virulence oD. solanistrains are rather due to the regulation of virulence factors expression than
to the presence of the specific virulence factor(s).
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MICROBIAL DEGRADATION OF CYANOBACTERIAL -PRODUCED
EXOPOLYSACCHARIDES IN MicrocisTis BLOOM FORMATIONS IN AN ISRAELI
EUTROPHIC LAKE
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Microcystisspp. is a cyanobacterial species that commonly forms blooms in euthrophic lakes and
grows in colonial forms. There are environmental, ecological and health concerns regarding the
expansion of these biormations, since they determine water quality detation, generate anoxia

and alter existing food webs. In addition, toxin secondary metabolites pose serious hazards for
humans and livestock[l]. Cell aggregation is possible thanks to micrepraduced
exopolysaccharides (EPS), produced mainly Mbicrocystis and other bloorassociated
cyanobacteria that embéedicrocystiscells within the bloom colony. During extensive blooming,

EPS may be produced in large amounts, that in one case were reckoned to occupy.00I09d.of

an eutrophic lake water volume in the epilimnjgh

Beside their structural role, EPS represent a huge carbon input available to bacterial heterotrophic
population during wateblooming. By these means, the study of EPS degradation is very important
to describe C cycle withithe community. At the same time, the individuation of those bacterial
species in the community that are more able to degrade EPS could lead to optimize new
biotechnological approaches to control wdikrom spread.

In this work, Microcystisbiomass was haested from the surface layer of lake Kinneret (Sea of
Galilee, Israel) and isolation procedures were performed to obtain axenic cultiesadystis
associated heterotrophic bacteria. By using Biolog carbon substrate utilization approach, the growth
of 4 different bacterial strains was tested on cyanobacterial EPS alone, and combined to 8 different
carbon sources (namely pyruvate, gluconate, ribose, glucose, galactose, xylose, glutamic acid anc
yeast extract).

Results showed that some of the used casooinces stimulated the growth on cyanobacterial EPS,
the most relevant being glutamic acid, which produced a relevant growth of one of the strains.
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THE BIOLOG PHENOTYPE MICROARRAY ™ ELUCIDATES METABOLIC
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VARIANTS OF BURKHOLDERIA PSEUDOMALLEI, STRAIN MSHR5848
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Burkholderia pseudomall€Bp) is the causative agent of melioidosis with infections ranging from
acute and rapidly fatal to prolonged and chroBip.is a potential biothreat agent due to its high
aerosol infectivity, ability to cause severe disease with nonspecific symptoms, gesisiiznce to
multiple antibiotics. Additionally, no vaccine is available. Unlike mBpsgtrains, which are known

to exhibit random variability in traits suct
Unified Culture Collection stock of BURK17@lerived fromB. pseudomallestrain MSHR5848)

exhibits two distinct and relatively stable colony morphologies: a smooth, glossy, pale yellow colony
(type 1) and a flat dry white colony (type Alhese MSHR5848 derivatives were extensively
characterizeda identify differences associated with type 1 and type 2 colony morphologies. Here,
we present whole genome sequence comparisons, multiple locus sequence type analysis anc
restriction fragment length polymorphisms to demonstrate that the morphologiGatyaare
genetically conserved. In contrast, the Biolog GEN Ill OmniLog ® and Phenotype Micrdarray
(PM) profiles reveal distinct metabolic differences between the variants. Furthermore, growth curves
show that the type 1 variant grows more rapidly thantype 2 variant. Finally, there is a difference

in virulence noted between the two variants with type 2 being more virulent in a mouse model while
type 1 is less virulent for mice but more cytotoxic in a macrophage model. Thus, despite their very
similar genetic composition, these two variants have distinct phenotypiinavido differences.
Statistical analysis of the phenotype microarray data has narrowed the 1,920 assayed substrates to
manageable subset which differentiates the two morphologacents. These can be utilized for
future studies in the pathogenesiBpfas well as the development of vaccines and therapeutics.
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CHARACTERIZATION OF SMCO03167 GENE ENCODING FOR A MAJOR
FACILITATOR SUPERFAMILY EFFLUX PUMP IN  ENSIFER MELILOTI
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The efflux pump systems are one of the major mechanisms conferring multidrug resistance
phenotypes in bacteria. Efflux pumps extrudeide variety of chemically unrelated compounds
assisting bacteria to cope with various stresses and antimicrobial substances.

