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et al. 2011) and BBG140 (this study) by pBG180* plasmid transformation

Figure 52: Verification of pBG180 insertion in B. subtilis BBG140; M = O’ Gene Ruler standard, 1 =
B. subtilis 168, 2, 3,4, 5, 6=BBG140

Figure 53: ppsA primers for the cDNA samples of BBG140 and BBG111, M = O’ Gene Ruler
standard, 1 = 4 h sample of BBG140, 2 = 10 h sample of BBG140, 3 = 24 h sample of BBG140, 4 =
4 h sample of BBG111, 2 =10 h sample of BBG111, 3 =24 h sample of BBG111

Figure 54: Microbial growth at 600nm, pH, surfactin production for BBG140, surfactin and
plipastatin production for BBG111 in modified Landy medium

Figure 55: Microbial growth at 600 nm, pH, surfactin production for BBG140, surfactin and
plipastatin production for BBG111 in modified Landy 3 medium

Figure 56: Microbial growth at 600 nm, pH, surfactin production for BBG140, surfactin and
plipastatin production for BBG111 in optimalized medium

Figure 57: Plipastatin and surfactin productions (mg/L) for BBG140 and BBG111 in different culture
media

Figure 58: Expected construction 3; pps/fen promoter replacement by spc-Pfen-BBG21 cassette
Figure 59: EcoRI digestion for both pBG191 and pBG185 plasmids

Figure 60: Fengycin production after 72 h of fermentation in Landy MOPS for B. subtilis 168,
BBG134, BBG111 and BBG21

Figure 61: Needle alignment of P, BBG21 sequenced promoter with P,,; 168, three bases differences
(in red colour), identical -10 F and -35 F promoter factors

Figure 62: Sphl + EcoRI double digestion of pBG184

12

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

Figure 63: Sphl + EcoRI double digestion for pBG185

Figure 64: Verification of pps 168 insertion in amyE locus in B. subtilis BBG142 (B. subtilis 168
derivative)

Figure 65: Verification of Pfen BBG21 insertion in amyE locus in B. subtilis BBG139 (B. subtilis168
derivative)

Figure 66: Amylase test for the verification of the new strains B. subtilis BBG142 and BBG139
compared to mother strain B. subtilis 168

Figure 67: Maximum expression levels for P,, BBG139 at 0-50 h and 50-100 h under the different
experiments

Figure 68: Maximum expression levels for P,,, BBG142 at 0-50 h and 50-100 h under the different
experiments

Figure 69: Maximum expression levels for P, BBG127 at 0-50 h and 50-100 h under the different
experiments.
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Abstract

In this study, 39 published genomes from Bacillus strains were analyzed by
bioinformatics tools; eight of them do not harbour genes or operons coding for non
ribosomally synthesis of peptides (NRPS), while the genetic potential for the production of a
siderophore, bacillibactin, which is a molecule of NRP type, was revealed in 27 other strains.
14 strains showed: (1) the presence of genes/operons implied in the syntheses of the four
families of lipopeptides [surfactin, pumilacidin, lichenysin (surfactins family), fengycin or
plipastatin (fengycins family), bacillomycin, iturin and mycosubtilin (iturins family) and
kurstakin (kurstakin family)], (2) the presence of genes implied in the synthesis of an
antibiotic, bacitracine. In 16 Bacillus strains the presence genes/operons coding for other new
NRPS and NRPS-PKS (Polyketide synthases) hybrid molecules were detected.

The analysis of operons implicated in synthesis of plipastatins and fengycins from the
domesticated Bacillus subtilis strain 168, B. subtilis F29-3 and B. amyloliquefaciens FZB42
showed high homologies between these operons and strong similarities between those NRPS
molecules. Moreover, the importance of sequencing the B. subtilis S499 genome was raised,
because the structure of fengycin produced by this strain cannot be correlated with the
structure of the synthetases described in other strains synthesizing fengycins/plipastatins,
which are molecules difficult to differentiate.

A failure occurred in the obtention of a plipastatin mono-producer derivative from B.
subtilis 168 by the replacement of the plipastatin native promoter by a constitutive one P,y
linked to a neomycin resistance gene (neo). On the other hand, inactivation of plipastatin
operon expression by the mutant BBG111, which produces constitutively surfactin, was
obtained by inserting this P,.,,-neo cassette inserted in the opposite direction to that of
transcription of pps operon. The resulting BBG140 mutant was found to synthesize more
surfactin that the parental strain.

The promoters P, (B. subtilis 168) and Py, (B. subtilis BBG21) were cloned into the
expression vector pDG1661, which bears the lacZ cassette, and inserted within the
chromosome of strain 168. Under different growth conditions, expression and regulation of
these P,,, and Py, promoters, compared to those of Py, promoter from B. subtilis 168, were
studied in the respective derived mutants BBG142, BBG139 and BBGI127. The results
showed that the level of expression of these three promoters could be controlled by
fermentation conditions. Temperature was found to be the first factor affecting the expression
of Pyrand Py, promoters, the second factor being the medium composition. On the contrary,
the induction of the P,,, promoter was different: not only it was affected by these two last
parameters, but also by the “acidic stress” occurring during the first 24 h of the fermentation

process and disappearing at 30 h.
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Introduction

Non-ribosomal synthesis system NRPS it is an alternative pathway that allows production of
polypeptides other than through the traditional translation mechanism. The peptides are
created here by multienzymatic complexes called synthetases and the resulting peptides are
generally short, 2 to 50 residues. NRPS produces several pharmacologically important
compounds, including antibiotics and immunosuppressors. This biosynthesis pathway is
found in many bacteria and fungi. Peptides produced by NRPS show peculiar features
compared to traditional proteins. First, they can contain standard as well as non-standard
amino acids. Secondly, amino acids are linked not only by an amino-peptide link, but also by
non-conventional links that form a non-linear peptide backbone. There exist iterative and
nonlinear NRPS configurations that generate more complicated structures. Consequently,
some peptides form cycles, unusual branching or repeats leading to various topological

structures.

Bacillus subtilis strains produce many kinds of bioactive peptides as secondary
metabolites. Some of them are synthesized non-ribosomally by a large multifunctional
enzyme complex. Among them, surfactins, iturins, and fengycins or plipastatins are the main
representatives. In this thesis, the lipopeptides under study are the fengycins and the
plipastatins which are very similar in their chemical structure and close in their operon
structure. Both fengycin and plipastatin operons include 5 genes (fend to fenE), (ppsA to
ppsE). Fengycin is a lipodecapeptide fungicide which consists of almost the same kind of
amino acids and B-hydroxy fatty acids as plipastatin and differing in the D and L- tyrosine
positions. However, there is difficult to differentiate between the plipastatins and the
fengycins; for example, pps operon was thought to be the fengycin operon, because
significant homology was observed between the fengycin synthetase gene of fengycin-

producing B. subtilis F29-3 and the operon from strain 168.

As an overview on the importance role of fengycin, it is considered as antifungal antibiotic by
its effect on the membrane according to its concentration; at low concentration, fengycin
aggregates to form pores leading to permeability changes of the membrane while, at high
concentrations, it acts as a detergent by solubilizing the membrane. Fengycin stimulates
phospholipase A2 enzyme which is involved in a number of physiologically important
cellular processes such as, inflammation, acute hypersensitivity and blood platelet

aggregation. It has surfactant strength (lower than surfactin) by reducing the interfacial
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tension at the oil-water interface and have a haemolytic activity (less about 40-fold than
surfactin). Fengycin plays a significant role in the biocontrol: it reduces grey mould disease
caused by Botrytis cinerea on apple, reduces disease incidence caused by Colletorrichum
langenarim and Pythium aphanidermatum on cucumber and tomato, protects vegetative cells
of beans against damping-off caused by Pythium ultimum, and has antifungal activity against
Fusarium gramineavum and Sclerotinia sclerotiorum in canola and wheat. Fengycins were
added to the limited number of bacterial products that are described as elicitors of defence
response in plants, and are likely to be widely applied in medicine, agriculture and the food

industry.

The first aim of this thesis was to get an overview of the Non Ribosomal
Peptide produced by Bacillus strains. The sequenced genome of 39 different strains were thus
analysed by bioinformatics tools. We then focus our work on fengycins or plipastatins
produced by the NRPS system in some B. subtilis strains, in order to relate the structure of
these two molecules and the structure of operons responsible for their biosynthesis. Indeed,
Schneider et al. (1999) confirmed the existence of fengycin molecule produced by Bacillus
subtilis S499 strain, which cannot be correlated with the structure of the synthetases described
in other fengycin- or plipastatin-producing strains. Thus, the sequencing of the whole genome
of this strain is important and of interest, to elucidate the NRPS operon implied in this
synthesis. The second aim was to study the regulation of the plipastatin and fengycin operons
in B. subtilis 168 by determining the strength of both strain 168 P,,, and strain BBG21
promoters using a gene reporter system. The last aim was to obtain new derivatives of B.
subtilis 168 such as a plipastatin mono-producer, which will (i) facilitate purification of
plipastatin only in significant amounts, and (i1) studies on plipastatin role as an antifungal

antibiotic in biocontrol experiments, and its potential use as a biopesticide.
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Review of Literature

1. Bacillus subtilis

1.1. Organism description
Bacillus subtilis is a Gram-positive, rod-shaped bacterium commonly found in soil and
vegetation. B. subtilis generaly grows in the mesophilic temperature range. The optimal
temperature is 25-35°C. Stress and starvation are common in this environment; therefore, B.
subtilis has evolved a set of strategies that allow survival under these harsh conditions. One
strategy, for example, is the formation of stress-resistant endospores. B. subtilis bacteria use
their flagella for a swarming motility. This motility occurs on surfaces, for example on agar
plates, rather than in liquids. B. subtilis are arranged in single rods or chains. Cells arranged
next to each other can only swarm together, not individually. These arrangements of cells are
called 'rafts'. In order for B. subtilis bacteria to swarm, they need to secrete a slime layer
which includes surfactin, a surface tension-reducing lipopeptide, as one of its components

(Schaechter, 20006).

Figure 1: Bacillus subtilis gram staining.
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1.2. Bacillus subtilis metabolism

B. subtilis bacteria have been considered strictly aerobic, meaning that they require oxygen to
grow and they cannot undergo fermentation. However, recent studies showed that they can
indeed grow under anaerobic conditions making them facultative anaerobes. The bacteria can
make ATP in anaerobic conditions via butanediol fermentation as well as nitrate
ammonification. B. subtilis can use nitrite or nitrate as a terminal acceptor of electrons. B.
subtilis contains two nitrate reductases. One is used for nitrate assimilation and the other is
used for nitrate respiration. However, there is only one nitrite reductase that serves both
purposes. Nitrate reductase reduces nitrate to nitrite in nitrate respiration, which is then
reduced to ammonia by nitrite reductase. B. subtilis is different from other facultative aerobes
in that it undergoes fermentation without external acceptors of electrons (Nakano, 1998).
During fermentation, the regeneration of NAD+ is chiefly mediated by lactate dehydrogenase,
which is found in the cytoplasm. Lactate dehydrogenase converts pyruvate to lactate (Marino,

2001).

1.3. Bacillus subtilis genome structure

B. subtilis displays several features, which render this organism an interesting organism not
only for the scientific community but also for industrial applications. These features include
amongst others the capability to: take up exogenous DNA (so called competence, which
facilitates genetic manipulations which are well established for this organism), form
endospores (so called sporulation which offers a model for studying this relatively simple
developmental process), secrete large quantities of proteins (also including heterologous
proteins). In addition, it was the first Gram-positive bacterium for which the complete genome
sequence became available in 1997 by Kunst et al. This revealed that the chromosomal DNA
of B. subtilis 168 strain has a low G+C content (43.5%) and comprises around 4.1 million
base pairs, corresponding to more than 4,100 genes. Remarkably, at that time only 30% of
these genes had a well known function, while for approximately half of the remaining ones an
annotated function could be assigned based on sequence homology. A great portion of the
genome corresponds to carbon source applications (Kunst et al., 1997). 192 of the 4,100
genes are considered indispensable, and an additional 79 are thought to be essential. Most of
the essential genes are involved in metabolism. Half of the essential genes are responsible for
processing information, one-fifth of them are responsible for cell wall synthesis, cell division

and shape, and one-tenth of them are responsible for the energetics of the cell. The essential

19

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

genes which code for unknown functions are 4% (Kobayashi, 2003). Most of the strains of B.
subtilis synthesize numerous antibiotics (Kunst et al., 1997). Five signal peptidase genes were

found to be important for this secretion function (Ara, 2007).

1.4. Regulation of transcription

Due to energy consumption reasons, only a fraction of the total number of genes so-called
housekeeping genes is constitutively expressed (Rasmussen et al., 2009). The products of
these genes are crucial for the cell at any circumstances, for example enzymes of the
glycolytic pathway or ribosomal proteins.

On the other hand, many other proteins are only needed “upon request” in specific situations,
such as the availability/lack of certain compounds or when being under stress conditions. To
recognize environmental changes and adequately respond to them, bacteria possess regulatory
molecules, so-called transcription factors (TFs) that control expression of one or more genes
(van Hijum et al., 2009). The process of gene expression is initiated by binding of the RNA
polymerase (RNAP) sigma factor complex to the promoter/operator site (DNA sequence in
front of a gene) that is recognized by the sigma factor component (van Hijum et al., 2009).
TFs bind to the promoter sequence as well and may either facilitate or hamper the attachment
of the RNAP leading to activation or repression of transcription, respectively and as such they
can be considered a key element in regulation of gene transcription. Although there are more
than 250 predicted TFs and 17 sigma factors encoded in the genome sequence of B. subtilis,
only a limited number of them have a defined function (Sierro et al., 2008; Grote et al., 2009).
In general, global transcription regulators and specific regulators can be distinguished based
on the number of regulated genes in their regulons, the former driving the expression of a
large number of genes of different functional categories, whereas the latter regulates only a
small number of genes in a particular metabolic pathway. Several factors contribute to the
complexity of prokaryotic gene regulation by TFs: global regulators have the capability to act
as either repressors or activators or both, a gene can be regulated by more than one TF and

one TF can modify expression of another TF.
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2. Non Ribosomal Peptides synthesis

Scientists in the 1960s realized that the ribosomal machinery is not suitable to produce
antibiotic lipopeptides. Until recently, non ribosomal synthesis of peptides was thought to be
restrictly produced of the gram-positive Actinomycetes and Bacilli genera, filamentous fungi,
or marine microorganisms (Faulkner, 2002), but we know today that eukaryotes also harbor
systems that resemble NRPSs (Finking and Maraheil, 2004).
NRPS is a multi enzyme system consisting of an arrangement of modules. A module is
defined as a section of the NRPS’s polypeptide chain that is responsible for the incorporation
of one building block into the growing polypeptide chain (Marahiel, 1997; von Déhren et al.,
1997; Schwarzer and Marahiel, 2001; Mootz et al., 2002). Thus, NRPSs are used
simultaneously as template (because the amino acid to be incorporated is determined by the
module) and biosynthetic machinery (it is the module that harbors all necessary catalytic
functions). The enzymatic units that reside within a module are called domains. These
domains catalyze at least the steps of substrate activation, covalent binding, and peptide bond
formation of non ribosomal peptide synthesis (Stachelhaus and Marahiel., 1995). Domains of
equal function share a number of highly conserved sequence motifs. These “core-motifs”

allow the identification of individual domains at the protein level (Schwarzer et al., 2003).

— gene

modules

@ domains & o @

C-domain  A-domain CP-domair

inifiation  elongation

Figure 2: NRPS modules and domains coming from the gene (Finking and Marahiel, 2004)
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2.1. NRPS modules

Modules can be subdivided into initiation, elongation and termination modules. Elongation
modules contain at the minimum an A-domain for substrate recognition (Dieckmann et al.,
1995; Stachelhaus and Marahiel, 1995; Mootz and Marahiel, 1997; May et al., 2001), a PCP
that holds the activated substrate (Stachelhaus et al., 1996; Ehmann et al, 2000), and a C-
domain for peptide bond formation (Stachelhaus et al., 1998; Bergendahl et al., 2002).

2.1.1. Adenylation domain

The A-domain (~550 a.a) is responsible for the selection of the amino acids that makes up the
product and thus controls its primary sequence. A-domains activate amino acid substrate as
amino acyl adenylate, while ATP is consumed (Dieckmann et al., 1995; Stachelhaus and
Marahiel, 1995; Mootz and Marahiel, 1997; May et al., 2001). Ten core-motifs were
identified in polypeptidic sequence of A-domains. The residues lie in a 100-aa stretch
between cores A4 and A5 of the A-domains analysis led to the introduction of the so-called
non ribosomal code, which allows the prediction of A-domain selectivity on the basis of its
primary sequence (Stachelhaus et a/, 1999; Du et al, 2000). In addition to the prediction of A-
domain selectivity, the non ribosomal code was also exploited for the creation of A-domains
with altered selectivity (Eppelmann et al., 2002). For exemple, site-directed mutagenesis
within the core A4-AS5 region changed the selectivity of s#7f4-A1 (first adenylation domain of
the first NRPS responsible for the surfactin biosynthesis) from Glu to Gln and that of srf4-B2
(second adenylation domain of the second NRPS responsible for the surfactin biosynthesis)

from Asp to Asn.

2.1.2. Peptidyl Carrier Protein domain

Called PCP, the Peptidyl Carrier Protein domain is a small domain (80-100 a.a) which
represents the transport unit that accepts the activated amino acid that is covalently tethered to
its 4-Phosphopantetheinate (4-PP) cofactor as thioester (Stachelhaus and Marahiel, 1996;
Ehmann et al, 2000). This cofactor 1is post-translationally transferred by a
phosphopantetheine transferase (PPTase) to a conserved serine residue of the carrier protein
(CP) and acts as a flexible arm to allow the bound amino acyl and peptidyl substrate to travel

between different catalytic centres.

22

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

2.1.3. Condensation domain

C-domains (~450 a.a) are the central entity of non ribosomal peptide synthesis because they
are responsible for peptide bond formation between amino acyl substrates bound to PCPs of
adjacent modules (Stachelhaus et al., 1998; Bergendahl et al., 2002). The enzyme catalyzes
the nucleophilic attack of the amino (or imino, hydroxyl) group of the activated amino acid
bound to the downstream (with respect to the C-domain) module onto the acyl group of the
amino acid tethered to the upstream module, as shown in Figure 2. According to the multiple-
carrier thiotemplate model (Stein et al, 1996), the C-domain possesses a site for the
nucleophile (acceptor site) and a position for the electrophile (donor site) as shown in Figure

3.
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Figure 3: Reaction mechanism of the C-domain (Finking and Marahiel, 2004)
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Figure 4: Crystal structures and reaction catalysed by the core-domains of NRPSs (Finking and Marahiel, 2004)
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2.1.4. The thioesterase domain

During synthesis, the growing peptide chain is handed over from one module to the next until
it reaches the final module’s PCP-domain. This module contains in most cases a TE-domain
(~250 aa) that is important for the liberation of the product (Schneider and Marahiel, 1998;
Sieber and Marahiel, 2003) (Figure 3). Product release is achieved by a two-step process that
involves an acyl-O-TE-enzyme intermediate that is subsequently attacked by either water or a
peptide-internal nucleophile (Kohli et al., 2001; Trauger et al., 2001; Miller et al., 2002)
which results either in a macrocyclic product, as observed in the case of surfactin (Tseng et
al., 2002). Macrocyclic release seems to be the favoured mechanism and the mode of
termination differs significantly between systems. TE-domains must hence have undergone
diversification to catalyze reactions such as amide bond formation between the N-terminal
amino group and the C terminus of the peptide (i.e., cyclosporine A), lactonization of the C-
terminal carboxyl group thioester of the peptide and the hydroxyl group of an N-terminal f-
hydroxy fatty acid (i.e., surfactin), or the formation of branched cyclic structures. Moreover,
TE-domains also qualify for the oligomerization of peptide units. Gramicidin S, for instance,
is composed of two identical pentapeptides bridged head to tail, whereas enterobactin
represents a trimer that has been cyclized to give a macrolactone. This high degree of
specialization is additionally reflected in the low sequence identity (10%—15%) among TE-

domains.

2.1.5. Secondary or additional domains

The additional domains can be involved in the biosynthesis of the peptide to modify the
structure of the monomer involved in the primary structure or to add some external
compounds to the peptide. Among these tailoring domains, they are cyclisation (Cy),
methylation (Me), oxidation (Ox), glycosylation, epimerisation (E) and addition of fatty acid
chain. The last two are involved in lipopeptide biosynthesis in Bacillus spp. The E-domain
catalyses the epimerisation of the PCP-bound L-amino acid of the growing polypeptide chain.
The addition of the fatty acid chain to the first amino acid of the peptide moiety is catalysed
by a first specific condensation domain. The added fatty acid chain can itself be partially
synthesized by another main group of modular enzymes, called the polyketide synthases
(PKS). In this last case, a hybrid PKS/NRPS is required for the synthesis of the biomolecules
(Du et al., 2000).
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2.2. Modes of biosynthesis

2.2.1. Linear NRPS

Surfactin synthetase is a linear NRPS (Peypoux ef al., 1999) in which a total of 24 domains
organized in seven modules are distributed over three NRPSs that act in the directional

synthesis of surfactin, starting at module 1 and ending at the TE domain of module 7.

A. Linear

module 1 module 3 module 4 module & madule 7
module 2 module 5

Siig SAC

SIA —_
c.?c.?CO?Q CO?C c’?@ c%ywi-

[ A

surfactin

Figure 5: Surfactin operon a linear NRPS strategy (Finking and Marahiel, 2004)

2.2.2. Iterative NRPS

This mode is used for gramicidin biosynthesis. Grs4 and GrsB first synthesize the
pentapeptide monomer that is stalled on the active-site serine of the TE-domain. The
regenerated NRPSs engage in a second round of synthesis and the TE-domain finally

catalyzes the head-to-tail cyclization to give the mature product (Shaw-Reid et al, 1999; Kohli

etal.,2001).
B. Iterative - P
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Figure 6: Gramicidin operon as an iterative NRPS strategy (Finking and Marahiel, 2004)

2.2.3. Non linear NRPS

This strategy is more complicated and characterized by an arrangement of modules that
deviates from the classical (C-A-PCP)n arrangement or by incorporation of small molecules
that are not covalently bound to the NRPS template during synthesis (Mootz et al., 2002).
Vibriobactin is synthesized using this complicated strategy by the condensation of

norspermidine (NS) with dihydroxybenzoate (DHB) and with two molecules of DHB-mOx
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(DHB-methyloxyzoline) by the second C-domain of VibF. Synthesis of DHB-mOx is
realized by transfer of DHB to VibF, which condenses it with the heterocyclized threonine.

C. Non-linear
moduie 1

VBB VibH DHB + (DHB + Thi) x 2

VioE VibF ' o ,:--l
o ? c Cy C". C ? c + NS A]_u‘it 'ﬂ‘,.( ;

A, vibriobactin

-{:NMQMNH:

norspermidine (NS)

Figure 7: Vibriobactin operon as a non linear NRPS strategy (Finking and Marahiel, 2004).

2.3. Post-translational modification

All PCPs of NRPS systems need to be post-translationally modified to serve their function as
transport proteins. For this purpose, the 4-PP moiety of CoA is transferred to a conserved
serine residue of the apo-CP and is then converted to the active #olo-CP. The transfer of 4-PP
is catalyzed by a dedicated PPTase in an Mg2+-dependent reaction (Lambalot et al., 1996;
Walsh et al., 1997). B. subtilis 168 was enabled to produce the lipopeptide antibiotic
plipastatin after transformation with chromosomal DNA of the plipastatin producer B. subtilis
YBS8. The study revealed that, in addition to the pps operon, the PPTase (/pa-8) (sfp) was
essential for the production of the antibiotic (Tsuge et al., 1999).
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Figure 8: 4-Phosphopantetheinyl transferases catalyze the nucleophilic attack of the conserved serine’s hydroxyl
group of the apo-CP onto the S-phosphate of CoA. This results in the conversion of the CP to the solo-form and
release of 3,5-ADP. Apo-PCPs of NRPSs can also be erroneously modified with acyl-CoA derivatives because
PPTases exhibit a somewhat relaxed selectivity toward these CoA derivatives. To regenerate the inactive NRPS,
a TEIl-domain hydrolyzes the thioester and leaves only the 4-PPcofactor on the PCP, which can afterwards

engage in non ribosomal peptide synthesis (Finking and Marahiel, 2004).

