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Dumas Stéphane 2007
Identification of the genetic elements involved in PD-1 synthesis

Identification of the genetic elements involved in

pediocin PD-1 synthesis

Identification des éléments génétiques impliqués dans la
synthese de pédiocine PD-1

Aim: Confirm the presence of pedA gene, known part of pediocin PD-1 operon, in one of
Pediococcus damnosus plasmids. Construct a plasmid library using this isolated
plasmid, digested with endonucleases and subcloned in pZErO-2 vector. l|dentify
recombinant plasmids containing pedA gene by PCR screening or/and by hybridization
with pedA probe. Sequence the insert and localize pedA region in order to identify the
remaining part of the insert, used to expand pediocin PD-1 operon known sequence.
Identify ORF on this sequence.

Results: pedA gene has been confirmed in one of P.damnosus plasmid but its
purification gave weak DNA concentration. A plasmid library composed of 160 clones
has been created using this purified plasmid, digested with EcoRI and Hindlll; no pedA
positive recombinant plasmids have been found.

Another plasmid library composed of 82 clones has been built and stored using total
P.damnosus plasmid DNA, digested with EcoRI; three pedA positive recombinant
plasmids have been found (p60, p70 and p76). Genetic maps of these plasmids show
they possess the same insert with an estimated size of 3300 bp. p60 DNA sequencing
shows no pedA region but could be one of P.damnosus plasmids partially homologous
to pF8801. A 3" plasmid library, composed of 63 clones, has been built and stored using
total P.damnosus plasmid DNA, digested with Hindlll, not yet analyzed.

Key words: Pediocin PD-1, Pediococcus damnosus, Bacteriocins.

Objectif: Confirmer la présence du géne pedA, partie de I'opéron de pédiocine PD-1
connue, dans un des plasmides de Pediococcus damnosus. Construire une banque
plasmidique en utilisant ce plasmide isolé, digéré avec des endonucléases avant d’étre
cloné dans le vecteur pZErO-2. Identifier les plasmides recombinants contenant le géne
pedA par criblage PCR ou/et par hybridation avec une sonde pedA. Séquencer linsert
et localiser la région pedA afin d’identifier la partie de linsert restant qui permet
d’étendre la partie connue de I'opéron PD-1. Trouver 'ORF de cette séquence.

Résultats: Le géne pedA a été confirmé dans un plasmide de P.damnosus mais sa
purification a donné une trés basse concentration d’ADN. Une banque plasmidique,
composée de 160 clones a été construite a partir de ce plasmide digéré avec EcoRI et
Hindlll ; aucun plasmide recombinant positif n’a été trouvé.

Une autre banque plasmidique, composée de 82 clones, a donc été construite, et
stockée, avec 'ADN plasmidique de P.damnosus digéré avec EcoRI; 3 plasmides
recombinants positifs ont été trouvés (p60, p70 et p76). La carte génétique de ces trois
plasmides indique le méme insert d’environ 3300 bp. L’insert de p60 a été séquence et
ne présente aucune région pedA mais pourrait étre un plasmide de P.damnosus
similaire a pF8801. Une 3°™ banque plasmidique a été créée, et stockée, avec 'ADN
plasmidique de P.damnosus digéré avec Hindlll, pas encore analysée.

Mots-clés: Pédiocine PD-1, Pediococcus damnosus, Bactériocines.
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1 Introduction
1.1 Aims

The goal of this diploma work was to identify the sequence of the operon from
Pediococcus damnosus coding for pediocin PD-1. To do so, different molecular biology
techniques had to be used in order to achieve the isolation of this gene and its
sequencing.

A part of this operon, the pedA gene, has already been sequenced in a previous project
(Bonvin, 2006) and its location was detected in one of P. damnosus plasmids (Ledda,
2007). The location of pedA gene in the genome had to be confirmed before going any
further with this diploma work. Once this assignment realized, the plasmid containing
pedA had to be isolated, digested and inserted into a bacterial vector. These
recombinant plasmids have then to be inserted into E.coli cells to create a plasmid
library. An identification of the recombinant plasmid had to be achieved by PCR
screening or by hybridization with a pedA probe to find pedA positive clones. Finally, an
extraction of the pedA positive recombinant plasmids and a specific digestion had to be
carried through in order to create their genetic map. An extern service is then used to
sequence part of PD-1 operon isolated. In addition, the Open Reading Frame (ORF) had
to be identified with bioinformatics tools.

1.2 Theoretical introduction

Nowadays, consumers are consistently concerned about possible adverse health effects
that may be caused by the presence of chemical additives in food. This aspect coupled
with the increasing demand for minimally processed long shelf life foods has stimulated
research interest in finding natural efficiencies preservatives. Bacteriocins, produced by
lactic acid bacteria (LAB), may be considered as biopreservatives that fulfill these
requirements (Chen et al., 2003). The term biopreservation refers to the use of
antagonistic microorganisms or their metabolic products to inhibit or destroy undesired
microorganisms in foods to enhance food safety and extend shelf life (Schillinger et al.,
1996). These bacteriocins can be exploited in foods to replace chemical preservatives.
However, in order to fully realize their potential, it is necessary to understand the biology
of bacteriocins: their production, immunity and mode of action have to be first elucidated.

This is the reason why a diploma work has been achieved on the isolation of the geneti
elements involved in pediocin PD-1 synthesis. PD-1 being a bacteriocin produced by
lactic acid bacteria Pediococcus damnosus. Once this operon sequenced, it will be
possible to transfer it into a strain of Escherichia coli to allow a simple manipulation of
the gene in preparation for its production by Pichia pastoris and its practical
manipulation. Pediocin production can be then used in wine, beer and other fermented
food and beverage products to prevent the growth of unwanted microbes. It could
replace the excessive use of sulphur dioxide, the only authorized agent for microbial
stabilisation and control in must and wine. This chemical compound added in these
beverages holds various disadvantages for the quality of the end-products and is
confronted by mounting consumer resistance (Schoemann, 1999). Synthesis of PD-1
could then be a method to control malolactic bacteria in wine and provide an alternative
to chemical preservatives (Bauer et al.,, 2003). In a purified form bacteriocins are
colourless, tasteless and odourless. Furthermore, they are non-toxic and safe for human
consumption. This is why it would be the perfect answer in the future for a natural
solution to sulphur dioxide in wine.

Stéphane Dumas 6
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1.2.1 Lactic acid bacteria (LAB)

Lactic acid bacteria are gram-positive usually non-motile, non-spore-forming rods and
cocci that are associated by their common metabolic and physiological characteristics.
Lactics are classified by the fermentation pathway used to ferment glucose and by their
specific cell morphology. The genera Lactobacillus, Leuconostoc, Pediococcus and
Streptococcus are important members of this group. Their metabolism is fermentative;
some species are aerotolerant and may utilize oxygen through the enzyme flavoprotein
oxidase, while others are strictly anaerobic. The lactic acid bacteria belong to two main
groups: the homofermenters and the heterofermenters that differ for their lactic acid
production.

» Homofermenters produce lactic acid via the glycolytic pathway.

» Heterofermenters produce lactic acid plus ethanol, acetate and carbon dioxide via
the pentose/phosphate pathway.

Table 1: Major lactic acid bacteria in fermented plant products (Beuchat, 1995)

Homofermenter FAAENT Obligate Heterofermenter
Homofermenter
Enter ococcus fae_c um Lactobacillus bavaricus Lactobacillus brevis
Lactobacillus lactis . ) )
. Lactobacillus casei Lactobacillus confusus
Streptococcus bovis . )
. Lactobacillus curvatus Lactobacillus fermentatum
Pedicoccus damnosus . ) .
. Lactobacillus plantarum Lactobacillus buchneri
Pediococcus . .
Lactobacillus sake Leuconostoc dextranicum
pentocacus

These bacteria are broadly used in the production of fermented food products, such as
yogurt (Streptococcus spp. and Lactobacillus spp.), cheeses (Lactococcus spp.),
sauerkraut (Leuconostoc spp.) and sausage. The industrial importance of the LAB is
further evidenced by their generally regarded as safe (GRAS) status by the World Health
Organisation (WHO). In addition to their ability to produce desirable fermented food,
several strains produce proteinaceous bacteriocins as Pediococcus damnosus.

1.2.2 Bacteriocins

Bacteriocins are antimicrobial proteins that are produced by lactic acid bacteria, which
kill or inhibit the growth of other bacteria. These structurally, functionally, and
ecologically diverse peptides are ribosomally synthesized (Klaenhammer, 1993). They
have potential practical applications and a great number of diverse bacteriocins have
been identified and characterised in recent years. Bacteriocins are encoded by genes
usually organized in operon cluster (Nes et al.,1996). These bacteriocin gene clusters
can be located on the chromosome (Altena and al,. 2000), in a plasmid (Engelke et al.,
1992) or in transposons.

Figure 1: Cellular lysis caused by the action of a bacteriocin.
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Bacteriocins are often confused in the literature with antibiotics (Hansen 1993), but are
clearly distinguishable from clinical antibiotics, as shown in Table 2.

Table 2: Differences between bacteriocins and antibiotics (Klaenhammer, 1993)

Characteristics Bacteriocins Antibiotics

Application Food Clinical

Synthesis Ribosomal Second metabolite

Activity Narrow spectrum Varying spectrum

Resistance or Membrane composition Depending on the

tolerance mode of action

Host cell immunity Yes No

Mode of action Mostly pore formation, but | Cell membrane or
in a few cases cell wall | intracellular targets
biosynthesis

Toxicity None known Yes

The classification of bacteriocins is commonly divided into three groups, as summarized
in Table 3. The first class is the lantibiotics which are small peptides containing the
amino acids lanthionine (Lan), B-methyllanthionine (MeLan) and a number of dehydrated
amino acids. Class | is further subdivided into type la and type llb according to their
chemical structures and antimicrobial activities. Type la consists of cationic and
hydrophobic peptides that form pores in target membranes and have a flexible structure
compared to the more rigid class Ib. This type Ib regroups globular bacteriocins with net
negative charge (Altena et al., 2000). About class Il, the largest group of bacteriocins in
the classification system, they are small heat-stable, non-Lan-containing and membrane
active peptides. Type lla includes pediocin-like peptides and has attracted much
attention due to their activity against Listeria. Concerning type Ilb, it contains
bacteriocins requiring two different peptides for their activity. The members of class lli
are larger (>30 kDa), heatlabile proteins but are not very well characterized because
they are of lesser interest for food scientifics. A class IV, which would consist of
bacteriocins that form large complexes with other macromolecules, have been proposed
(Klaenhammer, 1993) but no such bacteriocins have yet been characterized adequately
at the biochemical level.

Table 3: Summary of the classification of bacteriocins (Klaenhammer, 1993).

Group Class Features Examples
la Lantibiotics, small (< 5 kDa) peptides Nisin
I Ib Lantibiotics, globular peptlldes with Mersacidin
no net charge or net negative charge
lla Small heat-stable peptides Pediocin PA-1
. lIb Two components required for activity Lactog)ccms
Il Large molecules Helveticincs J
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1.2.3 Lantibiotics

Pediocin PD-1 is not yet fully characterized but it seems to belong to lantibiotics. This
bacteriocin group, produced by Gram-positive bacteria, is unique in that they are
produced on the ribosome as a prepeptide that undergoes an extensive post-
translational modification to form the biologically active peptide. Approximately 50
lantibiotics are known (Patton, 2005) and have various size and structures that create
different antibiotics activities.

Concerning lantibiotic biosynthetic gene, the generic locus symbol created is Lan, with a
more specific name for each member of this family (e.g. ped for pediocin). For genetic
regulation of lantibiotics, the operon contains generally genes coding for the prepeptide
(LanA, pedA for PD-1), enzymes responsible for modification reactions (LanB,C or
LanM), processing proteases responsible for removing the leader peptide (LanP),
regulations proteins (LanR,K) and proteins involved in producing immunity (Lanl)
(Schnell et al., 1992).

A ,
leader NisA
) ARG .

LctA
leader
SDOSOROOCOSDOSSTESHO BT DR S

Dehydration/Cyclization J— LanM (LctM)

Figure 2: Roles of LanB, LanC and LanM proteins for synthesising a lantibitotic, Nisin.
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Both types la and Ib lantibiotics kill target cells by interrupting cell wall synthesis through
high-affinity binding to the lipid Il molecule, a precursor molecule that plays an essential
role in the synthesis of the peptidoglycan layer. Type la lantibiotics are also able to Kill
bacteria by an additional mechanism: binding to the lipid || molecule and thereby forming
pores in the cytoplasmic membrane of the target.

1.2.4 Pedioccocus damnosus

Pediococcus is a genus of Gram-positive lactic acid bacteria, placed within the family of
Lactobacillaceae that are purely homofermentative. They are commonly found in
fermented vegetables, in dairy products and in meat. Although eight species of
Pediococcus were listed, more recent information indicates that only five species belong
to the genus: P.acidilactici, P.dextrinicus, P.parvulus, P. pentosaeus and of course,
P.damnosus. Little research has been done on these bacteriocins despite they cause
spoilage in beer, wine and other high-pH food products. However, several bacteriocins
have already been described, as pediocin A and St18 from P.pentosaceus, pediocin PA-
1/AcH from P.acidilactici and of course, pediocin PD-1 from P.damnosus.

Figure 3 : Pediococcus 1000x

1.2.5 Pediocin PD-1

Pediocin PD-1, produced by the lactic acid bacteria Pedioccocus damnsosus, is active
against a range of Gram-positive bacteria, including members of the genera Clostridium,
Bacillus, Staphylococcus, Leuconostoc and the species Oenococcus oeni. This
antimicrobial peptide PD-1 differs from other pediocin-like bacteriocins in that it is not
active against pediococci and has a unique sensitivity pattern to proteolityc enzymes.
This hydrophobic peptide is 2866.87 £+ 0.4 Da in size, resistant to heat (10 min at 121°C)
and remains active after 30 min of incubation between pH 2.0 and 10.0 (Green et al.,
1997). It has an isoelectric point of ca. 9.0. It has been shown that the pediocin PD-1
sequence is substantially homologous, up to 93 %, to plantaricin C, a lantibiotic
produced by Lactobacillus plantarum 441 (Bauer et al., 2005).

The primary mode of action of pediocin PD-1 is most probably due to pore formation.
When used againt O. oeni, it is suggested that PD-1 acts on the cytoplasmic membrane
of these bacteria. However, PD-1 may also inhibit cell wall biosynthesis which leads to
cell lysis. It has been shown PD-1 is more effective in removal of O. oeni from stainless
steel surfaces in Chardonnay must than nisin and plantaricin 423 (Bauer et al., 2004).
Pediocin PD-1 production can be stimulated by growth factors such as peptone, MnSO,
and Tween 80 (Nel et al., 2001).

Stéphane Dumas 10
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1.3 Practical introduction

To achieve this diploma work, several molecular biology techniques had to be used in
order to characterize the genetic elements needed for the synthesis of pediocin PD-1.
However, part of pediocin PD-1 operon has already been sequenced in in a previous
work (Bonvin, 2006): the pedA gene, encoding the amino acids precursor of the peptide
pediocin PD-1. Its sequence is shown in Figure 4.

It seems that the operon of PD-1 is organized in gene cluster, as in lantibiotics.
Therefore, the rest of the operon would be near the pedA gene; it is then possible to use
this knowledge to expand the known sequence until the entire operon encoding for
pediocin PD-1 is found.

1 ATAGCCATAT TTCATCTTTT TATCTCCTTA CTTATGICAT TAAGTAATGA CACGGITCTA
61 ACCCTTTAAT TATACAGTAT CAAAAAAGAG GCCACAACTG TTAAGATGTG ACACAATCAT
121 TAAAATTTGA TTTTTATTAA GAAATAGTAT ACGAAACATT GAAGGCTCAA AAATTTTCTG
181 GAAATTCCCC TCAATTTAAT CCACTTTTAC CATATAACTT GITTACTTCA CITGAAAGGG
241 AATAATTTTG GAACTAAAAT GAAATTGITC ACAAATATGC AGATAGGAGG ATTATTTATA
301 GTTTGAAGCA GCCCTAATCA CAAAGTGTAC CTCATTTACA ATCTGAAAAG GAGACGTGAG
361 TTGTTATGAA GAAAAATTTA ATGAAGICCG CAGAAGAATC ATCAGGTAAT GITTTGGAAG
421 AATTAAATAA TGCACAGCTT GGTATGATTA GTGGTGGTAA GAAGATCAAG AAGAGITCTA
481 GTGGTGACAT TTGTACCTTA ACAAGTGAAT GTGATCATTT GGCAACATGG GTATGTTGCT
541 AAAAATCATT TCATGACTAT TTTTTGCTAT TAATAATGAG TGATTAGGEGT TGCTTCAAGC
601 TATAAATTCT AAATTGATCA CATGGTAAAA AAAACAGATT CCGIGCAGGG CCAAATTGAA
661 AAAGCAATAG GGACAGATGT ATTACAGCTG GCTATGGATA ATTTAAGTAA GITC

Figure 4: Known DNA sequence of pediocin PD-1 (714 bp)
Potential —35/-10 site, Potential RBS and Potential start codons

On this pedA gene, it is assumed that a ribosome binding site (RBS) should be located
on position 346-354. It is followed by three potential start codons; it has been deduced
that the real start codon for the prepeptide is one of the first two, on position 366-368 for
the first and 381-383 for the second, since the third start codon, on position 444-447,
would furnish a too little prepeptide. Another RBS could be located on position 368-376,
but this would exclude the first start codon.

The location of this pedA gene has been detected in one of Pediococcus damnosus
plasmids (Ledda, 2007). This affirmation had first to be confirmed before going any
further within this project. To do so, different molecular techniques are used to identify
whether pedA is part of the chromosome or of one of the plasmids from the bacteria.
The very-high-molecular-weight DNA molecules from P.damnosus bacteria have first to
be separated by Pulsed-Field Gel Electrophoresis (PFGE). These DNA fragments are
then transferred on a Hybond-N+_nylon membrane by Southern blotting. Hybridization
with pedA probe is then realized in order to detect which DNA fragments contains the
pedA gene.

Once the location of pedA found and its presence in a plasmid confirmed, it is possible
to extract the desired plasmid from the Pulsed-Field gel. This plasmid is then digested
and ligated into a bacterial vector, pZErO-2, containing a resistance to kanamycin
antibiotic. The recombinant plasmids are then transformed by electroporation into E.coli
TOP10 cells and a screening of these transformed cells on LB-kanamycin plates is
realized. It allows to isolate every cell that possesses kanamycin resistance gene and to
form a plasmid bank. DNA is then extracted from these transformed cells and a PCR
screening is performed to detect which cell contains the recombinant plasmid with the
desired pedA gene. This plasmid is then digested and its insert is sequenced to expand
pediocin PD-1 known sequence.
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Figure 5: Summary of the steps needed for the characterization of the PD-1 operon
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1.3.1 Pulsed-Field Gel Electrophoresis

To confirm the location of the pedA gene in one of P.damnosus plasmids (Ledda, 2007),
the Pulsed-Field Gel Electrophoresis (PFGE) system is used; it has the advantage to
work directly with very-high-molecular-weight DNA molecules. A separation of the
different DNA molecules is then possible by the use of an alternating electrical field as
shown on Figure 6. By changing the direction of the electric field frequently, much
greater size resolution can be obtained. Indeed with continuous field electrophoresis,
DNA molecules above 25 kb migrate with the same mobility regardless of size. PFGE is
thus a solution to separate DNA molecules several million bases in length since with
each reorientation of the electric field relative to the gel, smaller sized DNA will begin
moving in the new direction more quickly than larger DNA molecules (Ausubel, 2000).
However, very-high-molecular-weight molecules are extremely fragile and have to be
prepared and manipulated while embedded in agarose blocks in order to avoid shearing
forces.
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Figure 6: Pulsed-Field Electrophéresis Gel illustration

On Figure 6, the schematic explanation of the PFGE is shown for a contour-clamped
homogeneous electric field system (CHEF-DR® Ill) used for this diploma work. This
technique changes the direction of the electric field to reorient the DNA by changing the
polarity of an electrode array. DNA separation with better resolution, speed and
accuracy is obtained with CHEF-DR® IIl than with initial pulsed field techniques (BioRad,
1992).

1.3.2 Southern Blot

Southern blotting, created by Edward M. Southern in 1975, is designed to transfer DNA
fragments from an electrophoresis gel to a membrane support via upward capillary. A
high-salt transfer buffer is used to promote binding of DNA to the membrane. After the
final immobilization by UV irradiation or baking, the DNA can be subjected to
hybridization analysis in order to locate a particular sequence of DNA within a complex
mixture (Ausubel, 1999). For this diploma work, southern blotting is used to transfer the
size-separated DNA from the Pulsed-Field Electrophoresis gel to a membrane support;
DNA fragments retain the same pattern of separation they had on the gel. The
membrane chosen for this Southern Blot is a nylon membrane since it is relatively robust
and can be reprobed several times. With a high-salt buffer, DNA is not permanently
immobilized and UV irradiation is needed if a nylon membrane is used.

Stéphane Dumas 13
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1.3.3 Hybridization with a pedA probe

Once the Southern Blot realized, hybridization with a pedA probe can be performed to
localize the pedA gene on the membrane. The hybridization probe is in fact a fragment
of DNA of variable length (usually 100-1000 bases long) used to detect, in target DNA
samples, the presence of nucleotide sequences that are complementary to the
sequence in the probe. An enzyme is added to the probe so that, when adding the
correct substrate, a chemiluminescent label is obtained as illustrated on Figure 7.

Figure 7: Example of a hybridization

For this diploma work, the probe is created from the known pedA sequence with PCR-
amplification using primers pedR and pedF. Localization of these primers on the pedA
sequence and the PCR product are illustrated on appendices 8.3 and 8.4. Alkaline
phosphatase is added to this probe to produce light when the correct substrate is added.
This step makes possible the localization of DNA samples containing pedA gene and
therefore, the pediocin PD-1 operon. The substrate used with alkaline phosphatase is
CDP-Star®. It is a chemiluminescent substrate, its scientific name is Disodium 2-chloro-
5-(4-methoxyspiro{1,2-dioxetane-3,2’-(5’-chloro)-tricyclo[3.3.1.13,7]decan}-4-yl)-1-phenyl
phosphate. It has a molecular weight of 496 Da. CDP-Star reagent produces a light
signal when it is activated by alkaline phosphatase, accumulates in its dephosphorylated
form and decomposes at a constant rate for up to several days. Light production
resulting from chemical decomposition exhibits an initial delay of 1-2 hours followed by a
persistent glow that lasts as long as there is free substrate available. The glow signal
may endure for hours or even days if signal intensity is low (Applied Biosystems, 2001).
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Figure 8: Light emission mechanism of CDP-Star® substrate with alkaline phosphatase.
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1.3.4 Cloning into pZErO™-2 vector

P.damnosus plasmid, containing pedA gene, has to be cloned into a vector to create a
plasmid library. This library will contain all the plasmid fragments. An identification of
clone(s) containing pedA gene will then be possible. pZErO™-2 vector (Invitrogen) has
been chosen for cloning strategy because it has the advantage of containing resistance
to kanamycin and has very high cloning efficiencies (~95%). It also allows direct
selection of positive recombinants via disruption of a lethal gene called ccdB; insertion of
a desired gene in the Multiple Cloning Site permits to disrupt expression of this ccdB
gene. It has already been realized for this diploma work, pZErO-2 vector has been
received with an insert in its MCS region, as shown on Figure 9. This made possible
cultivation of transformed cells, containing pZErO-2, to extract and purify this vector.
This means screening using ccdB gene function is no more possible with this
recombinant pZErO-2 plasmid.

