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The study of interaction df. lactisandS. xylosusvhich were grown in mixed
culture in a controlled bioreactor under well-definconditions was conducted in order
to understand the impact of oxygen on the intevactif the two types of bacteria, that
is, the control of 80% oxygen quantity dissolved time bioreactor, and under
uncontrolled state of oxygen. From the study ofttivee bacteri@onditions pure L.
lactis, pure S. xylosusand mixed cultureit was found that under controlled state of
oxygen in mixed culture that expressed anaerohimdatation after oxygen was
completely exhausted, biomass of purelactisand mixed culture was not different,
about 2.0 and 2.3 g/l, respectively. Specific ghgcoonsumption rates {fcosd in pure
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glucose was exhausted.
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CHAPTER |

INTRODUCTION

1.1 Background

The microbial ecosystems associated vatinénted foods are often complex,
with several species acting in interaction, betwdsmselves and with the food
matrix. Most of the time, microbial ecosystems iwea in food processes are
considered as a black box because of their contpldri the past fermented foods
were carried out spontaneously by action of theiaatmicroflora present in the
employed ingredients or in the manufacturing emment. Many countries have
traditional fermented food products and the consanpeefer to keep their typical
characteristics. However, traditionally fermentedds products are made by the use
of uncontrolled microbial processes which may somes lead to either inferior or
even unsafe final products. Therefore, the utiloratof starter cultures for food
products to improve and guarantee safety is gesedal Nowadays, microbial
product formations, flavour profiles, enzyme adies and growth influencing factors
have sometimes been individually studied but raielgultures containing more than
one characterised microorganisAmong fermented foods, cheese and sausages have
a place of choice. Among the starters used in tlpesducts, lactic acid bacteria
(LAB) and coagulase-negative staphylococci (CNSk awidely employed.
Lactococcus lactiss the LAB model andsed as starter in most cheese and sausages

manufacturing. The other main starter microorganismed for sausages.



manufacturing is the CNSStaphylococcus xylosushich can also be present in
some cheese as a minor flora. In cheese manufagttimis leads to the coagulation
of soluble proteins and development of the tex&ur@ organoleptic properties of the
final product. In fermented food, acidification &so employed to reduce the
development of undesired acid-sensitive bactespedally pathogenic bacteria,
which increases food safety.

As these two bacteria can share the sameoement, the objective of this
research was to determine the interaction that evast between two different
species. The first part consisted of the precisantiication of the evolution of
different parameters wheln. lactis and S. xylosuswere grown in mixed culture,
compared to pure cultures, in a model environméhiltures were grown in
bioreactor under well-defined conditions. Theirwtio and the product formation
monitoring in defined synthetic media and staticntoal fermentation offer
understanding of the participation of each presantrobial organisms in the
evolution of the environment.

The second part of the project consistédthe feasibility to perform a
transcriptomic analysis of the lactis physiology in mixed culture witls. xylosus
The availability of whole-genome sequence and DNidroarray ofL. lactis offers
the potential to monitor and compare the globalegemrpression pattern. This
technology provides the way to discover cell resgano environmental changes at
the transcription level. Analysis of gene expressis important, since the
physiology and metabolism of organism are mostnafitee consequences of changes
in their expression pattern. With the availabilifyan increasing number of genome

sequences from microorganism in food ecosystem& @gc dairy products and



fermented meat, strategies using mixed genome ari@ypcan be now careful.

1.2 Research objectives
The aim of this project was to analyze ltkbaviour ofL. lactisandS. xylosus
in mixed cultures. The objectives of this reseanahas follow.

1. To analyze the mode of interactionsLoflactis and S. xylosusn term of
growth, fermentation products and substrate consompn chemically defined
medium (CDM).

2. To study the feasibility of transcriptoraealysis ofL. lactis when grown in

mixed culture withS. xylosus

1.3 Research hypothesis

1. WherL. lactis andS. xylosugyrow together, they could influence the growth
of each other in the mixed culture compare to tine gulture. This interaction could
be either direct or indirect. Some products frome aspecies could influence,
positively or negatively the growth of the othertpar. One can speculate that the
modification of the environment due to one micrgatism may not have influences
on the macro-kinetic behaviour of the other micrgamism but can have some
repercussions on the metabolism of the latter. Sliifarences were pointed out by
comparing global metabolic profiles of mixed cuiuo the pure ones. Differences
were most likely resulting from interactions of tiwe micoorganisms.

2. Total RNA extracted from mixed culturesnamposed of b. lactisRNA and
S. xylosusnix. cDNA from S. xylosusnay interfere with the transcriptomic response

of L. lactiscRNA on the arrayi.e. cross-hybridization). According to



results obtained in another study in the labolatMgligoy et al.,2008), the potency
of S. xylosuggenomic DNA addition in reducing cross-hybridipa was evaluated.
If cross-hybridization were reduced enough to emdtdncriptomic analysis of real
mixed culture, the transcriptome analysisloflactisin mixed culture withs. xylosus
in cheese matrix will be performed. A lactis DNA microarray made of PCR

fragments designed on thelactisIL1403 strain genome sequence was employed.

1.4 Possible limitations to the research achievemen
1. Interactions df. lactisandS. xylosusn bioreactor
a) Growth interactions could not be hlisi at the macrokinetic level. No
growth inhibition or growth advantage was visible.
b) Interactions were nutritional withoamy growth effect. The molecule(s)
involved in the interaction was (were) not parttadse quantified.
c) None interaction, neither macrokioetor metabolic, exist between the two
species in mixed culture in CDM.
2. Transcriptomic analysis of lactisin mixed culture witts. xylosus
L. lactis and S. xylosusgenomes are too closely related and the DNA
microarray employed is not specific enough to measunly L. lactis cDNA. High
cross-hybridization frequency will be encounteréithe addition of S. xylosus
genomic DNA did not reduce adequately cross-hybaition to enable trancriptomic

analysis of mixed cultures.



CHAPTER Il

LITERATURE REVIEW

2.1 Lactic acid bacteria

The term LAB was then used synonymouslthwimilk-souring organism.”
Important progress in the classification of theaetéria was made when the similarity
between milk-souring bacteria and other lactic aprdducing bacteria of other
habitats was recognized (Salminen and Wright, 1998ditionally, the LAB is
defined by the formation of lactic acid as a sole main end-product from
carbohydrate metabolism. The fact that bacilli nfal§ill this criterion has been
recognized for a long time, although they have néeen recognized as belonging to
the LAB. This will be simplifled the practical haity of, for example, ‘food-grade’
strains and may be supportive of considerationslagidlative procedures towards
their approval for application. On the other hapllylogenertic evidence has clearly
separated the bifidobacteria (with >50mol % G+Ghi@ DNA) from other LAB, all
containing < 50 mol% G+C.

LAB comprises a diverse group of Gram-pesj non spore-forming bacteria,
with shapes of cocci or rods and generally lackaiflase, although pseudo-catalase
can be found in rare cases. They are chemo-orggmotand grown only in complex
media. Fermentable carbohydrates are used as eseugge. Hexoses are degraded

mainly to lactate, ethanol, GCformate or succinate (heterofermentative).



2.1.1 The genug actococci

The genusLactococcus was proposed by Schelifeet al, (1985) to
accommodate the non-motile, mesophilic streptocoeciying a group N antigen.
Lactococciare cocci, Gram-positive, anaerobic bacteria wipobduce L(+)-lactic
acid form lactose in spontaneously fermented rauk mvhich is left at ambient
temperatures (around 20-30 °C) for 10-20 h. Theycammonly called mesophilic
lactic streptococci. It is temping to suggest e first isolation, identification and
description of the chemical entity lactic acid bgrlOVielhelm Scheel from sour milk
in Sweden in the year 1780, was actually L(+)-aeatiid produced by lactococci. The
microbial nature of lactic fermentation was recagui in 1857 by Louis Pasteur. The
first bacterial pure culture on earth, obtained aontifically described by Joseph
Lister (1983) was actococcus lactisat that time calledBacterium lactis’.

The taxonomic confusion was generatechbyfact that some unrelated bacteria
were put and maintained in the ger8iseptococcusn merely morphological criteria
ended finally when modern methods of chemical taxoywere successfully applied.
Base on nucleic acid hybridization studies and imohagical relationshipsof
superoxide dismutase, the mesophilic lactic aciepsbcocci were separated from the
true streptococci (genw&reptococcysand the enterococci (genlsterococcusand
generated the new genusctococcus(Schleifer et al, 1985). This name is an
ingenious description of the function and morphglogf these bacteria were
obviously influenced by the already existing gehastobacilluswhich contain most
of the rod-shapd AB (Tueber, 1993).A basic phylogenetic positioning of the
lactococci as an own cluster within tl#ostridium subvision of bacterial evolution

(low GC Gram-positive bacteria) became evident frbra analysis of sequence



similarities of ribosomal RNAs (Stackebrand and Jare 1988). The historical
development of commercially avaible starter cukufer the diary industry started
with the fresh liquid culture, continued with thevention of viable freeze-dried
cultures after World War 1l, and stands today geak with the offer of concentrate
deep-frozen cultures in cans or in pellets whichtaim up to 1& living bacteria per
ml and are suitable for direct vast inoculationgber, 1993).

Genetics and genetic engineering of lamtoc started with the detection of
plasmids in all investigated strains by McKay’s beditory and others. Nowadays,
the basic structure of the chromosome is knowngdgesmsfer by conjugation and
electroporation is routinely applied, cloning anxpmression vectors are available,
gene structures and functions are elucidated atldeecoming close to well-
characterized species likescherichai coliand Bacillus sustilis(including genetic
engineering and expression of heterologous prot@asson and de Vos, 1994)).
Since, biochemical and genetic research on lactodoas a high and continuing
priority within several research programs of thedpean Community/Union. The

lactococci used in starter cultures for the dawguistry are listed in Table 2.1.

2.1.1.1Morphology
The morphology of the Gram-positive lactod is characterized by sphere of
ovoid cells occurring as single cells, pairs orinbaand being often elongated in the
direction of the chain. One of the earliest micegrs is represented in Figure 2.1.
With the imagination of a chemist, which bacteriaswealledKiel | andKiel 1l. The
length of the chain is mainly strain dependent, etimmes also influenced by the

growth medium.



Table 2.1 Lactococci as component of starter cultures fonénted dairy products

Type of product Composition of starter culture

1.Cheese type without eye formation L. lactis subsp.cremoris,95-98%;L.
2.Cottage cheese, quarg, fermentdattissubsp lactis2-5%

milk, cheese type with few or small eyek. lactissubsp.cremoris,95%
3.Culture butter, fermented milk, buttek. lactis subsp.cremoris, 20-25%; L.
milk lactis subspdiacetylactis 15-20%
4.Teatte (Scandinavian ropey milk).. lactis subspcremoris

casein L. lactis subsplactis

5.Kefir

Source : (Salminen and Wright, 1993)

Figure 2.1 Early photomicrograph of mesophilic lactic stamicci isolated by
Weigmann from sour milk and sour creg®alminen and Wright,

1993)

The ovoid shape is shown in the scannlagt®n micrograph in Figure 2.2.