In Ensifer melilotj which is a nitrogesfixing symbiont of legume plant@Medicago spp,)the
contribution of efflux pumps to hbsodulation ability is actively investigatethe SMc0316Qene

of E. meliloti, which encodes a QacA/EmrB efflux protein of the major facilitator superfamily (MFS),
was found to be upegulated in presence of the flavonoid luteolin, known as an indunedafation
process. Therefore, to deepen our kiealge about the SMc03167 gemes compared the chemical
sensitivity profile of thee. melilotiSMc03167defective mutant witlits the wild-type (strain 102).
Hundreds of different toxic compounds were éésin presence of the inducer luteolin using the
Phenotype MicroArray (PM) gh-throughput technology. Thehe symbiotic phenotype of the two
strains was evaluated by plant nodulation assays.

PM analysis revealed th&Mc03167gene inactivationincreasedsusceptibility to a range of
compounddelong to classes already known to be efflux targets of the MSF transporters, such as
QACs (quaternary ammonium compounds), bisguanidesphgrols and dyes. In additiothe
SMc03167mutant compared to the wilype showed an enhanced sensitivity also for compounds
previously not associated with MFS transporters. Such compounds include chelators, inhibitors and
antibiotics.

The symbiosis assays revealed a lower ability to promoteé glawth and a reduced nodulation
efficiency ofE. melilotiSMc03167defective mutant thais wild-type strain

Overall, these findings suggest that 8Mc03167efflux pump ofE. meliloticontributes to mediate
resistance toward plant antimicrobials ahdospheric toxic compounds, possibly in relation with

an efficient plant root nodulation and then symbiotic interaction.
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SHIGELLA SPECIES CAN BE DIFFERENTIATED BY THEIR ABILITY TO USE
DIFFERENT CARBON SUBSTRATES

C. TARTERA M.K. MAMMEL, J. GANGIREDLA, S.A. JACKSON, C.A. ELKINS, A.
MUKHERJEE
U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, Laurel, Maryland

The prevalent method to differentiate the four subgroupShogellais serotyping. Metabolic
phenotypes have also been used but in a limited way. For exaB\pldysenteriaecan be
differentiated from the other three subgroups by #ed@hnitol negative phenotype. In this study, we
have probed further the use of metabolic phenotypes to distinguish thehigetlaspecies based

on utilization of carbon sources using the Bplphenotypic microarray (PM) platform. A total of
145Shigellaisolates comprised @&. dysenteriagh=29),S. flexner{n=49),S. boydii(n=24), andsS.
sonnei(n=43) were screened by PM. From the analysis of utilization of 190 carbon substrates, we
idenified 10 compounds, namely,-fibose, Dmannitol, glycytL-proline, D-glucuronic acid, B
galacturonic acid, rthamnose, tgalactonic acieb-lactone, maltose, maltotriose, and dextrin, whose
pattern of utilization by theShigellaisolates could potentiallpe used to differentiate the four
subgroups. The ability and/or inability of these isolates to utilize a combination of these carbon
sources could form the basis of a characteristic signature metabolic phenotype for each subgroup. Ir
order to assess the rgaic basis of these specific phenotypes whole genome sequencing of 72
Shigellastrains was carried out using the MiSeq lllumina technology. In this study we focused
specifically on the gene sequences of the galacturonate and glucoronate pathways siricarmor
90% of S. flexneritested utilized these hexuronates, unlike the other three subgroups which cannot.
Therefore, this phenotype can be used to disting8isiilexnerifrom the other three species.
Comparative sequence analysis of t8higella genes,encoding catabolic enzymes and the
transporter, involved in galacturonate and glucoronate metabolism, was performeH. ushd(-