The size of this vector is 3297 bp with a Multiple Cloing Site situated between bases 269
and 381. Kanamycin resistance gene is situated between bases 2116 and 1322; it is
derived from the bacterial transposon Tn5. pUC origin, located between bases 2502-
3175, allows high copy replication and maintenance of the plasmid in E.coli bacteria.

W
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the vector. recognizes the EcoR | site.

Figure 9: pZErO™-2 vector map with its insert.
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In order to digest this vector and insert fragments from P.damnosus plasmid containing
pedA gene, two restriction enzymes were chosen to create two different plasmid
libraries. These enzymes had to cut pZErO-2 vector a unique time and had to be absent
from pedA known gene. The recognition sites of these enzymes are shown on Table 4.
These enzymes digested the desired gene to give cohesive ends.

Table 4: Recognition sites of the enzymes chosen for cloning strategy into pZErO-2

EcoRlI recognition site | Hindlll recognition site
5 . . GAATTC...3 5. AAGCTT... 3
3...CTTAAG...5 3...TTCGAA...5

Bioinformatic tool pPDRAW32 (Acoclone) was used to verify that these two enzymes cut
pZErO-2 vector a unique time. The result is illustrated on Figure 10. The same analysis
has been performed for pedA restriction with pedA gene, no EcoRlI or Hindlll recognition

sites have been found using pPDRAW32 (data not shown).
HindIll - 276 - A'AGCT_T
EcoRI - 325 - G'AATT_C

Figure 10: pZErO-2 vector with Hindlll and EcoRI recognition sites(pDRAW32).

P.damnosus plasmid, containing pedA gene, is thus digested with EcoRI and Hindlll to
give different fragments with cohesive ends. These fragments are then ligated in pZErO-
2 vector, beforehanded linearized with respectively EcoRl and Hindlll and
dephosphorylated. The exact amount of insert needed to obtain an optimal ligation with
pZErO-2 vector is given by Invitrogen: a molecular ratio of 2:1 insert:vector, specific to
cohesive ends. The amount of insert can thus be calculated with Invitrogen formula, see
Equation 1, for 10 ng of linearized pZErO-2 vector of 3297 bp.

X g insert (2) (bp insert) { 10 ng linearized pZErQ"™-2
(3267 bp pZEr0-2)
Equation 1: Invitrogen formula to calculate amount of insert needed for ligation with pZErO-2
vector.

Based on the calculation above and on the concentration of insert determined by
OD260nm, the volumes needed for the ligation reaction with pZErO-2 vector can be found.
(Invitrogen, 2002).
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1.3.5 Creation of a plasmid library

Insertion of all fragments from specific P.damnosus plasmid, containing pedA gene, into
pZErO-2 vector allows to form recombinant plasmids. These plasmids are then
transformed into E.coli TOP10 cells to form a plasmid bank. A plasmid library contains a
random collection of DNA fragments from one plasmid cloned into cells of a host
organism using a bacterial vector, as illustrated on Figure 11.

\( )/ -~ CLEAVEWITH A B
\*/ [/ —/ RESTRCTION '\
_~  NUCLEASE s

INSERTED INTO PLASMIDS

l DNA FRAGMENTS
USING LIGASE

J 7~ recombinant
~_~~ DNA molecules

INTRODUCTION OF
PLASMIDS INTO BACTERIA

Oll

Figure 11: Genomic library illustration (Alberts et al., 2000)

To simplify the illustration, Figure 11 shows cloning of just a few representative
fragments (colored). In reality, all the gray DNA fragments are also cloned to obtain a full
genomic library.

In order to obtain a reliable plasmid library, it is crucial that the probability of containing a
complete copy of any particular gene studied must be the highest possible. To do so,
Clarke and Carbon’s formula (1976) is used to estimate the clone number. This method
based on estimated insert size will generally be preferred because of its precision and
cost effectiveness relative to other methods (Gardener, 1999). For this diploma work, the
number of clones is calculated with Equation 2.

N = ln(l —P)

ln(l - 1]
n
Equation 2: Clark and Carbon’s formula
P = Probability

n = Ratio between the genome size and the cloned fragments
N = Number of clones

Stéphane Dumas 17



Hes

Identification of the genetic elements involved in PD-1 synthesis

1.3.6 PCR screening

Once the plasmid library is created, the transformed cell containing the recombinant
plasmid with pedA gene has to be found in order to sequence its insert. To do so, PCR
screening is one of the technique used in this diploma work; it allows to detect pedA
gene by a pedA PCR-amplification.

clone 1 clone 2 clone 3
Recombinant pZErO-2
vector with different
inserts

clone x clone n
pedA gene
E.coli TOP10 cell
DNA extraction

pedA PCR-amplification with pedR and pedF primers

Electrophoresis on
agarose gel

clone 1clone 2 clone3 clonex clonen
—1 1 —1 —1

[
pedA gene

Figure 12: lllustration of pedA PCR screening with n clones.

PCR screening used for this diploma work is illustrated on Figure 12. DNA is extracted
from transformed E.coli TOP10 cells and analysed via pedA PCR-amplification. After
electrophoresis, PCR products are visible on an agarose gel and pedA gene is
detectable; the insert of this pedA positive plasmid can then be sequenced to discover
part of PD-1 operon.
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1.3.7 Dot Blot and hybridization with pedA probe

Dot blotting is a simple technique for immobilizing bulk unfractionned DNA on a
membrane in order to perform hybridization analysis, which makes possible the
determination of the relative abundance of the target sequence in the blotted DNA
preparations. The technique offers significant savings in time, as chromatography and
complex blotting procedure for the electrophoresis gel are not required. It is thus
possible to perform a screening of bacterial DNA from 96 recombinants at a time using
Dot Blot 96 system (Biometra). However, Dot blot can only confirm the presence or
absence of a biomolecule or biomolecules, which can be detected by the probes or the
antibody. As, for this diploma work, DNA from a lot of different clones has to be analysed
in order to find which clones possess the pedA gene in one of their plasmids, the
multiplicity of applications makes the dot blot a very valuable device as standardized and
reproducible assays of punctuate samples is desired.

Figure 13: Dot Blot 96 system (Biometra) used to transfer clones DNA onto a membrane.

Once Dot blotting and pedA hybridization are performed, detection with CDP-Star and
chemiluminescence exposure is applied to the membrane to determine which samples
contain pedA gene. A black dot is then visible on the membrane for every positive
sample to pedA hybridization, as illustrated on Figure 14 in positions C4/D4 and E9/F9
(samples analyzed twice).
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Figure 14: lllustration of Dot blotting results with 48 clones (samples analyzed twice).

Dot blotting combined with pedA hybridization allows to determine which plasmids
contain pedA gene; their insert can then be sequenced to discover part of PD-1 operon.
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1.3.8 Creation of a genetic map for pedA positive plasmids

If pedA positive plasmids have been found either with PCR screening or with Dot
Blot/hybridization technique, a genetic map of the plasmid can be built. To do so,
plasmid DNA is extracted from transformed cells and digested with different restriction
enzymes. Then a comparison between theoretical pZErO-2 digestion and recombinant
plasmid digestion allows to construct the genetic map of this plasmid. The theoretical
genetic map of pedA positive recombinant plasmid is illustrated on Figure 15. The length
of the insert can be longer or shorter, it depends on where restriction enzyme cuts
P.damnosus plasmid during cloning strategy.
EcoRl or Hindlll

pedA start

pedA positive
recombinant plasmid

pedA end

- EcoRI or Hindlll

Figure 15: Theoretical pedA positive recombinant plasmid constructed with EcoRI or Hindlll;
unknown sequences in blue.

EcoRl or EcoRl or
Hindlll Hindlll
hl [ TN I I [ ] d
pedA

Figure 16: Details of theoretical insert part of pedA positive recombinant plasmid, unknown
sequences in blue.

Finally, pedA positive plasmid(s) can be sent to an appropriate service to sequence its
insert. As shown on Figure 16, insert should be constituted of pedA gene surrounded on
both sides by unknown sequence of variable length. The goal is to sequence these blue
parts shown on Figure 16, to complete operon PD-1 using an appropriate extern DNA
sequencing service. For this diploma work, DNA Sequencing Services from Microsynth
has been chosen. With Primer Walking single-stranded and non-assembled technique, it
is possible to have sequenced the desired insert with high-speed results (Microsynth,
2007). Afterwards, when the different sequences are received, they have to be
assembled. Then, pedA gene can be localized and, if the insert contains more than just
pedA gene, known part of pediocin PD-1operon can be expanded. This technique can
then be used again until all PD-1 operon is known.
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2 Materials and Methods
2.1 Materials

Bacteria culture

MRS Broth with Tween 80
DL-Malic Acid
Pediococcus damnosus DSM 20331

Pulsed-Field Gel Electrophoresis
EDTA
Lysozyme
Pronase
N-Lauroylsarcosine
Boric Acid
Tris(hydroxymethyl)aminomethane
Ethidium bromide
Low melt Agarose
Pulsed-field Certified Agarose
Plug Mold
Lambda Ladder
CHEF-DR Ill Power Module
CHEF-Mapper™ Electrophoresis cell
Variable Speed Pump
Model 1000 Mini Chiller

DNA extraction
Kit NucleoSpin® Tissue
Proteinase K
Lysosyme
EDTA
Tris HCI

Agarose gel electrophoresis
SeAkem® LE Agarose
Ethidium bromide
Boric acid
Tris base
EDTA
1 kb ladder, 0.5 pg/ml, Gene Ruler™

Biolofe (Italy), 4017292
Fluka (Switzerland), 02310

HES-SO//Valais (Switzerland),
Master Cell Bank

Fluka (Germany), 03610
AppliChem (Germany), A49720010
Roche (USA), 165921

Sigma (USA), L-9150

Sigma (Germany), B6768

Acros Organics (USA), 327360010
Sigma (Germany), E-1510
Bio-Rad (USA), 125015A

Bio-Rad (USA), 133742B
Bio-Rad (USA), 1703706

Bio-Rad (USA), 170-3635

Bio-Rad (USA), 962BR

Bio-Rad (USA), 800BR

Bio-Rad (USA), 260BR

Bio-Rad (USA), 806BR

Macherey-Nagel (France), 740952.50
Qiagen (Germany), 19133

Applichen (Germany), A49720010
Fluka (Germany), 03620

Applichen (Germany), A34520500

FMC BioProducts (USA), 50003
Sigma-Aldrich (USA), E-1510
Sigma-Aldrich (USA), B6768
Acros Organics (USA), 327360010
Fluka (Germany), 03620
Fermentas (Germany), SM0241

Bands: 10°000-8°000-6’000-5°000-4°000-3’500-3°000-2°500-2°000-1°500-1°000-750-500-250 bp

pedA PCR-amplification
BSA 20 ug/ml
MgCl; 25 mM
DNTPs 4 mM
AmpliTag Gold™ 5U/ul
PCR Gold Buffer 10x

Roche (Germany), 711454

Qiagen (Germany), 115564652
Eppendorf (Germany)

Applied Biosystems (USA), G15094
Applied Biosystems (USA), H02115
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Primer ped F

Primer ped R

NucleoSpin Extract Il
pedA probe preparation

AlkPhos Direct Labelling Kit
Southern Blot

Membrane Hybond-N*

Filter Paper Electrode Wicks 104x

NaOH

NaCl

NasCitrate dihydrate

Tris Base
Hybridization

Hybridization buffer

Blocking reagent

NaCl

Hybridization oven

Bio-Link Crosslinker
Chemiluminescent signal generation

CDP-Star Detection reagent
Plasmids digestion and ligation

EcoRl, 20 U/ul

Hindlll, 10 U/ul

pZEr0-2™ ~100 pg/ml

Antarctic Phosphatase

T4 DNA ligase
Electroporation

E.coliTOP10

Microsynth AG (Switzerland), 333
Microsynth AG (Switzerland), 334
Macherey-Nagel (France), 740609

Amersham (United Kingdom), RPN3680

Amersham Biosciences (England), RPN203B
Pharmacia LKB (Sweden), 80-1129-52
AppliChem GmbH (Germany), A46611000
Fluka (Germany), 71690

AppliChem GmbH (Germany, A45220500
Acros Organics (USA), 327360010

Amersham Biosciences (England), NIF1550
Amersham Biosciences (England), NIP552
Fluka (Germany), 71690

ShelLab MFG. Inc (USA), 1004

Vilber Lourmat (France), BLX-Z254

Amersham Biosciences (England), RPN3682

BioLabs Inc. (USA), R0O101S
Boehringer (Germany), 84783024
Lonza (Switzerland), Miniprep
BioLabs Inc. (USA), M0289S
BioLabs Inc. (USA), M0202S

HES-SO//Valais (Switzerland),
Master Cell Bank

F- mcrA A(mrr-hsdRMS-mcrBC) F80lacZAM15 AlacX74 deoR recA1 araD139 A(araleu)7697

galU galK rpsL (StrR) endA1 nupG
Electroporation Cuvette Plus™
MicroPulser™

Dot Blot
Dot Blot 96
EDTA
NaOH

Genetic map creation
Asel, 10 U/pl
Rsal, 10 U/l
Sapl, 20 U/ul
Sphl, 5 U/ul

BTX® Harvard Apparatus (USA), 610
Bio-Rad (USA)

Biometra (Germany), 053-401
Fluka (Germany), 03620
AppliChem GmbH (Germany), A46611000

BioLabs Inc. (USA), R0526S
Promega (USA), R6371

BioLabs Inc. (USA), RO569L
BioLabs Inc. (USA), R0182S
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Medium

Low Salt LB Agar Plates with Kanamycin 1% Tryptone
0.5% Yeast Extract
0.5% NaCl
1.5% Agar
adjustto pH 7.5
Kanamycin 50 ug/ml
IPTG 1mM

Low Salt LB Medium with Kanamycin 1% Tryptone
0.5% Yeast Extract
0.5% NaCl
adjusttopH 7.5
Kanamycin 50 ug/ml

IPTG 1TmM
SOC Medium 20 mM glucose
Agar Bacteriogical Bioloife (ltaly), 4110303
Tryptic digest of casein Biolife (ltaly), 412340
Yeast Extract Biolife (ltaly), 12220
Kanamycinsulfat AppliChem GmbH (Germany), A1493,0005
IPTG AppliChem GmbH (Germany), A1008,0005
NaCl Fluka (Germany), 71690
Plasmid libraries conservation
Microtubes 2ml, PP Sarstedt (Deutschland), 72.694.006
Glycerol anhydrous AppliChem (Deutschland), A1123.2500

Laboratory instruments
Thermocycler Robocycler Gradient 40 Stratagene (USA)

Thermomixer Comfort 1.5 ml Eppendorf (Germany)

Centrifuge Mikro 200 Hettich Laborapparate(Germany), 2400
Centrifuge Universal 32 Hettich Laborapparate(Germany), 1610
Uvette 50 pl Eppendorf (Germany), 1141

Stéphane Dumas



Hes

Identification of the genetic elements involved in PD-1 synthesis

2.2 Methods

2.2.1 Bacterial strains and growth conditions

Pediococcus damnosus DSM20331 is grown in MRS medium containing 3 g/L of malic
acid in order to adjust pH at 5.2. Incubation is realized with 50 pl of Pediococcus
damnsosus strain from the Master Cell Bank (HES-SO//Valais-Wallis) into 10 ml of MRS
broth pH 5.2. Growth conditions are 7 days at 30°C with 150 rpm.

2.2.2 P.damnosus genomic DNA extraction

Genomic DNA is extracted from a Pediococcus damnosus culture using NucleoSpin
Tissue kit (Macherey-Nagel, 2006). The protocol for “Support protocol for bacteria” is
followed as described below.

®

* 1 ml of Pediococcus damnosus culture is used for each extraction.
» Centrifuge for 5 min at 8000 x g, remove supernatant.

* Pediococcus damnosus, being a Gram-positive bacteria, a pre-lysis has to be
done with 900 pl of a solution 20 mM Tris/Cl, 2 mM EDTA, 1% Triton X-100, 20
mg/ml lysozyme at pH 8. Incubate at 37°C during 45 minutes (500 rpm). Add 25
dI of Proteinase K and incubate at 56°C during 1h15 (500 rpm).

* Vortex the sample, add 200 pl of buffer B3, vortex vigorously.
* Incubate at 70°C for 10 min, vortex briefly.
* Add 210 pl of ethanol 99%, vortex vigorously.

* Place a NucleoSpin Tissue column into a 2 ml tube, apply the sample to the
column.

» Centrifuge for 1 min at 11’000 x g.

» Discard flow-through and place the column back into the tube.
* Add 500 pl of buffer BW.

» Centrifuge for 1 min at 11’000 x g.

» Discard flow-through and place the column back into the tube.
* Add 600 pl of buffer BS

» Centrifuge for 1 min at 11’000 x g.

» Discard flow-through and place the column back into the tube.
» Centrifuge for 1 min at 11’000 x g to remove residual ethanol.
* Place the column into a clean 1.5 ml tube.

e Add 100 pl of buffer prewarmed BE at 70°C

* Incubate at room temperature for 1 min in order to increase the yield of eluted
DNA.

» Centrifuge for 1 min at 11’000 x g.
« Throw away the column and store the tube with DNA eluted at —20°C.

2.2.3 P.damnosus plasmid DNA extraction

Plasmid DNA is extracted from a Pediococcus damnosus culture using Wizard Plus SV
Minipreps DNA purification system (Promega, 2006). The protocol for “Plasmid DNA
isolation and purification protocols” is followed as described below.

* 1 ml of Pediococcus damnosus culture is used for each extraction.
» Centrifuge for 5 min at 10’000 x g, remove supernatant.
* Resuspend into250 pl of Cell Resuspension Solution.
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2.2.4

Add 250 pl of Cell Lysis Solution and mix by inverting 4 times, incubate until the
cell solution clears (5 min).

Add 10 ul of Alkaline Protease Solution and mix by inverting the tube 4 times.
Incubate 5 min at room temperature.

Add 350 pl of Neutralization Solution and mix by inverting the tubes 4 times.
Centrifuge at 14’000 x g for 10 min.

Transfer the cleared lysate to the prepared Spin column.

Centrifuge at 14’000 x g for 1 min, remove the column from the tube and discard
the flowthrough.

Add 750 Centrifuge at 14’000 x g for 1 min of Column Wash Solution.

Centrifuge at 14’000 x g for 1 min, remove the column from the tube and discard
the flowthrough.

Repeat the wash procedure using 250 pl of Column Wash Solution.

Centrifuge at 14’000 x g for 2 min.

Transfer the Spin column to a sterile 1.5ml microcentrifuge tube.

Elute the plasmid DNA by adding 100 pl of Nuclease-Free Water to the column.
Centrifuge at 14’000 x g for 1 min.

Discard the Spin column and add 11 pl of 10x TE buffer.

Store the tube with DNA eluted at —20°C.

Pulsed-Field Gel Electrophoresis

The protocol “Preparation of high molecular weight DNA for Pediococcus (and others
Gram positive) and macrorestriction” (Walhen, 2003) is followed as described below.

DNA plugs preparation

Centrifuge 2 min at 12’000 rpm, remove the supernatant.

Add 1 ml of TE pH8, mix and centrifuge 2 min at 12’000 rpm, remove the
supernatant.

Resuspend into 200 pl of T100E pH7.5.

Mix the cellular suspension with 400 pl of 1.5% (w/v) low melt agarose in 0.125M
EDTA pH7.6 equilibrated at 50°C, mix.

Rapidly dispense it into the plug molds and let solidify at 4°C for 15 minutes.

Push 2 plugs into a 2ml tube and add 1 ml of T100E pH7.5 containing 10 mg/mi
of lysozyme.

Incubate 7 hours at 37°C without agitation.

Eliminate the lysozyme solution and replace it by 1 ml of T100E containing 1.5%
of laurylsarcosine and 2 mg/ml of pronase.

Incubate one night at 37°C without agitation.

Eliminate the pronase solution and add 700 ul of TE pHS8, let 5 minutes at
ambient temperature and eliminate.

Add 650 pl of TE pH8, let 45 minutes at 37°C and eliminate.

Add 650 pl of TE pH8, let 45 minutes at 37°C and eliminate.

Add 600 pl of TE pHS8, put the plugs in new tubes, let 45 minutes at room
temperature.

Add 500 ul of T100E pHS8; plugs can be stocked in this solution for up to 3 months
at4°C.
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Casting the gel
* Prepare the gel chamber with a 10-well comb as illustrated on Figure 17.

 Make a 1% agarose gel by combining 1 g of pulsed-field grade agarose with 99
ml of 0.5x TBE, and heating until completely clear of unmelted material.

» Pour the gel when the solution is cooled to 60°C.

» Allow the gel to solidify for 30 min at room temperature.
o Carefully remover the comb.

» Stockitat4°C.

Figure 17: Gel chamber and comb holder for CHEF-DR® Il system

Loading the samples
» Cut size of DNA plug using a razor blade, samples should be less than 90% of
the height of the wells.

» Place agarose plugs onto the front walls of the wells using a spatula, gently press
them to the bottom of the wells.

* Place DNA size standards Lambda into wells at each sides of the gel.
» Fill each well with 1.5 % (w/v) LM agarose.
» Allow the agarose to harden at room temperature for 15 minutes.

CHEF-DR® Ill system assembling

The CHEF-DR® Il system has to be assembled following the protocol “CHEF-DR IlI
Pulsed-Field Electrophoresis Systems, Instruction Manual and Application Guides” (Bio-
Rad, 1999) as illustrated on Figure 18.

= The Power Module contains all the electronics needed to perform pulsed-field
electrophoresis.

= The Electrophoresis Cell consists of an acrylic box with 24 horizontal electrodes
arranged in a hexagon. It has to be levelled with the four levelling feet at each
corner.

» The Variable Speed Pump helps providing a suitable flow rate of buffer through
the chamber.

= The Model 1000 Mini Chiller, also called Cooling Module, is a portable
refrigerated apparatus.
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Electrophoresis
» Fill the electrophoresis chamber with 2 liters of 0.5x TBE.
e Turn on pump and chiller, set pump to 70 (1 L/min) and temperature to 14 °C.
» Allow temperature of buffer to equilibrate for 30 min.
* Place the gel with samples charged into the electrophoresis chamber and let the
temperature equilibrate for 15 minutes.
» Check the buffer level to insure that the gel is covered by about 2 mm of buffer.
+ Set the PFGE conditions as below:
- Linear pulse time: 10 s to 100s
- Angle: 120°
- Temperature: 14°C
- Voltage: 6 V/icm
- Runtime: 18 h
* Press PAUSE/START RUN.

Removing and staining the gel

* Remove the gel form the cell.

* Put the gel into EDTA 0.125M pH7.6 containing 1 pg of ethidium bromide per mi,
agitate for 20 min.

» Put the gel into TBE 0.5x, agitate for 20 min.
» Put the gel into TBE 0.5x, agitate for 20 min.
» Take a picture of the gel under UV (GelDoc 1000).
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2.2.5 Extraction of plasmids form agarose gel
NucleoSpin Extract Il kit (Macherey-Nagel)

+ Excise DNA fragment

+ For each 100 mg of agarose gel add 200 pl Buffer NT.

+ Incubate sample at 50°C until the gel slices are dissolved (5-10 min).

* Place a NucleoSpin® Extract || Column into a Collection load sample.

« Add 600 ul Buffer NT3.

« Centrifuge for 1 min at 11’000 x g. Discard flow-through and place the column
back into the Collection Tube.

« Centrifuge for 2 min at 11’000 x g to remove Buffer NT3 quantitatively. Discard
flow-through and place the column back into the Collection Tube.

+ Place the column into a clean 1.5 ml microcentrifuge tube.

e Add 15-50 pl of NE Elution Buffer NE and incubate at room temperature for 1 min
to increase the yield of eluted DNA.