This basic morphology is typical, but not suitableough to differentiate the genus



Lactococcusfrom the gener&Streptococcusor Enterococcus,or to differentiate
between the fiveLactococcusspecies (. lactis, L. garviae, L. raffinolactis, L.
plantalum, L. piscium Lactococci do not form endospore and do not ldgve
flagella. Motile streptococci previously regarded &elonging to the genus
Lactococcusiue to the presence of a group N antigen have $femmn to represent a
genus on their own (Vagococcus; Collies al, 1989). This genus has a closer

relationship withEnterococcus

Figure 2.2 Scanning electron micrograph bf lactis subsp.lactis Bu2-60 (Lanet

al., 2006)

2.1.1.2 Habitats
The lactococci comprise the spedieslactis L. garviag L. plantarum L.
rafinolactis and L. pisium L. lactis subsp.lactis and diacetylactishave commonly
been detected directly or following enrichment larp material, including fresh and
frozen corn, corn silks, navy beans, cabbage,deftwheat, grass, clover, potatoes,
cucumbers and cantaloupe. Lactococci are usuatljonod in fecal material or soil.

Only small number is presented on the surface wsand in their saliva. Since, raw
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cow’s milk consistently containis. lactis subsp.lactis and to a much less extelnt
lactis subspdiacetylactisandL. lactis subspcremoris,it is tempting to suggest that
lactococci enter the milk from the exterior of tiéder during milking and from the
feed, which may be the primary source of inoculaticactococci are Gram-positive,
microaerophilic cocci, which lack the cytochroméshe respiratoty chain. They can
be simply differentiated from pediococci and leuzstoc by the main fermentation
products produced from glucose. The common morgyotmnsists of the spherical
or ovoid cells, 0.5-1um in diameter, in pair or manr less long chains. The GC
content of DNA ranges from 34-43%. The genome siaifferent lactococci were
estimated to be 2300-2600 kb (Le Boureois et 893) Since the mesophilic dairy
species differ only in a few properties, the GCteahcan not be employed for this
differentiation. The fact that the three mesophiary species are closely related is
also implied by the observation that many bactphage can infect strain of all three
species. Also, the plasmid patterns investigatedfasodo not allow species
differentiation, but do allow the re-identificatioof strains. Another approach to
differentiate strains is the protein pattern afget electrophoresis of soluble cell
extracts (Jarvis and Wolf, 1979). By this methokssification of closely related
strains seems possible. The lactococci contain quenane with nine isoprene units
as the major component, in contrast to dimethylmgamones with nine isoprene
units and menaquinones with eight isoprene unitenterococci. To date, it is not
possible to assess the number of different lactdagtrains existing in dairies and
starter culture throughout the world. The routindgfedentiation of the dairy

lactococci strain is outline in Table 2.4.
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2.1.1.3 Biochemistry and physiology

The metabolism of milk ingredients (lactose, caseaitrate and others) by the
two subspeciedactis and cremoris provide the basis for the spontaneous and
industrial fermentations of milk to sour milk, soeneam and many type of cheeses.
Although lactococci do not process a citric acic¢leyand a complete respiratory
chain, they are able to grow in the presence ofjerypartially due to some oxygen
metabolizing enzyme like superoxide dismutase omDNAoxidases, the resulting
micoraerophilic phenotype does not require a firge oxygen substrate (e.g. milk)
which facilitates the large scale of industrial laggdion of lactococci.

1) Carbohydrate metabolism

The metabolism of lactic acid bacterisefScient carbohydrate fermentation
couple to substrate level phosphorylation. The gagrd ATP is subsequently used
for biosynthetic purpose. Glycolysis is used bylaltteria. Hexose is converted to
pyruvate in a metabolic sequence including sulestieatel phosphorylation. Under
limited accesse to oxygen, pyruvate is reducedattid acid by NAD dependent
lactate dehydrogenase, thereby reoxidizing the NAIOHNned during the earlier
glycolytic step. Pyruvate has a key position inclniermentation though its role of
electron acceptor for the reaction of NADH regetiera The alternative fates of
pyruvate are represented in Figure 2.3. The diheetg acetoin pathway occur in
aerobically condition and low pH via catabolic, bholc, 2-acetolactate synthase and
acetolactate decarboxylase. Another pathway of yafeu metabolism consists of
formate lyase system. This enzyme catalyegeeaction of pyruvate and CoA to
formate and acetyl CoA, resulting ultimately toathl formation (Sedewitet al,

1984, Oliveiraet al, 2005a)
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2) Nitrogen metabolism

Generally, lactococci are auxotrophic fee amino acids isoleucine, valine,
leucine, histidine, methionine, arginine and preliA detailed list for different strain
is given in Table 2.3 and 2.4, which clearly shakat additional amino acids may be
necessary for growth. For exponential growthactis does need that the medium
contain 19 different amino acids (in addition teese vitamins; Jensen and Hammer,
1993).

Concerning nucleotide metabolidm|actishas the ability to metabolise uracil,
uridine, deoxyuridine, cytidine, and deoxycytidinbut not cytosine as sole
pyrimidine source. Cytosine can not be used.dsactislacks the enzymes cytidine
deaninase in addition to deoxycytidine kinase a@B¥B deaminase (Marinusset
al., 1994)

3) Vitamin and mineral requirements

The maximum growth oL. lactis requires biotin, pyridoxal, folic acid,
riboflavin, niacianmine and pantothenate. Niacigntpthenate and biotin are
essential. Micro nutrients should include molybdaterate, cobalt, copper,
manganese and zinc. The defined medium named SABandre used for this
bacterial group as represented in Table 2.2 (Jemsgétlammer, 1993).

4) Reaction to oxygen

Oxygen metabolizing enzyme have been divithto 6 systems for LAB; 1)
NADH: H,0O, oxidase; 2) NADH: HO oxidase; 3) pyruvate oxidase; 4)
glycerophosphate oxidase; 5) superoxide dismute8@©DJ; and 6) NADH
peroxydase (Codon, 1987). The investigated lactodemonstrated high level of

enzymatic superoxide dimutase activities in theeoaf 5.4-11.8 units/mg protein.



13

The HO, (about 10-20 mgl/liter) generated by SOD and NAD{dtase inL. lactis
accumulated in the medium since no catalase or NARHxidase is presented in
this bacteria. Inhibitory levels of 8, in starter culture production can be reduced by
addition of catalase to the growth medium. The ather enzyme activity of oxygen
metabolism reported in lactococci is NADH peroxigasL. raffinolactis(Wood and

Holzapfel, 1995)

Figure 2.3 The pyruvate metabolism LDH: lactate dehydrogen®PDH: pyruvate
dehydrogenase complex; PFL: pyruvate formate-lyagddHE:
acetaldehyde dehydrogenase ; ADHA: alcohol dehyarage; PTA:
phosphotransacetylase; ACKA: acetate kinase, ANS/BR: catabolic
and anabolic 2-acetolactate synthase; ALDB-acdiatcecarboxylase;
BUTA-diacetyl reductase; BUTB: acetoin reductas&)Xyl NADH —

oxidase (Oliveireet al, 2005b).
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2.1.1.4L. lactis

L. lactisis a gram positive bacterium, classified as LABacultative anaerobe,
which oxygen having a strong regulation efféctlactis consists of two subspecies,
lactis and cremoris both subspecies being widely found in dairy stadultures.
These species contribute substantially to humaritioatand well-being.

Economically and technically, they arensost importance as a starter for the
production of fermented meat and milk. About onedtlof the annual world output
of milk is transformed it fermented products. Tlay also be isolated from a variety
of environment sources. LAB has complex nutriemureements, limited ability to
synthesize B vitamins complex and amino acids. tRis reason they are naturally
found in nutrient-rich environments such as milkli am some plant products. It was
shown that growth can be improved by supplementimg culture media with
peptone, yeast extract or amino acids (Letwal, 1976; Benthinet al, 1996).L.
lactis conducts homolactic fermentation under anaerobiditions and switches to
aerobic heterolactic fermentation under aerobicdit@ms in response to oxygen
stress (Cocaign-Bousquet al, 2002; Nuvest al, 2005). LAB are responsible for
the rapid fermentation of the product, leading itbgecrease which prevent spoilage
by undesired microorganisms (Chevallegral, 2006). In fermented meat products
fermentation this acidification below the isoelecioint of muscle proteins causes
water-binding-capacity leading to coagulation oé teoluble proteins giving the
desired texture (Lerbemt al, 2007). This starter cultures play a key role he t
quality of fermented products with respect to shidf preservation and sensory

quality.
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Table 2.2 Define media which support exponential growthloflactis.

Constituent Concentration (mM) in medium
SA BL
L- Alanine 3.4
L-Arginine 1.1 0.8
L-Asparagine 0.8
L-Cysteine 0.8
L-Glutamate 2.1 21
L-Glutamine 0.7 0.7
Glycine 2.7
L-Histidine 0.3 0.3
L-Isoleucine 0.8 0.8
L-Leusine 0.8 15
L-Lysine-HCI 14
L-Methionine 0.7 0.5
L-Phenylalanine 1.2
L-Proline 2.6
L-Serine 29
L-Threonine 1.7
L-Tryptophan 0.5
L-Tryrosine 0.3
L-Valine 0.9 2.6

BL is Blood-Liver medium and SA is starch agar noedli
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Table 2.2Define media which support exponential growthloflactis(Cont.).

Constituent Concentration (mM) in medium
SA BL

KH,PO, 1.3 1.3
Na-acetate 15 15
Glucose 50 50
MOPS 40 40
Tricine 4 4
CaCb 0.0005 0.0005
MgCl, 0.52 0.52
FeSQ 0.001 0.001
NaCl 50 50
Vitamins + +
Micronutrient + +

Source; (Jensen and Hammer, 1993)

tVitamins: 0.4 puM biotin, 10 uM pyridoxal-HCI, 2.M folic acid, 2.6 pM

riboflavin, 8 pM niacinamide, 3 pM thiamine-HCI, car2 puM phethothenate.
FMicronutrients: 0.003 uM (NEs(MO7)24, 0.4 uM HBO3 0.03 uM CoC{, 0.01 pM

CuSQ, 0.08 uM MnC4, and 0.01 pM ZnS©O

This bacteria is also used for lactic apidduction in the fine chemical
industries and for the production of diacetyl asvélur compound, exo-
polysaccharide for texture development and baamso (Vliieg et al, 2006).
Moreover,L. lactisitself and a number of products produced by thistérium have

been recoqgnised the Generally Recognized as S&&%Hby FDA (Burdock and
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Carabin, 2004). LAB starter cultures play a rolepmoteolysis and have enzyme
potential to transform aromatic amino acids (ArAABjanched-chain amino acids
(BcAAs) and methionine to potent aroma compoundd Have been identified as
major aroma components of cheese flavours (Yetoal, 1999).