3. Bacillus lipopeptides

Bacillus lipopeptides are classified into three main different families: surfactins, iturins and
fengycins (or plipastatins). In addition, several new lipopeptides have been discovered as
Kurskatins, Antiadhesin, Bamylocin A, Circulocin 1, Circulocin 3 and Fusaricidin (Jacques,

2011; Roonsavang, 2011).
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Table 1: Lipopeptides families of Bacillus spp. (Jacques, 2011)

Fengycin and

Surfactin
Iturin family Plipastatin
family
family
Surfactin Mycosubtl'hn
. Bacillomycin F
Bamilocin il . .
A Bacillomycin L Fengycin
ich . Bacillomycin D ) )
Ll;;: enysin Tturin A Plipastatin
Sperin Tturin AL
Pumilacidin .
Iturin C

Kurstakin
family

Kurstakin

Table 2: Primary structure of representative lipopeptides produced by Bacillus strains

Name Structure Ref.
Surfactin family
Surfactin FAPOH-L-Glu-L-Len-D-Len-L-Val-L-Asp-D-Len-L-Leu [31]
Lichenysin AD FA-f-OH-L-Gln-1-Len-D-Len-L-Val-L-Asp-D-Len-L-Ile [7.32]
(Lichenysin B) FA-f-OH-L-Glu-L-Len-D-Len-L-Val-L-Asp-D-Len-L-Leu [33]
(Lichenysin C) FAp-OH-L-Glu-L-Len-D-Len-L-Val-L-Asp-D-Len-L-Ile [34]
Lichenysin G FA-f-OH-L-Glo-1-[A;]-D-Len-L-[As]-L-Asp-D-Len-L-[A7] [6]
As =LenTle, Ay=ValTle, A;=Tle/Val
Surfactant BL. 86 FA-f-OH-L-Glx-L-Len-D-Len-L-Val-L-Asx-D-Len-L-[A5] [35]
A;=Tle/Val
Pumilacidin FA-BOH-L-Glu-L-Len-D-Len-L-LeuL-Asp-D-Len-L-[As] [36]
A;=Tle/Val
Fengycin family
Fengycin FAp-OH [37]
-L-Glu-D-Om-D-Tyr-D-aThr-L-Glu-D-[Ag]-L-Pro-L-Gla-L-Tyr-L-Ile
Ag=Ala'Val
Plipastatin FABOH [37]
-L-Glu-D-Om-L-Tyr-D-aTh-L-Glu-D-[Ag]-L-Pro-L-Glo-D-Tyr-L-Tle
As=Ala/Val
Iturin family
Thorin A FA-f-NH;L-Asn-D-Tyr-D-Asn-L-Gln-L-Pro-D-Asn-1-Ser [38]
Thurin C FA-f-NH;-1L-Asp-D-Tyr-D-Asn-L-Gln-L-Pro-D-Asn-1-Ser [37]
Bacillomycin L FA-B-NH;L-Asn-D-Tyr-D-Asn-L-Ser-L-Glu-D-Ser-L-Thr [39]
Bacillomycin D FA-f-NH;-1-Asn-D-Tyr-D-Asn-L-Pro-L-Ghu-D-Ser-L-Thr [37]
Bacillomycin F FA-f-NH:-L-Asn-D-Tvr-D-Asn-L-Gln-L-Pro-D-Asn-L-Thr [37]
Mycosubtilin FA-f-NH;-L-Asn-D-Tyr-D-Asn-L-Gln-L-Pro-D-Ser-L-Asn [40]
Other
Antiadhesin FA-f-OH-L-Asp-L-Leu-L-Len-L-Val-L-Val-L-Glu-L-Leu [41]
Bamylocin A FA-B-OH-X-Glu-x-Len-x-Met-x-Len-X-Pro-xX-Len-X-Leun [42
Circulocin 1 gFA-P-OH-%-Thr-¥-Phe-x-Ile-x-Dba-X-Asp [43]
Circulocin 3 gFA-P-OH-%-Thr-X-Len-X-Ile-X-Thr-X-Asn-X-Ala [43]
Fusaricidin gFA-P-OH-L-Thr-D-Val-L-Tyr-D-aThr-D-Asn-D-Ala [44]
Kurstakins FA-3-Thr-x-Glv-X-Ala-X-Ser-X-His-X-Gln-X-Glin [45]

© 2011 Tous droits réservés.
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4. Polyketide synthases and NRPS/PKS hybrids

The synthesis of a polyketide requires at least three domains that can be organized in
modules much like NRPSs. The AT (acyl transferase) domain is responsible for the selection
of the substrate which can be malonyl-CoA, methyl-, ethyl-, or propylmalonyl-CoA units
(Katz, 1997). The AT-domain transfers the substrate to the 4-PP of the corresponding holo-
ACP (acyl carrier protein). The substrate is subsequently relocated to an active-site cysteine
residue of the KS (keto synthase)-domain. The malonyl derivative tethered to the ACP of the
adjacent downstream module is decarboxylated, which yields the free nucleophile necessary
for the following Claisen-condensation with the KS-bound ketide. The chain starter
(propionyl-CoA) is therefore always transferred to the extender molecule (methylmalonyl-
CoA) until the product has travelled through all elongating steps and undergoes cleavage by

macrocyclization catalyzed by a TE-domain.

Figure 9: A fictitious dimodular PKS. (4) The ACP of the first module is loaded with propionyl by the AT-
domain of the first module, and the second AT-domain loads its ACP with methylmalonyl. (B) The propionyl
residue is translocated to an active-site cysteine of the KS-domain. The methylmalonyl is subsequently
decarboxylated to yield the nucleophile for the condensation with the KS-bound propionyl. (C) The product of
the condensation is now covalently tethered to the 4-PP of the second module’s ACP and can participate in
subsequent elongation steps. The presence of the KR-domain in this example has additionally led to the

reduction of the f-carbonyl to a hydroxyl group (Finking and Marahiel, 2004).

Because of the close relationship between PKSs, FASs, and NRPSs, PKSs represent the
mediator between primary (FAS) and secondary metabolism (NRPS) that allows continuous
transition between these systems (Cane and Walsh., 1999). Du et al. (2000) showed that the
same catalytic sites are conserved between the hybrid NRPS-PKS and normal NRPS or PKS
systems, although the ketoacyl synthase domain in NRPS/PKS hybrids is unique, and that
specific interpolypeptide linkers exist at both the C- and N-termini of the NRPS and PKS

proteins, which presumably play a critical role in facilitating the transfer of the growing
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peptide or polyketide intermediate between NRPS and PKS modules in hybrid NRPS-PKS

systems.

5. Lipopeptide discovery

5.1. Surfactin discovery

In 1968 Arima et al. isolated an exo-cellular compound with an exceptional bio-surfactant
activity from the supernatant of a culture of B. subtilis. Its structure was elucidated as that of a
lipopeptide (Kakinuma et al., 1968). It was characterized as a valuable inhibitor of fibrin clot
formation, an antibacterial, anti-tumour and hypo-cholesterolemic agent. Other strains or
species producing surfactin derivatives were identified as Bacillus coagulans (Huszcza and
Burczyk 2006) and Bacillus mycoides (Athukorala et al., 2009). Related compounds have also
been found such as esperin (Thomas and Ito, 1969), halobacillin (Trischman et al., 1994),
lichenysin from from Bacillus licheniformis (Horowitz et al., 1990), pumilacidin from
Bacillus pumilus (Morikawa et al., 1992) or bamylocin A from Bacillus amyloliquefaciens

(Lee et al., 2007).

5.2. Iturin discovery

Mycosubtilin was the first antifungal lipopeptide from iturin family mentioned in literature
(Walton and Woodruff, 1949). The molecule was isolated from B. subtilis. Then, iturin was
characterized as a strong antifungal agent with a restricted antibacterial activity against
Micrococcus and Sarcina strains. The precise structure of iturin, mycosubtilin and similar
compounds from the same family was described during the 1970s and 1980s: mycosubtilin
(Peypoux et al., 1976, 1986), bacillomycin L (Besson et al., 1977) identical to bacillomycin
Lc or bacillopeptin (Eshita et al., 1995; Volpon ef al., 2007), iturin A (Peypoux 1978), iturin
C (Peypoux et al., 1978), bacillomycins D (Peypoux et al., 1981) and F (Peypoux et al.,
1985).

Production of iturinic compounds was also identified in other species such as Paenibacillus
koreensis (Chung et al., 2000), B. amyloliquefaciens (Yu et al., 2002) and B. pumilus (Cho et
al., 2009). Mycocerein, an antifungal peptide produced by Bacillus cereus was partially
described and could belong to the iturin family (Wakayama et al., 1984).

The genes involved in the biosynthesis of iturinic compounds have been first characterized for
mycosubtilin in B. subtilis ATCC 6633 (Duitman et al., 1999) and then for iturin A (Tsuge et
al., 2001a) and bacillomycin D (Koumoutsi et al., 2004; Moyne et al., 2004).

31

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

6. The difference between fengycins and plipastatins structure

Fengycins and plipastatins are very related lipo-decapeptides. They have two structures A
and B (figures 14, 16), which differ by their amino acid residue in position 6 that can be Ala
(form A) or Val (form B), and display an internal lactone ring in the peptidic moiety between
the carboxyl terminal amino acid (Ile) and the hydroxyl group in the side chain of the tyrosine
residue in position 3. Different B-hydroxy fatty acid chains (C14 to C18) are linked with an
amide bond to the N-terminal amino acid residue (Glu) (Nishikiori et al., 1986b;
Vanittanakom et al., 1986). The main representative fatty acid chains are C15, C16 and C17.
They are saturated, except in the case of a single lipopeptide isolated from the supernatant of
Bacillus thuringiensis, which has a fatty acid chain with one double bond between carbons 13
and 14 (Kim et al., 2004). The structure of the lipodecapeptide plipastatin was described first
by (Nishikori et al., 1986a) from B. cereus BMG302-fF67. They reported that the plipastatins
structure divided into two groups; the group A plipastatins had D-Ala at the 6-position of the
amino acid sequence from the N-terminus, and the group B had D-Val in this position. The
plipastatins numbered 'one' (i.e. Al and Bl) had 3(R)-hydroxyhexadecanoic acid (B-
hydroxypalmitic acid) as the fatty acid residue and those numbered ‘two' (A2 and B2) had
14(S)-methyl-3(R)-hydroxyhexadecanoic acid (B-hydroxy-anteiso-palmitic acid) as the fatty

acid residue.

L D L p-allo L Ik L D L
R—Glu—0Orn—Tyr—Thr—Glu—[X]—Pro—GIn—Tyr—Ille

" ]

Plipastatin R [X]
Al CH.(CH,),»:CHCH.CO- 3(R)-hydroxyhexadecanoic acid D-Ala
\
OH
A2 CH.,CH,CH(CH,),,CHCH.CO- 14(.5)-methyl-3(R)-hydroxyhexadecanoic acid p-Ala
| |
CH, OH
Bl CH.(CH,),,CHCH,CO- 3(R)-hydroxyhexadecanoic acid p-Val
|
OH
B2 CH,;CH,CH(CH.),,CHCH.CO- 14(.5)-methyl-3(R)-hydroxyhexadecanoic acid p-Val
| \
CH, OH

Figure 10: The total structure of plipastatin (Nishikiori et al., 1986b)

A conformational model of plipastatin Al was proposed by (Nishikori. et al., 1986b) as shown
in Figure 10. In 2000, Volpon et al. obtained two plipastatins from B. subtilis NCIB 8872,
differing only by a D-Ala (plipastatin A)/D-Val (plipastatin B) substitution at the position 6.
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Figure 11: NMR spectrum of plipastatin A, (Nishikiori ef al., 1986b)

In 2004, Wang et al. analysed the fengycin homologues produced by B. subtilis JA with
electrospray ionization/Collision-induced dissociation (ESI/CID) mass spectrometry and ions

representing characteristic fragmentations were detected.

OH 1080 966

'l—l

— ) —

CHgm (CH,) = CHom CH,m COmaLL GIuEOm L Ty umenD Thr sl GllimmD Al

Structure of fengyein A L 1lE a0 THT mm L GIN L. P10

OH 1108 994

CHym (CH,) @CHum CH mCO mal GIUI:Om[L TVl D) Tl GilUeeD Val
| I
o]

Structure of fengycin B L 116 e D TYl'—L Gl e L PO

Figure 12: Plipastatins A, B structures from ESI/CID (Wang et al., 2004)

Only two differences were identified between fengycin and plipastatin: a Gln instead of a Glu
in position 8 and the L and D forms of tyrosine, which are in position 3 and 9, respectively,
for plipastatins and 9 and 3 for fengycins. In the different works describing fengycin structure
since its discovery, the presence of a Glu in position 8 was never mentioned. However,
(Schneider et al., 1999) confirmed the existence of fengycin molecule with a D-Tyr in
position 3 from the supernatant of B. subtilis S499. This result cannot be correlated with the

structure of the synthetases described in other fengycin- or plipastatin-producing strains.
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Fengycin Structure
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Figure 13: The difference between fengycin and plipastatin structures in the position of L- and D-Tyrosine in
the molecules

7. Lipopeptide operons structure and regulation

7.1. Surfactin operon

Three large Open Reading Frames (ORFs) coding for surfactin synthetases are designated
srfAA, srfAB and srfAC (Galli et al., 1994). They present a linear array of seven modules (one
module per residue), three modules are present in the products of srf4-A and srfA-B, srfA-C
respectively, and the last one in s7f4-D. A high specificity was observed for adenylation
domains of modules 1, 3, 5 and 6, which recognize L-Glu, L-Leu, L-Asp and L-Leu amino
acid residues, respectively. Modules 3 and 6 contain an epimerase domain (E), which
transforms the incorporated L-Leu in a D-Leu. In vitro studies of the specificity of
adenylation domains of modules 2, 4 and 7 shown that they are able to accept several aliphatic
amino acid residues as substrates. The B-hydroxylated fatty acid chain is added to the amino
acid activated in the first module by the way of a starter condensation domain. A first
thioesterase fused with the carboxy-terminal end of the final activation PCP domain is

responsible for the release of the synthesized product from the enzymatic template.
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Figure 14: The regulation of NRPS modules and domains of surfactin operon (Seiber and Marahiel, 2003)

7.2. Iturin operon

Contrary to surfactin and fengycin, iturin derivatives are synthesized by a PKS—NRPS hybrid
complex. The operon consists of four ORFs called fenF, mycA, mycB and mycC for
mycosubtilin (Duitman et al., 1999), ituD, ituA, ituB and ituC for iturin (Tsuge et al., 2001)
and bmyD, bmyA, bmyB and bmyC for bacillomycin D (Hofemeister et al., 2004; Koumoutsi
et al., 2004). The last three genes encode for the three NRPSs, which are responsible for the
incorporation of the first residue (Asn for mycA, ItuA and BmyA), the following four residues
(Tyr, Asn, Gln, Pro for mycB and [ruB; Tyr, Asn, Pro, Glu for BmyB) and the two last
residues (Ser, Asn for mycC; Asn, Ser for [tuC and Ser, Thr for BmyC). The thioesterase
present in the last module catalyses the release of the peptide and the formation of an amide
bond between the carboxylic group of the last amino acid and the amino group of the fatty
acid chain. Epimerisation domains were identified in modules 2, 3 and 6. D-form of the

corresponding amino acid residues is observed in the final product.
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7.3. Fengycin and plipastatin operons structure and regulation

7.3.1. Fengycin and plipastatin operons synthetases systems

The operon encoding fengycin or plipastatin synthetases was first described in B. subtilis 168
by Tosato et al. (1997), and then in B. subtilis F29-3 by Lin et al. (1999) who cloned and
sequenced five fengycin synthetase genes. Among these genes, fenC encodes a fengycin
synthetase which activates L-glutamic acid and D-ornithine, respectively. A promoter is
located upstream from the start site of fenC. Lin et al. (2005) analyzed and sequenced fenD
gene that encodes an enzyme which activate Tyr and Thr, the third and the fourth amino acids
in fengycin, respectively. Shu et al. (2002) analysed the functions of the enzyme encoded by
fenE, which contains two amino acid activation modules that activate the three amino acids L-
Glu, L-Ala/L-Val, and L-2-aminobutyric acid, indicating that fenE activates the fifth and the
sixth amino acids in fengycin. Also, Lin et al. (1998) cloned and sequenced a fengycin
synthetase gene, fenB which has substrate specificity toward L-Ile, fenB also consists of a
thioesterase domain, suggesting that this protein may be involved in the activation of the last
amino acid of fengycin. Finally, Wu et al. (2007) reported that the five fengycin synthetases,
in B. subtilis F29-3, interlock to form a chain, which coils into a 14.5-nm structure. In this
chain, fengycin synthetases are linked in the order FenC-FenD-FenE-FenA-FenB by
interactions between the C-terminal region of an upstream enzyme and the N-terminal region
of its downstream partner enzyme, with their amino acid activation modules arranged
colinearly with the amino acids in fengycin. The third plipastatin or fengycin synthetases
description was in B. subtilis b213 and A1/3 in 1999 (Steller et al., 2000) by purification of
five multifunctional peptide synthetases (Fen 1-5) that catalyze biosynthesis of the peptide
portion of the fengycin. This five gene cluster (fen 1-5) shows high homology to the pps and
fen genes in B. subtilis strains 168 and F29-3. Finally, in Bacillus amyloliquefaciens FZB42,
Koumoutsi ef al. (2004) reported that the fengycin (fen) operon was organized and located as
in B. subtilis 168.
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Figure 15: The regulation of the NRPS modules and domains of fengycin operon. (Samel ef al., 2006)
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Figure 16: Operons of mycosubtilin, surfactin and plipastatin synthetases. Schematic representation of operons (ORFs, domains of NRPSs
or PKSs and amino acid incorporated by the different modules) encoding catalytic machinery responsible for the biosynthesis of
representative members of each family of lipopeptides produced by Bacillus subtilis: mycosubtilin for the iturin family, plipastatin for the
fengycin family and surfactin. Domains are described in the box text (Ongena and Jacques, 2008)
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7.3.2. Fengycin and plipastatin promoter expression

Since the promoter plays an important role in the regulation of the transcription, Ke et al.
(2009) established that the promoter of the fengycin synthetase operon of B. subtilis F29-3 is
located 86 nucleotides upstream from the translational initiation codon of fenC. This
investigation involved transcriptional fusions with a DNA fragment that contains the region
between positions -105 and -80 and determined that deleting the region between positions -55
and -42 reduces the promoter activity by 64.5%. Transcriptional fusions in the B. subtilis DB2
chromosome also indicated that mutating the sequence markedly reduces the promoter
activity. An in vitro transcription analysis confirmed that the transcription is inefficient when
the sequence in this region is mutated. Electrophoretic mobility shift and footprinting analyses
demonstrated that the C-terminal domain of the RNA polymerase subunit binds to the region
between positions -55 and -39. These results indicated that the sequence is an UP (region
upstream the promoter) element. Finally, this UP element is critical for the production of
fengycin, since mutating the UP sequence in the chromosome of B. subtilis F29-3 reduces the
transcription of the fen operon by 85%.

To study the plipastatin or the fengycin promoter expression a reporter gene fusion system
was used. By the early 1980’s, the construction of /acZ-gene fusions was revolutionizing the
field Escherichia coli genetics (Casadaban et al., 1983). The use of B-galactosidase, for which
a simple colorimetric assay was available, to tag a gene product that was difficult to quantitate
was a powerful new tool for studying gene regulation. Naturally, researchers in the B. subtilis
community were eager to adapt the technique to their model system. In 1982, Donnelly and
Sonenshein announced that they had created a lacZ-fusion with the promoter and first few
codons of the B. subtilis tms gene. When they placed the construct on a high copy number
plasmid in B. subtilis, copious amounts of f-galactosidase were produced. It had occurred that
they might be able to integrate their fusion into the #ms locus, but their attempt was
unsuccessful. Fittingly, the first reported use of an integration vector to create a gene fusion
within the chromosome was in Zuber and Losick’s study of the “0.4 kb gene,” spoV'G (Zuber
et al., 1983). Their vector allowed them to study the timing of spoV'G expression in a natural,
single-copy state and provided for an easy way to transfer the reporter gene fusion into a
variety of genetic backgrounds. Reports of similar studies using integration vectors to create
fusions with other genes quickly followed (Ferrari et al., 1985; Piggot et al., 1987,
Lewandoski et al., 1988).
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8. Fengycins and plipastatins production
8.1. The role of sfp and degQ genes in plipastatin or fengycin production

The 4-phosphopantetheinyl transferase sfp gene is required to promote the lipopeptide
production, when this gene was inactivated in strain B. subtilis YBS8, neither surfactin nor
plipastatin B; was produced (Tsuge et al., 1996). Tsuge et al. (1999) claimed that strain 168
expressing only /pa-8 (sfp) can also produce plipastatin, although the yield is very low.
However, the introduction of the pleiotropic regulator degQ from strain YBS8 into strain 168
expressing /pa-8 resulted in a ten-fold increase in the production of plipastatin. Also, Tsuge et
al. (2007) reported that the biosynthesis of plipastatin from B. subtilis 168 requires three gene
blocks at different genome loci, i.e. the peptide synthetase operon ppsABCDE (38kb), degQ
(0.6 kb), and sfp (1.0 kb). On the other hand, Ongena et al. (2007) constructed three mutants
of strain B. subtilis168 that produce specific amounts of each lipopeptide. After the
introduction of active sfp from B. subtilis S499, the B. subtilis 2500 derivative was obtained
which produces high levels of surfactin but still very low amounts of fengycin. Replacement
of the fengycin promoter in B. subtilis 2500 by a stronger promoter sequence (PamyQ)
yielded B. subtilis 2508 that efficiently produces both surfactin and fengycin in final
concentrations higher than 400 mg/L without the introduction of active degQ gene. They also
obtained B. subtilis 2504, a surfactin non-producer derivative of B. subtilis 2508 by
interrupting the s7f4 operon, which also secretes fengycins in large amounts at a level similar

to B. subtilis 2508 but is impaired in surfactin production.

8.2. Optimal growth conditions and culture medium for fengycin or plipastatin
production

Lipopeptide production depends on the environmental and nutritional conditions to which the
B. subtilis cells are exposed; the composition of the fermentation medium is one of these
important factors, whereas Leenders et al. (1999) reported that B. subtilis 6633 showed a
striking difference in lipopeptide production when it was cultivated under different culture
media (only surfactin was detected with Landy medium, mycosubtilin was detected with
DSM medium, while both mycosubtilin and surfactin were detected with ACS medium).
Moreover, Volpon et al. (2000) observed that the modification of the culture conditions
(nitrogen source, pH) for B. subtilis NCIB 8872 strain induced the production of fengycin or
plipastatin. In 2001, Akpa et al. studied the effects of different media on the nature of the
synthesis of fatty acid chains for each lipopeptide family from B.subtilis NT02 strain

cultivated in optimized medium and Landy medium. Analysis of the lipopeptides showed that
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B. subtilis NT02 yielded various homologous compounds when cultivated in Landy medium
(which contains glucose, glutamic acid and mineral salts), but primarily one homologous
product in high relative amounts when cultivated in the optimized medium (which contains
saccharose, peptone, yeast extract and mineral salts), which was identified as bacillomycin L
cl5. However, Jacques et al. (1999) studied the fengycin production by B. subtilis S499 in
fermentor with two different fermentation media. 863 medium yielded 31 mg/L fengycin;
whereas the optimized medium yielded 95 mg/L. In addition, Wei et al., (2010) indicated that
26.2 g/L of mannitol, 21.9 g/L of soybean meal, 3.1 g/L of NaNOs; and 0.2 g/L of
MnSO4-4H,0 represented the optimal medium composition, leading to the highest production
of fengycin in B. subtilis F29-3. Furthermore, this optimization strategy increased the

fengycin production from 1.2 g/L to 3.5 g/L.

9. The role of fengycins and plipastatins in biocontrol of plant pathogens
9.1. The mode of action of fengycin

The small size of the fengycin peptide part and its strong amphiphilic character facilitate its
insertion into the membrane and thus speeds up the process. Deleu et al., (2008) investigated
the fengycin binding to and/or insertion into a model biomembrane to reveal its perturbing
effect and better understand its biological action. Monolayer experiments revealed that the
fengycin insertion into a DPPC monolayer occurs very quickly. Also, Deleu et al., (2008)
have confirmed the penetration ability of fengycin into lipid bilayers and they described that
the mode of action of fengycin involved in the bilayer solubilization is dependant on the

concentration as follows:

a) Low fengycin concentration
At low fengycin concentration (about 10 uM, fengycin/lipid molar ratio = 0.002), where the
insertion of fengycin does not significantly affect the phospholipid interfacial assembly,

fengycin is dispersed as a monomer into the hydrophobic core of the bilayer.

b) Medium fengycin concentration
At medium fengycin concentration (about 133 puM, fengycin/lipid molar ratio = 0.026) the
bilayer self-assembled structure is affected, fengycin accumulation within the bilayer leads to

self-association of fengycin molecules.
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¢) High fengycin concentration

At high fengycin concentrations (about 2.4mM, fengycin/lipid molar ratio = 0.5) fengycin
acts as a detergent by solubilizing the membrane. To conclude, the mechanism of fengycin
action is probably based on a two-state transition controlled by the lipopeptide concentration.
One state is the monomeric, not deeply anchored, and nonperturbing lipopeptide, and the
other state is a buried, aggregated form, which is responsible for membrane leakage and
bioactivity.

In addition, Eeman et al. (2009) reported that the fengycin insertion at the lipid interface is
enhanced in the presence of cholesterol. Cholesterol strongly interacts with fengycin and

undergoes specific molecular interactions.