« Centrifuge for 1 min at 11,000 x g.

* Throw away the column and store the tube with DNA eluted at —20°C.

NuceloTrap kit (Macherey-Nagel)

« Excise DNA fragment

+ For each 100 mg agarose gel add 300 pl NT1.

+ Vortex the NucleoTrap® Suspension thoroughly, resulting in a homogeneous
mixture. For each pug of DNA add 4 pl of the NucleoTrap® Suspension, but at
least 10 pl.

+ Incubate sample at 50°C until the gel slices are dissolved (5-10 min).

« Add 500 pl buffer NT2 to the pelleted silica matrix and vortex briefly for
resuspension of the pellet. Centrifuge for 30 s at 10’000 x g and remove the
supernatant completely.

« Add 500 pl buffer NT3 and vortex briefly. Centrifuge for 30 s at 10°000 x g and
remove the supernatant completely.

« Add 500 pl buffer NT3 and vortex briefly. Centrifuge for 30 s at 10°000 x g and
remove residual buffer NT3 completely.

* Dry the pelleted silica matrix at room temperature or at 37°C for 10-15 min.

o Add 25-50 pl elution buffer NE to the silica matrix. Resuspend the pellet by
vortexing.

+ Incubate the mixture at room temperature for 15 min.

+ Centrifuge the sample for 30 s at 10’000 x g and transfer the DNA containing
supernatant to a clean tube.

« Throw away the column and store the tube with DNA eluted at —20°C.

JetSorb kit (Genomed)

+ Excise DNA fragment

« For each 100 mg gel slice add 300 ul buffer A1 and 10ul JETSORB suspension.
+ Incubate sample at 50°C until the gel slices are dissolved (5-10 min).

« Centrifuge for 30 s at 10’000 x g, remove the supernatant completely.

+ Resuspend the pellet with 300 pl of buffer A1.

+ Centrifuge for 30 s at 10’000 x g, remove the supernatant completely

+ Resuspend the pellet with 300 pl of buffer A2.
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+ Centrifuge for 30 s at 10’000 x g, remove the supernatant completely
+ Resuspend the pellet with 300 pl of buffer A2.

* Add 20 ul TE buffer

* Incubate at 50°C for 5 min to increase the yield of eluted DNA.

« Centrifuge for 30 sec at 11,000 x g.

* Throw away the column and store the tube with DNA eluted at —20°C.

Restriction in agarose plugs and NuceloSpin Extract Il kit (Machery-Nagel)

+ Excise DNA fragment

« Add 500 pl of TE 0.1 pH 7, incubate 2 hours at room temperature.

+  Remove TE 0.1 and repeat (Add 500 pl of TE 0.1 pH 7, incubate 2 hours at room
temperature).

+ Remove TE 0.1.

« Add 300 pl of restriction buffer 1x and incubate 30 min at 4°C.

+ Remove restriction buffer.

« Add 300 pl of restriction buffer 1x and 5 pl of restriction enzyme, incubate at 37°C
overnight.

« Extracted DNA fragments following NucleoSpin Extract Il kit protocol (Macherey-
Nagel) as described on chapter 2.2.5 Extraction of plasmids form agarose gel.

2.2.6 Preparation of pedA probe
The probe used in hybridization is prepared by pedA PCR-amplification using the
protocol “Hybridization-Ribotyping” (Forré, 2003).

* Prepare the mastermix (here for one sample) as described below.

Distilled wasser 25.75 ul
BSA 20 pg/mi 5 pl
MgCl; 25 mM 4 ul
dNTPs 4 mM 2.5l
AmpliTaq Gold™ 5U/l 0.25 pl
PCR Gold Buffer 10x 5l
Primer ped F 1.25 pl
Primer ped R 1.25 pl

e Add 5 pl of P.damnosus genomic DNA with 45 ul Mastermix for each sample.
* Perform pedA PCR-amplification with the following PCR protocol.

Initial denaturation 5 min 95°C
Denaturation 50 sec 95°C
Annealing 95 sec 55°C
Extension 115 sec 72°C
Final extension 5 min 72°C
Cycles 40

The PCR product is extracted from the electrophoresis gel using the NucleoSpin®
Extract Il kit (Macherey-Nagel, 2006). The protocol for “Protocol for DNA extraction from
agarose gels” was followed as described below.
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Excise DNA fragment from the agarose gel with a clean scalpel.

Determine the weight of the gel slice and transfer it to a tube.

Add 200 ul of buffer NT for each 100 mg of agarose gel.

Incubate at 50°C for 10 min, vortex briefly the sample every 3 min to dissolve gel
slices completely.

Place a NuceoSpin Extract Il column into a 2 ml tube and load the sample.

Centrifuge for 1 min at 11°000 x g.

Discard flow-through and place the column back into the tube.

Add 600 pl of buffer NT3.

Centrifuge for 1 min at 11’000 x g.

Discard flow-through and place the column back into the tube.

Centrifuge for 2 min at 11’000 x g to remove buffer NT3 quantitavely.

Place the column into a clean 1.5 ml tube.

Add 25 pl of NE buffer.

Incubate at room temperature for 1 min in order to increase the yield of eluted
DNA.

Centrifuge for 1 min at 1000 x g.
Throw away the column and store the tube with DNA eluted at —20°C.

The final step of pedA probe preparation is done from extracted DNA after PCR using
the protocol “Hybridization-Ribotyping” (Forré, 2003) as described below.

Dilute 20 pl of cross-linker solution with 80 ul of water supplied to give the working
concentration.

Dilute purified PCR product to a concentration of 10 ng/ul using water supplied.

Place 10 pl of diluted DNA sample in a 1.5 ml tube, denature by heating in a boiling
water bath for 5 minutes.

Immediately cool the DNA solution on ice for 5 minutes, spin briefly in a
microcentrifuge to collect the contents at the bottom of the tube.

Add 10 pl of reaction buffer, mix thoroughly but gently.
Add 2 pl of labelling reagent, mix thoroughly but gently.

Add 10 p of cross-linker working solution, mix thoroughly but gently. Spin briefly in
a microcentrifuge to collect the contents at the bottom of the tube.

Incubate for 30 minutes at 37°C.

Stock the probe on ice for up to 2 hours or store it in 50% (v/v) glycerol at a
temperature of —15°C for up to 6 months.

2.2.7 Southern Blot

DNA

transfer via Southern blotting is done from the Pulsed-Field Electrophoresis gel

using the protocol “Analysis of DNA sequences by blotting and hybridization” (Ausubel,
1999) as describe below

Denature the samples by covering the gel in denaturation buffer for 2 x 15 min at
room temperature, rince in distilled water.

Neutralize the samples by covering the gel in neutralization buffer for 2 x 15 min at
room temperature, rince in distilled water.

Prepare the Southern Blot structure; use Figure 19 as a guide.
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Cut 4 pieces of Whatmann 3MM paper to the same size as the agarose gel, put
them on a flat surface and wet them with 20x SSC.

Place the gel on these filter papers, squeeze out air bubbles.
Cut 4 strips of plastics wrap and place over the edges of the gel.

Cut the Hybond-N+_nylon transfer membrane the same size as the agarose gel,
wet it in a distilled water bath. Allow the membrane to submerge for 5 minutes.

Place the wetted membrane on the surface of the gel.
Flood the surface of the membrane with 20x SSC.

Cut 4 pieces of Whatman 3 MM paper to the same size as the membrane, wet two
of them and place them on the top of the membrane. Place the other two on top of
them.

Cut a piece of pampers to the same size as the membrane, stack it on top of the
Whatman 3 MM papers.

Lay a glass plate on top of the structure.
Place a weight of about 1 kg on top to hold everything in place.
Leave 1 hour.

WEIGHT

Absorbent Paper

/

rd

Filter Paper

s Mylon Membrane

| AgaoseGel

Figure 19: Southern Blot illustration

Filter Paper

Disassemble the transfer structure and recover the membrane. Mark in pencil the
positions of the wells and the orientation of the membrane.

Photograph the gel to assess transfer efficiency.

Rinse the membrane with 2x SSC, place it on a sheet of Whatmann 3MM paper,
allow to air dry.

2.2.8 Immobilization of DNA

Immobilization of DNA after Southern blotting step is done using UV irradiation at 254
nm with Bio-Link Crosslinker (Vilber Lourmat):

Wrap the membrane with plastic wrap.

Place it in the UV crosslinker with DNA-side-up.

Irradiate the membrane at 254 nm by pressing START.

Stock it at room temperature between two Whatmann 3 MM papers.

Stéphane Dumas 31



Hes

Identification of the genetic elements involved in PD-1 synthesis

2.2.9 Hybridization
Hybridization of the membrane with pedA probes is realized from the protocol
“Hybridization and ribotyping” (Forré, 2003) as described below.

* Prepare AlkPhos Direct hybridization buffer by adding NaCl to the hybridization
buffer solution to give a concentration of 0.5 M. Add slowly blocking reagent to a
final concentration of 4 % (w/v). Mix for 2 hours at room temperature.

* Heat the required volume of AlkPhos Direct hybridization buffer to 55°C for 30
minutes (0.25 ml/cm? of membrane).

* Place the membrane into the hybridization tube with the hybridization buffer,
prehybridise at 55°C for 15 min.

* Add 10 ng of pedA probe per ml of buffer.

» Hybridise at 55°C overnight.

2.2.10 Post hybridization

* Preheat the primary wash buffer to 55°C for 30 min. This is used at a volume of 5
ml/cm? of membrane.

* Transfer the membrane to this solution and wash at 55°C for 10 min in the
hybridization oven.

* Perform a further wash in fresh primary buffer at 55°C for 10 min in the
hybridization oven.

* Wash the membrane with secondary wash buffer for 5 min at room temperature
with gentle agitation.

» Wash the membrane with fresh secondary wash buffer for 5 min at room
temperature.

2.2.11 Chemiluminescent signal generation & detection with CDP-STAR
Detection is done using detection reagent CPS-Star. The chemiluminescent signal is
obtained with Gel Doc 1000 and Quantity One software.

* Pipette CPS-Star detection reagent on the membrane and leave for 5 min.

» Drain off excess of reagent.

» Detect light emission with Chemidoc XRS, exposure time of 20 min.

2.2.12 Cloning of plasmid fragments into pZErO-2

Cloning of P.damnosus desired fragments from plasmid, containing pedA gene, into
pZErO-2 vector is realized from the protocol “Zero Background/Kan Clong Kit”
(Invitrogen, 2002) as described below:

» Digest 1 ug of pZErO-2 vector in total volumes of 10 pl for 15 min using the
recommended buffer, temperature and reaction conditions described by the
manufacturer of the chosen restriction enzyme.

* Add Antarctic Phosphatase using the recommended buffer and incubate 15 min at
37°C.

» Digest 1 uyg of P.damnosus plasmid DNA or extracted plasmid a and 8 in total
volumes of 10 pl for 30 min using the recommended buffer, temperature and
reaction conditions described by the manufacturer of the chosen restriction
enzyme.

* Add TE buffer to the both digestion solution to a final volume of 100 pl.

* Heat the reaction to 70°C for 10 min.
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» Cool to room temperature, then place on ice.
» Prepare the following ligation reaction:

Digestion vector (10 ng) 1 ul
Digested plasmid x ul
Ligation Buffer 10x 1l
T4 DNA ligase (4U/ul) 0.5 pl
Total volume 10 pl

* Incubate at 16°C overnight and place vials on ice.

* Prepare LB plates containing 50 ug/ml of kanamycin and store at 4°C.

* Prepare LB medium containing 50 pg/ml of kanamycin liquid medium for DNA
minipreps.

* Proceed to transformation.

2.2.13 Insertion by electroporation of recombinant plasmids into E.coli cells
» Thaw on ice the appropriate number of microcentrifuge tubes of TOP10
electrocompetent cells.

 Dilute ligation reaction with 10 pl of sterile water and place at 65°C for 5 min. This
dilution reduce the salt concentration, excess salt may cause arcing during
electroporation.

» Place one Eppendorf tube and one elecroporation cuvette on ice for each sample.
» Add 3 pl of the ligation reaction to each tube containing 40 ul of competent cells.

» For the control reaction, add 3 pl of pZErO-2 vector to a separate tube of 40 ul
competent cells.

* Incubate all tubes on ice for 1 min.

» Transfer the cellDNA mix to an electroporation cuvette. Place the cuvette in the
chamber of the MicroPulser (Bio-Rad) and discharge an electrical pulse.

* Remove the cuvette and immediately add 450 pl of SOC medium at room
temperature, transfer to an Eppendorf tube and place on ice.

* Incubate all tubes at 37°C for 60 min at 300 rpm.

* Plate 100 ul of the transformation mix onto a LB-kanamycin plate for each sample.

» Concentrate the rest of the solution by centrifugation at 14’000 rpm for 2 min and
remove the supernatant. Resuspend and plate it onto another LB-kanamycin plate
for each sample.

* Incubate at 37°C for 24 hours.

Figure 20: MicroPulser (Bio-Rad) used for electroporation of recombinant plasmid into E.coli
supercompetent cells.
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2.2.14 Clones purification

Isolate a clone by picking one colony and place it onto a new LB-kanamycin plate.
Incubate at 37°C for 24 hours.

Remove plates from incubator and pick at least 10 kanamycin resistant
transfomants.

Inoculate into 2 ml of LB medium containing 50 pg/ml kanamycin.
Grow overnight at 37°C, 400 rpm.

2.2.15 DNA extraction

DNA extraction after clone purification is done using the NucleoSpin® Tissue kit
(Macherey-Nagel, 2006). The protocol for “Support protocol for bacteria” is followed as
described on chapter 2.2.2 P.damnosus genomic DNA extraction.

2.2.16 PCR screening
PCR screening is done following the protocol “Hybridization-Ribotyping” (Forré, 2003).

Prepare the mastermix (here for one sample) as described below.

Distilled wasser 25.75 ul
BSA 20 pg/mi 5 pl
MgCl; 25 mM 4 ul
dNTPs 4 mM 2.5l
AmpliTaq Gold™ 5U/ul 0.25 pl
PCR Gold Buffer 10x 5l
Primer ped F 1.25 pl
Primer ped R 1.25 pl

Add 5 pl of P.damnosus genomic DNA of each clone with 45 pl Mastermix.
Perform pedA PCR-amplification with the following PCR protocol.

Initial denaturation 5 min 95°C
Denaturation 50 sec 95°C
Annealing 95 sec 55°C
Extension 115 sec 72°C
Final extension 5 min 72°C
Cycles 40

2.2.17 Dot blot and hybridization with pedA probe

DNA transfer to a membrane using Dot blotting technique is realized from the protocol
“Dot Blot 96” (Biometra, 1995) and “Dot blotting of DNA onto positively charged nylon
membrane using a manifold” as described below:

Cut a piece of positively charged nylon membrane to the appropriate size.

Pour distelled water to a depth of 0.5 cm in a glass dish and place the membrane
on the surface, allow submerging for 10 min.

Cut a piece a piece of Whatmann 3 MM filter paper to the size of the manifold, wet
in 6xSSC.

Add NaOH 1 M and 200 mM EDTA pH 8.2 to each sample to give a final
concentration of 0.4 M NaOH/10 mM EDTA.

Heat the solution at 99°C for 10 min.
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» Assemble the unit as illustrated on Figure 21.

* Prewash the membrane with 500 pl distilled water per well.

« Wash the membrane with 500 ul of 6xSSC to each well, allow the SSC to filter
through.

» Spin the DNA samples in a microcentrifuge for 5 sec.
» Apply the DNA samples to the wells, allow the samples to filter through.
» Place 500 pul of 6xSSC into every empty wells.

* Rince the wells with 500 pl of NaOH 0.4 M; allow a small amount of wash solution
to remain in the wells.
» Wash the membrane with 2xSSC.
» After the wash solution has flowed through the membrane, maintain the vacuum for
an additional 5 min to dry the membrane.
* Remove the membrane from the Dot Blot 96 apparatus and allow it to dry
completely at room temperature.
Covver plate w ith 94 wells and
buffer reservoir
|

Screy
Membrane Crew

Whatman 3MM filter paper

Hi.ll_'-."'l'll_' ‘1I_E'..II'.:-__-' sheet

Support —

[ Leegegey | || ]
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_,_..-"" | ) Vacuum connector

Stabilizer LE\_,.' . e T

Figure 21: Set up of Dot Blot 96 (Biometra®) sandwich

The further treatment of the membrane,in order to perform hybridization with pedA probe
is identical to chapters 2.2.6. Immobilisation of DNA, 2.2.7. Hybridization, 2.2.8. Post
hybridization and 2.2.9 Chemiluminescent signal generation & detection with CDP-
STAR.
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2.2.18 Creation of genetic map for pedA positive recombinant plasmids

Plasmid DNA is extracted from pedA positive clones in LB-kanamycin with Wizard Plus
SV Minipreps kit (Promega) following the protocol “Plasmid DNA isolation and
purification protocols”, as described on chapter 2.2.3. Plasmid DNA extraction, before
performing the restriction strategy to construct their genetic map.
» Digest 0.5 ug of extracted plasmid DNA using the recommended buffer,
temperature and reaction conditions described by the manufacturer of the chosen
restriction enzyme.

» Digest 0.5 ug of pZErO-2 vector using the recommended buffer, temperature and
reaction conditions described by the manufacturer of the chosen restriction
enzyme.

* |Incubate at 37°C for 90 min.

» Prepare an 1% agarose gel and perform an electrophoresis by putting every time
plasmid DNA and pZErO-2 digested with the same enzyme.

» Compare bands visible on the gel after UV exposure.
» Construct the genetic map of each recombinant plasmid.

2.2.19 Preparation of pedA positive plasmid(s) for extern DNA sequencing

Plasmid DNA is extracted from pedA positive clones in LB-kanamycin with Wizard Plus
SV Minipreps kit (Promega) following the protocol “Plasmid DNA isolation and
purification protocols”, as described on chapter 2.2.3. Plasmid DNA extraction.

» Quantify DNA solution by spectrophometry; it has to be at least 100 ng/pl.

* Note down all the essential informations on the tubes and close it with parafilm.

» Send itin a bubble letter to Microsynth DNA Sequencing Department, using Primer
Walking single-stranded and non-assembled service.

2.2.20 Plasmid libraries conservation
Plasmid libraries created have to be conserved in glycerol 87% and stock at —70°C.
» Add 1ml of glycerol anhydrous in a cryotube.
» Sterilize these cryotubes at 121°C for 15 min.
» Add 1 ml of LB-kanamycin culture of each clone.
* Mix by inverting 2-3 times.
* Incubate at room temperature for 1 hour.
» Stock the cryotubes at —70°C.
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3 Results
3.1 DNA extraction

Pediococcus damnosus DSM 20331 culture has been grown at 30°C 150 rpm during 7
days in MRS broth pH 8 medium. Verification under microscopy shows no contamination
of the bacterial culture. DNA extraction and preparation of DNA plugs for Pulsed-Field
Electrophoresis can thus be done using directly this controlled P. damnosus culture.

P.damnosus genomic DNA extraction has been realized using NucleoSpin® Tissue Kit
(Macherey-Nagel), an electrophoresis has then been realized on a 1% agarose gel
shown on Figure 22.

10’000 bp . - '
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Figure 22: P.damnosus genomic DNA electrophoresis gel
M: GeneRuler 1 kb DNA ladder (Fermentas), 1-2: P.damnosus genomic DNA

On Figure 22, isolated DNA from P.damnosus is visible on lanes 1 and 2. The first thick
band, superior to 10 kbp, corresponds to chromosomal P.damnosus DNA. The other two
smaller bands, around 800 bp and inferior to 100 bp, correspond to plasmid DNA.

Large DNAs are not well separated using classic electrophoresis. Therefore, Pulsed-
Field electrophoresis has been chosen to separate all kinds of P.damnosus DNAs.
Identification with pedA hybridization would be clearer using this method.
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3.2 pedA probe preparation
pedA PCR-amplification was realized on P.damnosus genomic DNA using pedF and
pedR primers. The picture taken after electrophoresis on a 1% agarose gel is shown on

the left side of Figure 23. This same gel after pedA bands extraction is shown on the
right side.

! ' . 10000 bp . '
. W 3000bp | -

-— w1000 bp

ol 3

pedA bands
extraction

Figure 23: pedA PCR-ampilification electrophoresis gel (picture on the left) and pedA extraction
(picture on the right)
M: GeneRuler 1 kb DNA ladder (Fermentas); K: Negative control; A: P.damnosus DNA; 1-4:
pedA PCR-amplification.

As it is shown on Figure 23, pedA amplification by PCR shows a unique DNA band
inferior to 250 bp for all 4 samples. As described on appendices 8.4, PCR product using
primers pedF and pedR has a theoretical size of 139 bp; it corresponds to the bands of
lanes 1 to 4. Negative control, containing mastermix with water, shows no amplification
after the PCR step. Concerning lane A, it reveals P.damnosus DNA without any
amplification.

DNA bands corresponding to pedA gene have then been extracted from the gel using
NulceoSpin Extract Il kit. After purification, DNA concentration has been determined by
spectrophotometry: [dsDNA] = 22.1 ug/ml

pedA probe has then been prepared using the purified PCR product with addition of the
enzyme alkaline phosphatase. A control of this pedA probe has been performed by
adding 2 l of this probe on a Hybond H* membrane, fixed by UV light and detected with
CDP-Star reagent. The result after chemiluminescence exposure shows a positive result
for the interaction between pedA probe and CDP-Start substrate. Indeed, a light
production is detectable and therefore, pedA probe can be used for hybridization of the
Hybond-N* membrane (data not shown).
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3.3 Pulsed-Field Gel Electrophoresis

Pulsed-Field electrophoresis of prepared plugs containing P.damnosus DNA is realized
on a 1% pulsed-field agarose gel in TBE 0.5x during 18 hours. Linear pulse time is fixed
from 10 sec to 100 sec, the angle to 120° and the voltage to 6 V/cm. Temperature of the
TBE 0.5% medium is kept constant at 14°C. Figure 24 represents pulsed-field
electrophoresis gel after UV detection (GelDoc 1000).

Figure 24 ulsed-Field 'e/ec'trophd"r'és‘i‘ gel of P. a MI;O us I\iA
M: Lambda Ladder (Bio-Rad); 1-6: P.damnosus DNA plugs

Figure 24 shows PFGE results after 18 hours of migration. Lanes 1 to 6 represent
P.damnosus DNA plugs, a prominent part of this DNA stayed in the gel wells,
corresponding to band (; the pulsed-field electrophoresis is therefore not optimal.
However, some bands are detectable on this pulsed-field electrophoresis gel. Band & is
detectable on top of Lambda ladder; it is certainly chromosomal DNA. Two bands y and
T are visible at about 600 kbp, it could be two of P.damnosus plasmid or simply one of
its plasmid in two different forms. Two thick bands a and B are observable at about 50
kbp and seems to correspond to one plasmid in two different forms. Finally, band ¢
corresponds to one of P.damnosus plasmid inferior to 48 .5 kbp.

Part of DNA on Figure 24, lanes 5,6 and M to be exact, has then been transferred on a
Hybond-N*" membrane by Southern blotting in order to perform hybridization with pedA
probe. Concerning lanes 1 to 4 of Figure 24, they will be used for DNA extraction from
the pulsed-field electrophoresis gel after the hybridization results have been found.
Indeed, DNA bands containing pedA gene will be detected after hybridization and
chemiluminescence detection.

Results from a previous work (Ledda, 2007) show pedA gene in either plasmids from
bands a or B; this affirmation needs to be confirmed before going any further in this
project.
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3.4 Southern Blot

DNA transfer from Pulsed-Field electrophoresis gel to Hybond-N* membrane using
Southern Blot technique has been immobilized by UV irradiation. A comparison between
the pictures of the gel taken before and after DNA transfer, shown on Figure 25, proves
that there is almost no more DNA on the electrophoresis gel after Southern Blot.