Thebacteriumusedthroughoutthis work was anL .lactis subsp. lactis biovar
diacetylactisdairy strain LD61, which contains phds. Those plasmids contain
lactose, protease and citrate utilization, thokawabptimal growth in milk and meat
(Raynaucet al, 2005; Monneget al, 2008).

L. lactis has gaineda strong position as a model organism for lactid ac
bacteria species. However, this bacterium livesttogy with several microorganisms
such as coagulate-negative staphylococci (CNS), styedactobacilli and
corynebacteria (Addist al, 2001; Blaiottaet al, 2004). It is necessary to be able to
study the behaviour ot. lactis in mixed cultures to determine whether its

metabolism is modified by the presence of a miabpartner.

2.2 The genusStaphylococcus

The staphylococci are usually found in #kén of human and animals. The
straphylococci have a G+C of 30-38%. A few physiidal features, however, allow
the relatively reliable differentiation of most atrs belonging to this genus. The
ability of staphylococci to produce acid anaerolyyckiom glycerol in the presence
of 0.4 ug of erythromycin per ml and their sensitio lysostaphin from the basis of a

discriminatory test to distinguish between these gnoups.



Table 2.3Characteristic differentiating species and suhggeaf the genukactococcus.

Species Source Acid production from

Galactose Lactose Maltose  Melibiose  Melizitose Raffe Ribose
L. lactissubsp. Raw milk and + + + - - - +
lactis dairy products
L. lactissubsp. Raw milk and + + - - - - -
cremoris dairy products
L. lactissubsp. Leaf hopper - - - - - - -
hodniae
L. garviae Bovine sample + + Vv \% - - +
L. plantarum Frozen peas - - + - - - -
L. raffinolactis Raw milk + + + + + + V
L. piscium Disease rainbow + + + + + +

trout yearling
Source: (Salminen and Wright, 1993)

* +, positive; -, negative; v, viable

8T



Table 2.4Physiological and other properties of dairy lactmaise for identification and differentiation.

Properties L. lactissubsplactis L. lactis subspdiacetylactis L. lactissubspcremoris

Growth at 10°C + + +
Growth at 40°C
Growth at 45°C -
Growth in 4%NacCl
Growth in 6.5%NacCl - - -
Growth at pH 9.2
Growth with methylene blue (0.1% + + -

milk)

Growth in presence of bile (40%) + + +
NH3 from arginie + + -

CO, from citrate - + -
Diacetyl and acetoin - + -
Fermentation of maltose + + Rarely
Hydrolysis of starch - - -
Heat resistance (30 min at 60°C) Vv \% Vv
Serological group N N N
GC content of DNA (mol%) 33.8-36.9 33.6-34.8 35023

+ +
4+ =+
! 1

+
+
1

Source: (Salminen and Wright, 1993)

* +, positive; -, negative; v, viable

6T
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Being facultative anaerobes, the staplodoc may use both of glycolytic
(Embden-Meyerhof-Parnas, EMP and the hexose-morspblate, HMP) pathways as
main routes of glucose metabolism. The main endlyob of anaerobic glucose
metabolism is (73-94%) L(+)-lactate (with traces adfetate, pyruvate and @O
Acetate and C@are the main end product from glucose under aerobinditions

(Gardiniet al, 2002; Morot-Bizotet al, 2006)

S. xylosus

S. xylosuss a common bacterial species from the skin mikkn@ of mammals
frequently isolated from milk, meat, and other fogmeducts such as cheeses and
sausages (Garcia-Varonet al, 2000). S. xylosusis an anaerobic facultative
bacterium, used as starter culture in combinatiotih WAB in several types of
sausages and chees8s.xylosusan survive at high salt concentration and iniacid
environments, encountered conditions during fereemipening and storing of meat
and cheese products (Sgrensen and Jakobsen, 1li@®#cdSaet al, 2006). This

bacteria can form biofilm as represent on Figude 2.

Figure 2.4 Biofilm of Staphylococcus xylos@BNRA, 2008).
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S. xylosuslso contributes to the ripening of traditionatebkes, particularly
surface mold ripened soft cheeses, where it cancadn orange pigmentation as

represent in Figure 2.5.

Figure 2.5 Munster cheese inoculated whh xylosu®n the surface (INRA, 2008).

S. xylosusplays a major role in the development of sensamyperties of
sausages by reduction of nitrates to nitrites dreh tto nitrous oxide, preventing
rancidity through superoxide dismutase and catalateities as shown in Figure 2.6
(Barriéreet al, 2001a; Barriéreet al, 2001b). It has been confirmed that ethyl esters
and 3-alkanones were essential for salami odourtlagid production was associated
with a high level ofS. xylosugMatrtin et al, 2006)

Several aromatic substances such as psptnino acids, aldehydes, alcohols
and free fatty acids produced By xylosugrom its proteolytic and lipolytic activities
have also considerable role in the developmenthefftavour of fermented meat
(Motel et al, 1996; Stahnke, 1999; Larroutue¢ al, 2000; Maurielloet al, 2001;
Beck et al, 2002; Beeket al, 2004). The sensory important aldehydes, 3-
methylbutanal, 2-methylbutanal and 2-methylpropaeé#dted to leucine, isoleucine

and valine catabolism were found to be only tramtsrepresent in the culture broth
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during the exponential growth phase in batch celwfS. xylosusaandS. carnosus
(de Vos Petersen et al. 2003). In fact, these gtteshwere rapidly oxidized into their
corresponding carboxylic acids (Beek d., 2002). The further fate of the acids is
currently unknown. Given the role of Branch chamirzo acid (BCAA) catabolism
towards formation of these flavor-important metdtlesl and their potential role in
cellular physiology, the researchers found it eakewith a further characterization

of the metabolism of BCAAs in staphylococci.

Figure 2.6 Sausage inoculated with xylosugINRA, 2008).
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Figure 2.7 Catabolism of leucin@Beeket al, 2004)

The production of 3-methylbutanoic acid irstiated at the onset of the

stationary growth phase. Its immediate precursbe s$ensorial most important
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compound 3-methylbutanal, was recently demonstraiedbe produced only
transiently during the exponential growth phase.eWthe organism enters the
stationary growth phase, the branched-chain aldehydre converted to their
corresponding carboxylic acids, probablya the formation and hydrolysis of the
corresponding acyl-CoA complex. Non growing cefiSoxylosusapidly oxidize the
branched-chain aldehydes into the correspondindsaéi proposed pathway for the
biosynthesis of odd-numbered isobranched-chainy faitids and metabolite
production byS. xylosuss shown in Figure.7. It has been shown that isobrached-
chain fatty acid is used for cell membrane synthdaring exponential phase.

Some strains @. xylosusare able to produce bacteriocin-like substancas th
have activities against a large spectrum of baxtdn addition, an antimicrobial
spectrum of bacteriocin-like substances producesoye strains db. xylosusgainst
Listeria monocytogenes§amonella arizongeS. aureus Pseudomonas aerugingsa
Escherichia coli Enterococcus faecaliand other bacteria have been reported (Essid
et al, 2007).

Even ifS. xylosudas been defined as a non-pathogenic bacteriune strains
have been described in animal infection such astitisasr as able to produce
enterotoxins. (Plansoet al, 2006; Dordet-Frisonet al, 2007a; Dordet-Frisoret al,
2007b). This strongly highlights the need to insee&anowledge in this field, which
offers well understanding of the behaviour whers tepecies act as starter for

fermented foods.

2.3 Transcriptome analysis
Transcriptome is the set of mMRNA molecuf@®duced in the cell, reflect the

genes that are being expressed. The sequence lofgeme has been developed
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initially for different purposes to monitor the egpsion of all the genes in a given
conditions. This approach permitted to the idecuifion of regulations, but enables
also the identification of patterns necessary lierdontrol of the expression of sets of
genes. Gene expression analysis using DNA micrpaigaimportant, since the
physiology and metabolism of organism most oftenthe consequences of changes
in the pattern of gene expression. Microarrays amgerly miniaturized arrays
containing large sets of DNA sequences that haea laétached to a solid substrate
using automated equipment such that each spotspames to unique DNA (Schena
et al, 1995; Schena, 2002). These arrays are also soetetieferred as microchips,
biochips, or gene chip. The whole genome sequehde kactis IL 1403 has been
accomplished. DNA microarray has been developdd iactis. This technology has
been employed for transcriptome analysis duringirenmental stresses ofpure

culture (Xieet al, 2004).

Critical issues of microarray

This section will highlight some importamgsues related to microarray
hybridization and detection from a practical pahtiew.

1) Probe DNA retention and quantitativalgsis

In solution-based hybridization, the hglmation signal intensity depends on
both target and probe DNA concentrations. In migaabased gene expression
studies, however, it is assumed that the concemtraf all probe DNAs deposited on
the microarrays are much higher than mRNA conceatra in the fluorescently
labeled target samples. As a result, hybridizasignal intensity is dependent only on

the mRNA concentration in the target samples rditem on the arrayed probe DNA
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concentration. Therefore, many factors that causbée deposition variations will
have negligible effects on hybridization signakmity(Wuet al, 2001).

For accurately gene expression, it is r@gseto ensure that the arrayed DNA
probes are into the labeled target cDNAs. GenerallpNA concentration of 100 to
200 ng/ul is used for spotting. This correspondsl@® to 200 pg/spot for 1-nl
deposition. The retention is about 20-30 % on &kohglass surface. However, probe
DNA retention depends on slide surface, coatingnubigy, post-processing,
hybridization, and washing conditions. Therefore, eénsure accurate quantitative
results for highly expressed genes, it is importanknow how much spotted DNA
can be actually retained after hybridization forcheaype of slide and for the
hybridization conditions used.

2) Target labeling quality

Target labeling is one of critical probkeno realize transcriptome and various
methods are available. Here, we will develop ohly direct labeling method, which
was used in this thesis. The first step for trapsmme is to retro-transcribe mRNA
into cDNA. In the direct labeling method, the ingoration of fluorescent tags (Cy3-
or Cy5-CTP) occurs during this retro-transcriptiomdirect labeling, fluorescent tags
are directly incorporated into the nucleic acidyarmixture before hybridization by
enzymatic synthesis in the presence of either émbalicleotide (e.g. Cy3- or Cy5-
CTP) or PCR primers (Figure 2.8). The most commaethod is to label target
MRNA or total RNA using reverse transcriptase. Tiheorporation of labeled
nucleotides takes place at this step, by incorpmrainto the cDNA. In a reverse
transcriptase reaction, random hexamer transforrA R\NcDNA. During synthesis of

cDNA with 3 unlabelled dNTP and one labeled fluoesg dye, the labeled dNTP
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will be incorporated as well as the others. Thellteg synthesized fragment will be
labeled (Schena, 2002).