9.2. Fengycin role in biocontrol
In the context of biocontrol of plant diseases, the three families of Bacillus lipopeptides
surfactins, iturins and fengycins were at first mostly studied for their antagonistic activity for
a wide range of potential phytopathogens, including bacteria, fungi and oomycetes. Recent
investigations have shed light on the fact that these lipopeptides can also influence the
ecological fitness of the producing strain in terms of root colonization (and thereby
persistence in the rhizosphere) and also have a key role in the beneficial interaction of
Bacillus species with plants by stimulating host defence mechanisms. The different structural
traits and physicochemical properties of these effective surface and membrane active
amphiphilic biomolecules explain their involvement in most of the mechanisms developed by

bacteria for the biocontrol of different plant pathogens (Ongena et al., 2007).

41

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

Surfactins [turing Fengycins

Biofilm/pellicle

]

4

A

v

y

Il

Spreading

Anti-bacterial

Anti-fungal
|

Signal for plant cells

Soil inoculation

Pathogen

Resistance
induction

Colonization

 Beneficial
' rhizohacteria

&

Rhizosphere competence Direct inhibition of phytopathogens Host plant immunization

Figure 17: Overview of Bacillus lipopeptide interactions in the context of biological control of plant diseases.
From left to right, the three photographs show bacterial spreading, fungal growth inhibition through the
production of fungitoxic compounds by blue bacterial cells and leaf disease reduction following inoculation of
the beneficial bacterium on roots. They illustrate how to get experimental indications about the potential
involvement of one particular strain in the three phenomena schematically represented in (A), (B) and (C).
Establishment in biofilm and/or microcolonies of the rhizobacterium is represented in (A), (B) represents direct
antibiosis that can be exerted by the established biocontrol strain toward pathogens sharing the same
microenvironment. In (C), the arrows illustrate the emission of a signal following perception of the
rhizobacterium at the root level. This signal moves over the entire plant leading to some systemic reinforcement
allowing pathogen restriction at distal sites of infections. (Ongena and Jacques, 2008)
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In the control of phyllosphere diseases, a contribution of both iturins and fengycins was
recently shown in the antagonism of B. subtilis towards Podosphaera fusca infecting melon
leaves (Romero ef al., 2007). This was demonstrated by identifying iturins and fengycins as
the main antibiotic products excreted by the strains, by showing the strong inhibitory effect of
these lipopeptides on P. fusca conidia germination, and by recovering lipopeptides from
bacterial-treated leaves and using lipopeptide-deficient transformants. B. subtilis S499
efficiently produces lipopeptides from the three families, and notably produces a wide variety
of fengycins (Jacques et al. 1999; Ongena et al., 2005). Direct evidence for a role of
fengycins in disease reduction derives from experiments showing the ability of strain S499 to
protect wounded apple fruits against gray mold disease caused by Botrytis cinerea. This role
was demonstrated by the effective disease control provided by treatment of fruits with
lipopeptide-enriched extracts and by in situ detection of fengycins in inhibitory amounts
(Ongena et al., 2005). Also, fengycin from B. subtilis D1/2 was found to inhibit Fusarium
graminearum (Chan et al., 2009).

In 2004, Ongena et al. described the ability of B. subtilis strain M4 to reduce disease
incidence caused by Colletotrichum lagenarium and Pythium aphanidermatum on cucumber
and tomato, respectively with mixture of lipopeptides from the surfactin, iturin and fengycin
families. Also, Tour¢ et al., (2004) tested the ability of B. subtilis GA1 to reduce post-harvest
infection caused by B. cinerea was tested on apples. This strain was very effective at reducing
disease incidence according to its wide variety production of antifungal lipopeptide isomers
from the iturin, fengycin and surfactin families. It was marked also that the fengycins with

longer hydrocarbon side chains (C17 and C18) are potentially more bioactive.

In 2006, Sun et al. isolated Bacillus amyloliquefaciens ES-2 strain, a co-producer of fengycin
and surfactin, from the Chinese medicinal plant Scutellaria baicalensis Georgi. This strain
was found to strongly inhibit the growth of all Gram-positive bacteria tested except B. subtilis
and all Gram negative ones except Ochrobactrum anthropi. Moreover, the filtrate exhibited
promising activities against phytopathogenic fungi, such as Penicillium italicum (apple rot
fungus), Fusarium culmorum, llliciun verum Hook.f phytopathogenic fungus, Botrytis cinerea
Pers (tomato phytopathogenic fungus), Magnaporthe grisea (rice blast), Erysiphe graminis
hordei (rice sheath slight). Therefore, it is considered that the antimicrobial substances
produced by ES-2 have potential for food preservation and fungal plant disease control.

Moreover, Hu et al. (2007) isolated fengycin antibiotic from B. subtilis B-FSO1 culture which
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inhibit the growth of Fusarium moniliforme Sheldon ATCC38932. Also, Wang et al. (2007)
detected inhibitory activity of B. subtilis strain IB against the Fusarium head blight disease
fungus and the major inhibitory compound was fengycin. Whereas, Athokorala et al. (2009)
detected the presence of fengycin synthetic gene in four Bacillus strains: B. subtilis H-08-02,
B. subtilis 3057, B. amyloliquefaciens B. subtilis S6 and Bacillus mycoides 4079. All the
strains showed > 50 % mycelia inhibition of S. sclerotiorum and (or) F. graminearum under
laboratory conditions, in addition some have shown significant greenhouse and field control
of stem rot disease in canola and fusarium head blight in wheat. In addition, Chen et al.,
(2009) shown that the fungicidal activities of bacillomycin D and fengycin are due to a
synergistic action. B. amyloliquefaciens FZB42 inhibited growth of plant pathogenic fungi
such as Fusarium spp. including F. oxysporum, Gaeumannomyces graminis, Rhizoctonia

solani, Alternaria alternatae, Botrytis cinerea and Pythium aphanidermatum.
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10. The role of fengycin in food applications

The increasing trend to limiting the use of chemical food preservatives has generated
considerable interest in the use of ‘‘natural’’ alternatives. Several cationic antimicrobial
peptides have been studied and applied commercially for food applications including
protamine, nisin, and pediocin (Montville et al., 1995; Siragusa et al., 1999). Nevertheless,
some antimicrobial lipopeptides including surfactin, fengycin, iturin, and bacillopeptins
produced by B. subtilis also had natural characters as above (Kajimura et al., 1995; Shu et al.,
2002; Cho et al., 2003). Therefore, their commercial applications would be feasible. Steller
and Vater (2000) indicated that both surfactin and fengycin had a broad spectrum of
antimicrobial activity, including Gram-positive and Gram-negative bacteria, fungi, protozoa,

and viruses.

11. An overview of different works of ProBioGEM laboratory in relation with our study
11.1. Fengycin production from B. subtilis ATCC 21332

Firstly, B. subtilis ATCC 21332 a wild type strain was thought to be a mono- surfactin
producer, but it was found to be co-producer for both surfactin and fengycin by Gancel et al.,
(2009) whereas they studied the surfactin and/or fengycin batch production by immobilized
cells of Bacillus subtilis ATCC 21332. Influence of particles on lipopeptide production was
analyzed and they found that the addition of carriers seemed to modify the ratio between
surfactin and fengycin with an enhancement of the fengycin production. The highest
concentration of fengycin was obtained with addition of pellets containing 0.35% of iron.
Coutte et al. (2010) studied the lipopeptide production of this later strain in bubbleless
bioreactors. In a bioreactor equipped with a submerged hollow fiber membrane air-liquid
contactor in polypropylene, surfactin production was lower than in the other bioreactors
equipped with external membrane contactor, but fengycin production was surprisingly high
(982 mg after 72 h of culture). Also, Tapi ef al. (2009) amplified a fragment similar (99%, e
value=0.00) to the plipastatin synthetase gene in B. subtilis ATCC 21332, which has not yet
been identified as a producer of plipastatin molecules. This result confirms the detection of
fengycins in the supernatant of B. subtilis ATCC 21332 by Gancel et al. (2009). Recently, B.
subtilis BBG21, a spontaneous mutant of the B. subtilis strain ATCC 21332, was obtained at
ProBioGEM. This mutant differs from the wild type strain by ability to produce surfactin and

fengycin in higher quantities.
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11.2. Norine
This project results from a tight collaboration between the SEQUOIA bioinformatics research
group of LIFL (Laboratoire d'Informatique Fondamentale de Lille) and INRIA (Institut
National de Recherche en Informatique et en Automatique) and the NRPS team from the
ProBioGem laboratory (Laboratoire des Procédés Biologiques Génie Enzymatique et
Microbien). The researchers have developed several new tools for the study of NonRibosomal
Peptides (NRPs) including a database (NORINE, Caboche et al., 2008), a tool for NRPs
structure comparison (Caboche et al., 2009) and a tool for NRPs biological activity prediction
(Caboche et al., 2010). This bioinformatics software server includes a database of

nonribosomal peptides. The website of this project is: http://bioinfo.lifl.fr/norine.
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Chapter III. Objectives of the work

Numerous Bacillus genomes were recently sequenced and published, so it is interesting as a
first aim of this work to get an overview of the Non Ribosomal Peptides produced or
potentially produced by these Bacillus strains, especially lipopeptides. This work will be done
by analysing their genomes using bioinformatics tools to detect the different NRPS genes, to
decrypt their modular structure and to predict the structure of the peptide they could
synthesize.

Since the concomitant discovery of fengycin and plipastatin in 1986 by the German
(Vanittanakom et al. 1986) and Japanese teams (Nishikiori et al. 1986), a doubt still exists
today about the differences in the structure of these lipopeptides and in their biological
activities. Our second aim will be to focus our work on fengycins or plipastatins produced by
the NRPS system in some B. subtilis strains, in order to relate the structure of these two
molecules and the structure of operons responsible for their biosynthesis. Indeed, Schneider et
al. (1999) confirmed the existence of fengycin molecule produced by Bacillus subtilis S499
strain, which cannot be correlated with the structure of the synthetases described in other
fengycin- or plipastatin-producing strains such as Bacillus subtilis 168 or Bacillus
amyloliquefaciens FZB48. Thus partial sequencing of the operon of Bacillus subtilis S499
will be carried out to elucidate its modular organization. Similar approaches will be
performed to analyse the structure of the plipastatin/fengycin operons from Bacillus subtilis

ATCC21332 and its spontaneous mutant, BBG21.

Since there are many similarities between fengycin and plipastatin, it could be interesting to
produce and purify it from B. subtilis 168. A third objective will be thus to get a plipastatin
overproducing strain by exchanging the native promoter of plipastatin operon with a strong
and constitutive one P.,y, which will (i) facilitate purification of plipastatin only in
significant amounts, and (ii) studies on plipastatin role as an antifungal antibiotic in biocontrol

experiments, and its potential use as a biopesticide.

It was recently shown in ProBioGEM that Bacillus subtilis BBG21 is able to produce high
amounts of fengycin in specific conditions. As a last objective, the strength of the fengycin
promoter of this strain and its wild-type mother strain B. subtilis ATCC21332 will be

compared in different cultural conditions by using a reporter gene.
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Chaper 1IV. Materials and methods

1. Materials

1.1.  Strains

1.1.1. Bacillus subtilis 168 and its derivatives

B. subtilis 168 was used in this study as its whole genome was sequenced and the data are
available. Because of its high specificity and efficiency of genetic transformation, it is a
widely used recipient for recombinant DNA. The B. subtilis 168 genome project revealed two
large operons which encode for nonribosomal peptide synthetases: the surfactin and
plipastatin operons. The strain 168 #pC2 harbours an inactive sfp allele (sfp”), and thereby
cannot produce lipopeptides. It also bears an inactive degQ gene (degQ’), thought to
correspond to a pleiotropic regulator (Tsuge et al., 1999). The sfp gene encodes a 4-
phosphopantetheinyl transferase, which converts inactive apoenzyme peptide synthetases to
their active holoenzyme forms by posttranslational transfer of the 4-phosphopantetheinyl
moiety of coenzyme A to the synthetases.
Two B. subtilis 168 derivatives (BBG111 and BBG127) were from the collection of the
ProBioGEM laboratory; strain 168 was genetically modified by the introduction of a
functional sfp gene which resulting in both surfactin and plipastatin productions (strain
BBG111). The strain BBG127 bears the lacZ ORF fused to the Py promoter of B. subtilis
168 (Coutte et al., 2010).

1.1.2. Bacillus subtilis ATCC 21332
This strain is a wild type strain thought to be a mono- surfactin producer, but it was found to
be co-producer for both surfactin and fengycin (Gancel et al., 2009; Coutte et al., 2010; Tapi
et al., 2009).

1.1.3. Bacillus subtilis BBG21
This strain is a spontaneous mutant of the B. subtilis strain ATCC 21332. It produces surfactin

and fengycin in higher quantities than the mother strain ATCC 21332.
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This strain was a gift from L. Delcambe (CNPEM, Liege, Belgium). It produces three

lipopeptides; surfactin, iturin and fengycin. Schneider et al. (1999) confirmed that the

fengycin molecule synthesized cannot be correlated with the structure of the synthetases

described in other fengycin- or plipastatin-producing strains.

1.1.5. Escherichia coli JM109

This strain was used to the amplification and the conservation of the different plasmids.

JM1009 is a high-efficiency competent strain (=1 x 10 cfu/pg DNA) for transformations.
The genotype is recAl, endAl, gyrA96, thi, hsdR17 (tK—mK+), reldl, supE44, A(lac-
proAB), [F’, traD36, proAB, laclqZAM15] (4)

Table 3: Different used and constructed Bacillus subtilis strains

Name Genotype Phenotype Lipopeptide Reference
production
168 trpC2, sfp° Trp’, sfp - ProBioGEM
21332 sfp’ - Srf, Fen ProBioGEM
BBG21 sfp+ - Srf, Fen ProBioGEM
S499 sfp’ - Srf, Fen, Itu | (Jacques et al., 1999)
BBG111 trpC,, amyE ::sfp-cat Trp’, amy’, Cm® Srf, Fen (Coutte et al., 2010)
BBG127 trpCy, amyE ::Py,p-lacZ-cat Trp’, amy’, Cm® - (Coutte et al., 2010)
BBG134 trpC,, amyE ::sfp-cat, srfAA-Tet Trp’, amy’, Cm®, Tet® Fen ProBioGem
BBG142 trpC,, amyE:: pps 168-lacZ-cat Trp~, amy’, Cm® - This study
BBG139 trpC,, amyE:: pps BBG21-lacZ-cat Trp~, amy, Cm® - This study
BBG140 trpCy, amyE :: sfp- cat , (neo -P,,,)::ppsA Trp~, amy’, Cm®¥, Nm® Srf This study
1.2.  Vectors and plasmids

All vectors and plasmids used are in this study were listed in table 2.

© 2011 Tous droits réservés.
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1.2.1. pGEM-T Easy Vector

Xmnl 2009
171
Scal 1890 Nael 2707 / ey Jg
\ Aatll | 20
f1 ori Sphl 26
BstZl 31
Ncol 37
Amp" BstZl 43
nGEM®-T Easy  lacz ot | 43
Vector ! EcoRl | 52
(3015bp)
Spel 64
EcoRlI 70
MNotl 77
BstZl 77
Pstl 88
ori Sall a0
Ndel a7
Sacl 109
BstXl |118 &
Nsil 127 =
T 141 2
SPe -

Figure 18: pGEM-T Easy vector with different restriction sites

pGEM-T Easy vector is a commercial plasmid from Promega (Leiden, The Netherlands). It is
a 3 kb plasmid designed for the cloning of PCR products. pGEM®-T Easy Vector is high-
copy-number vectors containing T7 and SP6 RNA polymerase promoters flanking a multiple
cloning region within the a-peptide coding region of the enzyme [-galactosidase. Insertional
inactivation of the a-peptide allows identification of recombinants by blue/white screening on

indicator plates.

1.2.2. pDG1661 plasmid

The plasmid pDG1661 (figure 19) [Bacillus Genetic Stock Center (BGSC): ECE112, Gene
Bank: U46196] was designed to integrate a lacZ fusion into the B. subtilis 168 chromosome at
the amyFE locus. The user inserts the promoter-containing fragment into the multiple cloning
site to create /acZ fusion. The plasmid is transformed into B. subtilis 168 derivatives with a

selection for chloramphenicol resistance.
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Figure 19: The integration plasmid pDG1661

1.2.3. pBG106 plasmid
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Figure 20: The pBG106 plasmid.
The plasmid pBG106 was derived from both Staphylococcus aureus plasmid pUB110 and

vector pUCI19. It was used to obtain the BBG100 derivative of B. subtilis ATCC6633, which

overproduces mycosubtilin (Leclére ef al., 2005).
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Table 4: Different plasmids used and constructed in this study

© 2011 Tous droits réservés.

Name Resistance | Insert Source
pGEM -T Easy ApR ) Promega
cloning vector
pDG1661 R R
] ] Ap " Cm (Guerout-Fleury et al.,
integration vector R -
Spc 1996)
epbp, P,.,u-neo, sfenkF’
pBG106 Apt Nm® | T e (Leclére et al. 2005)
Ap® Cm® | 0.34 kb HindllI-EcoR1 Pfen BBG21 fragment .
pBG184 R ) ) This study
Spc from pBG185 inserted into pDG1661
R 0.63 kb ppsA cassette 2 fragment cloned into )
pBG177 Ap This study
pGEM-T Easy
2o g | 0.:61KkbdacC cassette 1 fragment cloned into )
pBG178 Ap " Nm This study
pGEM-T Easy
R 0.61 kb Aatll-Ncol dacC cassettel from )
pBG179 Ap This study
pBG178 inserted into pBG177
1.34 kb Xbal P,,,-neo fragment from pBG106
pBG180 Ap® Nm* e £ P This study
inserted into pBG179
& & | 0-34 kb Hindlll-EcoRI pps 168 from pBG184
pBG185 Ap " Cm ) ) This study
inserted into pDG1661
& & | 0.621 kb Xbal-Banll ppsA cassette 2 fragment )
pBG182 Ap " Cm ) ) This study
from pBG177 inserted into pBG180
R 0.456 kb ppsA cassette 2N fragment cloned into )
pBGI183 Ap This study
pGEM-T Easy
R 0.34 kb Ppps 168 fragment cloned into pGEM-T )
pBG176 Ap This study
Easy
R 0.34 kb Pfen BBG21 fragment cloned into
pBG181 Ap This study
pGEM-T Easy
R 0.72 kb dacC- Ppps 168 fragment cloned into
pBG186 Ap This study
pGEM-T Easy
R 0.604 kb dacC 168 cloned into pPGEM-T Easy
pBG187 Ap This study
R 0.60 kb Sphl-Sall dacC 168 fragment from )
pBG188 Nm ) This study
pBG186 cloned into pBG106
0.72 kb Sphl-Sall dacC-Ppps 168 fragment
pBG189 Nm?"® P P s This study
from pBG186 cloned into pBG106
R 1.43 kb Xbal P, neo gene from pBG106
pBG190 Nm This study
inserted into pPBG189
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R 0.456 kb Sall-Ndel ppsA cassette 2N 168
pBG191 Nm This study
fragment from pBG183 cloned into pBG180
R 0.78 kb Ncol-Sacll spc gene from pBG214
pBG192 Spc This study
inserted into pBG192
R 0.34 kb EcoRI Pfen BBG21 fragment from
pBG193 Ap ] This study
pBG18S5 cloned into pBG191
R 0.45 kb fengycin primers BBG21 fragment
pBG194 Ap This study
cloned into pGEM-T Easy
R 0.95 kb plipastatin primers BBG21 fragment
pBG195 Ap This study
cloned into pPGEM-T Easy
R 1.6 kb ppsD BBG21 fragment cloned into )
pBG196 Ap This study
pGEM-T Easy
R 1.2 kb ppsB BBG21 fragment cloned into
pBG197 Ap This study
pGEM-T Easy
1.5 kb ppsE-yngL BBG21 fragment cloned into
pBG198 Ap® PP & . This study
pGEM-T Easy
0.76 kb ppsA-ppsB BBG21 fragment cloned into
pBG199 Ap® PPRaPp £ This study
pGEM-T Easy
1.074 kb ppsC-ppsD BBG21 fragment cloned
pBG201 Ap® PRE=RP s This study
into pPGEM-T Easy
1.2 kb ppsB 21332 fragment cloned into_ pGEM-
pBG202 Ap® PP s P This study
T Easy
R 1.6 kb ppsD 21332 fragment cloned into pGEM-
pBG203 Ap This study
T Easy
1.5 kb ppsE-ynLl 21332 fragment cloned into
pBG204 Ap® PR ¢ This study
pGEM-T Easy
0.76 kb ppsA-ppsB 21332 fragment cloned into
pBG205 Ap® PPSPP . This study
pGEM-T Easy
1.074 kb ppsC-ppsD 21332 fragment cloned into
pBG206 Ap® PRE=Pp . This study
pGEM-T Easy
R 0.85 kb plipastatin primers 21332 fragment )
pBG207 Ap ) This study
cloned into pPGEM-T Easy
R 0.45 Kb fengycin primers 21332 fragment )
pBG213 Ap ) This study
cloned into pGEM-T Easy
R 0.45 kb fengycin primers S499 fragment cloned
pBG215 Ap This study
into pGEM-T Easy
R 0.45 kb plipastatin primers S499 fragment
pBG216 Ap This study
cloned into pGEM-T Easy
pBG217 Ap® 0.76 kb ppsA-ppsB S499 fragment cloned into This study

© 2011 Tous droits réservés.
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pGEM-T Easy
2.08 kb ppsB-ppsC S499 fragment cloned into

pBG218 Ap® This study
pGEM-T Easy
1.074 kb ppsC-ppsD S499 fragment cloned into

pBG219 Ap® PPY=PP This study
pGEM-T Easy
2.77 kb ppsD-ppsE S499 fragment cloned into

pBG220 Ap® PPIETPP £ This study
pGEM-T Easy
9 kb ppsA- ppsC S499 fragment cloned into

pBG221 Ap® pReem P s This study
pGEM-T Easy
10 kb ppsC- ppsE S499 fragment cloned into

pBG222 Ap® PPy pp s This study
pGEM-T Easy

© 2011 Tous droits réservés.
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Table 5: Different E. coli strains constructed in this study

Name of strain Resistance Cloned plasmid
EBG173 Ap" pBG177
EBG174 Nm® pBG178
EBG175 Ap® pBG179
EBG176 Nm® pBG180
EBG177 Cm™ pBG184
EBG178 Cm" pBG185
EBG179 Nm*® pBG182
EBG180 Ap" pBG183
EBG181 Ap® pBG176
EBG182 Ap® pBG181
EBG183 Ap™ pBG187
EBG184 Nm® pBG191
EBG185 Ap® pBG192
EBG186 Spc® pBG193
EBG187 Ap® pBG194
EBG188 Ap® pBG195
EBG189 Ap™ pBG196
EBG190 Ap® pBG201
EBG191 Ap® pBG202
EBG192 Ap™ pBG203
EBG193 Ap® pBG204
EBG194 Ap® pBG205
EBG195 Ap* pBG206
EBG196 Ap® pBG207
EBG197 Ap® pBG213
EBG198 Ap" pBG2138
EBG199 Ap® pBG219
EBG200 Ap® pBG220
EBG201 Ap" pBG221
EBG202 Ap* pBG222
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1.3. Culture media

1.3.1. Liquid culture media

Landy MOPS medium (Landy et al., 1948): 1 L is composed of: 20 g glucose, 5 g glutamic
acid, 0.5 g MgS0,4.7H;0, 0.5 g KCI, 1 g K,;HPO4, 1 g yeast extract , 0.4 mg MnSOy, 1.2 mg
Fe;SOg4and 1.6 mg CuSOy4, 100 mM 3-[N-morpholino]-propane sulfonic acid (MOPS) as a
buffer. The pH was adjusted to 7.0 with 5 M KOH and all the solutions autoclaved by
sterilization at 110°C for 30 min, except the glucose and the glutamic acid solutions which

were sterilized by filtration.

Landy Modified medium 1 (Chollet-Imbert et al., 2009): ammonium sulphate 2.2 g/L. was
added to Landy MOPS medium.

Landy Modified medium 2: Landy medium with only 2.5 g/L glutamic acid (not 5g) was

complemented by 2.2 g/L of ammonium sulphate.

Landy Modified medium 3: Landy Mops medium modified for the nitrogen source (1.82 g
NH4Cl instead of glutamic acid) Volpon et al., (2000).

Optimized medium: 20 g sucrose, 30 g peptone, 7 g yeast extract, 1.9 g KH,PO4, 0.450 g
MgS0O4, 9 mL trace elements solution (composition of trace elements per litre of distilled water:
0.001 g of CuSQy4, 0.005 g of FeClj, 0.004 g of NaMnQOy, 0.002 g of KI, 0.014 g of ZnSOy4, 0.01
g of H3;BOs3, 0.0036 g of MnSQO4, 10 g of citric acid).

LB medium (Luria-Bertani) (Sambrook and Russel, 2001): composed of 10 g bactotryptone, 5
g yeast extract and 10 g NaCl. The pH is adjusted to 7.0 with NaOH. Then, it is sterilized at
121°C for 20 min.