DNA transfer via
Southern Blot

48.5 bp

Figure 25: Pulsed-Field electrophoresis gel before DNA transfer via southern blotting (picture on
the left) and after transfer (picture on the right).
M: Lambda Ladder (Bio-Rad); 1-2: P.damnosus DNA plugs

As shown on the left side of Figure 25, lanes 1 and 2 as well as lane M, corresponding
to the Lambda ladder, are transferred via Southern Blot on the Hybond-N* membrane.
The agarose gel after transfer by upward capillary action is then analyzed under UV to
verify the efficiency of the transfer. This result is shown on the right side of Figure 25;
DNA bands are no more detectable on the agarose gel. This control allows to prove that
the upward capillary action did work. However, this control is not sufficient to be sure
that DNA has been transferred onto the Hybond-N" membrane.

3.5 Hybridization with pedA probe

Hybridization of the Southern Blot membrane has been realized using pedA probe in
order to detect which DNA bands contain pedA gene. After washing out the membrane
and detection with CDP-Star solution, an analysis under chemiluminescence light has
been performed during 40 minutes (GelDoc 1000). The resulting picture taken after this
step is shown on Figure 26.
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Southern Blot and
pedA hybridization

48.5 bp

) THRE e
Figure 26: Pulsed-Field electrophoresis gel before DNA transfer via southern blotting (picture on
the left) and Southern Blot membrane after hybdridization with pedA probe and CDP-Star
detection (picture on the right).
M: Lambda Ladder(Bio-Rad); 1-2: P.damnosus DNA plugs

As it is shown on Figure 26, hybridization with pedA probe gives three different signals
on the membrane after chemiluminescence exposure. The enzyme alkaline
phosphatase, fixed on the pedA probe, interacts with CDP-Star substrate to give light
production visible on this figure. The first signal corresponds to the gel wells, band ¢ of
Figure 24. Light production of this band can be explained by the fact that a prominent
part of P.damnosus DNA stayed in the gel wells. The two other signals correspond to
bands a and 3 of the pulsed-field electrophoresis gel (see Figure 24). The pedA gene is
thus present in one of these two bands which seems to be, as described above, the
same plasmid in two different forms; a and B bands are respectively named plasmids a
and B.

Finally, there is no light detection for the other DNA bands present on the membrane
except weak signals created by DNA smear. By comparing the results given by this
hybridization, it is now possible to confirm that pedA gene is present in either plasmid a
or B.
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3.6 Plasmid DNA extraction from pulsed-field electrophoresis gel

Following the results found after the hybridization with pedA probe, it has been possible
to determine the location of DNA bands containing pedA gene on the pulsed-field
electrophoresis gel. As it is shown on Figure 26, pedA gene is present on a and f3
plasmids. This is why an extraction of these two DNA bands has been realized in order
to isolate these two plasmids. DNA bands a and 3 from Figure 24, corresponding to the
two different plasmids containing pedA gene, have then been extracted from the
agarose gel and purified using different kits. However these plasmids high size about 50
kbp make it a critical step. Indeed, plasmid extraction of such high size is difficult and
give low DNA concentration. This is why optimization of the plasmids extraction was
needed; several strategies have been developed as described below.

NucleoSpin® Extract Il (Macherey-Nagel) was the first kit used to extract a and B
plasmids from the agarose gel after pulsed-field electrophoresis; it shows a DNA
concentration of about 5.2 ug/ml. Approximately 4.7 ug/ml DNA concentration has been
found for a plasmid extraction with JetSorb kit (Promega). Using NucleoTrap® kit
(Macherey-Nagel), DNA concentration is below 1.5 ug/ml. The last strategy use to
extract these two plasmids was to, first digest plasmids into the agarose plugs and then,
extract the fragments with NucleoSpin® Extract Il kit (Macherey-Nagel) but it gave a low
DNA concentration of about 2.5 pg/ml. These results are summarized on

Table 5.

Table 5: DNA concentration after plasmids extraction and purification with different kits.

Essay [ADN] pg/mi
plasmid a Extract Il 5.25
plasmid B Extract Il 5.20

plasmid a NucleoTrap 1.35
plasmid B NucleoTrap 1.35
plasmid a JetSorb 4.75
plasmid B JetSorb 4.70
plasmid a DNA plugs 2.70
plasmid 3 DNA plugs 2.35

Considering these results, the first strategy developed for this diploma work has been
NucleoSpin® Extract Il (Macherey-Nagel) since it has the higher DNA concentration.
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3.7 Strategy 1: Plasmids a and B extracted from P.damnosus pulsed-field
electrophoresis gel with NucleoSpin® Extract Il kit (Macherey-Nagel).

3.7.1 pedA PCR-amplification for plasmids a and 8

In order to control that pedA gene is really present in plasmids a and B extracted from
the pulsed-field electrophoresis gel, Dot blotting and hybridization with pedA probe has
been realized on these samples. The result of this experiment is shown on Figure 27.
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Figure 27: pedA hybridization for plasmids a and B, extracted from the PFGE gel, after Dot
blotting.
A1/B1 =plasmid a; A2/B2= plasmid B; , A3/B3= K, A4/B4= pZErO-2; A4/B4= P.damnosus
plasmid DNA extracted with Wizard Plus kit (Promega); A5/B5= P.damnosus genomic DNA
extracted with NucleoSpin Tissue (Macherey-Nagel).

As shown on Figure 27, genomic DNA extracted from P.damnosus culture with
NucleoSpin Tissue kit (Macherey-Nagel) and plasmid DNA extracted from P.damnosus
culture with Wizard Plus SV Minipreps kit (Promega) indicate positive response to
hybridization with pedA probe as well as for plasmids a and (3; this result confirms the
fact that pedA gene is part of these DNA. Concerning bands A3 and B3, they
correspond to the negative control composed of PCR water, ethanol and NaOH; solution
used to prepared the samples for Dot blotting. The result of this control is negative to
pedA hybridization.

3.7.2 Cloning inserts into pZErO-2

Once the plasmids a and B have been extracted, quantified and controlled, cloning of
digested plasmids can be realized into pZErO-2 vector in order to realize a plasmid bank
after electroporation into E.coli cells and screening on LB-kanamycin plates.

pZErO-2 vector has a size of 3297 bp with a Multiple Cloning Site located between
bases 269 and 381. The small insert, of unknown size, introduced into the MCS has the
property to disrupt expression of ccdB gene. The endonucleases chosen for the parallel
cloning strategy, EcoRI and Hindlll, have a unique recognition site on this MCS situated
at respectively 325 and 276 bp; a digestion with these enzymes used separately allows
to linearize pZErO-2 vector into a unique fragment. These two enzymes also have the
property to have no recognition sites in pedA gene; this gene will not be digested and
can be detected by hybridization with pedA probe or by PCR screening with pedF and
pedR primers after cloning and electroporation.

pZErO-2 vector has then been digested with EcoRI and Hindlll to check if it gives a
linearized unique fragment. A theoretical digestion on a 0.7% agarose gel has first been
realized with REBsites in order to give the wanted results. Then, a practical DNA
migration of pZErO-2 digested with respectively EcoRI and Hindlll has been made by
electrophoresis on a 0.7% agarose gel. The theoretical and practical results of these
experiments are visible on Figure 28.
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Figure 28: Electrophoresis on 0.7% agarose gel of digested p-ZErO-2 vector with Hindlll and
EcoRl theoretical (picture on the left) and practical (picture on the right)
M: GeneRuler 1 kb DNA ladder (Fermentas), 1: pZErO-2 digested with EcoRI; 2: pZErO-2
digested with Hindlll; V: pZErQO-2 vector.

Results given by the REBsites simulation, visible on the left side of Figure 28, show a
unique linearized fragment situated around 3300 bp for pZErO-2 digestion using EcoRI
and respectively Hindlll. Simulation of pZErO-2 migration is also situated around 3300
bp and but is still circular, it should be higher on the gel.

Concerning electrophoresis of digested pZErO-2 vector, shown on the right side of
Figure 28,on lanes 1 and 2, two thick bands are observable respectively with EcoRI and
Hindlll. The plasmid digested with EcoRI shows a thick band around 3400 bp and with
Hindlll around 3300 bp.

For pZErO-2 migration, shown on the right side of Figure 28, lane V, the DNA band is
situated around 4000 bp but cannot be precisely determined since the plasmid is still in
a circular form. As said before, its migration is slowed down because of its circular form.
Considering this remark, this band corresponds to pZErO-2 circular vector. Two other
weak bands are detectable at 3650 and 1900 bp and correspond respectively to pZErO-
2 linearized and supercoiled.

The plasmids a and B fragments have then been ligated into this linearized pZErO-2
vector with T4 DNA ligase. In order to have enough quantity of insert and allow cloning
of all the plasmid inserts into pZErO-2 vector, Equation 1 was used to calculate the
exact amount of insert needed with an average insert size of 1 kbp.

x ng insert (2) (bp insert) {10 ng linearized pZErQ"™-2 (2)E61000bp)5610ng) 6.1
= 6.lng

(3297 bp pZErQ -2) (3297bp)

Equation 3: Formula to calculate amount of insert needed for ligation with 10 ng of pZErO-2.
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A control of the ligation has been realized via an electrophoresis, as shown on Figure 29
to see if this step did work correctly.

0°000 bp

3000 bp

Figure 29: Electrophoresis on 1% agarose gel of ligation results between plasmids a and 8
fragments and pZErO-2 vector.
M: GeneRuler 1 kb DNA ladder (Fermentas); 1: P.damnosus DNA; 2: p-ZerO-2 self-ligation; 3:
Ligation plasmid a fragments and pZErO-2; 4: Ligation plasmid 8 fragments and pZErO-2.

On Figure 29, ligation controls of recombinant plasmids are visible. Lane 1 corresponds
to P.damnosus DNA. Lane 2 is the self-ligated pZErO-2 after restriction with EcoRl; it
shows a thick band at about 8000 bp but still in a circular form, which migrates slower.
No difference is visible between self-ligated pZErO-2 vector, lane 2, and recombinant
plasmids, lanes 3 and 4. This control does not allow thus to confirm that ligation did work
correctly. However, electroporation has been performed.

3.7.3 Insertion by electroporation of recombinant vectors into E.coli cells and
screening

After ligation of plasmids a and B fragments into pZErO-2 vector, an insertion by
electroporation was needed to insert these recombinant plasmids into E.coli TOP10 cells
in order to construct the searched plasmid library.

During electroporation of recombinant plasmids into E.coli TOP10, impulsion time has
been measured to verify the performance of the transformation. The ideal condition for
DNA transfer and cells surviving is around 5 ms. Three different electroporations have
been achieved for transformation of plasmid a fragments; impulsion time was between
4.80 and 5.10 ms. Three other electroporations have been achieved for transformation
of plasmid B fragments; impulsion time was between 4.10 and 5.20 ms. These
recombinant cells have then been plated onto LB-kanamycin plates and incubated in
order to perform a screening on LB-kanamycin plates.
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Insertion of pZErO-2 vector into E.coli TOP10 cells has been tested; time impulsion for
this positive control was 4.90 ms. After plating the positive control onto LB-kanamycin
plates and incubation, around 150 colonies were counted and reported in Table 6. In
order to check if these E.coli TOP10 cells do not grow on this kanamycin medium, E.coli
cells have been plated onto a LB-kanamycin plate and incubated. The result of these
controls is shown in Table 6.

Table 6: Colonies counted after electroporation and screening using plasmids a and 3 strategy.

Essay |Insertion in E.coli cells Colonies
1 0
1 conc 0
2 8
2 conc pZErO-2 linearized 113
3 P.damnosus plasmid a 3
3 conc 0
4 0
4 conc 13
1 0
1 conc 12
2 . . 1
2 conc pZErO-ZJ_lnearlzed 11
3 P.damnosus plasmid B 6
3 conc 13
4 0
4 conc 20
K’ pZErO-2 vector 150
K" conc >300
K i 0
K" conc 0

By observing Table 6, it can be deduced that electropration succeeded. In fact, E.coli
TOP10 cells growth onto LB-kanamycin plates does not show any colonies; kanamycin
resistance is thus absent from these cells. However after electroporation, growth onto
LB-kanamycin plates of E.coli TOP10 cells transformed with pZErO-2 vector shows
around 150 colonies; kanamycin resistance, coming from pZErO-2 vector insertion, is
this time present in the E.coli cells. However, the small quantity of colonies found on the
positive control shows that electroporation is not yet optimal.
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3.7.4 Creation of a plasmid library

As it has not been possible to prove that pedA gene was present in either plasmid a or
B, two different plasmid libraries with respectively each plasmid had to be created. Once
recombinant plasmids have been created and transformed into E.coli cells, a reliable
plasmid bank that contains a random collection of the fragments from plasmids a and 3
was produced. To do so, Clarke and Carbon’s formula (Equation 2) was used to
estimate the clones number needed to get all the fragments of plasmids a and {8 into the
plasmid library. Number of clones N can be thus calculated with a probability of 95%
(P=0.95) and a ratio between the plasmid size of about 50 kbp and the cloned fragments
of about 1 kbp (n=50).

_In(1-P) _In(1-0.95)

{1 ")

Equation 2: Clark and Carbon’s formula

N (0150 clones

Therefore, 150 clones per plasmid would be needed in order to obtain a full plasmid
bank. After purification of all the 150 clones and DNA extraction, it will be possible with
PCR screening and/or hybridization with pedA probe to detect if recombinant plasmids
contain the searched pedA gene.

E.coli TOP10 cells transformed with recombinant plasmids have then been plated onto
LB-kanamycin plates and incubated. This screening allows to isolate cells containing the
kanamycin resistance gene. Only cells transformed with either recombinant plasmids or
self-ligated pZErO-2 vector can grow on this medium containing antibiotic.

3.7.5 DNA extraction from clones

After transformation and screening on LB-kanamycin plates, 160 clones have been
isolated in 1.5 ml LB-kanamycin medium in order to extract their DNA and analyse it.
Since the number of clones is really high, clones have been regrouped by 10, as shown
on Table 7, to minimize the manipulations during PCR screening.

Table 7: Series of clones culture and restriction enzyme used, using Extract |l kit strategy.

Series Clones SEETEI Series Clones SO
enzyme used enzyme used
1 a1-a10 EcoRl 9 a 81- 90 Hindlll
2 a11-020 EcoRl 10 a 91- 8100 Hindlll
3 a21-a30 EcoRl 11 B1-10 Hindlll
4 a31-040 EcoRl 12 B11- B20 Hindlll
5 a41-a50 EcoRl 13 B21- B30 Hindlll
6 a51-a60 EcoRl 14 B31- 40 Hindlll
7 a61-a70 EcoRl 15 B41- 50 Hindlll
8 a71-a80 EcoRl 16 B51- 60 Hindlll

Genomic DNA has then been extracted from these 16 solutions, regrouping 160 clones,
using NucleoSpin Tissue kit (Macherey-Nagel).
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3.7.6 PCR screening

After DNA extraction of every purified clone, a PCR screening has been realized with
pedF and pedR primers in order to find which plasmids contain an insert with the desired
pedA gene. If a serie is positive after pedA PCR-amplification, the ten bacterial cultures
of the serie have to be tested separately with a new PCR screening to find exactly which
culture is positive to pedA amplification. Using this system, number of PCR screening
has been divided by ten.

After the PCR screening step, electrophoresis on 1% agarose gels were realized in
order to detect which streack possess pedA gene. One of this electrophoresis is shown
on Figure 30 after detection under UV (GelDoc 100).

M-S Kb V.1 .2 3.4 .5 6 17 8 M

M K- K+ V 910 11 12 1314 1516 M

Figure 30: PCR screening of the 16 series.
M: GeneRuler 1 kb DNA ladder (Fermentas); K: PCR water (negative control); K': P.damnosus
(positive control); V: Vector pZErO-2; 1-16: Series of ten plasmids.
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As it is observable on Figure 30, the negative control, constituted of mastermix with PCR
water, shows no pedA-amplification. In contrary, the positive control, constituted of
P.damnosus DNA and mastermix, reveals an amplification of pedA gene. The final
control of this PCR screening is, on lane V, vector pZErO-2 with mastermix; there is no
pedA signal and therefore this plasmid does not contain pedA gene.

Concerning the clones series analyzed, they show two positive series to pedA
amplification: series 2 and 8 as shown on Table 8. These two series are composed of
plasmid a using EcoRI for the restriction strategy.

Table 8: Summary of pedA PCR-amplification results of series 1 to 16.

Seri pedA PCR- . pedA PCR-
eries e o Series e
amplification amplification
1 9
2 M 10
3 11
4 12
5 13
6 14
7 15
8 v 16

Since there have been several contamination problems with plasmids containing pedA
gene during the PCR amplification, a confirmation that these two clone series have the
pedA gene has been realized via Dot-blotting and hybridization with pedA probe.

3.7.7 Dot-blot and hybridization with pedA probe

3
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Figure 31: Dot blot membrane after hybridization with pedA probe and CDP-star detection of the
series 1to 16.
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Samples: A1/C1= Sample 1; A2/C2= Sample 2; A3/C3= Sample 3; A4/C4= Sample 4,
Ab5/C5= Sample 5; A6/C6= Sample 6, A7/C7= Sample 7; A8/C8= Sample 8;
A9/C9= Sample 9; A10/C10= Sample 10; D1/E1= Sample 10; D2/E2= Sample 11;
D3/E3= Sample 12; D4/E4= Sample 13; D5/E5= Sample 14; D6/E6=Sample 15;
D7/E7= Sample 16.

Controls: G1/H1= P.damnosus plasmid DNA; G2/H2= P.damnosus genomic DNA;
G4/G4= K; G5/H5= pZErQO-2.

Confirmation via Dot Blot and pedA hybridization techniques shows no pedA response
for all of the 16 clones series; there is therefore no recombinant plasmids containing
pedA gene in these 160 clones. Results are summarized on Table 9.

Table 9: Summary of pedA hybridization results of 1 to 16.

HETEE hybﬁg;ﬁtion Series hybgsgﬁtion

K 7
pZErO-2 8
pasmd oNA | °
goromio oA 7 10
1 11

5 12

3 13

4 14

5 15

6 16

Since no results have been found using this strategy (NucleoSpin Extract Il kit), a
second strategy has been developed in order to create a plasmid library containing at
least one pedA positive recombinant plasmid. This new strategy consists of a direct
extraction of plasmid DNA from P.damnosus culture with Wizard Plus SV kit (Promega)
in order to avoid extracting a and B plasmids from agarose gel after pulsed-field
electrophoresis since DNA concentration is really low with all four kits used (see 3.7
Plasmids extraction from agarose gel).
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3.8 Strategy 2: Plasmid DNA extracted from P.damnosus culture with Wizard
Plus SV (Promega) using EcoRiI for its restriction strategy.

As strategy 1 using plasmids a and 8 extracted from the pulsed-field electrophoresis gel
did not gave adequate results, a new strategy with P.damnosus total plasmid DNA has
been used.

Table 10: DNA concentration for P.damnosus plasmid extracted with Wizard kit (Promega)
Essay [ADN] pg/mi

Plasmid DNA Wizard (Promega) 70

P.damnosus plasmid DNA extraction has been realized using Wizard® Plus SV kit
(Promega) from 1.5 ml P.damnosus culture incubated overnight. A restriction of
P.damnosus plasmid DNA using EcoRIl enzyme has then been perfomed to see which
plasmids are digested by this enzyme. Results are shown on Figure 32.

10°000 bp

3000 bp

- ~

Figure 32: P.damnosus plasmid DNA electrophoresis gel
M: GeneRuler 1 kb DNA ladder (Fermentas), 1: P.damnosus plasmid DNA, 2: P.damnosus
plasmid DNA digested with EcoRlI.

On Figure 32, P.damnosus plasmid DNA, situated on lane 1, shows three different
intensive bands. Two of them are superior to 10 kbp, one of this band could correspond
to plasmid a and [; their size was estimated around 50 kbp using pulsed-field
electrophoresis. The third band at 2200 bp could be another smaller P.damnosus
plasmid. Other lighter bands situated around 10 kbp could be plasmids in different
forms. On lane 2, plasmid DNA restriction with EcoRI is shown. Partial digestion of the
three different plasmids is detectable since the bands corresponding to each plasmid are
less intensive. However, according to these results, it is not possible to claim to EcoRI
cuts plasmids a and .

According to these results, the total size of P.damnosus plasmid DNA can be estimated
around 100 kbp.
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3.8.1 Cloning inserts into pZErO-2

P.damnosus plasmid DNA and pZErO-2 vector have been digested with EcoRI. After
ligation of plasmid DNA fragments into pZErO-2 vector, electroporation was needed to
insert these recombinant plasmids into E.coli TOP10 cells in order to construct the
plasmid library.

During insertion of recombinant plasmids into E.coli TOP10, impulsion time has been
measured to verify the performance of the electroporation. The ideal condition for DNA
transfer and cells surviving is around 5 ms.

Four different electroporations have been achieved to insert recombinant plasmids into
E.coli TOP10 cells; impulsion time was included between 4.20 and 4.80 ms. These
recombinant cells have then been plated onto LB-kanamycin plates and incubated.
Insertion of pZErO-2 vector into E.coli TOP10 cells has also been tested in order to
detect if electroporation has worked; time impulsion for this positive control was 6.00 ms.

After plating the positive control onto LB-kanamycin plates and incubation, around 200
colonies were counted and reported in Table 11. In order to check if these E.coli TOP10
cells do not grow on kanamycin medium, E.coli cells have been plated onto LB-
kanamycin plate and incubated. The result of these controls is shown in Table 11.

Table 11: Colonies after electroporation and screening for essays using EcoRI.

Essay | Insertion in E.coli cells Colonies
1 13

1 conc 24
2 pZEr0O-2 linearized 0

2 conc + 174
3 P.damnosus plasmid DNA 10

3 conc fragments 74
4 0

4 conc 7
K pZErO-2 vector 200

K" conc > 300
K _ 0

K" conc 0

3.8.2 Creation of a plasmid library

Once recombinant vectors have been created and inserted into E.coli cells, a reliable
plasmid library that contains a random collection of P.damnosus plasmid DNA fragments
was produced. Clarke and Carbon’s formula (Equation 2) was used to estimate the
clones number needed to get all P.damnosus plasmid DNA fragments into the plasmid
library. Number of clones N can be thus calculated with a probability of 95% (P=0.95)
and a ratio between estimated plasmid DNA size of about 100 kbp and the cloned
fragments of about 1 kbp (n=100).
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_ In(1-P) _ In(1-0.95)

ln[l - 1) ln[l - 1]
n 100

Equation 2: Clark and Carbon’s formula

N 0300 clones

Therefore, at least 300 clones are needed in order to obtain a full plasmid bank, if EcoRlI
digests all P.damnosus plasmids. After purification of each clone and DNA extraction, it
will be possible with PCR screening and/or hybridization with pedA probe to detect if
recombinant plasmid contains the desired pedA gene.

3.8.3 DNA extraction from clones

After the electroporation and screening on LB-kanamycin plates, 82 clones have been
isolated in 1.5 ml LB-kanamycin medium in order to extract their DNA and analyse it.
Since the number of clones is high, clones have been regrouped by series of 8 in 1.5 ml
tubes to minimize the manipulations, as shown on . DNA extraction, using NucleoSpin®
Tissue kit (Macherey-Nagel), as been realized for these 10 samples.