3) Photo bleaching and scanning parameters

Light is emitted from a fluorescent dyeemht is illuminated by excitation light.
Generally, the emitted fluorescent is directly mdiwnal to the power of the
excitation light. Therefore, to increase sensiivhigher power of excitation light is
preferred. However, if the excitation light is egsie, the incoming photons can
damage the dyes and reduce the fluorescent sigoailsg successive scans. More
powerful light sources and or longer laser exposiime can lead to significant photo
bleaching. Generally, should be less than 1% prsng (Epstein and Butow, 2000).

Although Cy3 (0.15) has a longer quantuaidythan Cy5 (0.28), Cy3 is more
efficiently incorporated into cDNA during reversaarscription. Such dye
characteristics can cause variation in the sigrtahsity obtained from these two dyes
in the reverse labeling experiments. The signalikhbe balanced during scanning by
using a higher PMT setting for the dye with a weakgnal to allow the detection of

more spots with low signal intensity.

Different dyes have considerable diffeemnadn their photo stabilities. For
example, Cy5 is more sensitive to photo bleachiagn tCy3. The differences in photo
stability among different dyes could potentiallyjusa problems when multiple dyes
are used in experiments because the ratios meastaedlead to significant
guantitative errors. To minimize photo bleachirg Cy5 channel is always scanned

first, followed by the Cy3 channel (Zhat al, 2004).
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“RNA

Cy3/Cy5-dCTP, Reverse
dATP. dGTP, dTTP transcriptase

Figure 2.8 Direct incorporation of fluorescent dyed into &trgample through

reverse transcription (Zhaet al, 2004)

2.4 Summary

As mentioned, microbial microflora in fegnted foods are complex community
and little is known about the physiology of micrganisms when they grow in mixed
cultures. Literature is rich in papers devotedhe tlescriptive impact of one strain
compared to another, mainly in terms of organotegtialities or food safety, but very
few studies exist dealing with the mechanisms wmed! However, the interpretation
is always limited by the lack of knowledge regagithe general bacterial physiology
in such matrices. Performing mixed culture intaoacstudy was essential to explain
the real community. Despite, the fact thatactisandS. xylosusan live in the same
environment, little is known on their behaviour andtabolic characteristics in mixed

culture.
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This research project was part of the Gamneent ANR (Agence Nationale pour
la Recherche, France) project including 12 diffedaboratories. The global aim of
the project was to analyze the behaviour of 4 dbfie microorganismsL( lactis, S.
aureus, S. xylosuandYarrowia lipolyticg, in mixed culture and in a food matrix
model. All these microorganisms are present in shemd/or sausages, during their
manufacturing. All excepS. aureuswere used as starter cultures in these food
manufacturing ané. aureuss a pathogen that can contaminate final produdis.
aim of this project was to study different combioatof these micro-organisms and
their interactions at the macroscopic or transenpt level.

The main of my research work was to aralye behaviour df. lactisandS.
xylosusin a model growth medium. The first part was tdqren fermentation of pure
and mixed cultures df. lactisandS. xylosusand determine their global physiology
and potential differences when they share the ssamagonment. Culture was grown
in well defined conditions and evolution of metabglarameters were analysed. The
effect of oxygen concentration on their behavigupure and in mixed cultures were
investigated. The second part of the project waduated whether it was possible to
study theL. lactis transcriptome in mixed culture wit8. xylosus Indeed, cross-
hybridizations of RNA fromS. xylosusco-extracted with thé. lactis which could
cause a major problem for microarray data integpi@t. Measuring Ccross-
hybridizations and estimating the feasibility ofceuan approach was a milestone

before initiating such a transcriptome project.



29

CHAPTER IlI

MATERIALS AND METHODS

3.1 Cultures fermentation
3.3.1 Materials
3.1.1.1 Microorganism
L. lactis LD61 andS. xylosuC2a were used throughout the experiments. They
were obtained from Ingénierie des Systémes Biolaggget des Procédés, Toulouse,
France. Cells were stored at — 80°C in CDM mediuith ®0% glycerol until used.
Estimation of interaction was performed as follows.
3.1.1.2 Chemicals
All chemicals used for fermentation medial analytical work were analytical
grade. They are listed as below (Table 6—- 13).
3.1.2 Methods
3.1.2.1 Prepared inoculations
Cultures were prepared as follow.
a) Stock cultures (Cryo-tube)
All stock cultures were received by amadit of 1 ml in 20% glycerol, which
were stored at -80 °C as mention early.
b)10 ml tube cultures
The first seed inoculations were conduate@DM 10 ml capped tubes. 100 pl

Of 1 ml aliquot cryo-tube. CDM was used with higbncentration of phosphate
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buffer [K;HPO, 15 g/l] and [KHPO, 18 g/l]). These cultures were then inoculated
aerobically at 30 °C for 6 h with agitation spee@@0 rpm.
¢) 100 ml Erlenmeyer flask cultures
The second seed inoculations were theentéitom the first seed inoculations
at the serial dilutions were performed af*1® 10°of the final volume. 100 ml
CDM was used as same as the previous one in S5@dlermeyer flask capped with
cotton lid. These cultures were then inoculatedlaieally at 30 °C with agitation
speed at 75 rpm, overnight.
d) The last seed inoculations for all culture fermeetation
experiments
These seed inoculations were then takem the overnight incubation at the
concentration to reach for the bioreactor and Enkeyer flask experiments, the
volume of inoculums was determined to obtain artiahiODsgy of 0.01 as

represented as the follow formulations,

OD; = ODy/e"

oD = the initial OD580 unit of the culture

ODx = the final OD 580 of the culture

VI = specific growth rate of the interest erét(h?)
t = time of incubation (h)

V;0OD;=V:OD¢

V¢ = the final volume of the needed fermentatio
OD¢ = the final OD 580 unit of the culture

oD = the initial OD 580 unit of the culture

Vi = the initial volume of the fresh culture
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3.1.2.2 Chemically defined media

CDM was used for the various fermentag@periments are given in Table 3.1

to 3.8 inclusive.

CDM preparation

All solutions were prepared with distille@ter. All compounds were

weighted individually and mixed by solution in thelumetric flasks.

Table 3.1 Solution 1: Sugars and salts

Concentration 1X

Compound Reference Note
(9/)

Glucose 10 Prolabo 24379.294

Sodium acetate 1 Prolabo 27652.298

Ammonium citrate 0.6 Sigma A8170 Without Fe
Prolabo 26936.293

KH.PO, 30r9
Panreac 121509.1211

KoHPO, 25o0r75 Prolabo 26931.263

This solution was prepared at concentnali@X (final volume required

divided by 10).
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Concentration 1X

Compound Reference Note
(a/l)
MgCl,, 6H,0 0.2 Prolabo 25108.295
FeSQ, 7 HO 0.011 Prolabo 24244.298
CaCb, 2H,0 0.050 Prolabo 22317.297
ZnSQ,, 7THO 0.005 Prolabo 29253.293
CoCh, 6H,0 0.0025 Prolabo 22892.261
This solution was prepared at concentnedios50 X.
Table 3.3 Solution 3: Amino Acids
Concentration 1X
Compound Reference Note
(9/l)
Alanine 0.24 Sigma A7627
Sigma A3784
Arginine 0.12
Fluka M010
Asparagine 0.34 Sigma A0884
Glutamine 0.51 Sigma G3126
Glycine 0.17 Sigma G7126
Histidine 0.11 Sigma H8000
Isoleucine 0.20 Sigma 12752
Leucine 0.47 Sigma L8000
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Table 3.3 Solution 3: Amino AcidgCont.)

Compound Concentration 1X
Reference Note
(a/l)

Lysine 0.35 Sigma L5626
Methionine 0.12 Sigma M9625
Proline 0.68 Sigma P0380
Serine 0.34 Sigma S4500
Threonine 0.23 Sigma T8625
Tryptophane 0.05 Sigma T0254
Valine 0.33 Sigma V0500

This solution was prepared at concentna@i@X.

Table 3.4 Solution 4: Phenylalanine

Concentration 1X
Compound Reference Note
(9/l)

Phenylalanine 0.28 Fluka 78019

This solution was prepared at 20X. The deaps of HCI 37% were added to

dissolve.
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Table 3.5 Solution 5: Tyrosine

Concentration 1X
Compound Reference Note
(9/l)

Tyrosine 0.29 Sigma T3754

This solution was prepared at concentma2@X. The few drops of NaOH 10N

were added to dissolve.

Table 3.6 Solution 6: Bases

Concentration 1X

Compound Reference Note
(a/l)
Adenine 0.010 Sigma A8626
Guanine 0.010 Sigma G6779
Uracile 0.010 Sigma UQ0750
Xanthine 0.010 Sigma X0626

This solution was prepared at concentmabi@X. The few drops of f NaOH

10N were added to dissolve.
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Concentration 1X

Compound Reference Note
(a/l)

Benzoic acid 0.010 Sigma A9580 4°C
Biotine 0.010 Sigma B4501 4°C
Cyano-cobalamine 0.001 Sigma V2876 4°C
Folic acid 0.001 Interchim 47620
Inosine 0.005 Sigma 14125
Nicotinic acid 0.001 Sigma N4126
Oritic acid 0.005 Sigma 02750 4°C
Pantothinate 0.001 Sigma P2250 4°C
Pyridoxamine 0.005 Sigma P9380 -20°C
Pyridoxine 0.002 Sigma P5669
Riboflavine 0.001 Sigma R4500
Thiamine 0.001 Sigma T4625
Thiotic acid 0.0025 Sigma T5625
Thymidine 0.005 Sigma T9250

This solution was prepared at concentna@i@X.
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Table 3.8 Solution 8: Cysteine

Concentration 1X
Compound Reference Note

(9/l)

Sigma C7755, Fluka 30090
Cysteine 0.17

This solution was prepared at concentna@i@X.
The final media preparation was perforragdollow. Concentrated solutions
were mixed in the order indicated (Table 3.1 t9.3T&e final volume was

completed with distilled water. pH 6.6.was contdlbefore used.

3.1.2.3 Sterilization
a) Media sterilization
All culture media were sterilized by merahe filtration (0.2 um; Sartorius)
b) Equipment sterilization
Pipettes, test tubes, Erlenmeyer flask$ lioreactors were sterilized in an

autoclave at 121°C for 20 min.