SOB medium: is composed of 20 g bactotryptone, 5 g yeast extract, 10 mM NaCl and 2.5 mM
KCL

SOC medium: is composed of SOB medium complemented with 20 mM glucose, 20 mM
Mg (10 mM MgSO, + 10 mM MgCL).
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MS1 medium: is composed of 10 mL 10X medium [for 100 mL, 150 mM (NH4),SO4, 34 mM
Tri-Na citrate, 800 mM K,HPO,, 440 mM KH,PO,], 9 mL distilled water, 100 pL 50% (w/v)
glucose, 40 pL 5%,(w/v) casein hydrolysate, 200 pL 5% (w/v) yeast extract, 16.7 uL 1M
MgSO,, 50 uL 50 mM tryptophan.

MS2 medium: composed of MS1 medium + 50 mM CacCl, + 1 M MgSO,

1.3.2. Solid culture media
LB solid: the same composition of liquid LB with the addition of 17 g of agar per litre.

LB-Starch: the same composition of LB liquid with the addition of 1% starch (w/v).

1.3.3. Buffers and solutions

TBE buffer: to prepare 5X TBE buffer in 1 litre, dissolve 53.9 g Tris (hydroxyl methyl amino-
methane), 27.5 g Boric acid and 3.65 g EDTA (pH 8.8).

MEB buffer: A solution of 1 mM MgCl, and ImM HEPES was adjusted the pH to 7.0;
autoclaved at 120 °C and stored at 4°C.

Phosphate buffer: Mixture of 0.06 M Na,HPO4.7H,0, 0.04 M NaH,PO,.H,O, adjusted to pH
7.0

Z buffer: the same composition as phosphate buffer complemented with 0.01 M KCI, 0.001 M
MgSOs4, 0.05 M B- mercaptoethanol (BME), adjusted to pH 7.0 and stored at 4°C.

ONGSEP solution: a fresh solution was prepared daily by dissolution of 4 mg/ mL o-nitrophenyl-
B-D-galactopyranoside in phosphate buffer.
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1.4. Bioinformatics tools

1.4.1. Amplifx software 1.4.4.
The main purpose of Amplifx is to seek in a collection of primers, those which can be used to
amplify a fragment into a target sequence, and particularly, to design strategies to screen
recombinant clones by PCR. Some information are associated with each primer-automatically
computed by Amplifx (like TM, Quality, length) other data are given by the user (name,
comments). This allows general aspects of primer management. Amplifx can also design new
primers.
1.4.2. NRPS software (ProBioGEM laboratory)
NRPSsoftware is a tool dedicated to the recognition of different domains of synthetases and
active sites based on the signature motifs of conserved protein. At the moment, this software

is not accessible to everyone, because improvements are underway.

1.4.3. Web sites

National Centre for Biotechnology Information (NCBI)

This American site is the highly site in scientists citation because it contains the GenBank
data base available with about 108,431,692 sequences recorded. It is accessible on

http://www.ncbi.nlm.nih.gov/genbank/

Primer 3

This site for designing primers under the development of Primer3 and the Primer3 web site
was funded by Howard Hughes Medical Institute and by the National Institute of Health and
the National Human Genome Research Institute under grants RO1-HG00257 (to David C.
Page) and P50-HG00098 (to Eric S. Lander). It is accessible on

http://frodo.wi.mit.edu/primer3/

NEB cutter

This tool will take a DNA sequence and find the large, non-overlapping open reading frames
using the E. coli genetic code and the sites for all Type II and commercially available Type III
restriction enzymes that cut the sequence. It is one of the services of the New England Bio

Lab Insurance. It is accessible on http://tools.neb.com/NEBcutter2/
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PKS- NRPS analysis

This project is still a work in progress of the Institute of Genome Sciences University of
Maryland School of Medicine (Baltimore, MD 21201), to facilitate the research and analysis
of the genes correspond to the NRPS or PKS systems (Bachman et al., 2009). It is accessible

on http://nrps.igs.umaryland.edu/nrps/

EMBOSS pairwise alignment

The alignment of operons or sequences was realized by the help of EMBOSS (Needle,
Global) Pairewise Alignment Algorithms (Needleman and Wunsch, 1970). The alignment
was performed under the following conditions; DNA; open Gap: 10, Extend Gap: 0.5;
Protein; Matrix: Blosum62, Open Gap: 10, Extend Gap: 0.5. This software is from the
EMBL-EBI (European Molecular Biology Laboratory in European Bioinformatics Institute),
The cornerstones of EMBL's mission are: to perform basic research in molecular biology, to
train scientists, students and visitors at all levels, to offer vital services to scientists in the
member states, and to develop new instruments and methods in the life sciences, and

technology transfer. It is accessible on http://www.ebi.ac.uk/Tools/emboss/align/index.htmL

2. Methods

2.1. Molecular genetic techniques

2.1.1. DNA Isolation

B. subtilis genomic DNAs strains were isolated using Wizard*Genomic DNA Purification Kit
from Promega Corp (Madison, Wi, U.S.A). The isolation depends on four steps; the first step is
to lyse the cells and the nuclei by nuclei lysis solution, then the RNA is digested by RNase. The
cellular proteins are then removed by a salt precipitation step, which leaving the high molecular
weight genomic DNA in solution. Finally, the genomic DNA is concentrated and desalted by

isopropanol precipitation and dissolved in a TE buffer.

2.1.2. PCR technique

2.1.2.1. PCR mixture
PCR Master Mix (2X) from Fermentas GmbH (st. Leon. Rot, Germany) was used as a
mixture of Taq DNA polymerase 0.5 units/ pL in reaction, PCR buffer; 4 mM MgCl,, 0.4 mM
of each dNTPs.
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Table 6: PCR Mixture

PCR Master Mix (2X) 12.5 uL

20 uM Fwd Primer 1.5puL

20 uM Rev Primer 1.5puL
DNA sample 50 ng

dH;O Upto25puL

2.1.2.2. PCR Conditions and designed primers

Denaturation was performed at 94°C for 1 min and hybridization from 47.8 to 53°C for 30
sec. Time of elongation at 72°C depends on every fragment size, from 340 bp to 12283 bp.
PCR was performed for 30 cycles.

Table 7: Different designed primers used for the detection of B. subtilis S499 fengycin operon

Fragment  Hybridization

Primers Primer sequence
length (bp) temperature
PpsA-ppsB sense 5’ TGCTGTTKGAAACVCAGCA'3
760 47.8

PpsA- ppsB antisense 5’ GATAAMGGRTAAATATCTTG' 3
ppsB-ppsC sense 5" TGTTYGARCATCAGACDCT' 3 5084 50
PDPSB- ppsc antisense 5’ TGCTMCATSAGCCATTTAATATAC' 3
ppsC-ppsD sense 5’ GATACRCAAGATATTCTDYT’ 3 1073 o1
ppsC- ppsD antisense 5" TCYTTTTGCARATGAAACCC’ 3
ppsD-ppsE sense 5’ GAAMYGAAAGAAATTGAATC' 3

2767 48.3
ppsD- ppsE antisense 5" TTTCAGCTTGTCYGTCAG' 3
PpsA-ppsB sense 5’ TGCTGTTKGAAACVCAGCA'3 8990 -
PpsB- ppsc antisense 5’ TGCTMCATSAGCCATTTAATATAC' 3
ppsB-ppsC sense 5" TGTTYGARCATCAGACDCT' 3 9578 53
ppsC- ppsD antisense 5" TCYTTTTGCARATGAAACCC’ 3
ppsC-ppsD sense 5’ GATACRCAAGATATTCTDYT’ 3

12283 49.5
ppsD- ppsE antisense 5" TTTCAGCTTGTCYGTCAG' 3
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Table 8: Different designed primers used for the detection of B. subtilis 21332 and BBG21

fengycin or plipastatin operons

Fragment Hybridization
Primers Primer sequence
length (bp) temperature
dacC complete sense 5" AAAGCTTTATGTTGCTGTTTTACTG’ 3
5’ TTATTGATTTGCCAAAATGACA' 3 1462 50

dacC complete antisense

dacC-ppsA sense 5/ TCAAATCGCTGTCATTTTGG’ 3

5" TCAAGCTCAGCGTATGTCAG' 3 1882 50
dacC- ppsA antisense
Promoter sense 5’ TAATAGCGGGAGACCTGTTTTC' 3 340 50
Promoter antisense 5" AAAAAGCAGAAAAATGACAATAAAAGA’ 3
ppsD sense 5/ AAAACGTTAAAAGCAATAACGTGTCA’ 3 1200 50
ppsD antisense 5’ GATCATCAAAATCACTGATCGTC' 3
ppsE-yngL sense 5’ GGTGCGTCTAGAGCGGATG 3 1510 50
ppsE-yngL antisense 5" GGCAAGGGCTCAAATAAAGA' 3
yngl sense 5’ ATGGACCGTCTTTCTTTTCTAA’ 3 393 50
yngL antisense 5/ TTAGGACTTTTTATCATTCATCATGG' 3

Table 9: Different designed primers used for the new constructions

Fragment

Hybridization
Primers Primer sequence length

temperature

(bp)

dacC sense 5’ GCATGCAGCTTTATGTTGCT' 3 604 50
dacC antisense 5’ GGGTCGACCTCAACAATCAC’ 3
dacC -Promoter sense 57 GCATGCCGGATATGCCTTAG 3 720 50
dacC -Promoter antisense 5’ GTCGACAAAGCGTTATTACAGACA' 3
dacC cassette 1 sense 5’ GACGTCAAGACGGGTGAAG’ 3 617 50
dacC Cassette antisense 5’ TCCCATGGAAAACAGGTCTC' 3
ppsA Cassette 2 sense 5’ TGGATTATCTAGACATATAATTTCTITT’ 3 621 50
ppsA Cassette 2 antisense 5’ GAGCTCAAGTAAGAAGGTTCC' 3
ppsA Cassette 2N sense 5’ GTCGACATTTTCTTATCCTCTTATTATG’ 3 456 50
ppsA Cassette 2N antisense 5’ CATATGATGGAATTTCGCAAATAG' 3
pps Promoter sense 5’ TAATAGCGGGAGACCTGTTTTC' 3 340 50

pps Promoter antisense 5" AAAAAGCAGAAAAATGACAATAAAAGA' 3

All the primers were designed using the published sequence of B. subtilis 168 plipastatin
operon (accession no. AL009126), except the four degenerated primers for B. subtilis S499
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which were designed by the alignment of three Bacillus plipastatin and fengycin operons from
B. subtilis 168, B. subtilis F29-3 (accessions no. AF023464, 142523, AF087452, AJ011849,
AF023465) and B. amyloliquefaciens FZB42 (accession no. AJ576102).

2.1.3. DNA quantification

DNA samples concentrations were measured using Spectrophotometer WPA Lightwave 11.

2.1.4. Agarose gel electrophoresis

Agarose was dissolved in 100 mL 0.5X TBE buffer pH 8.8 Gel concentrations depend on
fragment sizes from 0.7% for large fragments (5-10 kb) to 1.2 % for the small fragments (0.5-
2 kb). Gels were coloured by addition of Gel Red 10 pL/100 mL.

Gels were run in an electrophoresis unit using 0.5X TBE buffer pH 8.8 at 100 volts for two

hours. Gels were photographed using Gel Documentation system.

2.1.5. Gel Extraction

The different obtained fragments were extracted and purified using Gel extraction QIAquick
kit from QIAGEN (Hildon, Germany). The QIAquick system combines the convenience of
spin-column technology with the selective binding properties of a uniquely-designed silica-
gel membrane. Special buffers provided with each kit are optimized for efficient recovery of
DNA and removal of contaminants in each specific application. DNA adsorbs to the silica-
membrane in the presence of high salt while contaminants pass through the column.

Impurities are efficiently washed away, and the pure DNA is eluted with Tris buffer or water.

2.1.6. Cloning
All obtained fragments were cloned in pGEM-T Easy vector from Promega Corp. (Madison,
Wi, U.S.A) according to the following procedure:

2.1.6.1. Optimizing insert: Vector molar ratios for ligation reaction
Ratio from 3:1 gave good initial parameters. pGEM-T Easy Vector is approximately 3 kb in
size and is supplied at 50 ng/ul. The following equation was used to calculate the appropriate

amount of PCR product (insert):

Vector (ng) x size of insert (kb) x (insert (3): (1) vector molar ratio) = ng of insert

Size of vector (kb)
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The ligation mixtures used are in table 10.

Table 10: Ligation mixture of pGEM-T Easy vector system

Reaction Component Standard Positive Background
Reaction Control Control
2X Rapid Ligation Buffer, T4 DNA Ligase Sul Sul Sul
pGEM-T Easy Vector (50 ng) 1l 1wl 1wl
PCR product X pl* - -
Control Insert DNA — 2ul _
T4 DNA Ligase (3 Weiss units/pl) 1l 1l 1wl
Nuclease-free water to a final volume of 10 pl 10 ul 10 pl
*Molar ratio of PCR product: vector may require optimization.

Ligation reactions were mixed well and incubated overnight at 16 °C for the maximum

number of transformants.

2.1.7. Transformation protocol

Transformation protocol was performed as described into pGEM®-T and pGEM®-TEasy
Vector Systems Technical manual from QIAGEN as follows;

2 uL of each ligation reaction added to a sterile (17 x 100 mm) polypropylene tube or a 1.5
mL microcentrifuge tube on ice. Set up another tube on ice with 0.1 ng uncut plasmid for
determination of the transformation efficiency of the competent cells. The JIM109 High
Efficiency Competent Cells tube removed of frozen from storage and placed in an ice bath
until just thawed (about 5 min), then 50 pL of cells are transferred carefully into each tube
prepared before. The tubes are flicked gently to mix and place them on ice for 20 min, then
heat-shock for 45-50 s in a water bath at exactly 42°C. The tubes are returned immediately to
ice for 2 minutes, after that, 950 pL room-temperature SOC medium are added to the tubes
containing cells transformed with ligation reactions and 900 pL to the tube containing cells
transformed with uncut plasmid. The tubes are incubated for 1.5 h at 37°C with shaking (~150
rpm) and 100 pL  of each transformation culture are plated onto duplicate
LB/ampicillin/IPTG/ X-Gal plates. For the transformation control, a 1:10 dilution with SOC
medium is recommended for plating. The plates incubated overnight (16-24 h) at 37°C. If 100
ul are plated, approximately 100 colonies per plate are routinely seen using competent cells

that are 1 x 10® cfu/ug DNA.
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2.1.8. Transformation methods for Bacillus subtilis

2.1.8.1. Transformation by natural competence

An overnight culture of the strain was prepared in LB (10 mL) and incubated at 37°C under
140-200 rpm shaking. The next day, about (0.7 O.D 600nm) was calculated of the overnight
culture, and was centrifuged at 4000 rpm for 10 min, and then the pellet was washed with
sterilized H,O and re-centrifuged. 5 mL of MSI1 solution was added to the pellet and
incubated about 5 h at 37°C (140- 200 rpm). The culture was diluted (1/10 volume) with MS2
solution and incubated 1 h 30 min at 37°C (140- 200 rpm). About 5 pL of plasmid (100 ng/
uL) was added to the competent cells and the mixture incubated for 30 min minimum in a
water bath at 37°C. The samples were then plated on LB with the selective antibiotic(s) and
incubated for 24 h at 37°C; 50 pg/mL ampicillin, chloramphenicol 5 pg/mL, spectinomycin
50 pg/mL, 20 pg/mL neomycin.

2.1.8.2. Transformation by electroporation

A culture in LB (10 mL) of the strain was prepared and incubated overnight at 37°C at 140
rpm. 2 mL of this culture were inoculated in 100 mL of fresh LB and incubated at 37°C and
140 rpm up to an O.D600 of 0.5-1 (about 3 hours). Then 20 mL of this culture were cooled on
ice-water for 10 min and centrifuged in a sterile tube at 5240 g for 10 min at 4°C. The
supernatant was then discarded; the cells were suspended in 20 mL of cold MEB buffer and
centrifuged. Previous step was repeated once and the supernatant discarded. The cells were re-
suspended in 1 mL cold MEB and transferred into a sterile Eppendorf tube and centrifuged at
5240 g for 5 min at 4 °C. The supernatant was discarded and the cells were suspended in 100
uL of cold MEB buffer. About 150 ng of the plasmid were added and mixed then, the tubes
were placed on ice for 5 min. The tubes were transferred into a pre-chilled electroporation
cuvette and exposed to a single electrical pulse for 3 ms using Bio-RAD Gene Pulser set at
2.5 KV, 25 pF and 200 Q. 900 pL SOC medium were added and the mixture incubated for 90
min at 37 °C. Then, the cells are spread on LB plates with the selective antibiotic for 24 h at
37 °C.
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2.1.9. Plasmid purification

Plasmids were isolated using QIAprep® Miniprep kit from QIAGEN. The QIAprep miniprep
procedure is based on alkaline lysis of bacteria followed by adsorption of DNA onto silica in
the presence of high salt solution. The unique silica membrane used in QIAprep Miniprep
Kits completely replaces glass or silica slurries for plasmid minipreps. The procedure consists
of three basic steps: preparation and clearing of a bacterial lysate, adsorption of DNA onto the
QIAprep membrane, washing and elution of plasmid DNA. All steps are performed without
the use of phenol, chloroform, CsCl, ethidium bromide, and without alcoholic precipitation.
Plasmid concentrations were measured using Spectrophotometer WPA LIGHTWAVE 11 and

the hybrid plasmids were sent to sequencing at a concentration of 50-100 ng/uL (minimum 15

pL).

2.1.10. RNA extraction and RT-PCR

RNA extraction was performed by RNA-later kit of Ambion. RNA later ® (Applied
Biosystems, Courtaboeuf, France) is an aqueous, nontoxic, tissue storage reagent that rapidly
permeates most tissues to stabilize and protect RNA in fresh specimens. RNA later eliminates
the need to immediately process or freeze samples; the specimen can simply be submerged in
RNA later and stored for analysis at a later date. Samples in RNA /afer can be stored for
extended periods under conditions where RNA degradation would normally take place

rapidly. Tissues can be stored indefinitely in RNA /ater at —20°C or below.

2.1.10.1. Culture preparation
The bacteria were inoculated in Landy MOPS at 37 °C and under 160 rpm agitation rate.

2.1.10.2. Transcriptome blockage
An equivalent volume of 2 x 10° cells was obtained at each point of the kinetics previously
defined, these volumes were centrifuged at 11,000g, -9 °C for 5 min. The supernatant was

discarded, while the pellet was stored in 1 mL RNA /ater at -20 °C.
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2.1.10.3. RNA extraction

The cells are thawed on ice and then resuspended. There were centrifuged for 1 min at -9 °C,
12000 g. The supernatant was discarded and 50 uL of T10 E1 buffer was added to the pellet
with 10 mg/mL lysozyme and then was incubated for 10 min at room temperature. The
equivalent of 250 puL of zirconium beads which were provided in the kit was added to the
tubes. Cells resuspended in 350 puL of RNA wiz (provided in the kit) were transferred into
tubes with beads. The RNA wiz contains phenol, which allows fragilization of the cells and
inhibits the RNases. The whole was homogenized 10 min by vortex to lyse the cells. The
tubes were then centrifuged for 5 min at 4 °C and 12000 g. A volume of 200 uL was obtained
and 200 pL of chloroform were added, then the mix was agitated during 30 s and incubated
10 min at room temperature. The tubes were centrifuged for 5 min at 4 °C and 12000 g. The
aqueous phase was obtained, 0.5 vol of 100% ethanol was added and the whole was stirred
vigorously. The sample was loaded on the column provided by the kit to purify the RNA.
After that, the treatment by DNase I was started and the RNA dosage measured by
Spectrophotometer WPA LIGHTWAVE 1I. 2.5 volume of ethanol 95 % was added to the
RNA, which was stored at -80 °C.

2.1.10.4. The reverse transcription
The reverse transcription which reverse transcribed the RNA into cDNA was performed with

RevertAid First Strand cDNA Synthesis Kit (K1621, Fermentas).

2.1.10.5. Amplification of gene under study

The primers utilized are ppsA sense and antisense which correspond to a fragment of the ppsA
gene of plipastatin (Table 8).

These primers were amplified using AmpliTaq® Gold DNA polymerase from Roche.

2.1.10.6. Expression quantification
15uL of amplified fragment was mixed with 3 pL of & loading buffer provided with DNA
O’GeneRuler™ ladder from Fermentas and was migrated in 1.2 % agarose gel colored with

GelRed. The gel was photographed under UV in GelDoc.
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2.1.11. Mutants and overproduction of fengycin and plipastatin operons

pBG106 plasmid was used to achieve the fengycin overproduction by the replacement of the
native promoter of B. subtilis BBG134 strain by the constitutive promoter P,.,y-neo. This
promoter from Staphylococcus aureus is already inserted in pBG106 (Leclere ef al., 2005).
Construction 1; pBG106 plasmid was used, dacC Cassettel (fragment size 617 bp) and ppsA
Cassette 2 (fragment size 621 bp) fragments were generated by PCR using PCR Master Mix
(2 X) from Fermentas. The primers were designed using the sequence of the plipastatin
operon of B. subtilis 168 trpC, (PubMed nucleotide accession no. AL009126, B. subtilis 168
complete genome sequence).

Construction 2; was performed by the replacement of the pBG106 by pGEM-T Easy vector to
avoid the problems faced in construction 1.

Construction 3; was performed by the modification of construction 2 by the replacement of

P,epu-neo gene and ppsA Cassette 2 by Pfen-BBG21-spc and ppsA Cassette 2N, respectively.

2.1.11.1. Plasmid construction

2.1.11.1.1. Construction 1
Firstly, pBG106 plasmid was used to achieve the plipastatin overproduction by the
replacement of the plipastatin promoter of the B. subtilis BBG134 and BBG111 by the
constitutive promoter p,.,y Which is already inserted in pPBG106 plasmid and originated from
Staphylococcus aureus plasmid pUB110 (Leclere et al., 2005).
The dacC-pps and ppsA Cassette 2 fragments from B. subtilis 168 strain were first cloned in
pGEM-T Easy vector between the EcoRlI sites of the vector, and E. coli IM109 was separately
transformed. The resulting two plasmids were named pBG186 and pBG177, respectively.
pBG106 and pBG186 were Sphl and Sall double digested; then the epbp fragment was
released from pBG106 and pps-dacC fragment was inserted between the Sphl and Sall sites
of pBG106 to obtain pBG189.

67

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

dacc-pps
fragment

php fragment T20bp

Figure 21: Sphl + Sall double digestion of pPBG106 and pBG186 to release pbp fragment and replace it by the
dacC-pps insert; M = O’ Gene Ruler standard, 1, 2 = digested pBG106; 3, 4 = digested pBG186.

pBG189 Spal =
Sall digestion

dacC-pps
720 bp

Figure 22: pBG189 Sphl + Sall double digestion to verify dacC-pps fragment insertion; M = O’ Gene Ruler

standard

pBG177 was easily digested by Xbal and Banll, while it was difficult to digest pBG189
which bears two restriction sites for both Xbal and Banll. A partial digestion for 70 min was
effected, the reaction was stopped after 10, 20, 30, 40, 50, 60 and 70 min but many
fragments were obtained and it was difficult to separate the required fragment (efenF’) to
replace it in the plasmid by ppA cassette 2 fragment. Another partial digestion was done (2,
4,6, 8, 10, 20, 30, 40, 50, 60 and 70 min) with the same difficulty to separate the plasmid.

So, it was difficult to complete with the plasmid.
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pBGL77 Abal+
Banll digestion

ppsA cassette 2

Figure 23: pBG177 Xbal + Banll double digestion to insert ppsA Cassette 2 fragment into pPBG189; M = O’

Gene Ruler standard.

M 10min 20min 30min 40min S0min 60min TOmin

Figure 24: Partial double digestion of pBG189 by Xbal + Banll up to 70 min, the reaction being stopped every

10 min.

M 2min 4min 6min Smin 10min 20min 30min 40min S0min 60min 70 min

Figure 25: Partial double digestion of pBG189 by Xbal + Banll for 70 min, the reaction being stopped every 2

min for the first five samples and every 10 min for the next six samples
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For this reason, another system using the pGEM-T Easy vector was followed but, the dacC-
pps fragment restriction sites wasn’t compatible with the pGEM-T Easy vector. So, other

primers were designed for the dacC Cassette 1 with two restriction sites for Aatll and Ncol.

2.1.11.1.2. Construction 2
The construction was performed to solve the problems faced in construction 1 by replacing
the pBG106 plasmid by the pGEM-T Easy vector. The complete construction plasmid was
obtained with two types; (1) pBG180 (with p,.,u-neo gene in sense) with pps operon and (2)
pBG180* which bears an inverted p,,u-neo cassette. The two plasmids were used to
transform B. subtilis BBG111 and BBG134, in order to verify the ability of the plasmid

transformation and the success of the homologous recombination.

2.1.11.1.3. Construction 3
The constructed plasmid pBG180 was used to design the construction 3 by the replacement of
P,pu-neo cassette and pps4 Cassette 2 by Pr,-BBG21-spc and pps4 Cassette 2N,
respectively. After the insertion of ppsA-Cassette 2N fragment in pBG180, pBG191 was
obtained, and then pBG192 was further obtained by the insertion of spc gene into pBG191
plasmid. The insertion of Pr,-BBG21 into pBG192 revealed the pBG193 plasmid, which
displays a weak growth on LB + spc. So, it was difficult to sequence and transform into B.

subtilis BBG111 and BBG134.

