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This PhD thesis research project is aimed to ifyast microbial population in complex ecosystemshsas
fermented foods by using culture independent agbres In this context already adopted techniquash as
LH-PCR and FISH will be strengthened; moreover eenation of total viable microorganisms present in
fermented diary products by using a novel multipjgantitative reverse-transcription PCR (qRT-PCRjlysis
will be performed. A multiplex strategy to simuleusly quantify different lactic acid bacteria in a
heterogeneous microflora will be considered.

Valutazione della presenza, vitalita e attivita demicrorganismi negli alimenti mediante
tecniche di non coltivabilita

Questo progetto di tesi di dottorato ha lo scopwealutare la popolazione microbica in ecosistenmplessi

quali gli alimenti fermentati sfruttando un apprimcculture independent. In questo contesto saranigtiorate

tecniche gia adottate, come la FISH e la LH-PCRJtie saranno quantificati i microrganismi vitabtali

presenti in prodotti lattiero-caseari fermentatilizgzando un’innovativa analisi quantitativa medi&an
retotrascrizione-PCR multiplex. Sara considerata sirategia multiplex per quantificare simultaneat@e
differenti specie di batteri lattici all'interno dna microflora eterogenea.

1. State-of-the-Art

Foods are complex ecosystems composed of the envinat and the organisms that live in it. Microbial
population in foods, in particular fermented foodse normally constituted by many different spetieg have
markedly different growth requirements and comanfrdifferent sources. As microorganisms are extrgmel
diverse and highly dynamic, it is not surprisingttthe many different types of microbial speciesspnt in food
exist in a number of physiological states that pssdifferent requirements for survival and gro(@olan et

al., 2009).

Culture-based techniques have been widely usetutty shese complex ecosystems, however, there argy m
drawbacks. Understanding the dynamics of such camties is very laborious and time-consuming and the
inability to cultivate more than a small proportiohthe microorganisms that can be visualized bgadicount
procedures makes it difficult to obtain information the entire microbial community (Jany et al.0&0
Moreover, under some stress environmental conditemils are induced to a physiological state inciwtthey
are metabolically active but incapable to form oids in plate cultures, a state so called “viablé ion
cultivable”. Furthermore, species occurring in loumbers are often out-compei@diitro by numerically more
abundant microbial species (Hugenholtz et al., 1998

Thus, to study interactions among microorganistris,important to study the ecosystem without digsing it.
Culture-independent techniques, such as FISH @wmentin situ hybridization) using rRNA-targeted
oligonucleotide probes (Ercolini et al., 2003; Bottet al., 2006) and those involving PCR, prouigev insight

by helping to define the biodiversity of communrstiend allowing the detection and identificatiorviable, non
viable, and viable but non cultivable populatiofarious PCR-based molecular typing methods haven bee
developed for the analysis of populations, pro\gdinrapid, yet well representative fingerprint foé tmicrobial
community structure without cultivation (Ercolint al., 2002; Duthoit et al., 2003; Hori et al., B)0OAnN
increasing number of new methodologies employ aatmmsequencing systems with laser detection of
fluorescently labelled DNA fragments (Marsh 199%born et al., 2000; Sanchez et al., 2006; Suzuki.et
1998). Length heterogeneity PCR (LH-PCR) analysitirdyuishes different organisms based on natural
variations in the length of 16S ribosomal DNA setes. To date it has been used to study microbial
communities in different environments (Ritchie et 2000; Brusetti et al., 2006) and in food-asatet
ecosystems such as dairy (Lazzi et al., 2004).

In a complex ecosystem, not only identification kaiso quantification is important to obtain the Irea
composition and the relative proportions of micedlsipecies. Recently, real-time PCR has demondttatbe a
powerful technique to reach this goal in severaldfonatrices (Friedich and Lenke, 2006; Pfannebeakelr
Frohlich, 2008; Scheirlinck et al., 2008; Sheulgt2009). A disadvantage of DNA-based methodbas they

do not distinguish between viable and non-viablisc®NA from lysed cells can persist for a lontné in the



14" Workshop on the Developments in the Italian PhBeRech on
Food Science Technology and Biotechnology - Unitiesf Sassari,
Oristano, September 16 — 18, 2009

environment; detection of RNA would help to deterenithe viability of the microorganisms becausesit i
degraded rapidly upon cell death. Coupling revéescription with real time quantitative PCR (qRTR) for
enumeration of microorganisms has been shown tbolle accurate and sensitive for quantification pegs
(Hierro et al., 2006) and it has the potential éodpplied directly to enumerate viable microorgausisn food
samples as an alternative approach with respetttetstandard plate and direct count methods (Detaau.,
20009).

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, tRiSD thesis project can be subdivided into the ¥alhgy
activities according to the Gantt diagram givef &ble 1:

Al) Assessment of complex microbial populations by usinLH-PCR technique in natural whey starters and
long ripened cheese, improvement of the methockttebdiscriminate microorganisms and a deeper letdye
of unknown data registered so far;

A2) Improvement of FISH analysisand coupling with LH-PCR technique for a polyplkaaspproach on solid
dairy matrices;

A3) Development of a novel multiplex gqRT-PCR strategyto simultaneously quantify different lactic acid
bacteria in dairy matrices: choice of the targaiegéA3.1), primer design (A3.2), assessment inigy daodel
with known bacterial species (A3.3), setting upeffitient RNA extraction method from dairy matric@s3.4),
application of the novel multiplex gRT-PCR to enuate microbial composition in natural whey stari@3.5);
A4) Assessment of microbial population dynamics durindiard cheeses fermentation and ripeningLong
ripened cheeses (such as Parmigiano Reggiano aamdaGtadano) will be collected at different stagés o
ripening and will be analyzed by using culture ipeledent techniques;

A5) Writing and Editing of the PhD thesis scientific papers and oral and/or poster comnaiiaos.

Table 1: Gantt diagram for this PhD thesis project.

Activity

Al) | LH-PCR improvement

A2) | FISH improvement

A3) | Multiplex qRT-PCR

1) Choice of target gene
2) Primer design

3) Assessment in a dai
model

4) RNA extraction method
5) Whey starter analysis

Ad) Long ripened cheese sampli
and analysis

A5) | Thesis and Paper Preparatio
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