3.1.2.4 Analytical methods
a) pH Measurement
All pH measurements were performed by using a Mwihon pH meter,

which was calibrated prior to use by using 4.0 afdbuffers.
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b) Determination of sugar and fermentation product
Fermentation broths were collected ho@@ymin for substrate consumption
and product formation analysis. Samples were daged at 13,000 rpm for 3 min,
supernatants kept and proteins of the supernatatipgate with 0.3 M barium
hydroxide and zinc sulphate prior to measureme@isicose consumption and
fermentation products (lactate, acetate, pyruvatg were analysed by HPLC with
Bio-Rad column (HPX87XH at 48°C with 5 mM HSQ, eluent, flow rate of 0.5
ml.min™ and refractometer detection (RID and UV 210 nm)
c) Total cell count
The cell counts were sampled every an .hBuring fermentation bacterial
growths were estimated by plate count on M17 (Difjomedia forL. lactis and
total flora in the mixed culture, and on TSA (AEbobratory) containing 6.5% NaCl
for S. xylosusCell count was preformed in 8x4 Folcon® well witiet500 pl of
media volume, the colony forming was count in rardi@e— 100 colonies. All

bacterium were incubated at 30°C for 24 h.

3.1.2.5 Fermentation culture conditions
1) Growth influences (glucose, lactate concentratins, and
pH) tests ofS. xylosus in Erlenmeyer flasks.

S. xylosuswas inoculated in CDM and supplement with différgiucose
concentrations (1, 2.5, 5, 7.5 and 10 g/l), lactatecentrations (0, 25, 50 and 150
g/l) and pH (4, 4.5, 5, 5.5 and 6.6). Specific maadi growth rates were calculated to
estimate the growth limitation by one of these peters exists. The most suitable

growth parameters combination was selected. Egoérement was performed in
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duplicate.
2) Correlation between optical density and cell caut with
different media (M17 and TSA) of in Erlenmeyer flak.

S. xylosu<ell viable counts and optical density at 580 naswneasured to
establish a correlation between those two paraseidrel. lactis OD58 and CFU
correlation was pre-determined in the laboratord(kso unit was 0.3 gLt dry- cell
weight) and was used throughout their study. The parameters were used to
follow cell evolution during fermentations in ordés obtain a more accurate
evaluation of cell populations. Each experiment pagormed in duplicate.

3) Interaction betweenS. xylosus andL. lactisin bioreactor
a) Uncontrolled oxygen conditions

The interaction study was carried out ircuBtures (purel. lactis pureS.
xylosusand mixed cultures). Pure cultures of each speuwikh were used as the
reference to explain mode of interactions in mixedture Each experiment was
performed in duplicate.

Bioreactor operation

The batch fermentations were carried oubioreactor vessel was a 2 litre
glass vessel (Sétric Génie Indudtrial, Toulousegn€e) of 1.2 litres working
volume. The Figure 3.1 gives bioreactor apparakus. temperature was controlled
by external coils system. A digital thermocouple swased to measure on
temperature. Oxygen, pH, and thermocouple probese waalibrated before
sterilization. The pH electrodes were calibratgdubing pH 4.0 and pH7.0 buffer
solution. The bioreactor, containing a liter of aratwas remove from autoclave and

connected to the bioreactor apparatus when thegetnye was about 40-45 °C. The



Figure 3.2 Bioreactor apparatus for 80 % oxygen interactigmegxnents
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water was released from the sterilized bioreather filtered CDM was feed into the
bioreactor under sterilized condition. A Mastexflperistaltic pump was used for
delivery of 5N KOH to the bioreactor vessel. Therbactors were agitated at 250
rpm throughout experiments using a single 6 fladbt impeller (3.5 cm diameter).
During the fermentation bioreactors were maintaine®0 °C and pH at 6.6. The
dissolve oxygen concentrations were monitored timéilend of fermentation.
b) 80 Oxygen concentrations
Bioreactor operation
The batch fermentations were carried nuiioreactor vessel was a 2 litre glass

vessel (BIOSTATB plus, Sartorius) of 1.2 litres working volume. eTlrigure 3.2

gives bioreactor apparatus. The temperature wasatied by internal coils system.
A digital thermocouple was used to measure on temtpe. Oxygen, pH, and
thermocouple probes were calibrated before statibim. The pH electrodes were
calibrated by using pH 4.0 and pH7.0 buffer soluti®he bioreactor, containing a
liter of water, was remove from autoclave and coted to the bioreactor apparatus
when the temperature was about 40-45 °C. The watereleased from the sterilized
bioreactor, the filtered CDM was feed into the bamtor under sterilized condition.
Thebioreactowas maintained at 80% oxygen saturation. An intgregstaltic pump
was used for delivery of 5N KOH to the bioreactessel. During the fermentation
bioreactors were maintained at 30 °C and pH at 6.6.
Data interpretation

Substrate and fermentation products canagons were determined. Specific

production and/or consumption rates were calculbtedorrelation with the biomass

present at the analysed point. The smooth curvlodetas used before
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calculation of each fermentation values. Carbonartads of the cultured
fermentations were performed. This was required dicectly compare the

production/consumption of each product betweerditierent cultures.

3.2The feasibility of transcriptome analysis study oL. lactis of mixed culture
on specificL. lactis DNA microarray
3.2.1 The Feasibility of transcriptome analysis bysing total RNA
3.2.1.1 Materials
1. Biochip ofL. lactis
L. lactis. IL-1403-specific PCR product (mean length: 53%Wwpre provided by

Eurogentec and spotted in duplicate on glass bldide biochips platform (Toulouse
Génopole, France). Two thousand three of the 2(33én Reading Frames (ORFs)
identified on genome were effectively availabletoa array.

2. RNA extraction Kit was provided by Qiagent

w

. Bioanalyser 2100 model was provided by Agilectinology

4. Mikro-dimembretor unit was provided by Braun, IMangen

ol

. Cy-3 and 5 were provided by Invitrogen

6. Reverse transcription and labelling kit (Qiagent

\‘

. Random primer (Invitrogent)

[oe]

. L. lactis specific primer (Eurogentec)
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3.2.1.2 Methods
a) Total RNA extraction
Frozen cell pellets corresponding to 6 ohglry weight were dropped on to a
precooled 5-ml Teflon vessel. A 7 mm bead maddefttngsten carbide was added.
The flask was then shaken at 2,600 rpm for 2 mira iMikro-dimembretor unit
(Braun, Melsungen). Powder was re-suspended in HfnRLT buffer (Qiagent)
supplied with beta-mercaptoethanol. RNA extracticas performed with Qiagent’s
RNaesy extraction kit according to supplier recomdaions. RNA quality and
guantification were analyzed using a bio-analyzetO® model (Agilent
Technologies).
b) Reverse transcription and labeling
RNA of the both species were individualgverse transcribed to cDNA and
labeled with a cyanine dye (Cy5 far lactis and Cy3 forS.xylosus by using a
LabelStar array kit (Qiagent) according to supphecommendationdNA quality
was controlled before label by using Agilent 2106-Bnalyzer. Random and specific
oligonucleotide was used as primers (Invitrogem® Burogentech ®, respectively)
c) Genomic DNA extraction
For the interaction of both two specieaagaic DNA of S. xylosusvas added
to reduce cross-hybridization. The DNA extractioasvperformed as described. DNA
of S. xylosusvas extracted after incubate overnight with M13aAfC, 200 rpm. Four
ml of cells were pelleted and resuspended in 28us$olution (saccharose 20%, Tris
50 mM pH 7.5, EDTA 5 mM, lysozyme 1 mg/ml, RNAse Wdml). Cell lysis was

performed by addition of 200 pl C2 solution (Tr&rmhM pH
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8, EDTA 5 mM, SDS 1%). After addition of proteieak (0.4 mg/ml),incubation
overnight at 55°C, and an Phenol/chlorophorme/igtiamalcohol extraction,
genomic DNA was precipitated with isopropanol (yviwashed with ethanol 70% and
re-suspended in TE buffer (Tris 10 mM, EDTA 10 mNihe final DNA pellet was
treated with RNase and digested with Sau3Al.
d) Hybridization and detection

All DNA microarrays were performed in a ntena™ automatic machine
system. The DNA microarrays were pre-hybridized B at 50 °C in a pre-
hybridization solution (1% bovine serum albumin,22C (0.30 M NaCl plus 0.03 M
sodium citrate) and 0.2 % (SDS). The microarray watmatically washed and
hybridized for 5 h at 50°C in 200 ul of ChipHypeffier containing Cy-3 labeled
cDNA and gDNA ofS. xylosuswith 0, 200 and 400ug. After hybridization, the
microarray was washed twice in Ribowash (Discovafgntana Medical System,
Inc.), twice with 2x SSC for 30 sec and with 0.1CSi8r 30 sec. The microarray was
dried by centrifugation for 1 min. Fluorescent signwere captured with a laser
scanner (GenePix 4000A; Axon Instrument, CA) analyaed with GenePix version
6.01software.

e) Cross-hybridization test

The feasibility of transcriptome analystady ofL. lactisin mixed culture was
analyzed by cross-hybridization tests. The tessisté in labeling independently the
same amounts of RNA from lactisand RNA fromS. xylosusand to hybridize those
the cDNA mix with different amounts o6. xylosuggenomic DNA. Concentrations
employed were summarized in Table 3.9. The comdiwithout genomic DNA was

used as maximal cross-hybridization control. THeatfof
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genomic DNA on cross-hybridization was determibgydcomparison of the signals
with the control. The amounts of added genomic DM#e determined according to

previous studies in the laboratory.

Table 3.9Test condition®f cross-hybridization

Conditions Labelled cDNA of Labelled cDNA of Unlabelled gDNA

L. lactis S. xylosus of
Mg Mg S. xylosus
MY
1 5 5 0
2 5 5 50
3 5 5 400

f) Data analysis

Data was further processed by statist@ahlysis methods using Bioplot
software developed by Biochips platform of Toulgusence. For each wavelength,
spot intensity background was estimated with therscent measure on a set of
empty spots. A cut off threshold (T) was calculateidh the empty spots, using
formula T =K empty + 3. 0, where K empry Was the mean of log intensity of all empty
spots, and was corresponding standard deviation. Intensitioupis threshold value
was considered as significant. This was correspbridesignals of significantly
expressed genes far lactis and cross-hybridization signals f8r xylosusThe ratio
of number of spots with signal up to the cut-ofthe wave length db. xylosugndL.

lactis was determined the cross-hybridization percentagethe whole array.



45

Comparison of those percentages obtained in eaafitmn was shown if addition of

genomic DNA has a positive effect.