Table 12: Series of clone cultures to perform DNA extraction before Dot blotting

Series |Clones| Series |Clones | Series |Clones | Series | Clones| Series |Clones
1 18 35 53 76
2 19 37 54 78
3 20 38 55 81
1 4 3 21 5 39 4 56 9 82
5 22 40 58 83
6 23 41 60 84
8 24 42 63 85
9 25 43 64
10 26 44 66 86
11 27 45 69 87
12 28 46 70 88
2 13 4 29 6 47 8 71 10 89
14 30 48 72
15 32 50 73
16 33 51 74
17 34 52

These 82 clones have been conserved in glycerol 87% and stocked at —70°C for further
analysis; see appendices 8.9 Plasmid library using EcoRI for details.
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3.8.4 Dot blot and hybridization with pedA probe

Once DNA has been extracted from the 10 different seires, regrouping 84 clones, Dot
blotting and pedA hybridization has been performed. After CDP-Star detection and
chemllumlnescence expose for 20 min, the result is shown on Flgure 33.

- . i --. - & T L 8 T L .'. |
Ctlalatalsle 7 -,8_.-.9-.10. 11 -12. --
- - [} " w w 2 T g T L) [ [ . - - )
Ty T = I o Py I i i ETT B R o TR i T
e e D ™ 18 ey g e R e

3 =i = | R R R Tor e e E LT T 1

B‘ ¥ o g el i i el e T ] A
' d ¥ Lo = e 7 = i ey ¥ =

’ T ; i + ¢ s

Lo [ oL L . T oy
- i . - sy i - e P L ol

e ot W BN LR R R e DR ARE I B S

. 3 el k5 r ! i
s I e [ e s i o T e i
N P s et ok i s A 3 * Pt e

SRR R S SR R e :

| Er il e g o I T e r ENE; =

o - e o " . by . - L vy

e v e T | PR = i

T
e B e s - bl e e 5
W I g s e
X i i
e e e i e S e 0 ! E
T LIS | T ) Rt T % R N 1 I TR AT
L ; ey ZAET L LR S b LY AR ]
o ] I 1 T L e
Iy G v T 5 by *T* i "'{‘-I i ?'.:-':..-u. i"'i'_,._
3 |_"l_..- Tl L0 o :'I-|J' ot o T 5 o] Al A L T
[ .' 5T CrEs 141 i B N Gy o o e T e e T - 5
I e Rl 1 | 41 Ay vl R L P Y A T

2 -\..,:-i-'.l:, ] 1 e | T e e e e b o

Lo :'. = A e e e T e ] ol Ty e e R L R i o Bt ey o it Ll
- T e P i~ : e - : -

o S el e e B B s L | T L e e T b s AT
7F _." :,-..'."'.'-'\-'.'_l-.'..':,..- -'.'."'\' "._"’,I-'.'\-_!';.;'l:'-,_ A'_.'-‘:"-- i i
i _.,. 4 B e t e b
et Ak sl

Figure 33 Dot blot membrane after pedA hybr/d/zat/on of serles 1 to 10.

Samples: A1/C1= Sample 1; A2/C2= Sample 2; A3/C3= Sample 3; A4/C4= Sample 4;
A5/C5= Sample 5; A6/C6= Sample 6; A7/C7= Sample 7; A8/C8= Sample 8;
A9/C9= Sample 9; A10/C10= Sample 10.

Controls: G1/H1= K-; G2/H2= pZErO-2;, G3/H3=plasmid a; G4/H4= plasmid B; G6/H6=
P.damnosus plasmid DNA; G7/H7= P.damnosus genomic DNA.

As shown on Figure 33, P.damnosus genomic DNA extracted with Wizard Plus SV
Minipreps kit (Promega), P.damnosus plasmid DNA extracted with NucleoSpin Tissue
(Macherey-Nagel) indicate positive response to hybridization with pedA probe; this
confirms that pedA gene is present in these DNAs. Plasmids a and 3 extracted form
pulsed-field electrophoresis gel have also been tested to confirm the presence of pedA
gene. Concerning the samples, three positive responses out of ten have been found:
samples 7, 8 and 9. These results are illustrated on Table 13.

Table 13: Summary of results for dot blot membrane pedA hybridization of series 1 to 10.

pedA pedA
hybridization hybridization

Samples
K
pZErO-2
P.damnosus plasmid DNA

Samples

Sample 3
Sample 4

Sample 5

P.damnosus genomic DNA Sample 6

Plasmid a
Plasmid
Sample 1

Sample 7

Sample 8

Sample 9

XX NN XX
X RN RX X X X

Sample 2 Sample 10
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As these three samples are positives to pedA hybridization, a DNA extraction had to be
performed for every clone among series 7, 8 and 9; this means clones 53 to 85 (see
Table 13). Once again, Dot blotting and pedA hybridization has been performed to
determine exactly which clones possess the pedA gene. After CDP-Star detection and
exposure in chemiluminesence for 20 min, the picture is shown on Figure 34.

Reing : : ﬁ e e
C e
E | #&
Fa
G | ®® |slvls |
H ’*l 5 (8
N

Figure 34: Dot blot membrane after hybridization with pedA probe and CDP-star detection of the
clones from series 7, 8 and 9.
Sample 7: A1/B1= clone 53; A2/B2= clone 54; A3/B3= clone 55; A4/B4= clone 56;
A5/B5= clone 58; A6/B6= clone 60; A7/B7= clone 63; A8/B9= clone 64.
Sample 8: C1/D1= clone 65; C2/D2= clone 66; C3/D3= clone 70; C4/D4= clone 71;
C5/D5= clone 72; C6/D6= clone 73; C7/D7= clone 74.
Sample 9: E1/F1=clone 76; E2/F2= clone 78; E3/F3= clone 81; E4/F4= clone 82;
E5/F5= clone 83; E6/F6= clone 84; E7/F7= clone 85.
Controls:  G1/H1= P.damnosus plasmid DNA; G2/H2= P.damnosus genomic DNA;
G3/H3= K; G4/H4= Sample 7; G5/H5= Sample 8; G6/H6= Sample 9.

As shown on Figure 34, P.damnosus genomic DNA extracted with Wizard Plus SV
Minipreps kit (Promega) and P.damnosus plasmid DNA extracted with NucleoSpin
Tissue (Macherey-Nagel) indicate again a positive respond to hybridization with pedA
probe as well as series 7, 8 and 9; this result confirms the fact that pedA gene is part of
these three series of DNA.

For serie 7, only clone 60 shows pedA hybridization. The seven others clones of the
serie are negative. Concerning serie 8, one among the seven clones is positive to pedA
hybridization: clone 70. Finally, for serie 9, clone 76 is positive and the six other clones
are negative. These results are summarized on Table 14.
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Table 14: Summary of results for dot blot membrane pedA hybridization of clones from series 7,

8 and 9.
S hybﬁgigtion S hybﬁgigtion EELEL hybzgi(::tion
K K K
pZErO-2 pZErO-2 pZErO-2
P. damnosus v P. damnosus v P.damnosus v
plasmid DNA plasmid DNA genomic DNA
P. damnosus v P. damnosus v P.damnosus v
genomic DNA genomic DNA genomic DNA
Clone 53 Clone 65 Clone 76 M
Clone 54 Clone 66 Clone 78
Clone 55 Clone 70 M Clone 81
Clone 56 Clone 71 Clone 82
Clone 58 Clone 72 Clone 83
Clone 60 M Clone 73 Clone 84
Clone 63 Clone 74 Clone 85
Clone 64

3.9 Creation of a genetic map for pedA positive plasmids

As three different clones out of the 82 clones analyzed show pedA hybridization,
restriction map have to be created to built the genetic map for each of the three pedA
positive clones. To do so, plasmid DNA has been extracted from LB-kanamycin
P.damnosus with Wizard Plus SV kit (Promega). Several restrictions have then been
realized on each three recombinant plasmids, as well as on pZErO-2 vector, in order to
built a restriction map of each plasmid. The restriction strategy has been chosen
following the number of recognition sites on pZErO-2 vector and pedA gene as shown

on Table 15.

Table 15: Restriction enzymes, and their recognition sites, chosen for building a genetic map of
the three pedA positive recombinant plasmids.

Restriction Recoghnition sites Cuts in Cuts in
enzymes pZErO-2 pedA
Asel RN 2 1
EooRI | 5 CTTAAS S 1 0
Rsal > glﬁg gi 4 2
RS EE :
e Bt 2 0
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Using REBsites, a theoritical restriction map of pZErO-2 vector has been created and
illustrated on Figure 35.

EcoRI Sphl
Asel Sapl
R=zal

size
Chpd
105G —

so0G

1060 -

SO0 —

1o o

1 = uncut

Figure 35: Theoretical pZErO-2 restriction with chosen enzymes on 1% agarose gel.

As shown on Figure 35, two pZErO-2 fragments of 3238 bp and 59 bp are obtained with
Asel restriction. With EcoRlI, a unique fragment of 3297 bp is visible. Rsal cuts four
times pZErO-2 vector to give 4 fragments of 1900 bp, 1058 bp, 279 bp and 60 bp. Sapl
restriction gives three fragments of 1666 bp, 1421 bp and 210 bp. Finally, Sphl gives 2
fragments of 2078 bp an 1219 bp. Concerning pedA gene, only two enzymes out of the
five chosen cuts the sequence. Asel cuts a unique time and Rsal twice the pedA gene,
Using pDRAWN32® software, genetic maps of pZErO-2 and of pedA gene with the five
chosen enzymes have been built as shown on as shown on Figure 36 and Figure 37.

Rsal - 327 - GT'AC
Rsal - 493 - GT'AC
Asel - 569 - AT'TA_ AT

(N TR A T N TR A T

Figure 36: pedA gene with recognition sites for the 5 enzymes chosen (hDRAWN32).
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Asel - 47 - AT'TA_AT

Asel - 106 - AT'TA_AT

MCS._start - 269

Rsal - 284 - GT'AC

EcoRI - 325 - G'AATT_C
Sphl - 367 - G_CATG'C
MCS_end - 381

Rsal - 563 - GT'AC
Rsal - 623 - GT'AC

Sapl - 3289 - GCTCTTCn'nnn_

Sapl - 1430 - GCTCTTCn'nnn_
Sphl - 1586 - G_CATG'C

Rsal - _ t
al-1681- GI'AC o1 - 1640 - GCTCTTCH'nnn_

Figure 37: pZErO-2 vector with recognition sites for the five chosen enzymes (pDRAWN32).

As shown on Figure 37, pZErO-2 contains three recognition sites, out of the five
enzymes chosen, in its Multiple Cloning Site. EcoRI recognition site is used to place in
pZErO-2 vector the different fragments of P.damnosus plasmid DNA. As seen above,
only three clones possess an insert with pedA gene: plasmids p60, p70 and p76. A
genetic map is thus constructed for each of these three clones.
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3.9.1 Genetic map creation of recombinant plasmid p60

Asel EcoRl Rsal Sapl Sphl
M1 PO p60pO p60HO p60'PO p6d PO P60 PO P60 M2 M1

101000 bp
3000 bp =

1000 bp

Figure 38: Restriction of pZErO-2 vector and of recombinant plasmid p60 with the five chosen
enzymes.
M1: GeneRuler 1 kb DNA ladder (Fermentas), pO: pZErO-2 vector, p60: recombinant plasmid

extracted from clone c60; M2: Ladder 100 bp (GeneRuler).

pZErO-2 and recombinant plasmid p60, extracted from clone 60, have been digested
with the five chosen enzymes and regrouped on Figure 38. Lanes pO and p60
correspond to pZErO-2 vector and plasmid p60 without digestion; three distinct bands
are visible for pZErO-2 at 8000 bp, 3300 bp and 2400 bp corresponding to circular,
linearized and supercoiled forms of the vector. Recombinant plasmid p60 possesses a
thick band superior to 10 kbp, which seems to correspond to its circular form. According
to these results, p60 is not from the same size than pZErO-2 and therefore, possesses
an insert.

Concerning pZErO-2 restriction, Asel should give two fragments of 3238 bp and 59 bp.
Only one thick band is visible at 3200 bp and the second one is out of the gel. EcoRI
should give one fragment at 3297 bp, even two if we consider the insert surrounded by
two EcoRI recognition sites, but as it is so small, it is not considered in these results.
One thick band at 3100 bp, corresponding to pZErO-2 linearized with EcoRI, and
another one at 8000 bp corresponding to pZErO-2 vector not digested are visible for this
digestion. Rsal digestion gives too much fragments; it has been decided not to consider
these results for building the genetic map of p60 as results are not logical. However,
three of the four theoretical fragments that should be found with this enzyme are visible:
100 bp, 1000 bp and 300 bp. The fourth one, about 60 bp, is out of the gel. Sapl
digestion gives four bands; 8000 bp corresponding to pZErO-2 circular and 1600 bp,
1350 bp and 200 bp corresponding to the three fragments that should be found with
Sapl. Sphl digestion gives three distinct bands; one at 8000 bp corresponding again to
pZErO-2 circular and two bands, 2000 bp and 1200 bp corresponding to the two
fragments that should be found with Sphl.
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These restriction pZErO-2 results are summarized on Table 16 with, in parallel,
theoretical fragment sizes in order to compare them.

Table 16: Theoretical and practical DNA fragment sizes, in bp, after pZErO-2 restriction with the

five chosen enzymes for p60 analysis.

Asel EcoRl Rsal
Theoretical | Practical | Theoretical | Practical | Theoretical | Practical
3238 3200 3297 3000 1900 1800
59 - 1058 1000
279 300
60 -
Total 3297 3200 3297 3000 3297 3100
Sapl Sphl
Theoretical | Practical | Theoretical | Practical
1666 1600 2078 2000
1421 1350 1219 1200
210 200
Total 3297 3150 3297 3200

Recombinant plasmid p60 digestion is also visible on Figure 38 with the five chosen
enzymes. According to pedA hybridization, which assume that p60 contains pedA gene,
an analysis between pZErO-2 and p60 restriction has been made.

Asel restriction gives two thick bands, one at 3700 bp and another one at 2600 bp. The
total size of these two fragments is 6300 bp; p60 size is therefore around 6300 bp. As
pZErO-2 size is about 3300 bp, the insert size can be estimated at 3000 bp.

For p60 restriction, a recognition site for this enzyme is present on pedA gene and two
others on pZErO-2 vector (see Figure 36 and Figure 37), but these two sites are so
close to each other that it gives a fragment of 59 bp that is not visible on this gel. This is
why only two fragments are detectable on the gel. By assuming that pedA gene is
present on the insert, it can be localized by analyzing in details these results. The
lengths between the two Asel recognition sites on pZErO-2 and the EcoRI site, in which
the insertion has been made, give 219 bp between Asel site situated at 106 bp and
EcoRl site situated at 325 bp and another 3019 bp between Asel site situated at 47 bp
and the same EcoRI site (see Figure 37). Therefore, it is not possible to have p60
fragment of 2400 bp situated between Asel site 47 bp and EcoRI site 325 bp since it is
smaller than 3019 bp. Asel recognition site is then presume to be situated around 2180
bp on the insert. Since Asel recognition site is part of pedA gene, it is assumed that
pedA gene is localized on the insert between 1600 bp and 2300 bp as illustrated on
Figure 39.

~ 3800 bp

— Asel -

insert

Figure 39: Assumed pedA gene localization on p60 insert
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According to Figure 39, the two unknown regions of the insert (in blue), with pedA
between them, should be of size 1600 bp and 1000 bp.

EcoRl restriction gives three different fragments of size 3100 bp, 1600 bp and 1500 bp,
the total size of these three fragments is 6300 bp. By knowing that pZErO-2 size is 3298
bp, p60 insert can be assumed to be around 3000 bp.

As the insert as been inserted in pZERO-2 vector on EcoRI recognition site, p60 should
possess two recognition sites, which surround the insert. Concerning pedA gene, it do
not possess an EcoRI site (see Figure 36). As three fragments are found for EcoRI
restriction, the third recognition site should be present on the unknown part of the insert.
In addition, since p60 fragment of 3100 bp seems to correspond to pZErO-2 fragment of
3000 bp, the two others fragments, of 1600 bp and 1500 bp, may correspond to the
insert cut in two.

Sapl restriction gives three fragments of size 3500 bp, 1600 bp and 1200 bp, a fourth
one should be found at 200 bp but is not detectable on this gel. The total size of these
fragments is 6300 bp which gives an insert of about 3000 bp since pZErO-2 is 3298 bp
pZErO-2 possesses three Sapl recognition sites (see Figure 37) and none for pedA
gene (see Figure 36); the fourth site found on p60 can therefore be only present on the
unknown part of the insert. p60 fragment of 1600 bp seems to correspond to pZErO-2
fragment of 1666 bp and p60 fragment 200 bp is not visible on the gel. pZErO-2
fragment of 1421 bp can be represented by two p60 fragments of 3500 bp and 1200 bp;
the insert size should be about 3200 bp. However, exact localization of Sapl recognition
site on the insert is not possible.

Finally, Sphl restriction gives three distinct fragments at 3000 bp, 2350 bp and 1200 bp
for a total size of 6600 bp. Insert size should be around 3300 bp since pZErO-2 is 3298
bp. A fourth band is visible at 8000 bp and could correspond to circular p60.

As pZErO-2 vector has two Sphl recognition sites (see Figure 37), there is apparently a
Sphl site on the unknown part of the insert since three fragments have been found. The
third fragment of 1200 bp corresponds to same-sized pZErO-2 fragment and do not
possess p60 insert. Concerning the two other fragments, of 3000 bp and 2350 bp, it
seems that they both possess part of the insert at their extremities since pZErO-2
fragment corresponding to these two p60 fragments is 2000 bp. However, exact
localization of Sphl recognition site on the insert is not possible.

According to these p60 restriction results, which are summarized on Table 17, it is
possible to pretend that recombinant plasmid p60 possesses an insert of about 3 kbp
and has an EcoRI, Sapl and Sphl recognition sites on its unknown part.

Table 17: DNA fragment sizes, in bp, after p60 restriction with Asel, EcoRI, Sapl and Sphl.
Asel EcoRI Sapl Sphl
3800 3100 3500 3000
2400 1600 1600 2350
1500 1200 1200
6300 6200 6300 6600

Next to the comparison of the pZErO-2 and p60 restriction results, it has been assume
that the genetic map of p60 is as illustrated on Figure 40.
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Asel - 47 - AT'TA_AT
Asel - 106 - AT'TA_AT
EcoRI - 325 - G'AATT_C

Sapl - 6300 - GCTCTTCn'nnn_

Sapl
.. Sphl

*

g

p60, p70, p76
~ 6300 bp

Sapl - 4651 - GCTCTTCn'nnn_
Sphl - 4597 - G_CATG'C

Sapl - 4441 - GCTCTTCn'nnn_

Asel - 2512 - AT'TA_AT

SphI - 3378 - G_CATG'C
EcoRI - 3336 - G'AATT_C

Figure 40: Assumed p60 genetic map
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3.9.2 Genetic map creation of recombinant plasmid p70

Asel EcoRl Rsal Sapl Sphl

M1 pO p60 6 p60 pO p60 pO p60 'pPO p60' O p60' M2 M1

10°000 bp

3000 bp

1000 bp

Figure 41: Restriction of pZErO-2 vector and of recombinant plasmid p70 with the five chosen
enzymes.
M1: GeneRuler 1 kb DNA ladder (Fermentas), pO: pZErO-2 vector, p60: recombinant plasmid
extracted from clone c60; M2: Ladder 100 bp (GeneRuler).

pZErO-2 and recombinant plasmid p70, extracted from clone 70, have been digested
with the five chosen enzymes and regrouped in Figure 41. Analysis of pZErO-2
restriction gives the same results as found on Figure 38 and is summarized on Table 18.

Table 18: Theoretical and practical DNA fragment sizes, in bp, after pZErO-2 restriction with the
five chosen enzymes for p70 analysis.

Asel EcoRl Rsal
Theoretical | Practical | Theoretical | Practical | Theoretical | Practical
3238 3250 3297 3300 1900 1800
59 - 1058 1050
279 300
60 -
Total 3297 3250 3297 3300 3297 3150
Sapl Sphl
Theoretical | Practical | Theoretical | Practical
1666 1700 2078 2150
1421 1450 1219 1200
210 -
Total 3297 3150 3297 3350

Analysis of p70 restriction gives the same results as found on Figure 38 for p60 and are
summarized on Table 19.
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Table 19: DNA fragment sizes, in bp, after p70 restriction with Asel, EcoRI, Sapl and Sphl.
Asel EcoRl Sapl Sphl
3750 3300 3500 3050
2500 1650 1650 2450
1500 1200 1200
Total 6250 6450 6350 6700

According to these results, it is has been assumed that recombinant plasmid p70 genetic
map is the same as p60; it should be the same insert.

3.9.3

Asel

EcoRI

Rsal

Sapl

Genetic map creation of recombinant plasmid p76

Sphl

M1 pO p60 PO p60'HO p60 PO p60 PO P60’ PO P60’ M2 M1

107000 bp

3000 bp

1000 bp

Figure 42: Restriction of pZErO-2 vector and of recombinant plasmid p76 with the five chosen

enzymes.

M1: GeneRuler 1 kb DNA ladder (Fermentas), pO: pZErO-2 vector, p60: recombinant plasmid
extracted fromm clone c60; M2: Ladder 100 bp (GeneRuler).

pZErO-2 and recombinant plasmid p76, extracted from clone 76, have been digested
with the five chosen enzymes and regrouped in Figure 42. Analysis of pZErO-2
restriction gives the same results as found on Figure 38 and Figure 41 and is
summarized on Table 20.

Table 20: Theoretical and practical DNA fragment sizes, in bp, after pZErO-2 restriction with the
five chosen enzymes for p76 analysis.

Asel EcoRl Rsal
Theoretical | Practical | Theoretical | Practical | Theoretical | Practical

3238 3200 3297 3100 1900 1850
59 - 1058 1100
279 300

60 -
Total 3297 3200 3297 3100 3297 3250
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Sapl Sphl
Theoretical | Practical | Theoretical | Practical
1666 1700 2078 2050
1421 1400 1219 1250
210 -
Total 3297 3100 3297 3300

Analysis of p76 restriction gives the same results as found on Figure 38 for p60 and is
summarized on Table 21.

Table 21: DNA fragment sizes, in bp, after p70 restriction with Asel, EcoRI, Sapl and Sphl.
Asel EcoRI Sapl Sphl
3500 3100 3500 3050
2450 1650 1700 2400
1550 1200 1200
Total 6250 6450 6350 6650

According to these results, it has been assumed that the genetic map of recombinant
plasmid p76 is the same as for plasmids p60 and p70; it should be the same insert.

3.9.4 p60 insert DNA sequencing

Clone c60 extracted plasmid DNA has been sent for extern DNA sequencing using
Primer Walking non-assembled service (Microsynth). The two primers used for the
beginning of the DNA sequencing were SP6 and T7, present in pZErO-2 MCS (see
Figure 9). After assembling, results of this sequencing are shown on Figure 43.