12 as the reference strain. Sequence analysis revealed thatSalfithanerithat were galacturonate

and glucoronate pdsre had the complete set of genes required for their utilization. The negative
phenotype for these two carbon sources in the other $tinigellaspecies could be accounted for by

the presence of premature stop codons, truncation and gene absencen@bjditve have identified

novel missense mutations that may contribute to the galacturonate and glucoronate negative
phenotype. We are currently analyzing the gene sequences involved in the metabolism of the other
eight carbon sources that could potengiallow for the differentiation o8. boydii, S. sonneands.
dysenteriaeTaking together these results could lead us to the development of molecular assays and
microbiological media for the detection and identificatiorsbigella.
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PHENOTYPIC CHARACTER IZATION OF BRETTANOMYCES BRUXELLENSIS STRAINS FOR
THE TOLERENCE TO STRESSES ENCOUNTERED DURING SECOND GENERATION
BIOETHANOL PRODUCTION
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Service Laboratory, Cluster for Bioengineering Technology (CBeT), Department of Microbial and
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BrettanomyceételeomorphDekkerg bruxellensishas been generally considered a spoilage yeast in
fuel ethanol production plants. However, due to its peculiar camdomh nitrogen metabolism, the
yeast is also believed to hold great potential for bioethanol production in continuous reactors.
Neverthelss, before actually being useful in the production of second generation bioethanol there
are still some challenges to overcome. For example, the use of lignocellulosic biomass results in the
need for an extensive pretreatment process during which oftenak@whibiting compounds are
released, leading to less efficient or stuck fermentations. The objective of this study was to
phenotypically characterizB. bruxellensisstrains for tolerance to stresses typically encountered
during second generation bioatiol fermentation and to develop a screening plate for the evaluation
of yeast strains against stresses relevant for the second generation bioethanol production. To this enc
a plate was developed containing a dose range of different inhibitors (i.éinyaatiechol, levulinic

acid, formic acid, furfural, ethanol, low pH, and high osmotic pressure). Further the plate included a
negative and positive control well. Subsequently, sevBrabruxellensisstrains from different
ecological niches were screenegsing the developed plate. Plates were incubated for eight days at
25 °C and analyzed by the OmniLog incubator/reader (Biolog, Hayward, CA, USA). All analysis
were performed in duplicate. The differéht bruxellensisstrains were ranked by calculatingeth
average well colour development (AWCD). Additionally, each strain was scored for its tolerance to
the tested inhibitory conditions. This resulted in a huge variation among strains, demonstrating the
need for screening a large collection of strains tatiflesuperior yeast strains. Highly rankgd
bruxellensisstrains can then be further tested for tolerance against a mixture of inhibitors and real
hydrolyzed biomass fermentation broths. Additionally, features such as ethanol yield and
performance in pot plants should be evaluated to truly see its potential for industrial second
generation bioethanol production.
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STATISTICAL TOOLS FOR ANALYZING BIOLOG PHENOTYPIC MICROARRAY
DATA

M. VEHKALA , M. SHUBIN, TR. CONNOR, N.R. THOMSON, J. CORANDER
Department of Mathematics and Statistics, University of Helsinki, Helsinki, Finland

Grouping the bacterial responses into active andawtine, normalization by removing systematic
errors from the experimental data, and detection of sampleglifféhing metabolic responses are
standard procedures when analyzing phenotype microarrays. Here, we introducete thpgeeline

with novel procedures for grouping, normalization and sample detection.

To perform the grouping into the two categoriegjvacand noractive, we utilize a model based
EM-algorithm instead of the earlier usad hocmethods where the user defines a cutoff to separate
the two groups from each other.

In the normalization methodyje expand the existing solutions by introducing ianportant
assumption that the active and raxtive bacteria manifest completely different metabolism and,
thus, should be treated separatélyst, an average for both of the groups is evaluated and then the
metabolic responses of the two groups aveddd by the corresponding group averages.