2.1.12. The plipastatin or fengycin promoter expression in B. subtilis 168 derivatives
Plipastatin operon regulation in B. subtilis 168 derivatives was studied by analyzing the
strength of the native Ppps promoter using a gene reporter system, an extensive toolbox for
the study of promoter regulation.

pDG1661 (BGSC accession: ECE112, GenBank U46196) plasmid was used to integrate lacZ
fusion into B. subtilis 168 (trpC,) sfp°. Fragments were generated by PCR using PCR Master
Mix (2 X) from Fermentas. Plipastatin promoter primers were designed using the sequence of
the plipastatin operon of B. subtilis 168 (PubMed nucleotide accession no. AL009126 B.
subtilis 168 complete genome sequence). For forward primer promoter; 5’-
GCATGCCGGATATGCCTTAG-3’ (the underlined EcoRI artificial site was generated by
the substitution of the one base in boldface type) and reverse primer 5’-
TGTCTGTAATAACGCTTTGTCGAC -3’ (the underlined Hindlll artificial site was
generated by the substitution of the one base in boldface type).
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2.1.12.1. BBG142 a new B. subtilis 168 derivative obtained by lacZ fusion to P,,; 168
BBG142 strain was obtained by the transformation of pBG184 plasmid into B. subtilis 168
strain. pBG184 was obtained by the insertion of the P,,168 fragment between EcoRI and
Hind 111 sites of pDG1661 plasmid.

The new plasmid was transformed into B. subtilis 168 by the natural competence method.
Two colonies were obtained on the LB medium supplemented by chloramphenicol, which
were re-inoculated on another LB with Cm Petri dishes. DNA was then extracted as

previously explained. The verification of the new strain BBG142 was done by PCR.

2.1.12.2. BBG139 a new B. subtilis 168 derivative obtained by lacZ fusion to the Py,
BBG21

BBG139 strain was obtained by the transformation of pBG185 plasmid into B. subtilis 168
strain. pBG185 was obtained by the insertion of P, BBG21 between EcoRI and HindlIll sites
of pDG1661.

The new plasmid was transformed into B. subtilis 168 by the natural competence method.
Four colonies were obtained on the LB medium supplemented with chloramphenicol, which
were re-inoculated on other LB + Cm Petri dishes. DNA was then extracted as previously

explained. The verification of the new strain BBG139 was done by PCR.
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Bacillus subtilis derivatives construction

B. subtihis BBG139
trpC2 sfp” degQ’, amyE::Ppps-
BBG21-lacZ cat (Co)
B. subtlis 163 ; / VE LR
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0pC2 s des) ,mﬁ.;:::ppp_
m

lacZ cat (C
St Pps-
Sfp+
v
B subtiis BBCI11 Ppps I‘Eplaf_‘f.'ﬂfltﬂt by E‘f- suPﬁEr EEEGmléﬂﬁr
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Figure 26: The different characteristics of constructed strains from B. subtilis 168
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2.2. Biological tests
2.2.1. B-Galactosidase activity test

I mL of culture medium was incubated for 20-60 min on ice to stop growth. After
centrifuging 2 min at 12000 g, the pellet was suspended in 0.5 mL of Z buffer, and then was
lysed with 30 pL of chloroform under strong agitation for 15 sec. Then both the tube and the
ONGTP fresh solution were incubated at 37°C for 5 min.
200u L of the substrate (ONGP) was added to each tube and the time is measured, 0.5 mL 1 M
Na,CO3 was added to stop the reaction after appearance of yellow colour. Samples were
Vortex and, the reaction time was time noted precisely.

1 mL of each sample was transferred to an Eppendorf tube and centrifuged 5 min at 12000 g
to remove debris and chloroform. The optical density at 420 nm was recorded. The activity
was calculated according to the following equation:

Miller Units = 1000 x (OD4z9) / (T x V x ODygq9)
ODyy reflects subtilistrate hydrolysis

ODgo reflects cell density

T = time of the reaction in minutes

V = volume of culture used in the assay in mL

2.2.2. Amylase test

This test was used for the verification of the insertion of a gene at amyE gene locus by the loss
of amylase activity. Strains are inoculated on plates with LB complemented with 1% starch
and incubated at 37°C for 48 h. The plate are then covered with a potassium iodine solution. A

halo of clarification around the colonies appeared if the amylase is active.

2.2.3. Antifungal test
5 uL of culture (O.Dgoonm = 0.2) were spotted onto the centre of PDA medium plates. Small
squares of Fusarium oxysporum, Botrytis cinerea were cut-out and deposited on the plates,

which were incubated at 25 °C for 4 days before measuring the inhibition zone.
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2.3. Quantitative analysis of lipopeptides

Both surfactin and fengycin were quantified using High Performance Liquid Chromatography
(HPLC) after their extraction from 1 mL supernatant of culture by C;s cartridges (Extract-
clean SPE 500 mg, Grace Davison-Alltech, Deerfield, IL, U.S.A). The lipopeptides adsorbed
on the C;g were then eluted in 8 mL pure methanol. The eluted lipopeptides were dried by
rotating vapour and speed vacuum followed by re-dissolving in 200 pL of pure methanol. The
surfactin concentration was determined by reverse phase C18 HPLC (600 s, Waters, Milford,
MA, U.S.A) equipped with a Merck C18 column (5 mm; Darmstadt, Germany) as previously
described (Oka et al., 1993; Liu et al., 2007; Chollet-Imbert et al., 2009). The standard of
surfactin was purchased from Sigma (St. Louis, MO, U.S.A). The fengycin was eluted during
40 min under an ACN/H,O/TFA gradient from 45/55/0.1 to 55/45/0.1 at 0.6 mL/min. The
standard of fengycins was kindly provided by Dr M. Deleu from the Agricultural University
of Gembloux (Belgium) and gave peaks between 10 and 25 min. Peaks were selected through
calibration and spectra were analyzed using values of second derivative which give two major
peaks at 213 and 236 nm associated with a minor peak at 290 nm (Eeman et al., 2005;
Chollet-Imbert et al., 2009; Gancel ef al., 2009).

2.4. Bioinformatics analyses strategy

As the NCBI is the highly site in scientists citation because it contains the GenBank data base
available, it was used to search the different Bacillus sequenced genomes.

Firstly, it was searched for genomes, and then for prokaryotes. In prokaryotes, 36 Bacillus,
one Brevibacillus brevis and two Paenibacillus polymexa genomes were found in 06 mars
2011. One table was designed to all these strains with their name, genome size and sequence
reference. For each genome and on NCBI site, the following keywords were used to search
the different NRPS genes: ribosomal, synthetase, synthase, NRPS, antibiotic, antifungal,
siderophore, lipopeptide and adenylation domain. The different proteins annotated with one
of these keywords were added in one table for each strain. Each protein sequence for each
gene was analyzed by NRPS-PKS analysis website (http://nrps.igs.umaryland.edu/nrps/) to
detect the organisation of the different modules, domains and the specificity of the
adenylation domains. Finally from these predictions, a potential primary structure of these
peptides was obtained and then compared to all the known peptides annotated in the NORINE

database (http://bioinfo.lifl.fr/norine/) using the Editor tool and pattern comparison.
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Chapter V. Results and Discussion

1. Bioinformatics analyses

Introduction

The first objective of this work was to get an overview of the Non Ribosomal Peptides
potentially produced by strains of the Bacillus group. The genome of 39 different Bacillus,
Paenibacillus and Brevibacillus strains available in the NCBI database on the 06 mars 2011
were analysed using the bioinformatics tools described in the “Materials and Methods”
section. NRPS genes/operons were detected in the sequenced genomes by keywords searching
applied to the protein annotation (ribosomal, synthetase, synthase, antibiotic, antifungal,
siderophore, lipopeptide, NRPS and adenylation domain). Then, some steps were followed;
identification of NRPS genes, annotation, description of modules and domains, specificity
prediction of A domains by PKS-NRPS website (http:/nrps.igs.umaryland.edu/nrps/),
prediction of the potential primary structure of the peptide and finally, comparison of peptide
structure with those introduced in the NORINE database. From this site, we will know if the

peptide is an existing molecule or a new one.

1.1. Bioinformatics analyses on NRPS genes of Bacillus
This chapter will describe the different NRPS genes detected in sequenced genomes from 36
different Bacillus, 2 Paenibacillus and 1 Brevibacillus strains analyzed by PKS-NRPS
analysis, NRPS predictor and NCBI web site. Table 11 shows the 39 different available
genome sequences from NCBI web site with their genome size, genome accession (GenBank)
and reference sequence (RefSeq). The largest genome size was detected for Brevibacillus
brevis (6.3 Mb), followed by Paenibacillus polymyxa SC2 (6.21 Mb), B. weihenstephanensis
KBAB4 (5.875 Mb), the Bacillus cereus group (5.43-5.84 Mb), Paenibacillus polymyxa E681
(5.4 MD), the Bacillus thuringiensis group (5.3-5.6 Mb) and the Bacillus anthracis group
(5.22-5.50 Mb). The Bacillus tusciae strain has the smallest genome size (3.4 Mb) and all the
other strains genome sizes ranged from 3.6 Mb (B. selenitireducens MLS10) to 5.1 Mb (B.
megaterium DSM 319). From the sequenced Bacillus strains in Table (10); 10 genomes of B.
cereus group were found to be sequenced, followed by B. anthracis (5 genomes), B. subtilis

and B. thuringiensis (3 genomes) and B. megaterium and B. amyloliquefaciens (2 genomes).
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Table 11: Genomes sequenced for different Bacillus, Brevibacillus and Paenibacillus strains

No

© 2011 Tous droits réservés.

Organism
1 Bacillus amyloliquefaciens DSM7
2 Bacillus amyloliquefaciens FZB42

3 Bacillus anthracis str. '"Ames Ancestor'
4 Bacillus anthracis str. A0248

5 Bacillus anthracis str. Ames

6 Bacillus anthracis str. CDC 684

7 Bacillus anthracis str. Sterne

8 Bacillus atrophaeus 1942
9 Bacillus cellulosilyticus DSM 2522
10 Bacillus cereus 03BB102
11 Bacillus cereus AH187
12 Bacillus cereus AH820
13 Bacillus cereus ATCC 10987
14 Bacillus cereus ATCC 14579
15 Bacillus cereus B4264
16 Bacillus cereus E33L
17 Bacillus cereus G9842
18 Bacillus cereus Q1
19 Bacillus cereus biovar anthracis str. CI
20 Bacillus clausii KSM-K16
21 Bacillus cytotoxicus NVH 391-98
22 Bacillus halodurans C-125
23 Bacillus licheniformis ATCC 14580

24 Bacillus megaterium DSM 319

25 Bacillus megaterium QM B1551

26 Bacillus pseudofirmus OF4

27 Bacillus pumilus SAFR-032

28 Bacillus selenitireducens MLS10

29 Bacillus subtilis subsp. subtilisp. natto BEST195

30 Bacillus subtilis subsp. subtilisp. spizizenii str. W23

31 Bacillus subtilis subsp. subtilisp. subtilis str. 168

32 Bacillus thuringiensis BMB171

33 Bacillus thuringiensis serovar konkukian str. 97-27

34 Bacillus thuringiensis str. Al Hakam

35 Bacillus tusciae DSM 2912

36 Bacillus weihenstephanensis KBAB4

37 Brevibacillus brevis

38 Paenibacillus polymyxa E681

39 Paenibacillus polymyxa SC2
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Genome Size
4.0
3.9
5.50242
5.50242
5.22729
5.50511
5.22866
4.2
4.7
5.44963
5.59913
5.5841
5.43265
5.415
5.4
5.8465
5.75
5.493
5.488
4.3
4.1071
4.2
4.2226
5.1

5.5225

4.3

3.7

3.6
4.1058
4.0

4.2
5.61

5.31468

5.31309
‘3.4
5.87577
6.3

5.4
"6.21

GenBank RefSeq
FN597644.1 NC 014551.1
CP000560.1 NC_009725.1
AE017334.2 NC _007530.2
CP001598.1 NC_012kk659.1
AE016879.1 NC _003997.3
CP001215.1 NC 012581.1
AE017225.1 NC_005945.1
CP002207.1 NC _014639.1
CP002394.1 NC_014829.1
CP001407.1 NC 012472.1
CP001177.1 NC_011658.1
CP001283.1 NC _011773.1
AE017194.1 NC_003909.8
AE016877.1 NC _004722.1
CP001176.1 NC 011725.1
CP000001.1 NC_006274.1
CP001186.1 NC 011772.1
CP000227.1 NC _011969.1
CP001746.1 NC _014335.1
AP006627.1 NC_006582.1
CP000764.1 NC_009674.1
BA000004.3 NC_002570.2
CP000002.3 NC_006270.3
CP001982.1 NC _014103.1
CP001983.1 NC_014019.1
CP001878.2 NC _013791.2
CP000813.1 NC_009848.1
CP001791.1 NC 014219.1
AP011541

CP002183.1 NC_014479.1
AL009126.3 NC_000964.3
CP001903.1 NC 014171.1
AE017355.1 NC_005957.1
CP000485.1 NC_008600.1
CP002017.1 NC _014098.1
CP000903.1 NC _010184.1
AP008955.1 NC 012491.1
CP000154.1 NC 014483.1
CP002213.1 NC 014622.1
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The detailed results obtained with the first strain of the list, Bacillus amyloliquefaciens DSM7
were given as an example in Table 12 (list of the different NRPS genes found) and Figures 27
to 29 (detailed organization and prediction of adenylation domain specificity). The other
detailed results are collected in annexes. The biosynthetic genes of four different molecules
were found in DSM?7 strain: three lipopeptides, truncated fengycin (Figure 27), surfactin
(Figure 28) and iturin and a siderophore, bacillibactin (Figure 29). Also, one potentially new

unpredictable NRPS-PKS hybrid molecule was detected.

Table 12: Detected NRPS molecules in Bacillus amyloliquefaciens DSM7

Product Name Start End Strand | Length (a.a) @ Accession GenelD | Locus
non-ribosomal surfactin
synthetase SEAA 333124 343878 + 3584 YP_003918908.1 9779039  srfAA
nonribosomal surfactin
synthetuse STEAB 343900 354660 + 3586 YP_003918909.1 9780206 srfAB
nonribosomal surfactin 354695 358534 + 1279  YP _003918910.1 9780207 srfAC
synthetase C
nonribosomal surfactin 358553 359284 + 243 YP _003918911.1 9780208 ' srfAD
synthetase D
bacillaene synthesis; hybrid
NRPS/PKS rotein 1793732 1808683  + 4983 YP_003920382.1 9778399  baeJ
TR CIUITE R (6 (055 1968515 1976365 - 2616  YP_003920507.1 9780434 ituC
subtilis)
LT Gl SRR LD 1976456 1992541 - 5361  YP_003920508.1 9779079 ituB
subtilis)
LTI A Gy R L (055 1992590 2004538 - 3982 YP _003920509.1 9779078 itud
subtilis)
malonyl-CoA transacylase g
oD 2004558 2005799 - 413 YP_003920510.1 9779077  ituD
nonribosomal fengycin
synthesis; COG1020; 2027434 2031240 - 1268 YP 003920534.1 9781135 | fenE
fengycin synthetase E
nonribosomal fengycin
synthesis; COG1020; 2031260 2038936 - 2558 YP 003920535.1 9778781  fenD
fengycin synthetase D
non-ribosomal peptide 2526874 2532402 - 1842  YP 003921077.1 9779368 nrpsE
synthetase
siderophore 2,3-
dihydroxybenzoate-glycine- | 3053¢49 3060776 - 2375  YP_003921588.1 9779667 dhbF
threonine trimeric ester
bacillibactin synthetase
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Figure 27: Predicted modular organization and adenylation domain specificity of truncated fengycin fenD, fenE

synthetases genes from B. amyloliquefaciens DSM7
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Figure 28: Predicted modular organization and adenylation domain specificity of surfactin synthetases genes
(srfAA, srfAB and srfAC) from B. amyloliquefaciens DSM7. The gene srfaAD is not shown but corresponds to a

second thioesterase as found in the surfactin operon in B. subtilis 168.
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Figure 29: Predicted modular organization and adenylation domain specificity of bacillibactin synthetases gene

(dhbF) (A), iturin (B) and nrpsE (C) from B. amyloliquefaciens DSM7

The other results are gathered within five categories:
- List of the strains which do not produce any NRPs
- Lipopeptide producers
- Siderophore producers
- Antibiotic producers

- New Non-Ribosomal peptides producers.
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1.1.1. Detection of Bacillus strains with no NRPS genes

Following the strategy described in this study we couldn’t have detected any NRPS genes
from eight Bacillus strains as shown in Table 13. They belong to the species Bacillus
megaterium or are isolated from selective environments (acidic for B. tuscae or alkaline for

the other ones).

Table 13: Bacillus strains with no NRPS genes

Bacillus spp.
Bacillus cellulosilyticus DSM 2522
Bacillus selenitireducens MLS10
Bacillus clausii KSM-K16
Bacillus halodurans C-125
Bacillus megaterium DSM 319
Bacillus megaterium QM B1551
Bacillus pseudofirmus OF4
Bacillus tusciae DSM 2912

1.1.2. Detection of known lipopeptides
14 strains show the presence of genes/operons involved in the biosynthesis of members of the
four families of lipopeptides [surfactin, pumilacidin, lichenysin from surfactin family,
fengycin or plipastatin from fengycin/plipastatin family, bacillomycin and mycosubtilin from

iturin family and kurstakin from kurstakin family], or other new lipodepsipeptide: fusaricidin.
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Table 14: Different common lipopeptides detected by bioinformatics analysis from 14
Bacillus strains

Bacillus spp. Lipopeptide

Bacillus amyloliquefaciens DSM7 Surfactin, iturin, truncated fengycin
Bacillus amyloliquefaciens FZB42 Surfactin, fengycin, bacillomycin
Bacillus atrophaeus 1942 Mycosubtilin, plipastatin, surfactin
Bacillus licheniformis ATCC 14580 Lichenysin

Bacillus pumilus SAFR-032 Variant from surfactin family

Bacillus subtilis subsp. natto BEST195 Surfactin, truncated plipastatin

Bacillus subtilis subsp. spizizenii str. W23 | Surfactin, mycosubtilin

Bacillus subtilis subsp. subtilis str. 168 Surfactin, plipastatin

Bacillus thuringiensis BMB171 Kurstakin

Bacillus weihenstephanensis KBAB4 Variant from Kurstakin family
Bacillus cereus G9842 Kurstakin

Bacillus cereus B4264 Kurstakin

Bacillus cereus ATCC 14579 Truncated Kurstakin
Paenibacillus polymyxa SC2 Fusaricidin

The detection of NRPS genes/operons in both B. amyloliquefaciens DSM7, B.
amyloliquefaciens FZB42 and B. atrophaeus 1942 strains revealed as shown in Table 14 the
potential for the biosynthesis of three different lipopeptides (surfactin, truncated fengycin, and
iturin), (surfactin, fengycin and bacillomycin) and (mycosubtilin, plipastatin and surfactin)
respectively. Three Bacillus strains; B. subtilis subsp. natto BEST195, B. subtilis subsp.
spizizenii str. W23 and B. subtilis subsp. subtilis str. 168 have the genes/operons to
synthesize two different lipopeptides (Surfactin, truncated plipastatin), (Surfactin,
mycosubtilin) and (Surfactin, plipastatin), respectively. Also, B. thuringiensis BMB171, B.
weihenstephanensis KBAB4, Bacillus cereus G9842, Bacillus cereus ATCC 14579, and
Bacillus cereus B4264 have the operon involved in the lipopeptide kurstakin biosynthesis.
Lichenysin, pumilacidin and fusaricidin lipopeptide biosynthetic genes were respectively
detected in B. licheniformis ATCC 14580, B. pumilus SAFR-032 and Paenibacillus
polymyxa SC2 genomes.
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Table 15: Peptide sequence of the different variants of each lipopeptide family from 14

Bacillus spp.
Lipopeptide Predicted peptide structure Bacillus spp.
Surfactin family
Surfactin L-Glu/ Asp-L-Leu/lle/Val-D-Leu-L-Val-L-Asp-D-Leu-L-Leu amyloliquefaciens DSM7

New variant
New variant
Lichenysin
Iturin family
Iturin

Bacillomycin

Mycosubtilin

Fengycin family
Truncated
fengycin
Fengycin
Plipastatin

New variant
Kurstakin family
Kurstakin

Truncated kurstakin

New variant
Other
Fusaricidin

L-Glu/ Asp-L-Leu/lle/Val-D-Leu-L-Val-L-Asp-D-Leu-L-Leu/Ile/Val
L-Glu/Asp-L-Leu/Ile/Val-D-Leu-L-Val-L-Asp-D-Leu-L-Leu/Ile/Val

L-Glu/ Asp-L-Leu/lle/Val-D-Leu-L-Val-L-Asp-D-Leu-L-Leu
L-Glu/Asp-L-Leu/Ile/Val-D-Leu-L-Val-L-Asp-D-Leu-L-Leu/Ile/Val
L-Leu/Ile/Val-L-Leu-D-Glu/Asp-L-Asp-L-Leu-D-Val-L-Leu
L-Glu/Asp-L-Leu-D-Leu-L-Phe/Trp-L-Asp-D-Leu-L-Leu
L-GlIn-L-Leu-D-Leu-L-Val-L-Asp-D-Leu-L-Leu

L-Asx-D-Pro-D-Tyr/Trp-L-Asx-L-Gln-D-Asx-L-Ser
L-Asx-D-Glu/Asp-D-Tyr/Trp-L-Asx-L-Pro-D-Ser-L-Thr
L-Asx-D-Pro-D-Tyr/Trp-L-Asx-L-GIn-D-Ser-L-Asx
L-Asx-D-Pro-D-Tyr/Trp-L-Asx-L-GIn-D-Ser-L-Asx

L-X-D-Tyr-L-Ile

L-Glu-D-Orm-L-X-D-Thr-L-Glu-D-Val-L-Pro-L-Glu-D-Tyr-L-Ile
L-Glu-D-X-L-Tyr-D-Thr-L-Glu-D-Val-L-Pro-L-Glu-D-Tyr-Ile
No Hit- D-Glu-L-Thr- D-Tyr- L-Val-D-Glu-L-Glu-L-Tyr-D-Pro-L-Ile

D-Thr-L-GIn-L-Gly-L-Ser-L-X-D-GIn-L-Gln
D-Thr-L-GIn-L-Gly-L-Ser-L-X-D-GIn-L-Gln
D-Thr-L-GIn-L-Gly-L-No Hit-D-GIn-L-Gln
D-Thr-L-GIn-L-Gly-L-Ser-L-X-D-Gln-L-Gln
D-Thr-L-GIn-L-Gly-L-Ser-L-X-D-Thr-L-Glu/Asp

L-Thr-D-Val/Ala-Tyr-D-Thr-D-Asx-L-X

amyloliquefaciens FZB42
subtilis subsp. subtilis str. 168

subtilis subsp. natto BEST195

subtilis subsp. spizizenii str.
w23

atrophaeus 1942
pumilus SAFR-032
licheniformis ATCC 14580

amyloliquefaciens DSM7

amyloliquefaciens FZB42

subtilis subsp. spizizenii str.
W23

atrophaeus 1942

amyloliquefaciens DSM7

amyloliquefaciens FZB42
subtilis subsp. subtilis str. 168
atrophaeus 1942

thuringiensis BMB171
cereus G9842

cereus ATCC 14579
cereus B4264

weihenstephanensis KBAB4

polymyxa SC2

Table 15 shows the diversity of lipopeptides potentially produced by the different species of
Bacillus. These lipopeptides are usually a mixture of compounds with different lengths and
types of fatty acid (FA), B-hydroxy FA (FA-B-OH) for surfactins and fengycins, f-amino FA
(FA-B-NH,) for iturins or guanidylated-B-OH FA (gFA-B-OH) for fusaricidin. Surfactin and
lichenysin are structurally related lipopeptides. It was reported that lichenysin is at least a
twice more efficient biosurfactant than surfactin, probably due to the replacement of Glul by
GlInl [Grangemard ef al., 1999; Grangemard et al., 2001]. Three interesting potential variants
were detected:

- A new form of surfactin with variation in position 4 (replacement of Val by Phe/Trp) produced
B. pumilus

- New forms of surfactin and plipastatin produced by B. atrophaeus with modified sequences
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-B. weihenstephanensis KBAB4 showed kurstakin form that could differ than that of the
other four kurstakin producing Bacillus strains; the structure has variation at position 6 and 7

(Thr, Glu/ Asp in spite of Gln, Gln).

1.1.3. Detection of siderophores
Genes responsible for the biosynthesis of 2,3-dihydroxybenzoate-glycine-threonine, the
siderophore called bacillibactin, were detected in 27 different Bacillus strains (Tables 16 and
17), ten of them harboring no other NRPS genes (Table 16), while Table 17 shows 17

Bacillus strains which harbor bacillibactin and other NRPS genes.