3.2.2 The feasibility of transcriptome analysis bylirectly using genomic
DNA
3.2.2.1 Materials
1) 100 mM dNTPs were provided by Invitrogen
2) 3'-5’ Klenow enzyme was provided by BioLabs
3) MicroSpin ™ G-25 column was provided by GE Heedtre
3.2.2.2 Methods
a) Genomic DNA extraction
For the interaction of both two specieaagaic DNA of S. xylosusvas added
to reduce cross-hybridization. The DNA extractioasvperformed as described. DNA
of S. xylosusvas extracted after incubate overnight with M13&afC, 200 rpm. Four
ml of cells were pelleted and resuspended in 280usolution (saccharose 20%, Tris
50 mM pH 7.5, EDTA 5 mM, lysozyme 1 mg/ml, RNAse Wdml). Cell lysis was
performed by addition of 200 ul C2 solution (Tri@ kM pH 8, EDTA 5 mM, SDS
1%). After addition of proteinase K (0.4 mg/migcubation overnight at 55°C, and
an Phenol/chlorophorme/isoamylic alcohol extragtion genomic DNA was
precipitated with isopropanol (v/v), washed withatol 70% and re-suspended in TE
buffer (Tris 10 mM, EDTA 10 mM).
b) Genomic DNA fragmentation
Genomic DNA fragmentation was performeddescribe follow. 80 pg/ml

genomic DNA was diluted by sterilized water. Angalbt of 1 ml was conducted in
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1.5 ml micro-centrifuge tube. 20 units speed sdoicavas used throughout this
method. DNA solution was stored into the ice dutimg time of operation. ¥ of
sonicated probe was dipped into DNA solution foniaute and then let it stand for a
minute. This method was performed with total 5 snie@ get 1-1.2 kb genomic DNA
length. The size of fragmented genomic DNA was icoréd by 1.5 % agarose gel
electrophoresis.
d) Genomic DNA labeling

Genomic DNA labeling was conducted witlvesal protocols as described in
appendix Il section. EAD4 was referred to the teafrmetabolic engineering of
prokaryote, Toulouse, France. Roche ™ protocol pa$ormed as according to
supplier recommendations.

e) Hybridization and detection

All DNA microarrays were performed in a ntena™ automatic machine
system. The DNA microarrays were pre-hybridized rBih at 50 °C in a pre-
hybridization solution (1% bovine serum albumin,22C (0.30 M NaCl plus 0.03 M
sodium citrate) and 0.2 % (SDS). The microarray watmatically washed and
hybridized for 5 h at 50°C in 200 ul of ChipHypeffier containing Cy-5 labeled
genomic DNA and Cy-3 gDNA genomic DNA of. lactis and S. xylosus
respectively. After hybridization, the microarrayasvwashed twice in Robo-wash
(Discovery; Ventana Medical System, Inc.), twicgaha2x SSC for 30 sec and with
0.1 SSC for 30 sec. The microarray was dried byrifegation for 1 min. Fluorescent
signals were captured with a laser scanner (GendBORA; Axon Instrument, CA)

and analyzed with GenePix version 6.01software.



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Fermentation of two species
4.1.1 Factors influence on growth conditions (Gluzse, lactate
concentrations, and pH) ofS. xylosus
There are no publications to indicate ginewth conditions ofS. xylosusTo
estimate the optimum growth &. xylosusn the same defined conditions with
lactis therefore, the growth influent parameters weré@reged the feasibility of.
xylosusunder the same condition with lactis.Each growth influent parameters were

described as follow.

4.1.1.1Glucose influence

The several glucose concentrations weeel s estimate the growth influence
of S. xylosus.The lower and higher concentrations were receifredn the
preliminary experiments, the growth limitation $f xylosusvhen glucose is more
than 10 g/l. The specific growth rates®fxylosu®f different glucose concentrations
were not significantly difference as shown in Fgut.1. The selected different
glucose concentrations were not strongly effe¢chéogrowth ofS. xylosusTherefore,
the 10 g/l glucose was used for further experinweitih the conventional CDM as

being used fok.. lactis cultivation.
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Figure 4.1 Glucose influence d8. xylosuso specific growth rate {.

4.1.1.2 Lactate influence

The several lactate concentrations weeel tig estimate the growth influence
of S. xylosus.The lower and higher concentrations were estimdteth the
possibility of glucose consumption to producedéetas indicate by the theoretical
equation of carbon balance. The specific growtlesraif S. xylosusof different
lactate concentrations were not significantly di#fece as shown in Figure 4.2. The
results indicate that 150 mM lactate might be themh limitation of S. xylosus.
However, this did not matter for the cultivationden 10 g/l glucose. Therefore, the

lactate inhibition foiS. xylosust this glucose concentration will not occur.

4.1.1.3 pH influence
The several pH conditions (4, 4.5, 5, &l 6.6) were used to estimate the
growth influence of S. xylosusThe specific growth rate &. xylosusvas lower at

pH 4.0. In contrast, the higher specific growtreratas occurred at pH 6.6, (Figure
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4.3), which has been used far lactis cultivation to avoid the pH inhibition.

Therefore, the pH 6.6 will be used for the furtBeperiments.
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Figure 4.2 Lactate influence of. xylosuso specific growth rate (.
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Figure 4.3 pH influence ofS. xylosu®n specific growth rate (h
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4.1.1.4 Correlation between optical density and detount in different
media (M17 and TSA) ofS. xyosus in Erlenmeyer flask and
bioreactor
The correlation between optical densitgt aall count in different media (M17
and TSA) was estimated. The amount of cell coumihftwo different media were
very similar as shown in Figure 4.4. The correlato@tween optical density and cell
count were increased during the first of cultivatio 10 h. Therefore, TSA will be

used for further experiments wig xylosugell count.

10E+09 o 5
1.0E+08

1.0E+O7

)8G AO

1.0E+06{

Cell count (CFU/m|

25

Time (h)
Figure 4.4 Correlation between optical 580 nm density antamint with different

mediums (M17 and TSA) of in Erlenmeyer flask aiatdactor

4.1.2 Interaction betweerS. xylosus andL. lactisin bioreactors
To estimate the differences in metaboktdvior ofL. lactis and S. xylosus
when they were cultivated in mixed cultures, thewgh rate, glucose consumption

rate and metabolites production of pure cultureshantwo tested conditions were
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determined. Then, this will be used as referenceshie analysis of the two species

mixed culture.

4.1.2.1 Pure culture ofL. lactis

Two conditions of fermentation were catrieut with modified oxygen
concentration in the growth conditions: uncontrllexygen supply and oxygen
concentration controlled at 80%. In the uncontobliexygen condition, oxygen
concentration reached 0% after 4h far lactis (data not shown). Whatever the
conditions, the growth ofL. lactis started immediately after inoculation and
continued until the complete exhaustion of glucdde.lag phase was observed.
Biomasses ok. lactis between the two conditions were similar, reaclahgut 2 g/L
(Figure 4.5). Biomass reduction after the entrystationary phase was of about 1
g/L, from 8 to 10 h in uncontrolled oxygen conditiand only about 0.4 g/L in
controlled oxygen condition. The maximum specifftowgth rate, biomass yield and
glucose consumption rate were not significantlyedént between the two conditions

(Table 4.1).
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Table 4.1. Biomass yield on glucose, maximum specific grovetie and rate of

glucose consumption obtained during pure culturle. ¢dctisin different conditions.

Conditions Biomass vyield Mmax q glucoseMax

( g.m mol glucos&) (h™h (mmol. g*. h™)
Uncontrolled oxygen 0.04 1.20 38.70
80 % controlled oxygen 0.04 1.17 37.27

ForL. lactis despite a similar maximum glucose consumptioe rat both
conditions, glucose consumption at 80% oxygen awes than without oxygen
control (Figure 4.6). In fact, glucose was completexhausted after 7 h with
uncontrolled oxygen compared to 7.5 h with 80% @xygondition. Lactate was
produced similarly in both conditions and the prctchn of lactate ceased when
glucose exhausted at the beginning of the statygolaaise (Figure 4.6).

The products of purk. lactis in both conditions were different. Lactate,
acetate, formate and ethanol were produced in drailmd oxygen condition (Figure
4.6A) although in the presence of 80% oxydenactis produced lactate, acetate and
acetoin (Figure 4.6B). In uncontrolled oxygen caiodi pyruvate was converted into
acetyl coenzyme-A (acetyl CoA), the latter beirapsformed into mixture of acetate
and ethanol. After oxygen was completely exhaugéidr 5h data not show),
formate was also produced, indicating that pyruvatmate lyase was active under
anaerobic condition, which is consistent with timezyene being extremely oxygen-

sensitive. For 80% oxygen condition, a mixture étate and acetoin was produced,
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indicating that the classical aerobic metabolism L&B characterized by the
induction of NADH oxidase and the control of thehgdrogenases by the reducing

power occurred.

Concentration mM
|/0) Ssewoig

time

Time (h)
Figure 4.5 Cell growth of purd.. lactison CDM uncontrolled oxygen condition

(densg and 80% oxygen control condition (empty) : biomass A)

and glucosex()
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Figure 4.6 Fermentation products of puke lactis in uncontrolled oxygen (A) and
80% oxygen condition (B) : glucose)( lactate ¢), acetate(x), formate

(A), acetoin {) and ethanol (+)

4.1.2.2 Pure culture ofS. xylosus
In pure culture 0§. xylosushiomass in 80% oxygen condition was greatly
increased when compared with uncontrolled oxygendition (Figure 4.7). As
shown in Figure 4.7, in uncontrolled oxygen comdifi pQ decreased in the
bioreactor from 85% to 0% in 4 h.
Glucose consumption in uncontrolled oxygendition was lower than in the

controlled oxygen condition. The main products wereetate and lactate. In
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uncontrolled oxygen condition, lactate started eéopboduced after 5 h and virtually
no acetate was produced. Under 80% oxygen condhiath lactate and acetate were
produced after 6 h. Lactate concentration under oninclled and 80%
oxygenconditions at 10 hours was about 2.3 andard# respectively. Between 7 to
9 hours, in 80% oxygenondition, acetate production . xylosuswas highly

increased (from 10 to 20 mM), but acetate concteatran the medium decreased

between 9 to 10 h (Fig. 4.8).

PO,

(I/b) isewolg

(0] 2 4 6 8 10

Time (K’
Figure 4.7 Evolution of pQ and biomass in pui®. xylosusulture inuncontrolled

oxygen(densg and80% oxygencondition empty): pO, (m) and

biomass &)

The catabolic rate, the growth rate and Hiomass yield were strongly
improved in 80% oxygen condition compared with urtoalled oxygen condition
(Table 4.2). On the contrary, the catabolic carbafance values calculated at 10

hours were about 26% in uncontrolled oxygen cooditind about 16% in 80%
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oxygen condition. This can be explained by the that glucose consumption 3y
xylosuswas mostly used for cell growth under excess omygendition. IndeedsS.
xylosuscould have gain more energy in aerobiosis tharxygen limitation, either
by producing acetate from acetyl CoA leading to A3yhthesis, or by aerobic
metabolism involving TCA cycle. In uncontrolled a@en condition, S. xylosus
revealed an anaerobic fermentation, which earnedslource of energy. Therefore,
biomass in uncontrolled oxygen condition was lowain that in 80 % oxygen

condition.