Insert start 1

>p60 insert sequence EcoRIl

CTTGGTACCGAGCTCGGATCCACTAGT AACGGCCGCCAGT GTGCT CACGI GG 8
GITTTTTCTTTATTCATTTTATAAACT CATAATACGCCTAAGCCCAGT TCTGT CAAGGCT 68
TTAGCCAGCTTTTTAAAAAGT CCGTTGT TTCTAATAGTATCAAGATAAGAAGAAACCGTC 128
GAAAAAACGACGGTTTCAAACCCCAAAAAGCAGATCAGCAAAAATCGCCGAACTCGCTTTT 188
TAAGACCATGGCTTTCAGCCATACTGACCAGCTGAACCAGCTGGACCCCATAAATGAGCG 248
GGAGCCCCCGCTCAAACT CACCCCGCACT CCCCGT GAGGCAGGCAAAAAAAGCAGGTGTIG 308
CTTTTCTTTGCATGCGCAAAAGT GTCTTGGTCTAGTGAGTCAGTCAACTCCTTAAAGCCT 368
CAAAAAGGGACTAACTGCTAAAGCAGTAAGTCCCTTTAATTCGATTTACCGTTGACTGAC 428
GGCCATTAACCAGCTTCAATGAT CATCAGCGGGTAAATTAAAGCCCTAGECCAAGTTCAA 488
AGACTTGGACCATCTAATTCATCATCCTGTICTCTCTGAACGI TCCTGIGGCCTCTGAGEG 548
GCTTTTTTAGACGGTITCTTTTAGI CCAGCTCGTTCTAGCCACTCACTTGGTAAGCCAACA 608
CCTAATTTGCGCT GTAAGAACCGGT CAACGCTCCGAACAATTCCTTGTAACGTATCCACT 668
AATTTTTGGAGCTTCTCATTTTTCTTGCTTAAATCATAATTATTGICTTTAACTTCAAGC 728
AGTTGATAATTTAAGCTTTGATTATCAAGT TTTAAACGGTTCTGTTGTTGATTATAAATA 788
TCACTGACAGCTGCTCGAGATTCTAAGTCATGAAGATCACTTTTTCTAACAACCACTTTA 848
TCCTTGCTTAAAAGAGTAGGT TTGCTCTCAATTTCCTGCTGATCACGAGGTTTAAGTITCA 908
GCAAGCCGTTTTCTGGCATCTTCAAGI TCAGCTTGTATTTCTCGTTTTTGAAGCGTCGECC 968

TTTTTCAAGICTTCCCGCATAGCTTTGTATTCTGGTACCGTTAAACTTTTATGI TGCGAT
TCTTGAATACCACGT TCAACATCAAATCCGT GI TGT CGTAAATAAACT GCCAATTGATCT
TGAACGTTTTGCAAAGCCGCACGAT TAAACACCCGT TTAGCCGATAATTTATACTCATCA
TCAAATGGAACAATTCCCATATGCATATGEGECGT ACT CTCATCAAGAT GAACAATCGCA
TAACGAATGI TTTCTTCACCAAATTTTTCAGCAAAGTAAGCT TTAGCTGITTCAAAATAT

1028
1088
1148
1208
1268
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TTGCGCCGTATCAGCCGCCGT TAAATTAGCAAAGAAATTGCTATCGCTCGAAATAATCCAT 1328
TCATTGACTAAAACGECATCTTTTCTGACCGCTCCCTGACTGGITTTATGCTCGI TAATA 1388
TAAGCCTCAATATCCGT TTTGAAATGGT TAGT CCGACCAGCAACTAAATCATAATTTAAG 1448
TCAGAACGGT TAACGTCAATATCAGTATTTTTGTGATGTCGGGT TCGECGT TGATCATGA 1508
TTACCCAAGCCAACTAAATTATCAGCTTTTAATTTCTGCATATTAGCCACTAAATAACTC 1568
ATTTCACCACTCCATTCCAAACAGCTAAATTTGGTTAGAGCATAGCACAGAATTCGGAAA 1628
ACCT CCATGCAAGGTATAGCCCAATATACTTTACCTTGTAAAGI TTGEGCTCTACGAGGT 1688
AGTAGCGT TCTCCCTTCCTACTGCGAGAATTGCTATTTTTCTGCGCCTATTATCCGGECTA 1748
GAAAAACCT CCGECGGECTAT TGCATAGCGAGCGCATTTCATGCAGAACTCTACCCGAGT 1808
GGGGCAAGCT GATGCCAGCT TAACCACAAAAAAACTATGAGAAATAAATCTCATAGITAA 1868
ACACAACATGCTGATTGGT TACAAAATGTAAGTGTATAGAGTATTGTATAAATTCTTTTT 1928
TACTTATGTCTTTTGITATATTTATAACTAATATAATTACCAACAACTCCAGATAGCAAA 1988
CTAACGATAAGCAATAATATTACCCAATATAAAAAAGGGTGAGTACCAAATATTTTATTC 2048
AAAAAAGGCT CAGCAAAAAGGAAAAACAAAAAAACGCAAAACGTAATAGAAAAAGGTATC 2108
CAAAATGCAGITTTATTTTTATTTTTCATCTCTAGTCTCCTTATCTTTCAATACTTCACA 2168
AATTTTCCATCTATACGAAATAATTTTTACGCTGATAGI CCCACTTAGCAACAATTTCAC 2228
GCACTACTTGATCAGITTCTTGATCACCACTATCCGTATTAATCAAATCGCCATTTTCAA 2288
CATCTTCTAATTGCAACTGCTTGCGAATTTCTTTAAGCAAGCCACCATAACTAATTTGCC 2348
GGGAACCAGCCAAAGCTTGT TCCAAATCATCAATTACTTGTAGATCTTGI TCTTGATTAT 2408
TAGITAAAATATCTTTGGACTTCACCTGATATTTAGCCGT TTCTTGAGCACTAGCCAGCA 2468
AGGAATTTTTCTGGECGTTTCACATTCGGT TTAACCGCTTCAACATTCACAACCGGECGECAT 2528
AAGCTAATTTCATCGCTCGI TGCCAATATCTAGTCCATTCTGCTTGTGAAATATAATTAT 2588
CAGITCCTGTAAAATAACTCGATTTCATAAAAAGCAAAACATGCATATGGTGGTGATACA 2648
TCGCGECTGATCTGCTTCGT GATTAATGGTAACCT CAGT TGAACGCACATAGCCCAACAAAT 2708
TCTTAGCTGGCTTTTTATAACGCATTAAATCACGAATGECTCGTCCCATTTGICGTAATT 2768
CACTTTTTAACTGATTACCGGT GGTATTTTCAACCGT CAGCGT TAAAAATAAGAACCGAC 2828
CCGITTTTCCCTGTTTAACTGCTTCTGT CAAAATTTGAGT TAACTGGTTAGATTGTITTCA 2888
TTGACCGCCGCCAATTACATAACGGACACAAACGEGAATGGCAAAACCAAGTCTGAGCCA 2948
ATTTTTTGIGACCATTTTTATCTTCCACAAAACGTAATACTTCACCACACTCTTTAACTC 3008
GATGEECTTTCTTGTAGTGCAACATTTGTAAATAATCACCATACTGTAAATTCTCTAACT 3068
TATGITCTCGCCATGGTCGTACTTTTCCCGACTGCGATCGATCAACTAAAACTTTTCTAT 3128
CAGCCAAACTAAAAAGCTCCTCTCATCCAACCACGT GAGAAGAGCTAATCTTTTATGIAT 3188
TTACTAAAACTAAGGCCTTGACGCTTACTAACTCAAGCTTTAAACTATGTCTAGTAAATA 3248

CGAATATTCAAGATTAACT CACGT GT TCCGGGT CGCCAAACT A GCAGATATC 3308
CATCACACT GGCGGCCGCTCGAGCA EcoRl

Insert'end 3298

Figure 43: p60 insert DNA sequence
in brown=pZErQO-2 sequence, underlined=homologous pF8801 sequence

As seen on Figure 43, p60 insert sequence is surrounded by two EcoRI recognition sites
(in red), which were used to insert it into pZErO-2 vector (in brown). The insert size is
3298 bp. pedA gene is absent from p60 insert DNA sequence. Besides, similarities
between p60 insert and Pediococcus damnosus plasmid pF8801 has been found.
pF8801 region between 2085 bp and 4853 bp is homologue at 71% to p60 insert
sequence (Blast). All regions underlined on Figure 43 correspond to p60 insert
sequences homologous with pF8801. Region 152 bp to 227 bp and region 676 bp to 979
bp had no significant similarities with any other sequences neither with pedA gene. For
region 1687 bp to 2185 bp, same results have been found.

EcoRI recognition sites surrounding p60 insert, at 1 bp and 3298 bp, are homologous to
the same sequence on pF8801 situated from 3741 bp to 3746 bp. This could mean that
p60 insert was circular before subcloning into pZErO-2. Besides, the three regions found
on p60 insert sequence, which are not homologous to pF8801 or any other sequences
could explain that p60 is in fact one of P.damnosus plasmid with homologous regions to
pF8801.
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As p60 insert did not give the expected results, a control has been performed using Dot
blotting and pedA hybridization, shown on Figure 44, in order to confirm the presence of
pedA gene in this recombinant plasmid p60 as well as in p70 and p76.

Figure 44: Dot blot membrane after hybridization with pedA probe and CDP-star detection for
p60, p70 and p76 (=control).
A1/B1= c60 plasmid DNA; A2/B2= c70 plasmid DNA; A3/B3= c70 plasmid DNA;
D1/E1= P.damnosus genomic DNA; D2/E2=P.damnosus plasmid DNA; D3/E3= negative control.

On Figure 44, P.damnosus plasmid DNA extracted with Wizard Plus SV Minipreps kit
(Promega) and P.damnosus genomic DNA extracted with NucleoSpin Tissue
(Macherey-Nagel) gave positive responses. Concerning the negative controlled,
composed of sterile water, ethanol and NaOH, it gave a negative response.

For the samples analyzed with this pedA hybridization, three different signals have been
found. Plasmid DNA extracted from clone 60 with Wizard Plus SV Minipreps kit
(Promega) gave a positive respond to pedA hybridization with high intensity; pedA gene
seems to be well present in this culture. For plasmid DNA from clone 70, a real low
positive response is detectable on spot B2 but not on spot A2 (samples analyzed twice).
Finally, plasmid DNA from clone 76 gives no response to pedA hybridization.

These results seem to confirm pedA presence in c60 plasmid DNA and also maybe in
c70 plasmid DNA. It is then assumed that each clone possesses two or more plasmids,
as in a mixed culture. Recombinant plasmid p60 containing the insert similar to a region
of pF8801 as well as P.damnosus plasmid containing pedA gene would then be both
present in clone c60. However, positive response found for pedA hybridization is
contradictory with DNA sequencing result.
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4 Discussion

In order to sequence pediocin PD-1 operon, a method has previously been developed
using directly Pediococcus damnosus genomic DNA (see Semester Work, Dumas,
2007). However, this technique did not give adequate results and identification of the
genetic elements involved in the synthesis of PD-1 was therefore not possible. However,
results from another project show that pedA gene, corresponding to PD-1 operon known
sequence, could be present in one of P.damnosus plasmids (Ledda, 2007). This theory
had then to be confirmed in to order to use only the plasmid containing pedA gene for
this diploma work. A simpler technique can thus be developed to expand PD-1 operon
sequence.

4.1 Localization of pedA gene

Pulsed-Field electrophoresis has been performed to separate P.damnosus different
DNAs. Seven different bands, named a, B, vy, 0, €, ¢ and 11, have been separated using
this method and are visible on the agarose pulsed-field gel after UV detection (Figure
24); they correspond to the different kinds of DNA contained in P.damnosus bacteria.
The bands near the wells are chromosomal DNA since they are large fragments that do
not migrate really fast. Concerning the other bands, they certainly correspond to plasmid
DNA since they are smaller fragments that migrate faster. However, DNA separation
was not optimal during pulsed-field electrophoresis; DNA is still present in the wells of
the gel.

DNA bands have then been transferred from the gel to a membrane by Southern
blotting. A picture of the agarose gel taken after transfer shows no more visible DNA
(Figure 25). After immobilized DNA on the membrane by UV, hybridization with pedA
probe has been performed to localize which DNA band(s) contain(s) pedA gene. To do
so, pedA probe had first to be created using AlkPhos Direct Labelling Kit (Amersham).
This probe contains pedA gene and alkaline phosphatase enzyme, which uses CDP-
Star® substrate to produce light. A control of the probe efficiency has been performed by
immobilizing the probe on a membrane and adding CDP-Star solution; it showed intense
light production after chemiluminescence exposure (data not shown). Hybridization of
the membrane with pedA probe has been carried out and the results, after CDP-Star
detection and chemiluminescence exposure, point out three distinct signals (Figure 26).
The first two signals correspond to bands a and B; it is certainly one of P.damnosus
plasmid in two different forms that did migrate at different speeds. These two bands
have been respectively named plasmid a and 3. The third signal shows pedA presence
in the gel wells (band (), it can be explained by the fact that DNA that did not migrate is
still situated in these wells and corresponds to P.damnosus DNA, including plasmids a
and .

4.2 Plasmids a and 8 extraction from the agarose gel

Following the results discussed above, bands a and B have been extracted from the
agarose gel. A picture taken under UV light of the gel after excision shows that DNA
bands have been well cut off (data not shown). Plasmids a and B have then been
isolated from the agarose blocks and purified. This step turned out to be extremely
delicate, since plasmids a and B size is about 50 kbp and such big DNA fragments are
difficult to extract from agarose gel. A screening of the better extraction method had to
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be performed to obtain an optimal DNA concentration after purification of the plasmids.
Four different kits have been tested to extract plasmids a and 3. Extremely low DNA
concentration has been found for each kits. It has been decided to carry through this
diploma work using plasmid a and 3 to see if results were possible with this method that
has been named “Strategy 1: a and B plasmids extracted with NucleoSpin® Extract Il kit
(Macherey-Nagel)”.

4.3 Strategy 1: Plasmids a and B extracted from P.damnosus pulsed-field
electrophoresis gel with NucleoSpin® Extract Il kit (Macherey-Nagel).

This strategy incorporates the extraction of the plasmids a and B from the Pulsed-Field
electrophoresis gel with NucleoSpin® Extract Il kit (Macherey-Nagel) and their restriction
with EcoRI and Hindlll.

Confirmation of pedA gene presence on both extracted a and B plasmids has been
realized using Dot Blot and pedA hybridization technique and shows positive results
(Figure 27). The restriction of these plasmids has been performed using EcoRI and
Hindlll but as DNA concentration was too weak in each plasmid solution, it has not been
possible to realize a control of this restriction by electrophoresis. However, control of
pZErO-2 restriction with these two enzymes has been made and controlled by
electrophoresis; two bands corresponding to linearized pZErO-2 after restriction with
EcoRI and Hindlll are detected respectively at 3400 bp and 3200 bp (Figure 28). This
small difference in size between these two fragments cannot be explained; pZErO-2
digested with Hindlll should even be longer than with EcoRI since the small insert
present in original pZErO-2 is taken away with this enzyme.

Ligation of plasmids a and  fragments with linearized pZErO-2 vector has been realized
with T4 DNA ligase and controlled by electrophoresis. The result shows no visible
differences between self-ligated pZErO-2 and recombinant plasmids with inserts (Figure
29). This can be explained by supposing that self-ligated pZErO-2 is present in high
quantity even in presence of insert. Recombinant plasmids, present in low concentration,
are thus not detectable on the electrophoresis gel.

Insertion of these recombinant plasmids in E.coli TOP10 cells by electroporation gave,
after screening on LB-kanamycin plates, 137 colonies for plasmid a and 63 colonies for
plasmid 3. Out of these colonies, 100 clones have been isolated for plasmid a and 60
clones for plasmid (3. After DNA extraction of these 160 clones, regrouped in 16 series to
minimize number of manipulations and time, PCR screening with primers pedF and
pedR (for details, see appendices 8.4 PCR product of pedA gene with pedR and pedF
primers) has been performed; the results show only 3 positive series to pedA PCR-
amplification (Figure 30). Unfortunately, for the further PCR screening analysis, a
contamination with the plasmid containing pedA gene has been detected in the working
place. Results using PCR screening were thus no more repeatable and this method had
to be stopped. It has been replaced by Dot blotting with pedA hybridization. This method
turned out to be more repeatable.

Using Dot blotting and pedA hybridization, no clones out of the 160 isolated were pedA
positive. This strategy, using plasmids a and B, did not gave any results (Figure 31).
Isolating more clones could have been a solution, but, as plasmid a and B
concentrations were so weak, a second strategy, described below, has been established
in order to have a better plasmid DNA concentration.
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4.4 Strategy 2: Plasmid DNA extracted from P.damnosus culture with Wizard
Plus SV (Promega) using EcoRiI for its restriction strategy.

This strategy incorporates the extraction of plasmid DNA from P.damnosus culture with
Wizard Plus SV kit (Promega) using EcoRIl for its cloning strategy. Pulsed-field
electrophoresis is thus not used in this method and therefore, plasmid extraction from
agarose is avoided. Plasmid DNA is directly extracted from P.damnosus culture (Figure
32) and gives an optimal DNA concentration of about 70 ug/ml.

Confirmation of pedA gene in plasmid DNA has been performed using Dot blotting and
pedA hybridization; results show a positive response to pedA probe (Figure 31), which
means pedA gene is present in P.damnosus plasmid DNA. pZErO-2 hybridization with
pedA probe gives negative response so no interaction between this vector and pedA
probe is observable.

Restriction of plasmid DNA has been made using EcoRI and its insertion into linearized
and dephosphorylated pZErO-2 has been performed using T4 DNA ligase. Insertion of
these recombinant plasmids in E.coli TOP10 cells by electroporation gave, after
screening on LB-kanamycin plates, 302 colonies in total. Out of these colonies, 82
clones have been isolated and analyzed by Dot blotting and pedA hybridization. To
minimize number of manipulations and time, these 82 clones have first been regrouped
in 10 series. After Dot blotting and pedA hybridization, 3 out of these 10 series turned
out to be pedA positive: series 7, 8 and 9 (Figure 33). DNA extraction for each clone of
these 3 series has been performed and analyzed once again via Dot blotting and pedA
hybridization; clones 60, 70 and 76 gave positive responses to pedA hybridization
(Figure 34). As pZErO-2 vector gave negative response, the interaction between pedA
probe and the three different recombinant plasmids has to come from the insert.

A genetic map of these three pedA positive clones has been constructed using a
restriction strategy described in the results part. After comparing the results to pZErO-2
theoretical restriction (Figure 35) as well as to pedA gene theoretical restriction (Figure
36), the genetic map of p60, recombinant plasmid of clone 60, has been established
(Figure 40). Concerning p70 and p76 genetic maps, they turned out to be the same as
for p60. These three recombinant plasmids are identical.

p60 insert has been sequenced using Primer Walking non-assembled and one-strand
external service (Microsynth). Once these sequencing results received, an insert of 3298
bp has been assembled (Figure 43). Two EcoRI recognition sites surround the insert
and pZErO-2 sequence is also observable at each extremity, it means that the insertion
of P.damnosus total plasmid DNA digested with EcoRI did work. However, pedA gene
has not been found into p60 insert. In addition, when analyzing p60 insert with
bioinformatics tool Blast (NCBI), a high similitude with P.damnosus plasmid pF8801 has
been established. This means that another P.damnosus fragment has been inserted into
pZErO-2 instead of the fragment containing pedA gene.

According to sequencing results, it can be deduced that maybe p60 insert is one of
P.damnosus plasmid similar to pF8801. Indeed, EcoRI sites situated at the start of p60
insert (1 bp) and at the end (3298 bp) do overlay and are homologous to the same
pF8801 region (3741 bp to 3746 bp). p60 insert is also constituted of three regions that
are not similar to pF8801. These observations could explain that this insert may be a
cryptic plasmid (=which encodes no known function) linearized and inserted in pZErO-2.
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Several different hypotheses can explain the reason why the wrong insert is present in
pZErO-2 even though positive response to pedA hybriditation has been found. It can be
a mixed culture with E.coli cells containing two different plasmids: p60 and P.damnosus
circular plasmid in which pedA gene is present. In this case, the plasmid containing
pedA gene has to have a high copy number in order to multiply in the cell. As DNA
sequencing has been made via Primer Walking, only the insert situated in pZErO-2 has
been recognized by the two primers T7 and SP6 and sequenced. This is why if another
plasmid containing pedA gene was also present in extracted plasmid DNA, it was not
detected while sequencing p60 insert.

Another hypothesis could be a homology between pedA gene and pF8801. Indeed, a
specific region of pF8801 could have a homology with pedA probe and an interaction
between these two compounds, during hybridization, would be possible. This hypothesis
has been controlled using bioinformatics tool “ClustalWW multiple sequence alignment”,
results are shown on appendices 8.72 Homology between pF8801 and pedA probe
(ClustalW). pF8801 region situated between 3635 bp and 3789 bp possesses a
homology with pedA probe. Indeed, a homology of 48.5 % is found but seems to be too
low to explain a real interaction between these two compounds after washing steps.

It is then assumed that the problem related to the insert similar to a pF8801 region came
from a mixed culture. This hypothesis can be supported by the results given by the
control carried out via pedA hybridization for clones ¢c60, c70 and c76 plasmid DNA
(Figure 44). Plasmid DNA from c60 gives once again positive response; it seems that
pedA is well present in this clone since two analyzes confirmed it (Figure 34 and Figure
44). However, concerning c70 and c76, the control did not give positive response or only
a very low signal for c70 plasmid DNA (Figure 44). No logical reason has been found for
this.

5 Conclusion and perspectives

Four different aims have been pointed out for this diploma work. The first goal was to
separate P.damnosus DNA on pulsed-field electrophoresis gel, to confirm that pedA
gene is present on one of P.damnosus plasmid and to extract this plasmid. This has
been done and pedA gene has been confirmed in plasmid a or 3, certainly the same
plasmid but in two different forms. However, extraction of these two plasmids from
agarose gel has been a critical step and gave really weak DNA concentration in
plasmids solutions. In spite of using different extraction kits, DNA concentration could
not be increased.

The second objective was to construct a plasmid library using different restriction
enzymes and by subcloning the fragments into vector pZErO-2. One plasmid library of
160 clones has been constructed for plasmids a and B digested with EcoRI and Hindlll
and inserted into pZErO-2.

For the third goal, an identification of recombinant plasmids containing pedA gene either
by PCR screening or by hybridization with pedA probe and localization of pedA region in
the insert had to be done. Using PCR screening, results turned out to be no repeatable
on account of pedA gene-containing plasmid contamination in the working place.
Indeed, by dint of working always with the same plasmid, a contamination was observed
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and therefore, results could not be taken into consideration. Dot blotting followed by
pedA hybridization has been preferred. Analyzing the 160 clones showed no clones
positive to pedA probe. Hypothesis for lack of result could be the weak DNA
concentration noticed in plasmids a and B solutions after extraction from the agarose

gel.

Therefore, a second strategy has been developed using directly plasmid DNA extracted
from P.damnosus. Two plasmid libraries have been constructed with respectively EcoRl
and Hindlll using P.damnosus total plasmid DNA. The first library, using EcoRI for
restriction, was composed of 82 clones. Dot blotting and pedA hybridization analysis
gave three pedA positive clones, which were named c60, ¢c70 and c76. Out of these
three clones, plasmid DNA has been extracted and digested using five different
restriction enzymes, Asel, EcoRI, Rsal, Sapl and Sphl in order to construct their genetic
maps. Results show the same insert for the three analyzed plasmids, named
respectively p60, p70 and p76. According to these restriction results, the insert size was
estimated around 3 kbp.

Finally, the fourth objective was to sequence operon PD-1 missing regions and to
identify the Opening Reading Frame. External DNA sequencing by Primer Walking
(Microsynth) of p60 insert has then been performed to expand PD-1 known sequence.
Unfortunately, sequencing results show an insert without pedA gene and, instead,
composed of a region of P.damnosus plasmid pF8801 situated between 2085 bp and
4853 bp. Two hypotheses have been pointed out to explain this: it is either a mixed
culture composed of two plasmids, p60 and P.damnosus plasmid that contains pedA
gene, or a homology between a region of the insert and pedA probe. The first hypothesis
seems to be more suitable since homology found between pedA probe and pF8801 is
too low to have a real interaction during hybridization.