Table 16: Bacillus strains which harbour only bacillibactin NRPS genes

Bacillus spp.
Bacillus thuringiensis serovar konkukian str. 97-27

Bacillus thuringiensis str. Al Hakam

Bacillus anthracis str. 'Ames Ancestor dhbE  dhbB dhbF
Bacillus anthracis str. A0248 c A C A T ]
Bacillus anthracis str. Ames Dhb Gly Thr -

e o e St Figure 30: Bacillibactin NRPS synthetases operon

Bacillus cereus 03BB102
Bacillus cereus AH187
Bacillus cereus ATCC 10987

Bacillus cereus biovar anthracis str. CI
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Table 17: Different Bacillus strains which harbor bacillibactin siderophore genes and other

NRPS genes/operons.

Bacillus strains

Bacillus licheniformis ATCC 14580 Bacillus anthracis str. CDC 684
Bacillus subtilis subsp. natto BEST195 Bacillus atrophaeus 1942
Bacillus subtilis subsp. spizizenii str. W23 Bacillus cereus AH820

Bacillus subtilis subsp. subtilis str. 168 Bacillus cereus B4264

Bacillus thuringiensis BMB171 Bacillus cereus E33L

Bacillus weihenstephanensis KBAB4 Bacillus cereus G9842

Bacillus amyloliquefaciens DSM7 Bacillus cereus Q1

Bacillus amyloliquefaciens FZB42 Bacillus cytotoxicus NVH 391-98

Bacillus cereus ATCC 14579

Bacillibactin is a catecholate siderophore and a cyclic trimeric ester made of three units of
2,3-dihydroxybenzoate-glycine-threonine. It is synthesized by a complex process catalyzed by
the bacillibactin synthase multienzyme complex. The process starts with the activation of 2,3-
dihydroxybenzoate , catalyzed by 2,3-dihydroxybenzoate-AMP ligase , encoded by DhbE .
The product is transferred onto the aryl carrier protein (ArCP) domain of the dhbB bi-
functional protein (the second function being isochorismatase), where it is attached to the free
thiol group of its cofactor, 4'-phosphopantetheine. The cofactor attachment is catalyzed by the
4-phosphopantetheinyl transferase protein, encoded by the sfp gene (Grossman et al., 1993).
The next steps are the additions of glycine and L-threonine to the activated 2,3-
dihydroxybenzoate. These amino acids are first bound to two peptidyl-carrier-protein domains
of the seven-domain protein solo-DhbF protein , which must be activated first by the binding
of two 4'-phosphopantetheine cofactors, presumably catalyzed by 4-phosphopantetheinyl
transferase (May et al., 2001).
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Figure 31: Bacillibactin biosynthesis pathway

1.1.4. Detected antibiotics
Genes responsible for the biosynthesis of three antibiotics were detected from five strains
(Table 18); two antibiotics, gramicidin and tyrocidin from Brevibacillus brevis and one
antibiotic, truncated bacitracin from four strains; B. anthracis str. CDC 684, B. atrophaeus

1942, B. cereus AH820 and B. cereus G9842.

Table 18: The different antibiotics for which biosynthetic genes were detected in

Brevibacillus brevis

Brevibacillus brevis antibiotics structure

Gramicidin Tyrocidin
D-Asx_X_GIn/Gly/Ala/Val/Leu_Phe/Thr/Tyr_ Trp_Ser/Thr_Gly/Ala/Val/Leu_Gly/Ala/Val/Leu_
Asx/GIx/Ser/Thr_Gly Asx/GIx_Asp/Arg/Asn_D-Orn/Lys
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© 2011 Tous droits réservés. http://doc.univ-lille1 fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

1.1.5. Detection of NRPS genes responsible for the biosynthesis of unknown

molecules

Table 19: Predicted molecules from NRPS genes from 16 Bacillus strains

Bacillus strains

Structure of the predicted molecule

Bacillus amyloliquefaciens DSM7 X X
Bacillus pumilus SAFR-032 D-Asx
X

PKS D-X PKS Ile(Te)

Bacillus subtilis subsp. natto BEST195

Leu/lle/Val(Te) + other NRPS molecules

Bacillus subtilis subsp. spizizenii str. W23

Gly_PKS
X PKS (Bacillaene?)

Bacillus thuringiensis BMB171

Thr _GIn_Gly GIn_Ser D-X_ GIn(Te)
X D-Pro _Leu Pro Leu
Val

Bacillus weihenstephanensis KBAB4

D-Thr GIn Gly Thr X D-Ser Glu/Asp(Te)
NRPS/PKS (X X PKS Asx D-X Orm_Asp)
X X

Brevibacillus brevis

PKS-L-Gly-L-GIn-L-X-L-GIn

L-X-PKS

PKS-D-X

L-Phe-PKS-PKS-L-GIn-D-GIn
PKS-L-X-D-X-L-Val-L-X-L-Val-L-X-L-Trp

Paenibacillus polymyxa 681

L-Thr-D-X-L-Val-D-Tyr-D-Asx-L-Thr (Te)
L-X
PKS-L-X-PKS

Paenibacillus polymyxa SC2

PKS-L-GIn-D-X-L-Ser-D-Ser-L-Leu-D-Ser-L-Ser
L-Ile-D-Ser-L-Ile

PKS-D-3h4mPhe-D-Ile-L-X
D-Val-L-Val-L-Leu-PKS

PKS-L-Gly-PKS

Bacillus cereus B4264 Val

. L-Ala-L-Phe
Bacillus cereus G9842 L-Val
Bacillus cereus Q1 X
Bacillus cytotoxicus NVH 391-98 é(er

D-Asx-L-Lys-D-X-L-X-D-HPG-L-X

Bacillus cereus E33L
Bacillus cereus 14579 L-Val
L-X
. PKS-L-Val(Te)
Bacillus cereus AH178 PKS-L-X-D-X
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Table 19 shows the predicted product of NRPS genes detected in 16 Bacillus strains and
which are responsible for the biosynthesis of unknown molecules: 73 genes were detected, 24
of them from 11 strains and 13 genes from only three strains; Brevibacillus brevis,
Paenibacillus polymyxa 681 and Paenibacillus polymyxa SC2

Both Paenibacillus polymyxa SC2 and Brevibacillus brevis have five new molecules. Six
Bacillus strains harbour three new molecules; Paenibacillus polymyxa 681, Bacillus pumilus
SAFR-032, Bacillus thuringiensis BMB171, Bacillus cereus AH178, Bacillus cereus E33L
and Bacillus weihenstephanensis KBAB4. Four other strains harbour two new molecules;
Bacillus subtilis subsp. spizizenii str. W23, Paenibacillus polymyxa SC2, Bacillus subtilis
subsp. natto BEST195 and B. cytotoxicus NVH 391-98. The other four strains harbor one new
NRPS molecule.
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Table 20: Thirty-nine Bacillus, Brevibacillus and Paenibacillus strains with all NRPS and

PKS molecules types detected by bioinformatics tools and some comments about their origin

or characteristic propertie

Bacillus strains Siderophore  Lipopeptide Antibiotics New Comment
molecules

Bacillus clausii KSM- 0 0 0 0 alkaliphilic
K16
Bacillus cytotoxicus o . o
NVH 391-98 Bacillibactin 0 0 2 alkaliphilic
Bacillus halodurans o
C-125 0 0 0 0 alkaliphilic
Bacillus pseudofirmus 0 0 0 0 alkaliphilic
OF4
Bacillus
selenitireducens 0 0 0 0 alkaliphilic
MLS10
Bacillus
cellulosilyticus DSM 0 0 0 0 alkaliphilic
2522
Bacillus tusciae DSM 0 0 0 0 Acidophilic,
2912 thermophilic
Bacillus subtilis subsp. - . . .
naito BEST195 Bacillibactin Surfactin 0 1 soil
Bacillus subtilis subsp. dre Surfactin .
spizizenii str. W23 Bacillibactin Mycosubtilin 0 2 soil
Bacillus subtilis subsp. Plipastatin
subtilis str. 168 Bacillibactin . 0 0 soil

Surfactin
Bacillus Surfactin
amyloliquefaciens Fengycin
FZB42 Bacillibactin Bacillaene 0 soil, plants

Bacillomycin
Bacillus
amyloliquefaciens
DSM7 Bacillibactin Surfactin Bacillaene 1 soil, plants
Bacillus licheniformis L . . . . .
ATCC 14580 Bacillibactin Lichenysin 0 0 soil, humain
Bacillus thuringiensis o . . ..
str. Al Hakam Bacillibactin 0 0 0 insecticide
Bacillus thuringiensis o . . insecticide
BMBI171 Bacillibactin Kurstakin 0 3
Potential
linear
Brevibacillus brevis 0 0 gramicidin 4 antibacterial
Tyrocidin
Paenibacillus 0 0 0 5 Antifungal,
polymyxa 681 antibacterial
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Bacillus pumilus

SAFR-032 0 Pumilacidin 0 antifungal
Paenibacillus s An.tlfunggl,
0 Fusaricidin 0 antibacterial
polymyxa SC2
'Baczllus anthrac'zs Str. Bacillibactin 0 0 virulence
'Ames Ancestor
Bacillus anthracis str. e . .
A0248 Bacillibactin 0 0 virulence
Eirellon ewiltieiel Wi Bacillibactin 0 0 virulence
Ames
Bacillus anthracis str. e : Truncated .
CDC 6834 Bacillibactin 0 bacitracin virulence
Elrellon ewilivieie i Bacillibactin 0 0 virulence
Sterne
Bacillus megaterium . .
DSM 319 0 0 0 Various habitats
Bacillus megaterium . .
QM BI551 0 0 0 Various habitats
Bacillus cereus e ; .
03BB102 Bacillibactin 0 0 pneumonia
Bacillus cereus B4264  Bacillibactin Kurstakin 0 pneumonia
Bacillus atrophaeus Bacillibactin =~ Mycosubtilin Trupcat(?d decontamination
1942 bacitracin
Bacillus cereus Q1 Bacillibactin 0 0 Non pathogenic
Bacillus cereus Bacillibactin 0 Truncated buccal
AHR820 bacitracin
Bacillus cereus ATCC oy .
10987 Bacillibactin 0 0 cheese
Bacillus cereus ATCC e ) .
14579 Bacillibactin Kurstakin 0
Bacillus cereus E33L Bacillibactin 0 0 carcass
. o ) . Truncated
Bacillus cereus G9842  Bacillibactin Kurstakin o gastro
bacitracin
Bacillus cereus e : cereulide, gastro
AH187 Bacillibactin 0 0
Bacillus cereus biovar e . ;
anthracis str. CI Bacillibactin 0 0 cereulide, gastro
Bacillus thuringiensis human necrosis
serovar konkukian str. Bacillibactin 0 0
97-27
Bacillus
weihenstephanensis Bacillibactin Kurstakin 0 cold
KBAB4
88
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Table 20 shows all the NRPS and PKS molecules detected by bioinformatics tools from the
39 Bacillus sequenced genomes. The Table shows ecological origin or specific properties for
each strain. Six strains were found to be alkaliphilic and to harbor no NRPS or PKS genes.
Five B. anthracis strains have virulence character, four of them harbour only bacillibactin,
while the fifth Bacillus anthracis str. CDC 684 harbour truncated bacitracin in addition to the
bacillibactin. Among three B. subtilis strains found in soil, one of them Bacillus subtilis
subsp. subtilis str. 168 harbours two lipopeptides; plipastatin and surfactin, while the other
two strains harbour bacillibactin, two lipopeptides and new NRPS genes. From B. cereus
group; two strains are pathogenic and cause pneumonia, one of them harbour only
bacillibactin (B. cereus 03BB102), while B. cereus B4264 harbours two NRPS molecules. Six
other B. cereus strains showed different ecological characters.

Two Bacillus thuringiensis strains have an insecticide effect, Bacillus thuringiensis BMB 171
harbour five different NRPS molecules, while Bacillus thuringiensis Al Hakam harbours only
bacillibactin. Bacillus thuringiensis serovar konkukian str. 97-27 cause human necrosis and
harbours bacillibactin. The antifungal and antimicrobial effect was mentioned for two
Paenibacillus polymyxa strains, whereas Paenibacillus polymyxa 681 harbours five NRPS
molecules and Paenibacillus polymyxa SC2 harbours three NRPS molecules. Both Bacillus
amyloliquefaciens DSM7 and FZB42 strains, from soil and plants origin, harbour five and
four NRPS molecules, respectively. Bacillus tusciae DSM 2912 is considered as acidophilic,
thermophilic and has no NRPS gene. Brevibacillus brevis has antimicrobial effect and
harbours six different NRPS molecules, while Bacillus weihenstephanensis KBAB4 may

tolerate low temperatures and harbours five NRPS molecules.

&9
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1.1.6. Conclusion

In this study, the bioinformatics analyses by keywords searched among 36 Bacillus,
Brevibacillus brevis and two Paenibacillus polymexa strains protein annotations revealed four
main types of molecules; lipopeptides, siderophores, antibiotics, and new NRPS and PKS
molecules. The analysis has to be completed trying to detect more potentially interesting
NRPS and PKS genes by Blast approach to avoid missing a gene because of a poor or mis-
annotation of the corresponding protein.

For the lipopeptides, the presence of members of the four main families was detected in
fourteen different Bacillus strains [surfactin, pumilacidin, lichenysin from surfactin family,
fengycin or plipastatin from fengycin/plipastatin family, bacillomycin and mycosubtilin from
iturin family and kurstakin]. In addition, the presence of other lipohexapeptide from the
fusaricidin lipopeptide group produced by Paenibacillus polymyxa (formerly Bacillus
polymyxa) was also found. For the siderophores, the presence of bacillibactin in twenty-seven
different Bacillus strains was detected by bioinformatics tools which confirmed that this
siderophore is the main one used by this genus. For the antibiotics, five Bacillus strains
showed the presence of three antibiotics; two antibiotics, gramicidin and tyrocidin, from
Brevibacillus brevis and one antibiotic, truncated bacitracin, was detected from the four
strains, B. anthracis str. CDC 684, B. atrophaeus 1942, B. cereus AH820 and B. cereus
G9842. Concerning new NRPS and PKS molecules, fourteen Bacillus strains were found to
harbour new NRPS and PKS genes, especially Brevibacillus brevis, Paenibacillus polymyxa
E681 and Paenibacillus polymyxa SC2 which bears a high number of these new genes.

Finally, eight Bacillus strains do not contain NRPS genes.
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1.2. Bioinformatics analyses on plipastatin and fengycin sequenced operons
The following parts of the work will be focused on plipastatin and fengycin. The previous
bioinformatics analyses showed that there are only two strains (B. amyloliquefaciens FZB42
and B. subtilis 168) carrying a complete fengycin and plipastatin operon sequence, in addition
to the fengycin operon of B. subtilis F29-3 which was separately sequenced (Lin et al., 1998,
1999, 2005; Shu et al., 2002; Wu et al., 2007)). In this chapter, we will compare these
available operons sequences to detect the differences between them.
Both fengycin and plipastatin operons are composed of five genes (ppsA-ppsE) in B. subtilis
168, (fenA-fenE) in B. amyloliquefaciens FZB42 and fenC, D, E, A, B in B. subtilis F29-3. The
gene sequences of both fengycin and plipastatin operons of these three strains were analyzed
by the GenBank database search tools provided by the National Center for Biotechnology
Information (NCBI, USA) and Needle software (Needleman and Wunsch, 1970).
Table 21 shows the proteic and nucleic identity percentages between the genes included in
plipastatin and fengycin operons of these strains. Proteic and nucleic identity % were found
higher between B. subtilis 168 and B. subtilis F29-3 than between B. subtilis F29-3 and B.
amyloliquefaciens FZB42 and than B. subtilis 168 and B. amyloliquefaciens FZBA42,
respectively. In the comparison between B. subtilis 168 and B. subtilis F29-3, the highest
proteic and nucleic identity % were between the peptides ppsC and fenE (90.1% proteic
identity and 80.5% nucleic identity) while the lowest identity was observed for the peptides
ppsA and fenC (87.6% proteic identity and 73.3% nucleic identity). In the comparison
between B. subtilis F29-3 and B .amyloliquefaciens FZB42, the highest proteic and nucleic
identity % were between fenE and fenC (81.3% proteic identity and 68.6% nucleic identity),
while the lowest identity was observed for the peptides fenB and fenE (77.5% proteic identity
and 63.6% nucleic identity). The comparison between B. subtilis 168 and B.
amyloliquefaciens FZB42 showed the highest identity % between ppsC and fenC (80.6%
proteic identity and 68.3% nucleic identity), whereas the lowest identity was observed for the

peptides ppsE and fenE (76.2% proteic identity and 65.0% nucleic identity).
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Table 21: Comparative analysis of NRPS synthetases genes and proteins of Bacillus strains (subtilis 168, subtilis

F29-3 and amyloliquefaciens FZB42) using Needle Global software
Fengycin and Plipastatin  Protein identity = DNA identity

Sequence Origins

genes (%) (%)

. ppsAlfenC 87.6 73.3

B. sub{z{zs 168- ppsBlfenD 89.7 79.4
B. subtilis F29-3 ppsClfenE 90.1 80.5
ppsD/fenA 88.2 80.0

ppsE/fenB 88.4 78.0

. fenCl/fenA 78.0 60.9

B. Subtll‘lS F29-?)' fend/fenB 78.1 65.3
B. amyloliquefaciens fenE/fenC 81.3 68.6
FZB42 fenA|fenD 78.6 66.6
fenBlfenE 71.5 63.6

B. subtilis 168- ppsAifend 78.1 66.3
B. amyloliquefaciens ppsBifenB 777 65.3
FZB42 ppsClfenC 80.6 68.3
ppsD/fenD 78.9 65.5

ppsE/fenE 76.2 65.0

The main differences identified between fengycin and plipastatin are the positions of
the L- and D- forms of tyrosine, which are in position 3 and 9, respectively, for plipastatins
and 9 and 3 for fengycins. For this reason, we should compare both modules 3 and 9 for the
three operons. At position 3, no epimerization domain was detected, only adenylation and
condensation domains were mentioned as shown in Tables 22. The first condensation and
adenylation domains of M3 module (Tyr) shows the highest identity between B. subtilis 168
and B. subtilis F29-3 (90.4% for C domain and 82.5% for A domain), followed by B. subtilis
168 and B. amyloliquefaciens FZB42 (80.2% for C domain and 78.3% for A domain) and B.
subtilis F29-3 and B. amyloliquefaciens FZB42 (79.9% for C domain and 71.5% for A

domain).
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Table 22: Comparative analysis of the first condensation (C) and adenylation (A) domains of the third module
(M3) from Bacillus strains (subtilis 168, subtilis ¥29-3 and amyloliquefaciens FZB42) using Needle Global

software (Data from NCBI) at nucleic level

B. subtilis 168- B. subtilis F29-3- B. subtilis 168-
Domain B. subtilis F29-3 B. amyloliquefaciens FZB42  B. amyloliquefaciens FZB42
C (1st) (M3)
identity (%) 90.4 79.9 80.2
Gaps (%) 0.7 0.0 0.7
A (M3)
identity (%) 82.5 71.5 78.3
Gaps (%) 9.3 9.6 0.8

Table 23: Comparative analysis of the last condensation (C), adenylation (A) and epimerization (E) domains of
the ninth module (M9) from Bacillus strains (subtilis 168, subtilis F29-3 and amyloliquefaciens FZB42) using
Needle Global software (Data from NCBI) at nucleic level

Bacillus subtilis 168- B. subtilis F29-3- Bacillus subtilis 168-
Domain Bacillus subtilis F29-3 B. amyloliquefaciens FZB42 B. amyloliquefaciens FZB42
C (last) (M9)
identity (%) 86.7 80.3 80.6
Gaps (%) 0.2 0.0 0.2
A (M9)
identity (%) 91.8 80.5 79.6
Gaps (%) 0.0 2.7 2.7
E (M9)
identity (%) 85.9 75.3 75.1
Gaps (%) 1.6 1.6 1.6

As shown in Table 23, the M9 module (Tyr) differs from that of M3 by the presence of the E
domain in addition to C and A domains and which refers to the presence of D-Tyr on the M9
of the ppsD (B. subtilis 168), fenD (B. amyloliquefaciens FZB42) and fenA (B. subtilis F29-3).
This also may refer to the similarity of all these molecules which are plipastatins. The
existence of fengycin molecule with a D-Tyr in position 3 should be then limited to the

molecule which was analyzed by Schneider et al. (1999) from the supernatant of B. subtilis

S499.
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1.3. Conclusion

The analysis of plipastatin or fengycin operons sequences of B. subtilis F29-3, B. subtilis 168
and B. amyloliquefaciens FZB42 revealed the similarity of these molecules and raised the
importance of sequencing the B. amyloliquefaciens S499 fengycin operon. This latter codes
for a fengycin synthetases that cannot be correlated with the structure of the synthetases
described in other fengycin- or plipastatin-producing strains. Deciphering this operon should

allow to overcome the difficulties in the differentiation between fengycins and plipastatins.

1.4. Results valorization

The results allowed participating in the following international conferences:

Leclere V, Pupin M, Hussein W, Béchet M, Gancel F, Chollet M, Caboche S and Jacques P.
2011. The power of bionformatics strategy to decrypt NonRibosomal Peptides biosynthesis in

Bacilli. 6™ International Conference on Gram Positive Microorganisms, Montecatini, Italy

Leclere V, Pupin M, Hussein W, Béchet M, Gancel F, Chollet M, Caboche S and Jacques P.
2011. Leclere V, Pupin M, Hussein W, Béchet M, Gancel F, Chollet M, Caboche S and
Jacques P. 2011. Bioinformatics tools to decrypt non-ribosomal peptide diversity in Bacilli.

Bacell Conference, Gottingen, Germany
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2. Differentiation between fengycin and plipastatin

Introduction

In the previous chapter we described an overview of the Non Ribosomal Peptides produced
by 39 Bacillus strains. We here will focus our work on fengycins or plipastatins operons
produced by the NRPS system in some B. subtilis strains, in order to relate the structure of
these two molecules with the structure of operons responsible for their biosynthesis.
Fengycins and plipastatins are very similar lipo-decapeptides and only two differences were
identified between fengycin and plipastatin: a Gln instead of a Glu in position 8 and the L and
D forms of tyrosine, which are in positions 3 and 9 for plipastatins and 9 and 3 for fengycins,
respectively. In the different works describing fengycin structure since its discovery, the
presence of a Glu in position 8 was never mentioned. However, Schneider et al. (1999)
confirmed the existence of fengycin molecule with a D-Tyr in position 3 from the supernatant
of B. subtilis S499. This result could not be correlated with the structure of the synthetases
described in other fengycin- or plipastatin-producing strains. According to this information on
B. subtilis S499 strain, it was interesting to study the sequence of its fengycin operon. Two
other fengycin or plipastatin producing strains were identified in ProBioGEM Laboratory
(Gancel et al., 2009, Coutte et al. 2010, Tapi et al. 2009): B. subtilis 21332 and B. subtilis
BBG21, which is a spontaneous mutant of B. subtilis 21332 that was found to produce high
amounts of fengycin, compared to the mother strain B. subtilis 21332. In this last case, it was
interesting to discover the changes that happened in this new mutant at the fengycin or

plipastatin operon level.

In order to analyse these operons, several primers were designed to amplify and sequence
different fragments. As the three tested strains are B. subtilis, all these primers were designed
using the published sequence of B. subtilis 168 plipastatin operon (accession no. AL009126).
The list of the different primers used is given in Materials and Methods (chapter 1V, 2.1.2.2).

The different obtained amplified fragments were summarized in Figure 32.
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Degenerated primers Plipastatin operon B. subtilis 168

Green  ppsA-ppsB
i o D
Violet  ppsC-ppsD Feps) 2P 54 ] i

Brown ppsD-ppsE
Pink ppsA-ppsC —

Gray  ppsB-ppsD —
Beige ppsC-ppsE

Fengycin operon of B. subtilis S499

Non-degenerated primers
et L) ) o) s e+ )
B Pfen) fenAd fenB fenC JfenD

Orange ppsD
Yellow ppsE-yngL v v

Figure 32: DNA fragments amplified by generated and non-degenerated primers in both plipastatin operon of B.

subtilis 168 and potential fengycin operon of B. subtilis S499 strains.

2.1. Analysis of fengycin or plipastatin operons from B. subtilis 21332 and BBG21

2.1.1. Detection of the epimerization domain
The first primers pair was designed for the detection of the epimerization domain in module 3
(ppsB gene) and 9 (ppsD gene). The analysis was performed on B. subtilis 21332, BBG21 and

168. The results are shown in Figure 33.

1200 bp 1600 bp

Figure 33: Amplicons generated by primers designed to detect the presence of an epimerisation domain in
module 3 (ppsB) and 9 (ppsD) of the plipastatin operon of B. subtilis 168, BBG21 and ATCC21332 ; ppsB
primers lanes (1-5), ppsD primers lanes (6-9) ; lanes (1,6) for B. subtilis 168 ; lanes (2,3,7,8) for B. subtilis
BBG21 ; lanes (4,5,9) for B. subtilis ATCC21332. M = O’Gene Ruler standard.