Nw [a1e108€]]

[glucose and acetate] mM

(0] (0]

0O 1234567 8910
Time (h’
Figure 4.8 Evolution of glucose and fermentation productaagrirations (mM) of

pureS. xylosusn uncontrolled oxygerdensg and 80% oxygen

condition empty): glucose 1), lactate ¢) and acetate (x)
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Table 4.2 Biomass yield of glucose, maximum specific grovete and rate of

glucose consumption obtained during pure cultur®.ofylosusn two different

conditions.
Conditions Biomass vyield Mmax q glucoseMax Carbon
balance
(g. mmol* of (hY)  (mmol. g~ h})
glucose)
Uncontrolled Oxygen 0.03 0.62 10.27 26
80 % Oxygen 0.18 0.76 30.88 16

4.2.3 Mixed culture

Mixed cultures were conducted similarlythe pure cultures but with the two
species, with initial concentration of inoculum efetined to reach the same amount
as individually pure culture. The substrate constiwnpand product formation of
mixed culture fermentations were compared withghee cultures of both species to
explain the behaviours of each present species.

4.2.3.1 Uncontrolled oxygen condition

In uncontrolled oxygen condition, finabbiass concentration of mixed culture
was higher than that of pure cultureloflactisandS. xylosusresults from the global
biomass measurement contained within the two spedibe exponential growth
phase was very similar between purelactis and mixed culture with maximal
specific growth rates of about 1.2 firable 4.3), while the growth ceased at about 7-
8 h and the biomass concentration started to deer@agure 4.9).

Glucose in mixed culture was completelgstomed after 7 h as in pute
lactis culture. The specific glucose consumption raggdsg in mixed culture was

distinctly higher than those observed in p8texylosugulture. In contrast, it was
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Biomass (q/!

Time (h)
Figure 4.9 Growth curve comparison of pulkelacis(¢), pureS. xylosugm) and

mixed culture &) in uncontrolled oxygen condition

very similar to this purd.. lactis culture (Table 4.3), which shown that in mixed
culture there was no additive effect of the twocsjie glucose consumption rates of
L. lactisandS. xylosuss observed in pure cultures.

Production of lactate, acetate, ethandlfanmate in mixed culture occurred as
in L. lactispure culture (Figure 4.10). However, the conceiutnadf lactate in mixed
culture was lower than that in purelactisculture. This can be explained by the fact
that glucose was shared by the two different sgeaiel was more consumed than
the pure cultures for cell growth.

The specific production rates of all thequcts,i. e. lactate { jaciatd, acetatey
acetaty, formate ¥ formatd, and ethanol W ethang), IN the mixed culture were not
significantly different than these in pure. lactis culture. Indeed, the main
involvement in the mixed culture behavior was thelactis metabolism, sincé.

xylosusexhibited a weak product formation and had a logiawth rate thari.
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lactis. Hence, the catabolic profile observed in the mhigelture was very similar to
the one obtained in pute lactis culture.

Catabolic carbon balance calculated betweggucose consumption and
products formation in mixed culture was about 92citvalue was higher than these
of pure S. xylosusculture but lower than those pute lactis culture (26 and 93,
respectively). As for specific production rates lexped above, the value of carbon
balance obtained in mixed culture was very closthéocharacteristic one of puke
lactis culture. This can be explained by the weak involgat of S. xylosudn the
global catabolism of the mixed culture.

In these uncontrolled oxygen conditionfieraglucose exhaustion in mixed
culture, the products concentrations remained ataipidicating that lactate and

acetate in the medium were not consume& lylosus



61

Table 4.3 Calculated fermentation values from pure and midtures of both

species in uncontrolled oxygen condition.

Fermentation values

Parameter L. lactisLD61 S. xylosu2A Mixed
culture
Pure culture Pure culture

Hmax (M) 1.20 0.62 1.17
9glucose(mmo|. gl h 38.7 10.27 36.82
)
V lactate (MMoOl. g*. b 38.26 12.80 37.91
I’acetate(mmol. g h 3.20 2.57 2.15
)
¥ formate(MmMOl. gt h 2.60 - 2.09
)
V ethano(mmol. g*. i) 2.99 . 2.99
Y cell, glucose(g-mm()]l) 0.04 0.03 0.05
Y lactate, glucose 0.89 0.24 0.84
(cmol.cmot®)
Y acetate, glucose 0.04 0.02 0.04
(cmol.cmol?)
Y ethanol, glucose 0.02 - 0.03
(cmol.cmol®)
Y formate, glucose 0.02 - 0.03
(cmol.cmol?)

Carbon balance 93 26 92
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4.1.3.2 80% oxygen condition

The final biomass concentration in mixedtwre reached about 3.5 g/I, which
was by far higher than in pute lactis culture and in the same order of magnitude
than in pureS. xylosusculture (Figure 4.11). Mixed culture containinge tkwo
species, the global biomass concentration was higren that in pure cultures.
However, the global profile of the growth curvenixed culture, with stationary and
death phases, was similar to the one observedrelplactis culture

The maximum specific growth rates in purelactis culture and in mixed
culture were slightly similar, as in uncontrolledygen condition, at about 1.02 to

1.2 k' (Table 4.4).

Biomass (g/l)

Time (h)
Figure 4.11 Growth curve comparison of puke lactis( ), pureS. xylosugm) and

mixed culture ¢) in 80% oxygen

The specific glucose consumption ratesmiked culture and puré. lactis
culture were similar (Table 4.4). The behavior adqucts formation in mixed culture

was similar to these observed in pure lactis culture, with lactate, acetate and
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acetoin produced. Lactate production in mixed caltaeased when glucose was
exhausted at a value lower than thatpure L. lactis culture (Figure 4.12). This
demonstrated that glucose consumption by both epani co-culture was used for
cell growth rather than lactate production. HoweMactate yield from glucose
between mixed culture and purelactis culture were slightly different because most
of the lactate was produced bylactis.

Lactate concentration in mixed culturerdased after glucose was completely
consumed (Figure 4.12C), demonstrating Bakylosusonsume lactate for growth
after the main carbon source (glucose) was exhawustdis hypothesis was
confirmed by the profile ofS. xylosusbiomass which still increased during that
phase, like the cell viable count & xylosusin mixed culture (Fig 4.12). The
specific lactate consumption rate By xylosusat 10 h was about 9.95 mmat.g.
Lactate was used fo6. xylosusgrowth, albeit at a slower rate, and acetate
production. Indeed, lactate was converted to pyrugad then into acetate in aerobic
condition. Acetate production yield (Ycetate, lacta)e from lactate after glucose
exhausted was about 0.56 cmol.cthas shown in table 4.4 (calculated from reduced

lactate and increased acetate concentration at. 10 h



Table 4.4 Fermentation values calculated from pure and moire of both

species in 80% oxygen condition
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Parameter Fermentation value
L. lactis S. xylosus Mixed
culture
Pure culture Pure culture
Hmax (M) 1.20 0.76 1.02
d glucose(mmol. g*. hh) 37.27 30.88 38.64
q tactae(MMol. gt Hh) - - 9.95
V lactate (Mmol. g*. h%) 28.89 1.11 22.36
V acetate (MMol. g*. ) 0.69 0.99 1.84
Y cell, glucose(@-mmot?) 0.04 0.18 0.05
Y lactate, gucoskcmol.cmot?) 0.90 0.06 0.72
Y acetate, gucoskcmol.cmot?) 0.04 0.10 0.13
Y acetoin, glucosécmol.cmol®) 0.01 - 0.02
Y acetate, lactatgCmol.cmol’) - - 0.56
Carbon balance 95 16 87
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4.1.4 Viable cell count
In uncontrolled oxygen condition, the amibaf viable cells of puré. lactis
culture was strongly decreased (~2 log) duringstlationary phase (Figure 4.13). In
contrast, the number of pur®. xylosusculture was slightly decreased because
glucose remained in the medium until 24 h (35 mMijle it was exhausted pute
lactis culture. Similarly, the number &. xylosusn mixed culture decreased since no

substrates (glucose or lactate) were used durisgtiase.
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Figure 4.13 Viable cell count of two species in pure and migatture in

uncontrolled oxygen condition: Total cell in mixedlture @), pure

L. lactis (X), mixedS. xylosugA),mixedL. lactis(--o--) and pureS.

xylosus(¢)
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In 80% oxygen condition, the viable cetlunt of pureS. xylosusculture
decreased more than 3 log after 10 h until theaériedrmentation (24 h) compared to
mixed S. xylosugulture (Figure 4.14). This can be explained hycgbe exhaustion
between 10 and 23 h of fermentation (data not showlre culture. At the opposite,
in mixed cultureS. xylosusontinued to grow at the expense of lactate preduxy
L. lactis Hence, the amounts of total cell and of migdylosugsulture were very
related after 10 h. On the contrary, i@ount of total cell was very similar to the

pureL. lactisduring the first 8 h of fermentation.
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Figure 4.14 Viable cell count of two species in pure and rdibailtures in 80%
oxygen condition: Total cell in mixed culture)(pureL. lactis (X),

mixed S. xylosugA),mixedL. lactis(--e--) and pureS. xylosug0).

Finally,S. xylosusvas effected under 80% oxygen conditions. The pisef
lactate consumption after glucose was exhaustesjitrérom cell still alive. In

contrast, under uncontrolled oxygen the presencabsence of substrate were not
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significantly effected on cell decreased. Physiglag L. lactis was not different
under the two tested conditions. The viable ceksensignificantly decreased with

glucose exhaustion.

4.2 The feasibility of transcriptome analysis of.. lactisin mixed culture study
4.2.1 The Feasibility of transcriptome analysis of . lactisin mixed culture
study by using genomic DNA
4.2.1.1 Genomic DNA labeling efficiency
DNA is more stable and convenience to treat tharARRBonsequently, the
feasibility of trancriptome analysis by directlying genomic DNA was conducted.
The suitable genomic DNA labeling was establisheth wseveral protocols. The
Genomic DNA of two species was separately extractebeled with several
protocols as mentioned earlier. Klenow53 exo-nuclease activity (provided by
BioLab™) was used throughout these experiments @Gy be used as a reference
for selecting the suitable protocol. The Nanodreguits of each protocol are
represented on Table 4.5. The best Cy-5 dye incatipo has obtained from IFR
(Institute of Food ResearciNorwich Research Park, Colney, Norwich, UK
protocol when compared to the others. The dNTP @umnations of IFR protocol
were lower than the others. However, of the incobatime of IFR protocol takes
more time comparing to the others. Hence, the Islgitarotocols for genomic DNA
labeling, which will be used throughout the usirengmic DNA for the feasibility

study of transcriptome analysisloflactisin mixed culture.
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Table 4.5 Comparison between several genomic DNA labelirmggzols

Origin of protocol EAD4 IFR Roche™
Amount of fragmented 2 2 2
gDNA (ug)
Final primer Random primer Random primer: Mixed
concentration (ng/ul) 10 10 hexonucleotide;
Specific primer: unknown
10 concentration
Final concentration of
dNTP (mM) 0.3 0.12 0.25
o dATP,dTTP, 0.1 0.06 0.25
dCTP
« dCTP
Final concentration of 5 3 5
dCTP-Cy5
Klenow enzyme (unit) 50 50 2
Time of incubation (h) 2 Overnight 1
Temperature of 37 37 37
incubation (°C)
Final volume of reaction 50 50 50
solution (ul)
Purification method MicroSpin ™  MicroSpin ™ MicroSpin ™
G-25 G-25 G-25
Nanodrop results
e Cy-5 (pmol/ul) 3.7 4.3 0.1
. gDNA marker 58.3 84.5 15.1