Sample detection, in turn, provides new insights into detecting differing respiration patterns between
experimental conditiong.g.between different combinations of strains and temperatures, as not only
the maineffects but also their interactions can be evaluated. In the sample detection, the multilevel
data are effectively processed by a hierarchical model in the Bayesian framework.

Throughout our analysis pipeline, including the grouping, normalizationsangdle detectiona

logistic model is considered to be suitable for describing the metabolic intensity curves produced by
the Biolog experiments.

Our pipeline is implemented in R language on the toppofiR packagend is freely available for
research purposes.
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COMMUNITY LEVEL PHYSIOLOGICAL PROFILING OF MICROBIAL POPULATION
SETTLED DENITRYFICATION FIELD BIOREACTORS.

A. ZABOROWSKE, A. t A & ZA KBBEDNAREK?, J. MANKIEWICZ-BOCZEK?, L.
SERWECI| 6 SIRIADEK]Y .

linstitute for Medical Biology of the Polish Academy of Sciences
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The BIOLOG EcoPlates (BIOLOG Inc.) were used to estimate functional diversity and determinate
communitylevel physological profiling of heterotrophic bacterial populations, settled in field
denitrifications bioreactors filled with different organic substrates. Used substrates were inoculated
with additional culturable and/or unculturable microorganisms in compawsgbnno inoculated
control bioreactors.

Obtained results show that straw as a substrate features the highest microbial activity estimated as
maximum value of Average Well Colour Developmnet (AWCD). The microbial activity of straw
significantly increased ®dr inoculation by addition of both culturable and mix
culturable/unculturable microorganism. Simultaneously, metabolic microbial activity of slowly
decompositable brown coal is initially lower than in other bioreactors but is characterised by upward
tendency after longer time than in other fillings.

Finally, our metabolic analyses of microbial populations settled bioreactors filled with mix of straw
and brown coal confirmed that this filling provides the best conditions for high and stable metabolic
microbial activity, regardless of used bacterial activators.

Key words: BIOLOG system, communitlgvel physiological profiing, AWCD, microbial
communities, denitrification microorganisms

Study supported bythe NCRB,BS1/ A8/ 5/ 2012 #AMI KRAZOO
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DOES CO-CULTIVATION WITH A PATHOGEN CHANGE THE NUTRIENT -
UTILIZATION PATTERNS OF ENDOPHYTIC FUNGI?
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2Umed Plant Science Centre, Department of Plant Physiology, Umed University, 90187 Umea,
Sweden

3Department of Plant and Environmentale®ces, University of Copenhagédk 1871,
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“Technical University of Madrid (UPM), Department of Natural Systems and Resources, Ciudad
Universitaria s/n, 28040 Madrid, Spain
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Endophytic fungi are of attracting increasing interest as biocontrol organisms against pests and
diseases. Endophytes appear to interact with oth@caarring fungi through diverse mechanisms.

For instance, the results of our recent studies indicate tsiagle endophyte isolate may antagonize

a cooccurring pathogen through chemical antagonism as well as through effective competition for
nutrients. Information about the fungal nutrient utilization capacities is needed in order to better
understand howhein plantainteractions between eaccurring fungi potentiate effective biocontrol.
Investigating the fungal nutrient utilization patterns after the microorganisms have been triggered to
cope with the challenging situation by growing in antagonismyassavitro it was aimed for
mimickingthein plantalike situation. Here, we hypothesized that the nutrient utilization patterns of

a fungal isolate differ depending on whether the fungal cells are collected from a single or dual
culture. The study objestwere endophyte isolates originating from eldin{us spp.) trees. The
endophytes were selected based on their differential correlation with the susceptibility of the host
elms to Dutch elm disease, and because of their differesitro interactions witlthe causal agent

of this diseaseDphiostoma novallmi. Using phenotype microarrays, we compared the carbon and
nitrogen utilization patterns in cells of three isolates that were grown in dual cultures with three
isolates of the pathogen or in single awds. Our results provide insights into the dynamics of
antagonism between plant pathogens and endophytes with biocontrol potential
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THE ND4BB INFORMATION CENTRE & THE SPECIAL CASE OF PHENOTYPE
MICROARRAY DATA
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The New Drugs 4 Bad Bugs (ND4BB) initiative is a series of programs designed to directly address
some of the scientific challenges associated with antibacterial drug discovery and development. The
overarching concept of ND4BB is to create an innovativbliptprivate collaborative partnership

that will positively impact all aspects of Antimicrobial resistance research with benefit on the future
discovery and development of novel agents for the treatment, prevention and management of patients
with bacterialinfections.