© 2011 Tous droits réservés. 96 http://doc.univ-lille1.fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

As shown in Figure 33, both the two primers of ppsB and ppsD gave the same fragments
length (1300 bp for ppsB and 1600 bp for ppsD), as for the control strain B. subtilis 168, in
both strains B. subtilis BBG21 and 21332. The difference of the sizes of these fragments, 300
bp, correspond to the size of an epimerisation domain. After cloning of these fragments in

pGEM-T Easy vector and sequencing, the fragments were not completely sequenced.

The Needle EMBOSS protein alignment of the sequenced E domain of ppsD of B. subtilis
BBG21 and ATCC21332 with B. subtilis 168 showed high similarity, whereas 95.5% of
identity was observed between E domain of B. subtilis 168 and BBG21 and 96.7% of identity
between E domain of B. subtilis 168 and 21332, as shown in Figures 34 and 35. The
epimerisation domains can be easily recognized by the presence of 6 consensus sequences
(Table 24). Two of them were recovered in the fragment from strain 21332 and three of them

in the fragment from strain BBG21.

Table 24 : Comparison of consensus sequences detected in epimerization domain regions of

ppsD gene between B. subtilis 168 and B. subtilis BBG21 and 21332

(E) D . Core sequences in Core sequences in Core sequences in
) Domain B. subtilis 168 B. subtilis BBG21 B. subtilis 21332
El PVQKWF ns PVQKWF
E2 GPLLQAGL GPLLQAGL GPLLQAGL
E3 EGHGRE EGHGRE ns
ppsD gene E4 RTIGWFTAIYPLLIK RTIGWFTAIYPLLIK ns
ES5 PDKGFGYG ns ns
E6 FNYLGQ ns ns

ns : non sequenced region
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Figure 34: Needle EMBOSS alignment of the E domain protein of the sequenced ppsD of B. subtilis BBG21
(first line) and B. subtilis 168 (second line).
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Figure 35: Needle EMBOSS alignment of the E domain protein of the sequenced ppsD of B. subtilis 21332 (first
line) and B. subtilis 168 (second line).
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2.1.2. Confirmation of the genes present on each side of the fengycin or plipastatin

operons
Two sets of primers (dacC-ppsA) and (ppsE-yngl) were designed to confirm the genes
present on each side of the fengycin or plipastatin operons in both strains ATCC21332 and

BBG21: dacC and yngL.

2.1.2.1. dacC-ppsA primers

Figure 36: Amplicons generated by dacC-ppsA primers from B. subtilis BBG21 and 21332 ; lanes (1,2) from
B. subtilis 168 ; lanes (3,4) from B. subtilis BBG21 ; lanes (5,6) from B. subtilis ATCC21332, M = O’Gene

Ruler standard.

Figure 36 shows the PCR product of B. subtilis 168, BBG21 and ATCC21332 with the dacC-
ppsA primers and which gave the same fragment size (1882 bp) with the three strains. The
Needle EMBOSS protein alignment of the this fragments of B. subtilis 21332 with B. subtilis
168 showed high identity of 99% (Table 25) .

2.1.2.2. ppsE-yngL primers

Figure 37 shows the PCR product from B. subtilis 168, BBG21 and ATCC21332 with the
ppsE-yngL primers, which gave the same fragment size (961 bp) with the three strains. The
Needle EMBOSS protein alignment of the of B. subtilis 21332 fragment with B. subtilis 168
showed a high identity of 99.4% (Table 25), while the fragment of B. subtilis BBG21 wasn’t
sequenced. In this experiment, PCR products from B. subtilis ATCC9943 and S499 were
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obtained with the same primers. For both strains, the length of the amplicons is higher than
for the three other strains indicating a different organization of the gene ppsE or the presence

of a modified or another gene at the extermity of the NRPS operon.

Figure 37: Amplicons generated by ppsE-yngl primers ; lane (1) from B. subtilis 168 ; lane (2) from B.
subtilis ATCC9943; lane (3) from B. subtilis BBG21; lane (4) from B. subtilis S499; lane (5) from B. subtilis
21332, M = O’Gene Ruler standard.

2.1.4. Analysis with fengycin and plipastatin degenerated primers

Different degenerated primers were used to confirm the organization of fengycin/plipastatin
operon in B. subtilis ATCC21332 and BBG21. Two sets of degenerated primers designed for
the amplification of long DNA fragment from fengycin operon. These degenerated primers
amplified fragment from ppsA-ppsB and ppsC-ppsD genes. They were designed by the
alignement of fengycin/plipastatin operons of B. subtilis 168, F29-3 and B. amyloliquefaciens
FZB48. The second set of degenerated primers were previously designed by Tapi et al. (2009)
to screen for strains containing plipastatin or fengycin operons in their genome. These primers
were designed by the alignment of the adenylation and thiolation domains of the different

Bacillus subtilis F29-3 or 168 sequences of fengycin and plipastatin operons, respectively.

2.1.4.1. ppsA-ppsB and ppsC-ppsD

Figure 38 shows the PCR products obtained with these fragments in B. subtilis 168, BBG21
and ATCC21332. Amplicons of the same size (760 and 1074 bp, respectively) were obtained
with the three strains. After sequencing of these fragments, the Needle EMBOSS protein
alignment of the ppsA-ppsB fragment of B. subtilis 21332 with B. subtilis 168 showed a high
identity of 97.3%, the ppsA-ppsB fragment of B. subtilis BBG21 showed 98.1% identity with
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B. subtilis 168, whereas the alignment of this fragment of B. subtilis BBG21 and B. subtilis
21332 showed a identity of 99.2%. Needle EMBOSS protein alignment of the ppsC-ppsD
fragment of B. subtilis 21332 with B. subtilis 168 showed a high identity of 97.7%, the ppsA4-
ppsB fragment of B. subtilis BBG21 showed 97.6% identity with B. subtilis 168, while the
alignment of this fragment of B. subtilis BBG21 and B. subtilis 21332 showed identity of
99.6% (Table 25).

PpsC-PpsD
1074bp
760bp

Figure 38: Amplicons generated by ppsA-ppsB primers lanes (1-5), ppsC-ppsD lanes (6-9) ; lane (1) from B.
subtilis 168 ; lanes (2,3,6,7) from B. subtilis BBG21 ; lanes (4,5,8,9) from B. subtilis ATCC21332, M = O’Gene

Ruler standard.

2.1.4.2. Degenerated primers for detection of fengycin/plipastatin operons

The results obtained with degenerated primers for specific detection of fengycin or plipastatin

operons are shown in Figures 39 and 40.
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Figure 39: Amplicons revealed with the fengycin degenerated primers ; lane (1-4); lane (1) from B. subtilis 168 ;
lane (2) from B. subtilis BBG21 ; lane (3) from B. subtilis S499 and lane (4) from B. subtilis 21332, M =
O’Gene Ruler standard.

950 bp

450 bp

Figure 40: Amplicons revealed with the plipastatin degenerated primers ; lanes (1-5); lanes (1,2) from B. subtilis
168 ; lane (3) from B. subtilis BBG21 ; lane (4) from B. subtilis S499 and lane (5) from B. subtilis 21332, M =
O’Gene Ruler standard.

The fengycin primers showed a similar fragment of size ranging from 450 bp for the three
strains (the same result was obtained with B. subtilis S499), while the plipastatin primers
showed a fragment of size ranging from 950 bp (the size of the amplified fragment is lower
for B. subtilis S499). Plipastatin fragment alignment of B. subtilis 21332 with B. subtilis 168
showed 96% of identity, while the alignment of this fragment of B. subtilis BBG21 with B.
subtilis 168 showed 99% of identity. Fengycin fragment alignment of B. subtilis 21332 with
B. subtilis 168 showed 93% of identity (Figure 41), while the alignment of this fragment of B.
subtilis BBG21 with B. subtilis 168 showed 99% of identity (Figure 42).
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Feature= in this part of subject =eaguence:
plipastatin synthetase

Jcore = EE27 bit=s (2351, Expect = Ze—17E

Identitie= = 250/42& [92%), Gap= = 5/42Z2& [1%)

Ftrand=Flus=/Minus=

Query 13 CETATTGATGAT CAACGTARA AT CAGRAGETATCCTCTGRAGCIGEETGAGAT CGARTCA 72
trrrrrrrrrerrerrerrrrrerrrrrrrrrere rerrerrerrrrrr reeeer o

bjoct  157EHEE CEIATTGATGATCAAGTAAARRGTCAGAGECTATCGEEIGEAGCTGEETGAARATCGARACAE 157E807

Query 73 AT O AR AT AR I CARRCRAAGOCECACTCITAGCACSTACAGDOCAGRDC 122
trrrrrrrrrrrrrrrrrrrrrerrrrrrerrrrrrerrrrrrrrrrrrrrrereneen

Sbjer 157€00E GCACTITOGICARATACACCGEEEICARRCARMCOCECACTICITAGCACCTACAGOCOCAGRAOC 1976747

Query 133 GEEACCAR AT CITICECIATATCAGCCTARRACCAGECACCAATECTCARCRARETE 152
trrrrrrrrrrrrrrrrrrrrrerrrrrrerrrrrrerrrrrrrrrrrrrrrereneen

bjoct 15976746 GEEAGCARRCGRCCTGITIGECTATATCACGOETARARRACGCAGECACCERAATECTEARMCRARETE 197667

Query 153 CEITCACTICICOECEOEFITORCIGOCARRACTATATEATOCCGEOETACATTATTZARATE 252
PLrrr rerrrrrrenrrrrreerrrrrrerrerrrrerererrreer e rervvweena

bjct 157€EBE CEITCICITCICGCEOEITORCIGOCARACTATATGATCOCCFECCTATATCATTGARATE 19 7TEEZT

Query 253 EACACT I T OO CACATCARACEECARATTEARCCCAARRACCACTTOCIGARCCARAT 312
PERErrrnr e rerereer reerreerr rereereee

Gbjct 1597€EZ€ GAGACTCITCCECICACATCARRCGECAAATTEARCCCGEARRCCACTEOCTEARCCAGAT 1976567

Query 313 TTCACATC-A—CAARCCTACECTOC-GOCI CEARATGACCITEARACGACCARCTTGICIT  3€0
O T e O R B I

3bjet 157656€ CGICECATCTAAACRARCATACA-TCOCOEOCACCECARACCGAACTTCARACGAGCAGTTGECATT 1976508

Query 3E35 GATCITGECAGEAGEIICICEECAT CCAGAGFAT CERAATAGAGEATTCOSTITTITITITGAATT 420
PEErrrrnnrerreenrr reeerrrrererrrrrrerrrrrrrerrrrrrrereneen

Jbjet 1576507 GAICIGECAGEAGEITCIAGECATCCAGAGGATCGEFAATAGAGGATTOSTITTIITIGAATT 13764468

Query 425 EEEOEE 434
rrrn

Ibjct 157€447 GEEOEE 1576442

Figure 41: BLAST nucleotide alignment of the 21332 fengycin fragment with 168 plipastatin synthetase

Features in thi= part of =subject segquence:
plipastatin synthetase
Score = 811 bits (2435}, Expect = 0.0
Identities = 451/457 (33%), Gap= = 0/457 (0%]
FGtrand=Flu=/Minus=
Query SE CEATTGAATATAT OGO OFICITCAT AT CARCTGARRATTAGEEEITATOGTATTEAAC 115
trrrrrrrrreer e ree orerrrrrrrrrrrrrrrrrrrrrerrrrrrrrrreren
Gbjct 1S58TESE CEATTGAATATATIGEACGITIITGATGATCAAGTIGAAAATTAGEEFITATOGTATTIGAAC 1587637
Query 11€ TEACACAGATT AR ACACTTCI TCRACAAGCCACOEEEECTARRACARGCAGOEETACIGE 175
trrrrrrrrrrerrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreren
dbjct 1S58T7E3€ TEAGAGAGATIGAAACAGTICITCGACAAGCACOEEEEEFTAAARAGRAAGCAGOGEFTACIGE 15687577
Query 17E OO GATGI T T LGOI GAGGARARCGEAGCICEITGCITATATCCITCOGGAARAGEEAR 235
trrrrrrrrrrerrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreren
Gbjct 1587576 COOCGIGATGIITCIGCIGAGEAARARAGEAGCTCGITGCITATATOSTITICOGEAARAGEGAA 1567517
Query Z3€ ACARGCCICCCAGATITCIAT CAGTATCITEOOEEEACATIGOOGICCIATATGATOOCAE 255
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr R rrrrrrrrrrrrrrrrrrrrrrerenen
Gbjct 1587516 ACAGCCTOCCAGATTITGIATCAGCATCITGEOCGEEEACATTEOOGICCTATATGATOOCAE 1567457
Query Z9€ CARCTATTATCARCATCAGCCGEATGOCATTAACATCCAGOEECARGCTIGATAGETITIE 355
trrrrrrrrrrrrerrernrr rrrrrrrrrrrrrrrrrrrr R rrRrR R R YT rerenn
Sbjct 1587456 CAAGTATTATCARCATCAGCCAGATGCOCATTAACATOCAGOEECARAGCTITGACAGEITIE 1587357
Query 35€ CECITCCIGAACCAGARR AT AATACCGACT CICATATATATEEOGCCCCGAACCITARTOE 215
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr R rrrrrrrrrrrrrrrrrrrrrrerenen
Sbjct 1587356 COFCITCCIGAACCAGARRRCRRTACGACTEICACATATATEEOGOOCOCGARCCITAATOS 15687337
Query 421€ AR GATCICECACATATT T GECAAGATCIGCIGAATAAACAGCACATORECATTIORLIG 475
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr R rrrrrrrrrrrrrrrrrrrrrrerenen
Sbjct 1SBT7336 AAGCIGATCICGCACATATITGEGAAGATCTGCIGAATARRCAGCACATOGECATTOSTE 1887277
Cuery 47E ATGATTICITICAGITAGEOGGACATTCOOCTAARRGT 512
trrrrrrrerrrrrrrrrrrrrrre ree o reeeenn
Sbjct 1SHTZ7E& ATGATTICITICACITAGEOEEACAGTOCTITARRRAGT 1SEH7Z40

Figure 42: BLAST nucleotide alignment of the BBG21 fengycin fragment with 168 plipastatin synthetase
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2.2. Analysis of fengycin or plipastatin operon organization of B. subtilis S499

Among the previous primer pairs tested which were designed with the published sequence of
B. subtilis 168 plipastatin operon and tested with both B. subtilis BBG21 and 21332, most of
them gave no results with B. subtilis S499. New series of degenerated primers designed by the
alignment of three Bacillus plipastatin and fengycin operons from B. subtilis 168, B.
amyloliquefaciens ¥ZB42 and B. subtilis F29-3 were thus used to characterize the
organisation of the B. subtilis S499 fengycin operon (ppsA-ppsB primers, ppsB-ppsC primers,
ppsC-ppsD primers and ppsD-ppsE primers).
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Figure 43: Amplicons generated by ppsA-ppsB primers lanes (1,3,5), ppsC-ppsD lanes (2,4,6) ; lanes (5,6) from
B. subtilis 168 ; lanes (1,2,3,4) from B. subtilis S499, M = O’Gene Ruler standard

Figure 43 shows the PCR products of B. subtilis 168 and S499 with the pps4-ppsB and ppsC-
ppsD primers, which gave the same fragment size (760 and 1074 bp, respectively). After
sequencing of these fragments, BLAST nucleotide alignment of the pps4-ppsB fragment of B.
subtilis S499 with B. subtilis 168 showed identity of 65.2%, while a high identity of 96% with
B. amyloliquefaciens FZB42 was found. The alignment of ppsC-ppsD fragment of B. subtilis
S499 with B. subtilis 168 showed identity of 72.8%, while the aligment with B.
amyloliquefaciens FZB42 revealed a high identity of 97% (Table 25).
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767bp

084bp

Figure 44: Amplicons generated by ppsB-ppsC primers lanes (1,3,5), ppsD-ppsE lanes (2,4,6) ; lanes (5,6) from
B. subtilis 168 ; lanes (1,2,3,4) from B. subtilis S499, M = O’Gene Ruler standard

Figure 44 shows the PCR products of B. subtilis 168 and S499 with the ppsB-ppsC and ppsD-
ppsE primers which gave the same fragment size (2084 and 2767 bp, respectively). After
sequencing of these fragments, BLAST nucleotide alignment of the ppsB-ppsC fragment of B.
subtilis S499 with B. subtilis 168 showed identity of 64.5%, while a high identity of 97% with
B. amyloliquefaciens FZB42 was found. The alignment of ppsD-ppsE fragment of B. subtilis
S499 with B. subtilis 168 showed identity of 69%, while the alignment with B.
amyloliquefaciens FZB42 revealed a high identity of 97% (Table 25).

2 kb

Figure 45: Amplicons generated with ppsA-ppsC primers ; lanes (1,2) from B. subtilis S499; lane (3) from B.
subtilis 168, M = O’Gene Ruler standard
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o6 Kb

Figure 46: PCR gradient for ppsB-ppsD primers lane (1) from B. subtilis 168, lane (2-11) from B. subtilis
S499, M = O’Gene Ruler standard

10 kb

Figure 47: ppsC-ppsE primers lanes (1,2) from B. subtilis S499, lane (3) from B. subtilis 168, M =X DNA +
HindIIl marker

Figure 45 shows the long PCR product of B. subtilis 168 and S499 with the ppsA-ppsC
primers which gave the same fragment size (9 kb). Figure 46 shows the long PCR product of
B. subtilis 168 and S499 with the ppsB-ppsD which gave a convergent fragment size (9.6 kb
for B. subtilis 168) and about 10 kb for B. subtilis S499, while Figure 47 shows the PCR
product of B. subtilis 168 and S499 with the ppsC-ppsE which gave fragment size (12.3 kb)
with B. subtilis 168 while S499 showed a fragment (10 kb) smaller than that of B. subtilis
168. This difference between the length of this fragment between B. subtilis 168 and S499
could be referred to the absence of epimerization domain in position 9 from ppsD or fenD of

B. subtilis S499, which could confirm the absence of a D-Tyr in position 9 from the

© 2011 Tous droits réservés. 106 http://doc.univ-lille1.fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

supernatant of B. subtilis S499 as reported by Schneider et al. (1999). However here, the
presence of D-Tyr (E domain) couldn’t be detected in position 3 (ppsB or fenB) because the
difference of the fragment size in this region of S499 was not long enough than that of B.
subtilis 168 to say the E domain is present in position 3. The absence of this domain was
detected in position 9 (ppsD or fenD) but unfortunately, the large fragment detected for S499

couldn’t be cloned or sequenced.

Table 25: Needle alignment of the different sequenced fragments detected for fengycin and
plipastatin operons of B. subtilis S499, 21332 and BBG21

Sequence Oripins Fengycin and Plipas-tatin sequenced fragments DNA identity

alignment (%)

ppsA-ppsB 96

B. subtilis S499- ppsB-ppsC 97
B. amyloliquefaciens ppsC-ppsD 97
FZB42 ppsD-ppsE 97

ppsA-ppsB 65.2

ppsB-ppsC 64.5

B. subtilis S499- ppsC-ppsD 72.8
B. subtilis 168 ppsD-ppsE 69
dacC-ppsA 99

ppsA-ppsB 97.7

B. subtilis 21332- ppsB 100

B. subtilis 168 ppsC-ppsD 97.7

ppsD E domain 96.7

ppsE-yngL 99.4

ppsA-ppsB 98.1

B. subtilis BBG21- ppsC-ppsD 97.6
B. subtilis 168 ppsD E domain 95.5

2.3. Conclusion

The DNA identity observed between sequences of Bacillus S499 and B. amyloliquefaciens
was more important than that Bacillus S499 and B. subtilis 168. This result showed that S499
strain could belong to the amyloliquefaciens species, which was recently confirmed by
researchers of Gembloux Agro-Biotech (Marc Ongena, personal communication). The study
of the organization of fengycin/plipastatin operons in B. subtilis BBG21 and 21332 is
probably identical to this of Bacillus subtilis 168. For Bacillus subtilis S499, several
differences were observed and the absence of some sequences did not allow to conclude about
the definite organisation of this operon. The S499 genome sequencing which has started now

should give the answer to the question: “fengycin and plipastatin, who is who?”
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3. Plipastatin overproduction in B. subtilis 168 derivatives

The next objective of our work was to study the effect of the replacement of plipastatin
operon promoter of two B. subtilis 168 derivatives named BBGI111 and BBG134. In a
previous work, introduction of an active sfp gene from B. subtilis 21332 to B. subtilis 168
gave rise to strain BBG111 which has an active sfp gene required to promote lipopeptide
production. This derivative is co-producer for both surfactin and plipastatin (Coutte et al.,
2010). In addition, the interruption of surfactin operon in BBG111 gave the strain BBG134 a
plipastatin mono-producer strain (Deravel, ProBioGEM). These two derivatives were used in

attempts to replace their plipastatin promoter by a constitutive one P,

3.1. The different constructions used to replace plipastatin native promoter

of B. subtilis 168 derivatives

3.1.1. Plasmid construction 1

In a previous work, Py, a promoter originating from Staphylococcus aureus, was
inserted in the plasmid named pBG106 (Leclere et al., 2005).
dacC Cassettel (621 bp) and ppsA Cassette2 (617 bp) from B. subtilis 168 were cloned in
pGEM-T Easy vector. The resulting plasmids were named pBG186 and pBG177 respectively
(see chapter IV, Materials and Methods, 2.1.11.1. Plasmids construction).

pBG106 was first used to achieve the plipastatin overproduction in B. subtilis BBG134

and BBG111 derivatives. The expected construction is shown below in Figure 48.

dacC Ppps ppsA ppsB } ppsC ) ppsD Hgsjﬁ” yngL >

cdacl FPror neo eppsAd
(621 bp) (393 bp) (939 bp) (617
Neol AXbal al Frang

I dacC ) Propr neo DpsAd ) opsB )

Figure 48: Expected construction 1; pps promoter replacement by the P,,,-neo cassette.
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dacC cassettel (from pBG186) was then inserted in pBG106 to obtain pBG189.

Unfortunately, pPBG189 was difficult to digest and a new strategy was elaborated to obtain the
final plasmid.

PGEM-T vector
30kb

I Ty

pBEG177
plasmid
3636 bp

PBGIT79
plasmid
3632 bp

pBG178
plasmid
4972 bp

Figure 49: Different construction steps of pBG180 (PrepU- neo cassette in sense direction) and

pBG180*(PrepU- neo cassette in antisense direction) plasmids
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3.1.2. Plasmid construction 2

This construction was performed using pGEM-T Easy vector. A new fragment dacC
Cassettel, which have two artificial sites Aafll and Ncol was first cloned in pGEM-T Easy
vector between the EcoRI sites of the vector. The ligation mixture was transformed into E.
coli IM1009 cells. The resulting plasmid was named pBG178.

Both pBG177 (previously prepared in construction 1) and pBG178 were Aatll and
Ncol double digested, the dacC Cassettel fragment was then inserted between the Aarll and
Ncol sites of pPBG178 to obtain pBG179.

Both pBG106 and pBG179, which have two artificial sites of Xbal and Banll were
Xbal digested. The P,.,;-neo cassette was released from pBG106 and inserted between Xbal
sites of pBG179 to obtain pPBG180. The size of thenew plasmid pBG180 was 5559 bp (Figure
49).

dacC Cassette 1
617 bp

Figure 50: pBG180 Aafll + Ncol double digestion to verify dacC insertion; M = O’ Gene Ruler
standard, 1, 2, 3, 4 = dacC Cassette 1

Ten colonies were obtained, after the inoculation of two colonies with pBG180
plasmid in LB liquid with neomycin; both sequencing and the transformation were performed
at the same time for the two plasmids. One of the two plasmids was successfully transformed
into B. subtilis BBG111 and gave the derivative BBG140, while no transformants were
obtained for the B. subtilis BBG134. The sequencing results were then obtained and
surprisingly, it showed that the plasmid transformed in BBG111 (BBG140) harbour the
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PrepU,., cassette in the antisense direction, while the other plasmid harbour the PrepU,.,
cassette in the sense direction.

These two types of final plasmid were obtained as the P,.,y-neo cassette was digested
with Xbal enzyme from the two sides, the type (1) was named pBG180 and harbour P,.,-neo
cassette in sense direction, while type (2) plasmid was named pBG180* and harbour PrepU-
neo cassette in antisense direction (inverted).

The ten colonies obtained were inoculated in LB liquid with neomycin. The plasmids
were purified and tested by PCR to verify the construction with dacC-pps sense and ppsA
cassette 2 antisense primers and with P,.,y-neo fwd2 + ppsA cassette 2 antisense primers (to
detect the sense of P,.,y-neo cassette).

According to that, six of the ten tested plasmids were found to harbour P,.,y-neo
cassette in sense direction, while four plasmids were found to have P,,y-neo cassette in
antisense direction. Type (1) plasmid was used to transform by the natural competence
method both of B. subtilis BBG134 and BBGI111.

The type (1) plasmid couldn’t be introduced in B. subtilis BBG111 and BBG134 after
five times by the natural competence method and four times by electroporation. Every time
many colonies were observed which were resistant to neomycin. Many of them were tested by
PCR and for lipopeptide production. Neither positive specific PCR amplification nor

significant plipastatin production were observed.