(ng/ul)

4.2.1.2 Labeled genomic DNA hybridization test

The efficiency of labeled genomic DNA of each speaivas conducted on the
same DNA array of.. lacis IL1403. The first, genomic DNA of each pure species
were separately extracted and labeled by Cy-5 af3d i@€spectively. The second, the
labeled genomic DNA of each species were hybridened detected under UV light
the signals of fluorescent dye. The genomic DNArldibation was shown on the
right handside of Figure 4.15. They were nothingDiNA array after hybridization
at 50 °C for 5 h. with Ventana™ machine. This resalld be applied to compare

the result of the other hybridization under the saronditions and same species
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(Figure 4.15, left). The green, red, and orangdsspbFigure 4.15 (right) were the
homologous sequences to the spots of each PCRagrimdDNA array. In contrast,
labeled genomic DNA was not hybridized into theagrdue to the temperature and
time for hybridization may not be suitable for lEme genomic DNA, however,
attempt was done to keep these conditions as tpa@our study with the others in
our laboratory. Therefore, the feasibility study tadnscriptome analysis by using

genomic DNA was not possible under these conditions

Figure 4.15 HybridizedL. lactis chip photos under exposure of UV light of (Right)
Labeled cDNA, which was labeled and reverse-trapedrfrom total
RNA of the two species (Left) Labeled genomic DNAigh was

labeled from genomic DNA of the two species
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4.2.2 The feasibility of transcriptome analysis bylirectly using total RNA
4.2.2.1 Total RNA lebeling efficiency

L. lactisandS. xylosusare two Gram-positive bacteria with low %GC coiten
and belonging to the Firmicute phylum. A DNA arfagsed on thé. lactis IL1403
has been developed in the laboratory. This arrajages 1948 of the 2321 open
reading frames present in the genome. This arrayade of PCR products of about
500 bp length. As the mixed culture contained HothactisandS. xylosuspecies,
RNA from the two bacteria will be extracted togethad retro-transcribed to cDNA
before hybridization. It is then possible that cDNldm S. xylosusmay cross-
hybridize with the PCR probes spotted on the arflys results in misleading
interpretation of the array data. It is importamguantify the feasibility of using this
array to study the. lactistranscriptomic response when grown in mixed celwith
S. xylosus

The comparative DNA hybridization has been estichateglass slide array by
using the intensity signal of fluorescent dye ag tkkemonitor transcription of genes
of interest. Therefore, the efficiency of labeldaNA with fluorescent dye is one of
the main parameters to control for accomplish tapgme analysis.

Total RNA of bothL. lactisandS. xylosusvere labeled by several methods to
find the best efficiency to label cDNA which wasoguced from RNA by reverse
transcriptase enzyme cocomitant with dye labelifige different fluorescent dyes
were used for individual species. Total RNASfxylosusvas labeled with Cy-3 and

L. lactis with Cy-5. The best labeling efficiency, as deterad by the pico molar
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incorporation and based on dye ratio of Cy3-dCTHR &y5-dCTP in newly
synthesized DNA, was quantified by UV spectrophatten

The suitable protocol for total RNA labeling methedas used for this
experiment as described above in materials and adsthAs labeling efficiency
depended on RNA quality, it was first confirmed thelity of RNA by Agilent chip

technology before labeling.
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Table 4.6 cDNA labeling efficiency of. xylosusvith Cy3 and Cy5

Dye FOI Labeled cDNA
concentration (pmol/ul)

Cy3 26.14 2.5

Cy5 0.58 0.4

The cDNA labeling ofS. xylosuslid not show good efficiency with Cy5 (0.58)
compared to Cy3 labelling. FOI (Frequency of inavgtion) value was calculated
and was used to explain the frequency of dye iraatpn, as shown in Table 4.6. A
reason might be that Cy5 is larger molecule thal®,@&nd is more difficult to

incorporate into cDNA than Cy3.

4.2.2.2 Cross-hybridization test

The interactions otL. lactis. and S. xylosudby transcriptome analysis were
performed. This experiment started by the estimatiocross-hybridization and tests
to reduce it by the addition of genomic DNA fronetpartner species. This cross-
hybridization limitation method has been previousimployed in the lab with the
yeastS. cerevisiaéMaligoy et al, 2008).

The labeled cDNA were suitable for hybridizationddhe cross-hybridizations
were tested in three different conditions (Figurd&6f For the first condition,
individually labeled cDNA fromL. lactis and S. xylosusmixed and hybridized to
check the cross hybridizatiomhe result of signal intensities of each spot.ofactis
specific DNA microarray confirmed th&. xylosusvas cross-hybridized with the

PCR probes dof. lactis (Figure 4.16)
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Figure 4.16 Three different gDNA concentrations $f xylosug0, 200 and 400 pg,
respectively) were hybridized with lactis (empty) cDNA labeled

with Cy5 andS. xylosugdense) with Cy3.

It was previously demonstrated in our laboratoryattithe barricade of
transcriptome analysis by microarray test in mixgmbcies population is cross-
hybridization, which usually happens by the partsygecies cDNA on the spots of
microarray slide. Thus the microarray must be sigfitly species-specific to avoid
cross-hybridizations. Transcriptome analysis lof lactis in co-culture with
Saccharomyces cerevisideas been accomplished by adding unlabeled genomic
DNA (gDNA) of partner yeast on specific .lactisDNA microarray (Maligoyet al,
2008).

That addition of genomic DNA of the partmeicroorganism can reduce the
cross-hybridization signal by sequester cDNA frdme partner. This strategy was

applied to this approach. For this, genomic DNA wexisacted frons. xylosusDNA
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was digested by Sau3Al restriction enzyme beforeedusTwo different
concentrations of genomic DNA, 50 and 400 pg weseduo estimate the potential
of this addition to reduce cross-hybridizations.sh®wn in Figure. 4.16, middle and
right, none of the addition of genomic DNA frdB xylosusvas able to reduce cross-
hybridizations ofS. xylosus£DNA with the array. This can be explained thatthosy
fact that the array is made of PCR fragment of aB00 bp and that d. xylosuss
phylogenetically closely related tb. lactis In this case, the sequences are not
different enough to obtain specific hybridizatiamd for the genomic DNA frorS.
xylosusto capture specifically cDNA fror8. xylosus

Therefore, interaction between both species carbeanalyzed on this DNA
microarray. Oligonucleotide microarray might be alternative technology. The
small length of oligonucleotides compares to PC&yritents enable to increase
specificity of the hybridization. Furthermore, thenome sequence of the microbial
partner can be taken into account during the ademygn by the use of completely
specific sequences. Such a technology will be rsecgs for an efficient

transcriptomic analysis of mixed cultures betwkelactisandS. xylosus



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

The main objective of this study was to characeetlze possible interactions
between two bacteria of interest in food industry,lactis and S. xylosus often
sharing the same environment. Cultures were pegdrim bioreactors in chemically
defined medium under both uncontrolled and cordtbtbxygen conditions. Biomass
of S. xylosusvas strongly increased during glucose consumptiaerobic condition
compared with oxygen limitation. At the opposite, lactis growth was not
influenced by the oxygen condition. Lactate, formagthanol and acetate were
produced byL. lactis when the culture was grown in uncontrolled oxyg&he
production of acetate and acetoin appeared undér @0/gen condition irpurelL.
lactis culture, while no ethanol and less lactate weoglpced.S. xylosuexhibited a
higher biomass yield thaln. lactis, particularly under aerobic conditions. However,
they produced lower product concentrations, lovaetdte in oxygen limitation and
lower lactate and acetate in oxygen excess.

The interactions betwedn lactis andS. xylosusvere obviously observed in
excess oxygen condition becaw&exylosusould efficiently use glucose to increase
biomass concentration more than in uncontrolledgerycondition, and once the
glucose was exhausted, lactate was used as soleeergy. The exhaustion of
glucose had a dramatic effect on cell survival@hlspecies.

The second objective was to perform transcriptonadyais ofL. lactisin
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mixed culture, carried out on DNA microarray lof lactis. The reduction of cross-
hybridizations by adding genomic DNA & xylosusvas shown not to be efficient
enough.Trancriptional responses af lactis with S. xylosusn mixed culture ori..
lactis DNA microarray could not be accomplished. These Ibacteria are too closely
related for their cDNA to be distinguished by theN\® array available in the
laboratory. The perspective is to design and useip oligonucleotide microarrays.
Most of fermented foods are performed in uncorgblbxygen condition which
S. xylosuds unable to consume lactate. At the oppositeataer of the fermented
product after lactic acid fermentation could be aywo decrease acidification of the
product and to improve the taste # xylosusconsumes lactate. The lactate
consumption byS. xylosuscould be analyzed in more details, particularlyb&diter
characterize the mechanism and its regulation. Mane it will be interesting to
explore the biodiversity 086. xylosuswith regard to this parameter which could be
used to improve the selection of starter cultures fiermented foods. These
approaches will enable to better understand theomi@ ecosystems associated with

fermented foods.
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APPENDIX |

DIRECT LABELLING GENOMIC DNA

The protocol modified from Institute of Food Reseach (IFR), Norwich Research
Park, Colney, Norwich, UK
1. Reagent preparation

1) TE buffer pH 8
a) 50 pl of 1M Tris pH 8
b) 10 pl of 500 mM EDTA
c) 4940 pul of autoclaved water

2)1/10 dNTP mix in TE buffer
a) 6 ul of 200 mM dAT:
b) 6 ul of 100 MM dGT

Invitrogen

c) 6 ul of 100 MM dTT 100mM
dNTPs
d) 3 ul of 200 mM dCT
e) 479 ul of TE buffer
3) 1/6 random primer in water
4) 3'-5' klenow enzyme _
} BioLabs
5) 10x NE Buffer 2 Moz12M
2. Method
1) 2ug of fragment DNA, which is dried by speed vaes&spend the
pellet with 21 ul water.
2) Add the solutions as the follow

1pl of 1/6 random primer

5 pl of 10x NE Buferl14 pl of water
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Incubate at 95 °C for 5 min and then put on icei®. m

3) On ice, add the solution as follow after that vetie get well-mix
5ul of 1/10 dNTP mix
3 ul of Cy-3 or Cy-5 dCTP
1 pl of klenow enzyme
Mark: The total volume of mixed solution is 50 pl.
4) Spin briefly and incubate the mix solution at 3'6\&rnight and
protect it from light.
5) Put it on ice and use Microspin G 25 column for[dizelled DNA
purification.

The pure labelled DNA has to keep awapflight and store at -20°
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