To conclude, three out of the four aims seen above have been achieved. The plasmid
library from P.damnosus plasmid DNA using EcoRI has been stocked for further
analysis. In addition, a second plasmid library using Hindlll of 63 clones has been
constructed and stocked in order to possess even more possibilities to find pedA
positive clone. Because of a lack of time, this library has not been analyzed by pedA
hybridization.
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8.2 pedA PCR-amplification Primers
Ped F (Microsynth)

=__ 5 CCGCAGAAGAATCATCAGGT 3
¢ Length = 20 nucleotides
e Tm=52°C
* %GC =50

Ped R (Microsynth)

— @ 5 CATGITGCCAAATGATCACA 3
¢ Length = 20 nucleotides
e Tm=48°C
* %GC=40

8.3 pedA sequence with primer pedR and pedF
1 ATAGCCATAT TTCATCTTTT TATCTCCTTA CTTATGTCAT TAAGTAATGA CACGGITCTA
61 ACCCTTTAAT TATACAGTAT CAAAAAAGAG GCCACACTGT TAAGATGTGA CACAATCATT
122 AAAATTTGAT TTTTATTAAG AATAGTATAC GAAACATTGA AGGCTCAAAA ATTTTCTGGA
182 TTCCCCTCAA TTTAATCCAC TTTTACCATA TAACTTGTTT ACTTCACTTG AAAGGGAATA
242 TTTGGAACTA AAATGAAATT GTTCACAAAT ATGCAGATAG GAGGATTATT TATAGTTTGA
302 CAGCCCTAAT CACAAAGTGT ACCTCATTTA CAATCTGAAA AGGAGACGTG AGTTGITATA

Primer F
362 GAAAAATTTA ATGAAG'I—AAT GTTTTGGAAG AATTAAATAA

422 TGCAGCTTGG TATGATTAGT GGTGGTAAGA AGATCAAGAA GAGTTCTAGT GGTGACATTT
482 ACCTTAACAA GTGAAﬁGGTAT GTTGCTAAAA ATCATTTTGA
542 CTATTTTTTG CTATTAATAA GAGTGATTAG GGTTGCTTCA AGCTATAAAT TCTAATGATC
602 ACATGGTAAA AAAAACAGAT TCCGTGCAGG GCCAAATTGA AAAAGCAATA GGGAGATGTA
662 TTACAGCTGG CTATGGATAA TTTAAGTAAG TTC
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8.4 PCR product of pedA gene with pedR and pedF primers

1 I /A TGTTTTGG AAGAATTAAA TAATGCAGCT TGGTATGAT

61 GTGGTGGTAA GAAGATCAAG AAGAGTITCTA GTGGTGACAT TTACCTTAAC AAGTGAATE

121 TGATCATTTG GCAACATG

8.5 Detail of pZErO-2
| Pla

95 GOECARCGCR ATTRAARTGTGR GTTAGCTCAC TCATTAGGCA CCCCAGGOTT TACACTTTAT

M13 Rewvarsa primar |

110
155 GOTTCCGEET CGTATGTTGET GTGGRATTGLT GAGCGGATARAR CAATTTCACHR CAGGRAACAG CT ATG
Lol

e - Met
Sph promalapriming site Ma|*
" - - I —— - .I - "
220 ACC ATG ATT ACG CCA ARG TAT TTR GGET GAC ACT ATAR GAR TARC TCA AGD TAT GCA
Thr Met Ile Thr PFro Ser Tyr Leu Gly fAszp Thr Ile Glu Tyr Ser Ser Tyr Ala
Hind 111 Asp?'llal Kpn | EcJ‘ISiEII Sac| BamH | Spe| EraRl
274 TCA AGE TTG GTA COG AGE TCG GAT CCAR CTA GTA ACG GOOC GOC AGT GTG OTG GAA
Ser Ser Leu Wal Pro Ser Ser fAzp Pro Leu Wal Thr Ala Ala Ser Val Leu Glu
FBII'IE{::I'F.".I' Ncllrl X.FIH:II NIS.I'I" Xba | .D.r-lslll .A,:ial
328 TTL TGEC AGAR TAT COA TCR CAC TEG CGG CCG CTC GRG CAT GCA TOT AGR GGG CCC
Phe Cy= Arg Tyr Pro Ser Hiz Trp Arg Fro Leu Glu Hisz Ala Ser Arg Gly Fro
M13 [-20) Foward priming sita
o I 5 | oo e e,
382 ART TOG CCC TAT AGT GAG TOG TAT TaAC ART TCA CTG GCC GTC GTT TTA CAA CGT
Azn Ser Pro Tyr Ser Glu Ser Tyr Tyr ARsn Ser Leu Ala Val ¥al Leu Gln Arg
|

M13 (=40} Foward priming site

1
436 CGET GAC TGGE GAA RRC COT GGOC GTT ACC AR COTT ART OGO OTT GCA GOAR CAT CCC
Arg Aszp Trp Glu A=n Pro Gly Val Thr Gln Leu AR=n Arg Leu Ala Ala Hi= Pro

=
490 COT TTC GOC AGE TGHE CGT AAT AGE GARR GAG GOUC CGC ACC GAT CGC COT TOO CAA
Fro Phe Ala Ser Trp Arg Aszn Ser Glu Glu Ala Arg Thr ARsp Arg FPro Ser Gln

LacZo/ cedB Fusion '_Iruini
544 CAG TTG CGC AGD CTA TAC GTA OGG CAG TTT ARG GTT TAC ACC TAT ARA AGR GAG
Gln Leu Arg Ser Leu Tyr Wal Arg Gln Fhe Ly= Val Tyr Thr Tyr Lys Arg Glu

Gly

548 AGEC CET TAT CGT CTG TTT GTG GAT GTR CAG AGT GAT ATT ATT GALD ]
Ser Arg Tyr Arg Leu Phe Wal R=zp Wal Gln Ser Asp Ile Ile Aszp Thr

cod B ORF
852 CGR CGG ATG GTE ATC CCC OTG GCC AGT GCA CGT CTG CTG TCAR GAT ARR GTC TCC
Arg Arg Met Val Ile Pro Leu ARla Ser Ala Arg Leu Leu Ser Asp Lys Val Ser

TR CGT GAA CTT TAC COG GTG GTGE CAT ATC GGG GAT GAR AGE TGGE CGC ATG ATG ACC
Arg Glu Leu Tyr Pro Wal Val Hiz Ile Gly Aszp Glu Ser Trp Arg Met Metr Thr

Te0 ACC GAT ATG GOC AGT GTG COG GTC TOC GTT ATC GGG GAA GAR GTG GOT GAT CTC
Thr AR=zp Met Ala Ser Val Pro Val Ser Wal Ile Gly Glu Glu Val Ala Asp Leu

814 AGC CAC CGC GAR ARART GAC ATC ARARAR RAD GOC ATT ARRC LTG ATE TTO TGS GGA ATRE
Ser Hiz Arg Glu A=sn A=zp Ile Ly= A=n Ala Ile A=zn Leu Met Phe Trp Gly Ile

a88 TARR ATGE TCAR GGEOC

*The two Nsi | sites in the polylinker are the only Nsi | sites in the vector,
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8.6 pZEr0™.-2 sequence

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241

agcgcccaat
acgacaggtt
tcactcatta
tt gt gagcgg
ttaggt gaca
ct agt aacgg
gagcat gcat
gtcgttttac
gcacat cccc
caacagttgc
cgttatcgtc
gt gatccccc
gt ggt gcat a
gtctccgtta
gccatt aacc
cct gt agcgg
tgccagcgcec
cggctttcce
acggcacctc
ct gat agacg
gtt ccaaact
gttgccgatt
tt cagaagaa
t accgt aaag
gggt agccaa
at ccagaaaa
cgacgagat c
cgagcccctg
tacgt gctcg
gcgt at gcag
gagat gacag
cagt gacaac
gcgetgectc
ccgggegecce
gt gcccagt c
catcttgttc
tgcgccat ca
ccttaccaga
agt ct agct a
tttccecttgt
gactggcttt
aaatccctta
gatcttcttg
cgct accagce
ctggcttcag
accacttcaa
tggct gct gc
cggat aaggc
gaacgacct a
ccgaagggag
cgagggagct
tctgacttga
ccagcaacgc
ttcctgegtt
ccgct cgeeg

acgcaaaccg
tcccgact gg
ggcaccccag
at aacaattt
ct at agaat a
ccgccagt gt
ct agagggcc

cctctcececg
aaagcgggca
gctttacact
cacacaggaa
ct caagct at
gctggaattc
caattcgccc

aacgtcgt ga
ctttcgccag
gcagcct at a
tgtttgtgga
t ggccagt gc
t cggggat ga
t cggggaaga
tgatgttctg
cgcattaagc
ct agcgcccg
cgt caagctc
gaccgcaaaa
gtttttcgee
ggaacaacac
tcggectatt
ct cgt caaga
cacgaggaag
cgctatgtcc
gcggccattt
ctcgcegtcg
atgctcttcg
ctcgat gcga
ccgecgeat t
gagat cct gc
gt cgagcaca
gt cttgcagt
ct gcget gac
at agccgaat
aat cat gcga
gat cctt ggc
gggcgceccca
tcgccatgta
ccagat agcc
ct acgt gaaa
acgtgagttt
agatcctttt
ggtggtttgt
cagagcgcag
gaactctgta
cagt ggcgat
gcagcggt cg
caccgaact g
aaaggcggac
t ccaggggga
gcgtcgattt
ggccttttta
at cccct gat
cagccgaacg

ct gggaaaac
ct ggcgt aat
cgt acggcag
t gt acagagt
acgtctgctg
aagct ggcgce
agt ggct gat
gggaat at aa
gcgeggot gt
ctcctttcge
t aaat cgggg
aacttgattt
ctttgacgtt
t caaccct at
ggtt aaaaaa
aggcgat aga
cggt cagccce
t gat agcggt
tccaccat ga
ggcat gctcg
t ccagat cat
tgtttcgett
gcat cagcca
cccggceactt
gct gcgcaag
t catt caggg
agccggaaca
agcctctcca
aacgat cctc
ggcgagaaag
gct ggcaat t
agcccact gc
cagt agct ga
aggat ct agg
tcgttccact
tttctgcgeg
ttgccggat c
at accaaat a
gcaccgcct a
aagtcgtgtc
ggct gaacgg
agat acct ac
aggt at ccgg
aacgcct ggt
ttgtgatgct
cggttcctgg
tct gt ggata
accgagcgca

cgcgttggec
gt gagcgcaa
ttatgcttcc
acagct at ga
gcat caagct
tgcagatatc
t at agt gagt
cctggegtta
agcgaagagg
tttaaggttt
gatattattg
t cagat aaag
at gat gacca
ct cagccacc
at gt caggcc
ggt ggt t acg
tttcttccct
gctcccttta
gggt gat ggt
ggagt ccacg
cgcggt ct at
t gagct gat t
aggcgat gcg
attcgccgec
ccgccacacce
tattcggcaa
ccttgagect
cct gat cgac
ggt ggt cgaa
t gat ggat ac
cgcccaat ag
gaacgcccgt
caccggacag
cggcggcat ¢
cccaagcggce
atcctgtctc
ccat ccagtt
ccggttcget
aagct acct g
cattcatccg
t gaagat cct
gagcgt caga
taatctgctg
aagagct acc
ctgtccttct
cat acct cgc
ttaccgggtt
ggggttcgt g
agcgt gagcet
t aagcggcag
atctttatag
cgt caggggg
gcttttgetg
accgtattac

gcgagt cagt

gattcattaa
cgcaat t aat
ggctcgtatg
ccatgattac
t ggt accgag
cat cacactg
cgtattacaa
cccaacttaa
cccgcaccga
acacct at aa
acacgccggg
tctcccgtga
ccgat at ggc
gcgaaaat ga
t gaat ggcga
cgcagcgt ga
tcctttcteg
gggt t ccgat
tcacgtagtg
ttctttaata
tcttttgatt
t aacaaaaat
ct gcgaat cg
aagctcttca
cagccggcca
gcaggcat cg
ggcgaacagt
aagaccggct
t gggcaggt a
tttctcggca
cagccagt cc
cgt ggccagce
gtcggtcttg
agagcagccg
cggagaacct
tt gat cagat
tactttgcag
t gct gt ccat
ctttctcttt
gggt cagcac
ttttgat aat
ccccgt agaa
cttgcaaaca
aactcttttt
agt gt agccg
tctgctaatc
ggact caaga
cacacagccc
at gagaaagc
ggt cggaaca
tcctgtcggg
gcggagcct a
gccttttget
cgcctttgag
gagcgaggaa

t gcagct ggc
gt gagt t agc
ttgtgtggaa
gccaagct at
ctcggat cca
gcggecgcetc
ttcact ggcc
tcgccttgea
tcgcecttcce
aagagagagc
gcgacggat g
actttacccg
cagt gt gccg
cat caaaaac
at ggacgcgc
ccgct acact
ccacgttcgce
ttagagcttt
ggccat cgcce
gt ggact ct t
t at aagggat
tttaacaaaa
ggagcggcga
gcaat at cac
cagt cgat ga
ccat gggt ca
tcggct ggcg
t ccat ccgag
gccggat caa
ggagcaaggt
cttcccgett
cacgat agcc
acaaaaagaa
attgtctgtt
gcgt gcaat ¢
cttgatcccc
ggcttcccaa
aaaaccgccc
gcgctt gegt
cgtttctgeg
ctcatgacca
aagat caaag
aaaaaaccac
ccgaaggt aa
tagttaggcce
ctgttaccag
cgat agttac
agct t ggagc
gccacgcttc
ggagagcgca
tttcgccacc
t ggaaaaacg
cacatgttct
t gagct gat a
gcggaag
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8.7 pZErO™.-2 sequence with enzymes recognition sites for restriction map

61
121
181

241

301

361

421
481

541

601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

1381
1441
1501

1561

1621

1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701

agcgcccaat

acgacaggtt
tcactcatta

ttgtgagcgg
ttaggt gaca

ct agt aacgg

acgcaaaccg
tcccgact gg
ggcaccccag
at aacaattt
ct at agaat a

ccgccagt gt

cctctcceccecg

aaagcgggca
gctttacact
cacacaggaa

ct caagct at
EcoRl

get o EENNe

cgcgttggece
gt gagcgcaa
ttatgcttcc
acagct at ga

gcat caagct

Asel

gat t cEliieaE
Asel
cgcapiiiaat
ggctcgtatg
ccatgattac
Rsal

t ofili8lc gag

flgcaget gge
gt gagt t agc
ttgtgt ggaa
gccaagct at

ct cggat cca

tgcagatatc

cat cacactg

gcggecgcetc

MCS

Sphl

g2

ct agagggcc

gtcgttttac
gcacat CCcCcC

caacagttgc

cgttatcgtc
gt gat ccccce
gt ggtgcat a
gtctccgtta
gccattaacc
cct gt agcgg
t gccagcgcece
cggctttccc
acggcacctc
ct gat agacg
gt t ccaaact
gttgccgatt
tt cagaagaa

t accgt aaag
gggt agccaa
at ccagaaaa

cgacgagat c

cgagcccctg
Rsal

B88ot gct cg
gcgt at gcag
gagat gacag
cagt gacaac
gcgcetgectc
ccgggcgecc
gt gcccagtc
catcttgttc
tgcgccatca
cctt accaga
agtctagcta
tttcecttgt
gactggcttt
aaatccctta
gatcttcttg
cgct accagc
ctggcttcag
accacttcaa

aacgt cgt ga
ctttcgccag

gcagcct ata

tgtttgtgga
t ggccagt gc
t cggggat ga
t cggggaaga
tgatgttctg
cgcatt aagc
ct agcgcccg
cgt caagctc
gaccgcaaaa
gtttttcgec
ggaacaacac
tcggectatt
ct cgt caaga

cacgaggaag
cgctatgtcc
gcggecattt

ctcgecegtcg
Sapl

at getiettey

ctcgatgcga
ccgeccgeatt
gagat cct gc
gt cgagcaca
gt ctt gcagt
ct gcgcet gac
at agccgaat
aat cat gcga
gat ccttggce
gggcgeccca
tcgccatgta
ccagat agcc
ct acgt gaaa
acgt gagttt
agatcctttt
ggtggtttgt
cagagcgcag
gaactctgta

caattcgccc

ct gggaaaac
ct ggcgt aat
Rsal
c@l@8ogcag
Rsal
t fil@8agagt
acgtctgctg
aagct ggcgce
agt ggct gat
gggaat at aa
gcgegggt gt
ctcetttege
t aaat cgggg
aacttgattt
ctttgacgtt
t caaccct at
ggt t aaaaaa
aggcgat aga

cggt cagccc

t gat agcggt

t ccaccat ga
Sphl

ol co

t ccagat cat

tgtttcgett
gcat cagcca
cccggeact t
gct gcgcaag
t catt caggg
agccggaaca
agcctctcca
aacgat cctc
ggcgagaaag
gct ggcaat t
agcccact gc
cagt agct ga
aggat ct agg
tcgttccact
tttctgcgeg
ttgccggatc
at accaaat a
gcaccgcct a

t at agt gagt

cctggegtta
agcgaagagg

tttaaggttt

gatattattg
t cagat aaag
at gat gacca
ct cagccacc
at gt caggcc
ggt ggt t acg
tttcttccct
gctcccttta
gggt gat ggt
ggagt ccacg
cgcggt ct at
t gagct gat t
aggcgat gcg

att cgccgcec
ccgccacacc
tattcggcaa

ccttgagect

cct gat cgac

ggt ggt cgaa
t gat ggat ac
cgcccaat ag
gaacgcccgt
caccggacag
cggcggcat ¢
cccaagcggce
atcctgtctc
ccat ccagtt
ccggttcget
aagctacctg
cattcatccg
t gaagat cct
gagcgt caga
taatctgctg
aagagct acc
ctgtccttct
cat acct cgc

cgtattacaa

cccaacttaa
cccgcaccga

acacct at aa

acacgccggg
tctcccgtga
ccgat at ggc
gcgaaaat ga
t gaat ggcga
cgcagcgt ga
tcectttctcg
gggtt ccgat
tcacgtagtg
ttctttaata
tcttttoatt
t aacaaaaat
ctgcgaat cg
Sapl
aagetetitca
cagccggcca
gcaggcat cg

ggcgaacagt
aagaccggct

t gggcaggt a
tttctcggca

cagccagt cc
cgt ggccage
gtcggtcttg
agagcagccg
cggagaacct
tt gat cagat
tactttgcag
tgct gt ccat
ctttctcettt
gggt cagcac
ttttgataat
cccecgt agaa
cttgcaaaca
aactcttttt
agt gt agccg
tctgctaatc

ttcact ggcc

tcgccttgea
tcgcecttcce

aagagagagc

gcgacggat g
actttacccg
cagt gt gccg
cat caaaaac
at ggacgcgce
ccgct acact
ccacgttcgce
ttagagcttt
ggccat cgcc
gt ggactctt
t at aagggat
tttaacaaaa

ggagcggcga

gcaat at cac
cagt cgat ga
ccat gggt ca

t cgget ggeg
t ccat ccgafj

gccggat caa
ggagcaaggt
cttcccgett
cacgat agcc
acaaaaagaa
attgtctgtt
gcgt gcaat ¢
cttgatcccc
ggcttcccaa
aaaaccgccc
gcgcttgegt
cgtttctgeg
ctcat gacca
aagat caaag
aaaaaaccac
ccgaaggt aa
tagttaggcc
ctgttaccag
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2761
2821
2881
2941
3001
3061
3121
3181
3241

8.8 Plasmid library using EcoRI

tggct gct gc
cggat aaggc
gaacgacct a
ccgaagggag
cgagggagct
tctgacttga
ccagcaacgc
ttcctgegtt
ccgctcgeceg

cagt ggcgat
gcagceggt cg
caccgaact g
aaaggcggac
t ccaggggga
gcgtcgattt
ggccttttta
at cccct gat
cagccgaacg

aagtcgtgtc
ggct gaacgg
agat acct ac
aggt at ccgg
aacgcct ggt
ttgtgatgct
cggttcctgg
tctgtggata
accgagcgca

ttaccgggtt
ggggttcgt g
agcgt gagcet
t aagcggcag
atctttatag
cgt caggggg
gcttttgctg
accgtattac
gcgagt cagt

ggact caaga
cacacagccc
at gagaaagc
ggt cggaaca
tcct gt cggg
gcggagcct a
gccttttgcet
cgcctttgag
gagcgaggaa

cgat agttac
agct t ggagc
gccacgcttc
ggagagcgca
tttcgccacc
t ggaaaaacg
cacatgttct
tgagct gat a
gcggaag

Box containing EcoRI plasmid library is stocked at —70°C and is composed as described
above. Clones who are absent from this box means isolation step did not work.
EcoRI clones

Box Name:

Composition of tube:

Number of

clones:

pedA positive clones:

1 ml of LB-kanamycin medium + 1 ml of glycerol 87%

82

3 clone in orange

1

2

3 4

5

6 7

8

10

1 EcoRl

12 EcoRl

22 EcoRl

33 EcoRl

44 EcoRl

55 EcoRI

73 EcoRl

87 EcoRl

2 EcoRI

13 EcoRl

23 EcoRl

34 EcoRI

45 EcoRl

56 EcoRI

74 EcoRI

89 EcoRl

3 EcoRI

14 EcoRl

24 EcoRl

35 EcoRl

46 EcoRl

58 EcoRl

76 EcoRl

K+

4 EcoRl

15 EcoRl

25 EcoRl

37 EcoRl

47 EcoRl

60 EcoRl

78 EcoRl

5 EcoRI

16 EcoRl

26 EcoRl

38 EcoRI

48 EcoRl

64 EcoRI

81 EcoRl

6 EcoRl

17 EcoRl

27 EcoRl

39 EcoRl

50 EcoRl

66 EcoRlI

82 EcoRI

8 EcoRl

18 EcoRl

28 EcoRl

40 EcoRl

51 EcoRl

9 EcoRI

19 EcoRl

29 EcoRl

41 EcoRl

52 EcoRl

69 EcoRl
70 EcoRI

83 EcoRl

84 EcoRI

10 EcoRl

20 EcoRl

30 EcoRl

42 EcoRl

53 EcoRI|71

EcoRlI

85 EcoRl

C —T O mMmMMmMmoOoO | wm >

11 EcoRl

21 EcoRl

32 EcoRI

43 EcoRl

54 EcoRI

72 EcoRI

86 EcoRl

8.9 Plasmid library using Hindlll

Box containing Hindlll plasmid library is stocked at —70°C and is composed as described
above. Clones who are absent from this box means isolation step did not work.
Hindlll clones

Box Name:

Composition of tube:

Number of

clones:

pedA positive clones:

0.8 ml of LB-kanamycin medium + 0.8 ml of glycerol 87%

63

not yet analysed

1 2 3 4 5 6 8 9 10

A | 1 Hindlll |11 Hindll|24 Hindlll| 35 Hindll1|46 Hindlll |57 Hindlll

B | 2 Hindlll |12 Hindl1|26 Hindlll| 36 Hindlll |47 Hindlll |58 Hindlll

C | 3 Hindlll |13 HindIl|27 Hindl1|37 Hindlll |48 Hindlll |59 Hindlll

D |4 Hindlll |14 Hindlll|28 Hindl1|38 Hindlll |49 Hindlll K*

E | 5 Hindlll |15 Hindlll|29 Hindlll|39 Hindlll |50 Hindlll

F |6 Hindlll |17 Hindlll|30 Hindlll|41 Hindlll |52 Hindlll

G | 7 Hindlll |18 Hindlll|31 Hindlll|42 Hindlll |53 Hindlll

H | 8 Hindlll |19 Hindlll|32 Hindlll|43 Hindlll |54 Hindlll

I | 9 Hindlll |21Hindll |33 Hindlll|44 Hindlll |55 Hindlll

J 10 Hindlll|22 Hindlll|34 Hindll|45 Hindlll |56 Hindlll
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8.10 Insert p60, non-assembled Primer Walking, one strand (Microsynth)