One important objective of ND4BB is to develop a data repospooyiding easy and integrable
providing a key information base for research projects focused on antibiotic resistance. All consortia
participating in studies conducted under the ND4BB programme will be expected to contribute data
to the ND4BB data hub and collaborate to share dat&@perience as widely as possible amongst

all programme members and the antibiotic research community as a whole.

Here we present the technical setup of the ND4BB Information Centre and describe the specific
challenges of the distinct data type of Phenetyficroarray data. The necessary data preprocessing
done using the dedicatedgackage opm [1] buildthe basis and resulting specific needs for data
storage and integration concepts together with accessibility demands are explained.

[1] L.A.l. Vaas, J ¥orski, B Hofner, A Fiebig, N Buddruhs, HP Klenk, M Goéker. Bioinformatics
29 (14), 18231824.
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CORRELATION OF GENOME SEQUENCE DATA AND OMNILOG PHENOTYPIC
MICROARRAY DATA AMONG SHIGA -TOXIN PRODUCING ESCHERICHIA COLI
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Laboratory for Foodborne Zoonoses, Public Health Agency of Canada, Lethbridge, Alberta,
Canada

Background: Shigatoxin producing E. coli (STEC) are asymptomatically carried in the
gastrointestinal tracts of ruminants and are associatedfedath and waterbornehuman disease
outbreaks and sporadiafectiors. Symptoms can range from diarrhea to the-thieatening
hemolytic uremic syndromé&mong STEC certain serotypes and lineages within serotypes are more
frequently associated with human disets#n others. Further, they may differ in their ability to
colonize animals and their survival in the environm®&wuspite the importace of this group of
pathogenidacteria, the link between phenotygelgendypeis still largely unknown. In this study

we examined the wholgenome sequence (WGS) and phenotypic profile of 143 STEC of a variety
of serotypes isolated over a period of approximately 20 years, from bovine, human, and
environmental sources.

Materials and MethodsGenomes were sequenced usingniiina MiSeq at Genome Quebec or the
National Microbiology Laboratory in Winnipeg, Canada. Sequences were assembled using Spades.
Comparative genomics were performed using Panseq. Phylogenetic trees were created using
FastTree2. Phenotypic microarray anak/svere performed using the Biolog Omnilog system, and

the opm package for R. Statistical analyses were performed using R.

Results:The phylogeny based on single nucleotide polymorphisms (SNPs) among the 143 genomes
from various STEC serotypes showed thaist clades were serotype specific; with occasional
outliers clustering apart from other strains of the same serotype, as was found for the 0121 and 0102
serogroups. Similarly, clustering of the same strains based on the utilization of carbon sources,
osmdytes and pH generated a tree with a similar topology to that based on WGS data. Additionally,
the three genetic lineages of serotype O157:H7 were apparent in the clustering of phenotypic
microarray data. Lastly, phenotypic utilization profiles capabldaitifying subgroups of bacteria,

both within and between serotypes, were determined.

DiscussionPhylogenies based on phenotypiarkers recapitulate the groupings of bacterial strains
obtained through SNP whe@genome phylogeny. Intriguingly, known genetic lineages such as those
within serotype O157:H7 were distinguished based on phenotypic profile and sets of markers specific
to these subgroups were identified. Potential implication of this work includes the development of
selective media for particular serotypes, clades and lineages or biochemical tests to identify specific
bacterial sulgroups most frequently associated with lamndisease.
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