Insert Pediocin SP6, non-assembled Primer Walking, one strand (Microsynth)

CTTGGTACCGAGCTCCGATCCACTAGT AACGGECCGECCAGI GTGCTGEAATTCTCACGTGEGTITTT
TTCTTTATTCATTTTATAAACT CATAATACGCCTAAGCCCAGT TCTGTCAAGGCTTTAGCCAGCT
TTTTAAAAAGTCCGT TGT TTCTAATAGTATCAAGATAAGAAGAAACCGT CGAAAAAACGACGGT T
TCAAACCCCAAAAAGCAGAT CAGCAAAAATCCCCGAACTGCTTTTTAAGACCATGECTTTCAGCC
ATACTGACCAGCT GAACCAGCT GGACCCCATAAAT GAGCGEGAGCCCCCGCT CAAACT CACCCCG
CACT CGECCGT GAGGCAGGCAAAAAAAGCAGGTGTGCTTTTCT TTGCATGCGCAAAAGT GTCTTGG
TCTAGI GAGT CAGT CAACT CCTTAAAGCCT CAAAAAGGGACTAACT GCTAAAGCAGT AAGT CCCT
TTAATTCGATTTACCGT TGACT GACGGCCATTAACCAGCT TCAATGATCATCAGCGGGTAAATTA
AAGCCCTAGGCCAAGT TCAAAGACT TGGACCATCTAATTCATCATGCTGTCTCTCTGAACGT TCC
TGTGECCTCTGAGGEGECTTTTTTAGACGGT TCTTTTAGI CCAGCTCGT TCTAGCCACTCACTTGG
TAAGCCAACACCTAATTTGCGCT GT AAGAACCGGET CAACGCTCCGAACAATTCCTTGTAACGT AT
CCACTAATTTTTGGAGCTTCTCATTTTTCTTGCTTAAATCATAATTATTGICTTTAACTTCAAGC
AGITGATAATTTAAGCTTTGATTATCAAGT TTTAAACGGTTCTG

Insert Pediocin SP6.1, non-assembled Primer Walking, one strand (Microsynth)

CCGAACAATTCCTTGTAACGTATCCACTAATTTTTGGAGCTTCTCATTTTTCTTGCTTAAATCAT
AATTATTGICTTTAACTTCAAGCAGT TGATAATTTAAGCTTTGATTATCAAGI TTTAAACGGTTC
TGITGTTGATTATAAATATCACTGACAGCTGCTCGAGATTCTAAGT CATGAAGATCACTTTTTCT
AACAACCACTTTATCCTTGCTTAAAAGAGTAGGT TTGCTCTCAATTTCCTGCTGATCACGAGGT T
TAAGT TCAGCAAGECGT TTTCTGGCATCTTCAAGT TCAGCTTGTATTTCTCGI TTTTGAAGCGTC
GCCTTTTTCAAGICTTCCCGCATAGCTTTGTATTCTGGTACCGT TAAACTTTTATGI TGCGATTC
TTGAATACCACGI TCAACATCAAATCCGT GT TGT CGTAAATAAACT GGCAATTGATCT TGAACGT
TTTGCAAAGCCGCACGAT TAAACACCCGT TTAGCCGATAATTTATACT CATCATCAAATGGAACA
ATTCCCATATGCATATGCEEECGTACTCTCATCAAGATGAACAATCGCATAACGAATGITTTCTTC
ACCAAATTTTTCAGCAAAGTAAGCTTTAGCTGT TTCAAAATATTTGCGCGTATCAGCCGCCGTTA
AATTAGCAAAGAAATTGCTATCGCTCGAAATAATCCATTCATTGACTAAAACGCECATCTTTTCTG
ACCGCTCCCTGACTGGT TTTATGCTCGT TAATATAAGCCTCAATATCCGT TTTGAAATGGTTAGT
CCGACCAGCAACTAAATCATAATTTA

Insert Pediocin SP6.2, non-assembled Primer Walking, one strand (Microsynth)

CTNTTTTNTGNNGCTCGCTGMTGGTTTTATGCTCGT TAATATAAGCCTCAATATCCGT TTTGAAA
TGGT TAGT CCGACCAGCAACTAAATCATAATTTAAGT CAGAACGGT TAACGTCAATATCAGTATT
TTTGTGATGTCGGEGT TCGECGT TGATCATGAT TACCCAAGCCAACTAAATTATCAGCTTTTAATT
TCTGCATATTAGCCACTAAATAACT CATTTCACCACTCCATTCCAAACAGCTAAATTTGGTTAGA
GCATAGCACAGAATTCGGAAAACCT CCATGCAAGGTATAGCCCAATATACT TTACCTTGTAAAGT
TTGEECTCTACGAGGTAGTAGCGT TCTCCCTTCCTACT GGGAGAATTGCTATTTTTCTGCGCCTA
TTATCCGECTAGAAAAACCT CCGGCGEEECTAT TGCATAGCGAGCGCAT TTCATGCAGAACTCTAC
CCGAGT GEEECAAGCTGATGCCAGCT TAACCACAAAAAAACTATGAGAAATAAATCTCATAGI TA
AACACAACATGCCTGATTGGT TACAAAATGTAAGT GTATAGAGTATTGTATAAATTCTTTTTTACT
TATGTCTTTTGIT TATATTTATAACTAATATAAT TACCAACAACT CCAGATAGCAAACTAACGATA
AGCAATAATATTACCCAATATAAAAAAGGGT GAGTACCAAATATTTTATTCAAAAAAGGCTCAGC
AAAAAGGAAAAACAAAAAAACGCAAAACGT AATAGAAAAAGGTATCCAAAATGCAGI TTTATTTT
TATTTTTCATCTCTAGICTCCTTATCTTTCAATACT TCACAAATTTTCCATCTATACGAAATAAT
TTTTACGCTGATAGI CCCACTTAGCAACAATTTCACGCACTACTTGATCAGITTCTTGA
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Insert Pediocin T7, non-assembled Primer Walking, one strand (Microsynth)

TGCTCGAGCGECCGCCAGT GTGATGGATATCTGCAGAAT TCCTAGT TTGGCGACCCGGAACACGT
GAGT TAATCTTGAATATTCGTATTTACTAGACATAGT TTAAAGCTTGAGT TAGTAAGCGTCAAGC
CCTTAGITTTAGTAAATACATAAAAGATTAGCTCTTCTCACGT GGT TGGATGAGAGGAGCTTTTT
AGI TTGECTGATAGAAAAGT TTTAGT TGAT CGAT CGCAGT CGGGAAAAGT ACGACCAT GGCGAGA
ACATAAGT TAGAGAATTTACAGTATGGTGATTATTTACAAATGT TGCACTACAAGAAAGCCCATC
GAGT TAAAGAGT GTGGT GAAGTATTACGT TTTGTGGAAGATAAAAAT GGT CACAAAAAAT TGGECT
CAGACTTGGT TTTGCCATTCCCGT TTGTI G CCGT TATGTAAT TGGECGGECGGT CAATGAAACAATC
TAACCAGT TAACTCAAATTTTGACAGAAGCAGT TAAACAGCGAAAAACCEGTCGGTTCTTATTTT

TAACGCTGACGGT TGAAAATACCACCGGTAATCAGT TAAAAAGT GAAT TACGACAAAT GGGACGA
GCCATTCGTGATTTAATGCGT TATAAAAAGCCAGCTAAGAAT TTGT TGEECTATGT GCGT TCAAC
TGAGGT TACCATTAATCACGAAGCAGAT CAGCCGATGTATCACCACCATATGCATGI TTTGCTTT
TTATGAAATCGAGT TATTTTACAGGAACT GATAATTATATTTCACAAGCAGAATGGACTAGATAT
TGGCAACGAGCGATGAAATTAGCT TATGCGCCGGT TGT GAATGT TGAAGCGGT TAAACCGAATGT
GAAACGCCAG

Insert Pediocin T7.1, non-assembled Primer Walking, one strand (Microsynth)

CCATATGCCATGITTTGCCTTTTTATGAAATCGAGT TATTTTACAGGAACTGATAATTATATTTCAC
AAGCAGAAT GGACTAGATAT TGECAACGAGCCGATGAAATTAGCT TATGCGCCCGEGT TGTGAATGT T
GAAGCGGT TAAACCGAAT GTGAAACGCCAGAAAAAT TCCT TGCTGECTAGI GCTCAAGAAACGEC
TAAATATCAGGTGAAGT CCAAAGATATTTTAACTAATAATCAAGAACAAGATCTACAAGTAATTG
ATGATTTGGAACAAGCT TTGECTGGT TCCCGECAAATTAGT TATGGTGGCTTGCT TAAAGAAATT
CGCAAGCAGT TGCAATTAGAAGATGT TGAAAATGCCGATTTGAT TAATACGGATAGT GGTGATCA
AGAAACTGATCAAGTAGT CCGTGAAATTGT TGCTAAGT GGGACTATCAGCGTAAAAATTATTTCG
TATAGATGGAAAATTTGT GAAGTAT TGAAAGATAAGGAGACTAGAGAT GAAAAATAAAAATAAAA
CTGCATTTTGGATACCTTTTTCTATTACGITTTGCGITTTTTTGITTTTCCTTTTTGCTGAGCCT
TTTTTGAATAAAATATTTGGTACTCACCCTTTTTTATATTGEGTAATATTATTGCTTATCGITAG
TTTGCTATCTGGAGI TGT TGGTAATTATATTAGI TATAAATATAACAAAAGACATAAGTAAAAAA
GAATTTATACAATACTCTATACACTTACATT

Insert Pediocin T7.2, non-assembled Primer Walking, one strand (Microsynth)

TATNGITNTAAATATAACAAAAGANATAAGT AAAAAAGAATTTATACAATACTCTATACACTTACA
TTTTGTAACVATCAGCATGI TGTGI TTAACTATGAGATTTATTTCTCATAGITTTTTTGIGGTTA
AGCTGGECATCAGCT TGCCCCACT CGGGTAGAGT TCTGCATGAAATGCGCTCGCTATGCAATAGCC
CGCCCRAGGT TTTTCTAGCCGGATAATAGECGCAGAAAAATAGCAAT TCTCCCAGT AGGAAGGEGA
GAACGCTACTACCTCGTAGAGCCCAAACT TTACAAGGTAAAGTATATTGECCTATACCTTGCATG
GAGGTTTTCCGAATTCTGT GCTATGCTCTAACCAAATTTAGCT GT TTGGAAT GGAGT GGTGAAAT
GAGITATTTAGI GCCTAATATGCAGAAATTAAAAGCTGATAATTTAGT TGECTTGEGTAATCATG
ATCAACGCCGAACCCGACATCACAAAAATACTGATATTGACGT TAACCGT TCTGACTTAAATTAT
GATTTAGT TGCTGGT CGGACTAACCATTTCAAAACGGATATTGAGGCTTATATTAACGAGCATAA
AACCAGT CAGCGAGCGGT CAGAAAAGATGCCGT TTTAGT CAATGAATGGATTAT TTCGAGCGATA
GCAATTTCTTTGCTAATTTAACGGCGECTGATACGCGCAAATATTTTGAAACAGCTAAAGCTTAC
TTTGCTGAAAAATTTGGT GAAGAAAACATTCGT TATGCGATTGT TCATCTTGATGAGAGTACGCC
CCATATGCATATGGGAATTGT TCCATTTGATGATGAGTATAAATTATCGECTAAACGGEGTGITTA
ATCGIGCGECTTTGC
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8.11 pF880 sequence

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481

gatcggattt
tccgtgttge
tgttcttctg
at aaat gat a
att gaaaat a
ttaaccttcg
ttgattgtaa
aaat ct aaga
aagt aacaga
act ggacaaa
gat agggt aa
attctcgcceg
atcattaatg
ttaatgttcc
tagggtattt
t caat acat a
cagccacctt
gagaaagt ac
ccaat at cat
t cat cgct at
tttaagtttc
tgggct at ca
at aacgccct
aaat cat t at
tttgcgagta
gcgat aat aa
at aggt aaaa
tat gt t aaat
aagact ggtt
atttatacta
tacattcctt
t aacagt gag
gcgccagat g
gtt aaact aa
aaggaaagtt
ctttacaagg
at gct ct aat
t at gcagaaa
gcagaat cac
cgct ggt cgg
gagt cagcga
tcgtcatttc
ggaatatttt
t gagagcacc
tgct aaacga
tttacaacag
aacggt acca
agcggct gaa
atttgatgtg
tgaccgtttt
t gaaacattg
aagt aaggct
acaaggaat t
aagt aagt gg
acaggagcgt
tatgacttta
t aaat cgaat
gttgattgac
ttttgectge

gaaccgat gc
cagattgtaa
atgtccgatg
at aat accca
agattccttg
gt gt aact at
t aaaat aaaa
atttcatacc
ctaacgttgg
ttatact agt
aacaaaacaa
aatatttttt
ctgccatatt
agccttttag
gtccaatatc
at gcacct cc
caacgcttcg
gcat aaacga
t gt aat aaaa
ct aggat aac
cagctttagc
caaaat cat c
gcgtgttatc
aggtcgtata
ttgctagttc
tattagttat
ttacttctag
attcat at aa
t agaat gaaa
cattccttta
taattttttt
ct att caact
aaaat t cgga
cggaact gga
aacatgtttt
t aaagt at at
caaatttagc
ttgaaagctg
aaaaat accg
act aat catt
gcagttagaa
tttgccgatt
gccaaaaagt
ccacat at gc
gtttttaatc
catggtttca
gaat at aaag
aat gaaact a
aacagtgtta
gactctgata
t cccaaaggt
at ggaact ag
gtt cggageg
ct agaacgag
t cagagggac
atttacccgc
t aaagggact
ttactagacc
ct cacggcga

cttcctattg
tgccttattg
attagcttgc
at aacttcca
ataatgattt
gaatttagca
agacccat at
gtttgtcaaa
t aat aacat a
aat aact aag
gtcgattttt
aaaaaattca
aacaggaaac
tgtagcttca
tt caaagcat
agtttggect
tacaacgttt
attgtgattt
catctttaaa
aaagt aat cg
atgcttgttt
aatcatcttg
at at gt ct gt
caat aact ca
ggattctttt
t ccaagcaaa
tggttgcttt
gcacat aat a
caagt gaaat
atttttttag
t ccat aaaat
at cggt caac
aaaat at gaa
agaaaat t at
attttttgee
t gggct at ac
t gttt gaaat
at aat ct ggt
at att gacgt
t caaaaccga
aagat gcggt
t aacggcggce
tt ggt gaaga
at at ggggat
gcacagcttt
atattcatcg
ccat gcggga
aacagcgt ca
aaacgaagga
aact t aaaca
ct gat at gga
acatt gagaa
ttgaccgctt
ct ggact aaa
aacat gat ga
t gat gagcgt
tactgcttta
aagacacttt

gtgcggggt g

atgtaatttt
ttgtaact ct
atttcgaaca
gaaatt gcga
cttattgcat
ggtttgttca
aacaacattg
t gaaagacag
aataattgtg
ctaatatatt
t gat agagac
aaatttgcag
gcttcattac
at agaagt ac
t cacgt gaaa
acagaaacgc
t gcact ggcc
tgtccact aa
catttttcta
t agt cat gag
t gagaat ctc
atgtatttgg
tttaaacatt
act ttagggt
gctttgtctt
aagaaaagt g
ttagct aaaa
aacaaccaaa
ttttttagtt
ttctgaatca
attccatttt
ggt aaat cga
aaat at agt g
t t RS,
agcggcaaaa
cttgcatgga

gggcggt tag

aggct t gggt
tgaccgttct

t at t gaggat
ctt ggt caat
t gat acgcgce
aaat att cga
tgtaccgttt
gcgagat at t
tggggttcaa
at ct att aag
agt gaaact t
atcccgtttc
gggcgcaagce
tatt caaaaa
tcgtcgtctt
cttacagcgc
agaaccgt ct
at t agat ggt
t ggagct ggt
gcagttagtc
tgcgcat gca
agtttgagcg

aatcattcca
gtaatttatc
aaaacccaaa
t acat gcaat
gcagaaaagt
tt aaagct ag
attctacttc
t at cgaccaa
ttactagt gg
gaaaagcact
ttatggtctt
aacaaaactt
cgtaaatttg
aaaggtcttc
t cat gacgcc
cagacacagt
aaaaaat at t
tgtgattaca
caaatctatt
tgccattaca
tgact aact t
ggt ct gt aga
gagct agt gc
gccagt ct gc
taatcattgc
ccacaaat aa
t aggaagt at
t aat t aaaat
ctgaatcatt
ttatccttta
tcatttaacg
cgt agagcat
atgagtttga
t gagagact a
acggcct cge
ggt ct gccgg
atgagttatt
aat cat gatc
gatttaaatt
tatattaacg
gaat ggatta
aaatattttg
tatgcaattg
gat gat gaac
caagat caat
gaat cagaac
caggggcagc
aaaacgt atc
cat aagcggt
ttaacggat a
gaccagttga
caaaagtt ag
aaatt agggg
aaaaaagccc
ccaagtcttt
t aat ggccgt
cctttttgag
aagaaaagca

ggggct cccg

at caactgtt
cgcttttatt
acaacccgga
tattgtaaat
tatatgctca
t acggt agac
at aaat caat
actttgacta
aat gt gcaac
t at t ggaact
tgacttgatg
actagatcta
t gaagcaaat
tgccaccgca
at gacct aat
tttatttaac
gccagaact a
ct gaagaat g
ttctaat aat
caaataattg
tacattagga
gttatccaaa
at aaggt at a
aggcgtttct
at agcggat a
ttgattgaat
gctatctgtg
aact ggt aca
atcatttaac
acatttatac
atattttagc
tgtattagtg
taactttcaa
tatttatggc
agagcccaaa
attctgtget
t agt agct aa
aacgccgaac
at gat t t ggt
agt at aaaac
tct caagt ga
aaacggct aa
ttcatcttga
acaaattgtc
taccgactta
gt aaaagttt
aaaagtt agc
aagccact aa
at gt gt t ggt
cgtattttac
t caaagct ga
tt gggacgct
ttggcttacc
ct cagaggcc
gaatttggtc
cagt caacgg
gctttaagga
accctgettt
ctcatttagg
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3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521

cggt caagct
tggtcgattt
aaact gggat
t aaagaaaaa
tgaatattcg
gttttagtaa
agtttggctg
cgagaacat a
aaagct catc
cacaaaaaat
cggcggt caa
cgaaaaacgg
tt gaagagt g
gt ggct aaaa
gat cagccga
acaggaact g
aaattagctt
aaaaat t cct
attttaacta
gctggttcce
ttggaagat g
caagcggt at
tgacttgttg
t ggt t gaagg
gataattctg
ggt aacgaaa
ttttggtgtg
gccgt gat ct
tttgatgtta
ctgatttaac
gatattttag
aagttttttg
tttagtactg
gtctttaatt

ggcat agctt
tgaccagttt
aaatccttga
acccacgt ga
tatttactag
at acat aaaa
at agaaaagt
agtt agagaa
gagt t aaaga
t ggct cagac
t gaaacaat c
gtcggttctt
agttacggca
atttgttggg
t gt at cacca
at aatt at at
at gt gccggt
tgct ggct ag
at aat caaga
ggcaaat t ag
tt gaaaat gg
gcgagat t gt
cttatattat
gaat act t ag
gtacttttaa
gagaggagaa
ggt act ggaa
ttaaaatatt
cttcaatttg
gt t aagt ggc
taatttctcc
cgacgt gggc
aagtttgttg
attgattgaa

ggact gggt t
cttcttatct

cacaact ggg
BEEEc a9
acatagttta
gatt agct ct
tttagttgat
tttacagtat
gt gt ggt gaa
ttggttttge
t aaccagt ta
gtttttaacg
gat gggacga
ttatgtacgt
ccat at gcat
ttcacaagca
tgtgaatgtt
t gcccaggaa
acaagat cta
ct at gggggg
tgatttgatt
t gct aaat gg
aagt gaaagg
ttctactttt
cggt aat aaa
aaagt agt at
attcttttga
aacgtttgcg
agatt agt gg
atgctattat
tttttgtgtt
ttttttcacg
cggtgttatt
ttattgctca

cggggcegt ca
tgatactatt

cttaggcgta
tttggcgacc
aagct t gagt
tct cacat gg
cgat cgcagt
ggtgattatt
gtattacgtt
cattcccgtt
actcaaattt
ttgacggt aa
gccattgcaa
t caact gagg
gttttgettt
gaat ggaccg
gaagcggtta
acggct aaat
caagtaattg
ttgct gaaag
aat acggat a
gact at caac
taggtagttt
aatgtctctg
gt t aagaat a
ggact at caa
aaagat gcat
ggaat atcta
caat aat at g
atttacattt
tttacggtag
tcgttattat
gaaaaaaaaa
atgattca

gcgeccgagg
agaaacaacg
ttatgagttt
cggaacacgt
t agt gagcgt
ttggat gaga
cgggaaaagt
tacaaat gtt
tt gt ggaaga
tgtgtccgtt
t gacagaagc
agaat act ac
agatctttca
ttaccattaa
ttat gaaatc
ggt attggca
aaccgaat gt
at caggt aaa
atgatttgga
aaat t cgcaa
gt gat gat ca
gcaaaaatta
cgatgacttg
t gaaaagt ag
t gggaaat gt
aagagt cagt
gattttattt
tatctttatt
attttagtge
acgtt aaaat
aattagtttt
gtattttgag
gacct act ct

gct t agaaac
tcattttaaa
at aaaat gaa
gagt t aat ct
caagccctta
ggagettttt
acggccat gg
gcact acaag
t aaaaat ggt
at gt aat t gg
agtt aaacag
aggggatttg
gt at aaaaaa
t cacgaagca
gagttatttt
acgagcgat g
gaaacgccag
gt ccaaagat
acaagctttg
gcagttgcaa
gcaggt t gat
ttttatctga
ttttttggat
aaagat gagt
tgatattaag
cttcaaat aa
tatagat at t
ataattgtat
at gaaat gga
tggtattgct
t aaat t acat
ttatttgtga
ttacgagt aa
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8.12 Homology between pF8801 and pedA gene (ClustalW)

PF8801 GTGCGGGETGAGTTTGAGCGGGGGC TCCCGCTCATTTAGGCGGTCALGCT

PF8801 GGCATAGCTTGGACTGGGTTCGGGGCGTCAGCGCCCGAGGGCTTAGAALC

PF8801 TGGTCGATTTTGACCAGTTTCTTCTTATCTTGATACTATTAGAAACAACG
PedA e COGCAGAAGL-ATCA
W *F OF % &

PF8801 T A TTTTAALLAACTGGGATARATCCTTGACAC AR TGGGCTTAGGCGTA
pedA  TCAGGT-LATGTTTTGG-AAGRAT-——TAAL-TAATGCAGCT-TG——GTL

TEw T Oww TEE ¥ TEw T w T TEw * TEw

PF8801 TTATGAGTTTATALLATGAATARRG-AALAAACCCACGTGAGAATTO-CT
pedA TGATGTGGTGGTAA-GALGATCAAG-AAGAGTTCTA-GTGGTSACAT-TT

& OFFE O OF FEF I i S T S ¥ OEEF * L3

PF8801 AGTTTGGCGACCCGGALCACGTGAGTTAATCTTGAATATTCGTATTTACT
pedA  ACCTTAAC-————- AAGTGAATGTGATCATTTG-GCAACATG————————
W T * * E R R o W *

pF8801 AGACATAGTTTAAAGCTTGAGTTAGTGAGCGTCALGCCCTTAGTTTTAGT

3550

3a00

Jas0
14

37ao
55

3745
101

3798
136

Jg45

3398
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