B. subrilis 168
trpC2 sfp° degQ”
Sip- Sri-Pps-

B. subtilis BBG134
rpC2 sfp° degQ”, amyE::sfp-cat
srfdd::tet
Sfp+ Sri+ Pps+/- CmF Tc®

B. subtilis BBG111
rpC2 s5fp° degQ”, amyE::sfp-car
Sfp+ Sri+ Pps+/- CmF

pBG180* pPBEG180
dacC neo PrepU ppsA dacC PrepU neo ppsA

— . ——— ——— ——

neo- PrepU::ppsd

No transformants
Sfp+ Srf+ Pps- CmF NmF

Figure 51: B. subtilis 168 derivatives constructions; BBG111 (Coutte et al. 2010), BBG134
(Deravel et al. 2011) and BBG140 (this study) by pBG180* plasmid transformation

B. subtilis BBG140
trpC2 sfp° degQ°, amyE::sfp-cat,
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3.1.2.1. Verification of the new constructed B. subtilis BBG140

While the obtained construction was not the requested one, it was genetically analysed
and the phenotype of the resulting mutant was analysed. The verification of the new strain
BBG140 construction was performed by PCR using two primers located up and downstream
from the inserted cassette dacC-pps sense and ppsA Cassette 2 antisense. The PCR generated
large fragment of about 2.5 kb for the new B. subtilis BBG140 strain, compared to 1.2 kb for
the mother strain B. subtilis 168. The fragment was sent to sequencing and the result showed
that the insertion derivative BBG140 had the P,.,y-neo cassette inverted and the other two

cassettes were identical (100 %) to that of the mother strain B. subtilis 168.

Figure 52: Verification of pBG180 insertion in B. subtilis BBG140; M = O’ Gene Ruler standard, 1 = B. subtilis
168, 2 to 6 = BBG140

3.1.2.3. Plipastatin operon expression of BBG140 strain

Expression of the plipastatin operon was checked for both BBG140 and its mother
strain BBG111. It was measured during the growth in Landy MOPS medium at pH 7.0 in 500
mL flask at 37 °C and under an agitation rate of 200 rpm.
Three samples were withdrawn during the log phase after 4 h, 10 h and 24 h of growth. The
transcriptome was blocked by the RNAlater solution and the RNA was extracted and stored at
-20 °C (see chapter IV, material and methods, 2.1.10.3). The day after, the total RNA was
inverse transcribed to cDNA by RevertAid First Strand kit from Fermentas. The cDNA

concentrations were measured using Biowave II, WPA spectrophotometer.
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As shown in Figure 53, the plipastatin operon of BBG111 has been amplified. The fragment
of 760 bp indicates the expression of the plipastatin operon in this strain. No amplicon was
observed for BBG140 with the ppsA4 sense and anti-sense primers which were affected with
the cDNA to detect the expression of the the plipastatin operon. The absence of plipastatin
operon expression in the derivative BBG140 is thus a result of integration of the inverted

P,epu-neo cassette.

ppsA fragment
760b

Figure 53: ppsA primers for the cDNA samples of BBG140 and BBG111, M = O’ Gene Ruler standard, 1 = 4 h
sample of BBG140, 2 = 10 h sample of BBG140, 3 = 24 h sample of BBG140, 4 = 4 h sample of BBG111, 5 =
10 h sample of BBG111, 6 =24 h sample of BBG111

3.1.2.4. Lipopeptide production by the new strain B. subtilis BBG140

Cultures were performed with the strain BBG140 and its mother strain BBG111 to
verify the interruption of plipastatin operon by the absence of plipastatin production. A lot of
studies have pointed out different environmental factors for their effect on lipopeptide
production and several experiments performed in our laboratory have shown that this effect
can be strain-dependent. Carbon and nitrogen sources as well as mineral requirements could
drastically affect the synthesis (Landy et al., 1948; Cooper et al., 1981; Jacques et al. 1999;
Guez et al., 2007; Wei et al., 2007). To take into account these factors, two set of different

cultures conditions (series A and B) were realized.
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3.1.2.2.1. Series A

Three media were analysed which differ by carbon and nitrogen sources. The experiments

were carried out at 30°C, in 1 L flasks, 10% filling volume under 160 rpm. Growth of the

culture, pH of media and lipopeptide production were followed during 140 h as explained in

Materials and Methods. At least two replicates were realized and the values shown in Figures

54, 55 and 56 are averages.

a) Modified Landy medium

As shown in Figure 54, growth of the two strains remains low in the medium. BBG111

synthesized a small amount of plipastatin at 24 h (9.57 mg/L) and no production was
observed in BBG 140. At 72 h, the specific productions (in mg/L/U.D.O) for surfactin are

47 and 290 for BBG 111 and BBG 140 respectively.
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Figure 54: Microbial growth at 600nm, pH, surfactin production for BBG140, surfactin and plipastatin

production for BBG111 in modified Landy medium
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b) Modified Landy 3 medium

As shown in Figure 55, the plipastatin production for BBG111 gave a small level of 6.9
mg/L at 24 h (9.6 O.Dgoonm and pH 5.4) which decreased to reach 3.6 mg/L at 144 h. No
production could be detected for the strain BBG140. In this medium, BBG140 acidified
less than BBG111. The decrease in pH for BBG111 after 24h could be the reason for the
low detection of surfactin, due to precipitation. In this medium, at 72 h, the specific
productions (in mg/L/U.D.O) for surfactin were 0 and 16 for BBG111 and BBG140,

respectively.
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Figure 55: Microbial growth at 600 nm, pH, surfactin production for BBG140, surfactin and plipastatin
production for BBG111 in modified Landy 3 medium
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Contrary to modified Landy medium and modified Landy 3 medium the optimalized

medium promoted an important growth of the two strains after 72 h of cultivation (Figure

56). As in the previous experiments, a low amount of plipastatin could be observed for

BBG111 whereas no production was observed for BBG 140. In this medium, at 72 h, the

specific productions (in mg/L/U.D.O) for surfactin were 81 and 216 for BBG 111 and

BBG 140, respectively.

9 ‘ 20
8,5 = — | —| 18
8 ’\.\ 16
7,5 14
i / \\ 12 g
PH65 — 10 §
55 //% \ 6
5 4
4,5 // 2
4 / : : : : 0
0 20 40 60 80 100 120 140 160
Time (Hours)
pH BBG140 pH BBG111 —e— 0.D600nm BBG140 —m— O.D600nm BBG111

1600

Surfactin production (mg/L)

1400
1200
1000

800
600
400
200

0

—2
e
7
p :" 7
/
\/ /
L | |
0 20 40 60 80 100 120 140 160

Time (Hours)

—e— Surfactin BBG140 —m— Surfactin BBG111

Plipastatin BBG111

14

12

10

0

Plipastatin production (mg/L)

Figure 56: Microbial growth at 600 nm, pH, surfactin production for BBG140, surfactin and plipastatin

production for BBG111 in optimalized medium
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In conclusion, no production of plipastatin was observed in BBG140 whatever the medium.
BBGI111 and BBG140 showed different regulation of surfactin synthesis, as the specific
production is always higher in BGG140.

3.1.2.2.2. Series B

These series of experiments were performed in Landy MOPS medium with addition of
organic acids (fumaric acid and pyruvic acid) or by replacement of glutamic acid with proline
and tyrosine. Productions in Landy modified 3 and optimalized medium were used as control.
The experiments were carried out at 30°C, in 1 L flasks, 10% filling volume under 160 rpm.
Lipopeptide productions were quantified by HPLC after 72 h of fermentation. At least two

replicates were realized and the values shown in Figure 57 are averages.

As expected for BBG140, no plipastatin production was observed. In Landy MOPS,
BBGI111 gave a small production of plipastatin (9.5 mg/L) and in Landy modified 3 a more
important synthesis (55 mg/L).

The highest plipastatin production was observed in Landy MOPS with fumaric acid (62
mg/L). Landy MOPS with tyrosine gave 25 mg/L, optimalized medium, 12 mg/L and finally
Landy with pyruvic acid gave no plipastatin production.

The highest surfactin production was observed in optimalized medium (1450 mg/L for
BBG140 and 1360 mg/L for BBG111) followed by Landy MOPS with tyrosine (860 mg/L for
BBG140 and 380 mg/L for BBG111), Landy MOPS with proline (700 mg/L for BBG140 and
300 mg/L for BBG111), Landy MOPS with fumaric acid (700 mg/L. for BBG140 and 380
mg/L for BBG111), Landy MOPS (680 mg/L for BBG140 and 410 mg/L for BBG111),
Landy modified 3 (580 mg/L for BBG140 and 200 mg/L for BBG111) and finally Landy
MOPS with pyruvic acid (370 mg/L for BBG140 and 290 mg/L for BBG111).

The overall effect of all these conditions was on the surfactin production which was observed
to be higher in BBG140 than in BBG111. Interestingly, these results revealed that the non-

expression of the plipastatin operon in BBG140 affects positively the production of surfactin.
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Plipastatin production (mg/L)

Landy+Fumaric Landy Modified Landy+Tyrosine Landy MOPS  Optimalized ~ Landy+Proline Landy+Pyruvic
acid 3

Surfactin production (mg/L)

Optimalized Landy+Tyrosine  Landy+Proline Landy+Fumaric Landy MOPS  Landy Modified 3 Landy+Pyruvic acid
acid

| s1fBBG140 MsrfBBG111 |

Figure 57: Plipastatin and surfactin productions (mg/L) for BBG140 and BBG111 in different culture media
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3.1.3. Plasmid construction 3

The constructed plasmid pBG180 was used to design the construction 3. The expected

construction is shown in Figure 58.

dacC } Ppps ppsB )l ppsC)l ppsD >|ppsl‘) yngL)
tdacC spe en-BBG21
(621 bp) (780 bp) | (340 bp) (457 bp)

Aafl Neol Sacll I EcoR1 EL‘DRJ Sall Ndel

J

dacCﬂ spc  |\Pfen-BBG21| ppsA A ppsb

Figure 58: Expected construction 3; pps/fen promoter replacement by spc-Pfen-BBG21 cassette

Firstly, the Pfen-BBG21 and ppsA-Cassette2N fragments were inserted in pGEM-T Easy
vector between the EcoRI sites of the vector. The ligation mixtures were then transformed
into E. coli JM109 cells. The obtained plasmids were named pBGI185 and pBG183,
respectively. Both pPBG180 and pBG183 were Sall and Ndel double digested, and then ppsA-
Cassette 2N was inserted between Sa/l and Ndel sites of pPBG180 to obtain pBG191. Both
pBG191 and pBG214 (bearing a spectinomycin resistance gene) were Ncol and Sacll double
digested, the spc gene then released and inserted between the Ncol and Sacll sites of pBG191
to obtain pBG192. Both pBG185 and pBG192 were EcoRI digested, and then the previous

fragments P,.,y-neo cassette and ppsA Cassette 2 were released (Figure 59).
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pBG192
pBG185
Prgpﬂ"ﬁ'gﬂ
gene
1340bp
Pfen BBG21
340 bp

Figure 59: EcoRlI digestion for both pBG191 and pBG185 plasmids

The new promoter fragment Pfen-BBG21 was then inserted between the EcoRI sites of
pBG192 to obtain pBG193.

Only five colonies were observed on LB plates with spectinomycin after the
transformation of pBG193 into E. coli. The plasmid was purified and sent to sequencing but
sequencing failed. To date, transformation of B. subtilis BBG111 and BBG134 with this new
plasmid pBG193 did not succeed.

3.1.4. Conclusion

Achievement of plipastatin mono-producer or plipastatin + surfactin co-producer derivatives
(with high amounts of plipastatin) by replacement of native promoter by the constitutive one
prepu faced several difficulties. Two conclusions arose:

(1) The first difficulty was to place the plipastatin operon under the control of a
constitutive promoter in spite of the previous obtention of a B. subtilis 168 derivative called
B. subtilis 2504 (Ongena et al., 2007). B. subtilis 2504 was constructed by the replacement of
the native promoter by the P, 0, whereas we worked with P,.,y promoter. Difference between
P,epv and P,y or incompatibility of the P, with the plipastatin operon could explain the
difficulty.

(2)  The construction of a non-producing plipastatin strain (obtained by the insertion of the

PrepU-neo cassette in the antisense direction) led to an increase of the surfactin production.
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4. Plipastatin and fengycin promoter region expression of B.

subtilis 168 derivatives

Introduction

In this last part of the work, we wanted to determine in which environmental conditions the
genes involved in the biosynthesis of fengycin/plipastatin are expressed. We first compared
the level of fengycin production of several mutant strains obtained in ProbioGEM. Then, we
constructed new mutant strains with /acZ ORF fused to their fengycin/plipastatin operon
promoter. We used this reporter gene to compare the expression ofoperons in different culture
conditions. We were especially interested in expression of B. subtilis BBG21 a spontaneous
mutant of B. subtilis 21332 found to produce high concentrations of fengycin, in non well

identified conditions.
4.1. Plipastatin and fengycin productions by the different B. subtilis strains

The production of fengycin or plipastatin was first analysed in four strains of ProBioGEM
collection : B. subtilis 168, B. subtilis BBG111, a sfp” mutant derivatives of 168 strain (Coutte
et al., 2010), B. subtilis BBG134, a srf mutant of B. subtilis BBG111 and B. subtilis BBG21.
These strains were cultivated in Landy MOPS medium (pH 7.0, 160 rpm, in 1 L flask and 10

% filling volume). The lipopeptide production was measured after 72h as shown in Figure 60.
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Figure 60: Fengycin or plipastatin production after 72 h of fermentation in Landy MOPS for B. subtilis
168, BBG134, BBG111 and BBG21

B. subtilis 168 gave no lipopeptide production, while B. subtilis BBG 111 and BBG 134
revealed a poor production (20 mg/L and 15 mg/L respectively). In contrast, B. subtilis
BBG21 whieh produced about 150 mg/L of fengycin. These results confirm the higher level
of production of Bacillus subtilis BBG21.

4.2. Expression analyses of plipastatin/fengycin promoters by fusion to /acZ gene
Plipastatin and fengycin operons regulation in B. subtilis 168 and BBG21 was studied by
analyzing the strength of native promoters using a gene reporter system which constitutes an
extensive toolbox for the study of promoter regulation. In this study, we utilized lacZ reporter
system. The P,,, promoter of B. subtilis 168 and Py, promoter of B. subtilis BBG21 were
fused to the lacZ gene from pDG1661 plasmid. The resulting plasmids were used to transform
B. subtilis 168, leading to strains BBG142 and BBG139, respectively (see chapter IV of
material and methods, paragraph 2.1.12.1). In these strains, [(-galactosidase activities
(expressed in Miller units) were used to study the expression levels of the lipopeptides

fengycin and plipastatin synthetases operons
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4.2.1. B. subtilis 168 and BBG21 plipastatin and fengycin promoter sequence

comparison

Both plipastatin and fengycin promoters from B. subtilis 168 and BBG 21 strains were

sequenced after PCR amplification. The primers were designed according to the published

sequence of B. subtilis 168 plipastatin operon. The product size was 340 bp from total

promoter region 382 bp. The sequencing and alignment results revealed 99.1% of identity.

Length: 340

Identity:

Similarity:

Gaps:
Score:

1667.0

P

pPps

168 and Pf,, BBG21 alignment

337/340 (89.1%)
337/340 (99.1%)
1/340 (0.3%)

EMBOSS 001
EMBOSS 001
EMBO3S 001
EMBO3S 001
EMBO3S 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001

EMBOSS 001

EMBOSS 001

EMBOSS 001

EMBOSS 001

51

51

1M

101

151

151

300

TAATAGCGEEAGACCTGRAATT CCALGAGA AR ACAGGTTTTITTATGICIG
TAATAGCGEEAGACCTGRAATT CCALGAGA AR ACAGGTTTTITTATGICIG
TAATARCGCTTTGTCGRACCT TCCARCAATTAGALGRATGATGCACARR S
TAATARCGCTTTGTCGRACCT TCCARCAATTAGAL GAATGATGCACARR S
GRAANTTAGTCCGAT TARARRGTAGTGTATARGACCTTATGTARRACART
GRAEATTEGT+CGEITLLEEEGTEETGTLTBEERECTTETGTALREERET
BCTTTTATCACTTTATATCCGGRAATT TGATAARARNBGARBCGARRARAT
ACTTTTATCACTTTATATCCGGRAATT TGATAARAANBEANACGARRART
BAACARATARTACTATATTCARRARARATGTTATARRRATTTARTGTTIT
ERBGELETAEIEETLTRTTC—LLEELRLIGTTRTRA&RETTTRAIGTTTT

TTATTGTACTITARR AR A TATCCGT TRAATATAGTGCATATATGGATTATE

TTATTGTACTITARL AR A TATCCGT TAATATAGTGCATATATGGATTATE

TAGTCATATAATTTCTTTTATTGICATTITTRAGETTITIT 340

TAGTCATATAATTTCTTTIATTGICATTITTAAGETTITIT 338

20

20
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Figure 61: Needle alignment of P, BBG21 sequenced promoter with P,,; 168, three bases differences (in red

colour)
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4.2.2. Verification of B. subtilis BBG142 and BBG139 strains construction
To verify that the promoter was inserted in the appropriate sense within the plasmid
pDG1661, Sphl and EcoRI double digestion was performed (Figures 62 and 63) to release the
cat gene (1280 bp). If the promoter was in the anti-sense direction, a fragment of 1620 bp (cat
gene + P,,, 168) and (cat gene + Py, BBG21) would have been obtained. As shown in figures

62 and 63, the constructions of both plasmids are in the right direction.

pBG184

cal e
1280 bp

Figure 62: Sphl + EcoRI double digestion of pPBG184

pBG185

Cat gene
1280 bp

Figure 63: Sphl + EcoRI double digestion for pBG185
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The new plasmids pBG184 and pBG185 were used to transform B. subtilis 168 by the natural
competence method. Two colonies (for pBG184) and four colonies (for pBG185) were
obtained on the LB Petri dishes supplemented with chloramphenicol. One mutant strain was
selected for each construction and called BBG142 (for the strain containing the P, promoter
of B. subtilis 168) and BBG139 (for the strain containing Py, promoter of B. subtilis BBG21)
respectively. After the extraction of genomic DNA, the verification of the new strains
BBG142 and BBG139 was effected by PCR using amyE primers to detect an insertion within
the amylase gene of the recombinant plasmid. An amplicon of about 5 kb from both B.
subtilis BBG142 and BBG139 was detected compared to the 3 kb fragment from the mother
strain 168, indicating that the fragment bearing P,,, - lacZ and P, - lacZ plasmid was

successfully integrated into the new strain BBG142 and BBG139, respectively.

B 168 BBG142
A 5 kb

3kb

Figure 64: Verification of pps 168 insertion in amyE locus in B. subtilis BBG142 (B. subtilis 168 derivative)

BBG139 5kb

<
B. subtilis 168
_
3 kb

Figure 65: Verification of Pfen BBG21 insertion in amyE locus in B. subtilis BBG139 (B. subtilis 168

derivative)
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As the insertion of 3kb fragment occurred in the amyE gene locus, amylase activity was
checked. Another mutant strain containing Py~LacZ fusion also inserted in AmyE locus was
also used in this experiment. As shown in figure 66, B. subtilis 168 showed an amylase

activity whereas BBG 127, BBG 139 and BBG 142 can’t no more hydrolyse the starch.

ON

7

S
L ©
/4 g/

Figure 66: Amylase test on the new strains B. subtilis BBG127, BBG142 and BBG139 compared to mother

strain B. subtilis 168. Amylase activity is shown as yellow colony. Lack of activity is shown as dark blue colony.

4.3. Comparison of B-Galactosidase activity between BBG142 and BBG139 strains

The plipastatin and the fengycin promoters expression of BBG142 and BBG139 strains were
compared under different growth conditions. The strain BBG127 was added to this study to
get, in parallel, results about the surfactin promoter expression as this promoter is known to
be efficient and can be considered as a positive control. Eleven different experiments were
performed in which we modified several cultivation parameters which could, on the basis of
previous results obtained in the laboratory, influence plipastatin/fengycin promoter
expression. These parameters were: temperatures (25, 30 and 37°C); culture media with
different nitrogen sources (Landy Mops (glutamic acid 5g/L), Landy modified (glutamic acid
5 g/l and ammonium sulfate 2.2 g/I.) and Landy modified 2 (glutamic acid 2.5 g/L and
ammonium sulfate 2.2 g/L)), oxygen transfer conditions (modified by changing the flask sizes
(1L, 500 mL and 100 mL)), the agitation rates (200 and 160 rpm) and the filling volume of
the flasks (20% and 30 %). All the experiments were carried with an initial pH of 7.0.

Table 26 shows the different experiments with their cultivation conditions used to determine
the P,ps, Py and Py, expression levels. The average of the expression level determined by
Miller units at 78 h shows that the highest expression levels of P,,, were induced by

conditions of experiment 11 (79 Miller units) followed by experiment 3 (32.5 Miller units)
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and experiment 10 (29 Miller units). These three experiments were performed at 30 °C. In
experiment 11 (maximum expression level), the oxygen transfer rate [the filling volume (30
%), the agitation rate (160 rpm) and the flask size (100 mL)] play also an important role in the
induction of this promoter expression.

The average of the expression level determined by Miller units at 78 h shows that the highest
expression levels of Pr, were induced under the conditions of experiment 6 followed by
experiment 5 and experiment 8. These three experiments were performed at 37 °C. In
experiment 6 (maximum expression level), the culture medium play an important role in the
expression induction of this promoter. The Landy modified 2 medium have the more effect on
expression induction followed by Landy MOPS and Landy modified medium.

The average of the expression level determined by Miller units at 78 h shows that the

expression level of P, has close expression levels under several experiments.
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4.4. Maximum expression levels for Py, BBG139
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Figure 67: Maximum expression levels for P, BBG139 at 0-50 h and 50-100 h under the different experiments.
Exp 1: Landy MOPS pH 7.1, 20% f.v, 1 L flask, 200 rpm and 25°C; Exp 2: Landy modified 2 pH 7.0, 20% f.v,
1 L flask, 200 rpm and 25°C; Exp 3: Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200 rpm and 30°C; Exp 4: Landy
MOPS pH 7.0, 20% f.v, 100 mL flask, 200 rpm and 30°C; Exp 5: Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200
rpm and 37°C; Exp 6: Landy modified 2 pH 7.0, 20% f.v, 1 L flask, 200 rpm and 37°C ; Exp 7 : Landy modified
pH 7.0, 20% f.v, 1 L flask, 200 rpm and 25°C; Exp 8: Landy modified pH 7.0, 20% f.v, 1 L flask, 200 rpm and
37°C; Exp 9: Landy modified pH 7.0, 20% f.v, 1 L flask, 160 rpm and 30°C; Exp 10: Landy modified pH 7.0,
20% f.v, 500 mL flask, 160 rpm and 30°C; Exp 11: Landy modified pH 7.0, 30% f.v, 100 mL flask, 160 rpm and
30°C.
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Figure 67 summarizes all the expression levels observed for Py, BBG139 under the different
experiments performed t 0-50 h and 50-100 h with two replicates of each experiment.

At 0-50 h, Py, BBG139 showed the highest expression level for experiment 6 (110 and 82
Miller units) followed by experiment 5 (81 and 51 Miller units), 8 (57 and 43 Miller units)
and 11 (41 and 25 Miller units), respectively. All the other experiments showed expression
levels less than 40 Miller units.

At 50-100 h, the highest expression level was also observed for the experiment 6 (283 and
175 Miller units). Four experiments (5, 8, 9 and 10) showed expression levels ranged from
100 to 50 Miller units, while six experiments (1, 2, 3, 4, 7, and 11) showed expression level
less than 50 Miller units.

It was observed that the expression levels obtained from 50-100 h was more important than
that from 0-50 h.

A temperature of 37°C and the use of Landy modified 2 medium which contains glutamic
acid at 2.5 g/L and ammonium sulphate at 2.2 g/L are the most favourable conditions for the

expression of Py,
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4.5. Maximum expression levels for P,,; BBG142
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Figure 68: Maximum expression levels for P,,, BBG142 at 0-50 h and 50-100 h under the different experiments.
Exp 1: Landy MOPS pH 7.1, 20% f.v, 1 L flask, 200 rpm and 25°C; Exp 2: Landy modified 2 pH 7.0, 20% f.v,
1 L flask, 200 rpm and 25°C; Exp 3: Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200 rpm and 30°C; Exp 4: Landy
MOPS pH 7.0, 20% f.v, 100 mL flask, 200 rpm and 30°C; Exp 5: Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200
rpm and 37°C; Exp 6: Landy modified 2 pH 7.0, 20% f.v, 1 L flask, 200 rpm and 37°C ; Exp 7 : Landy modified
pH 7.0, 20% f.v, 1 L flask, 200 rpm and 25°C; Exp 8: Landy modified pH 7.0, 20% f.v, 1 L flask, 200 rpm and
37°C; Exp 9: Landy modified pH 7.0, 20% f.v, 1 L flask, 160 rpm and 30°C; Exp 10: Landy modified pH 7.0,
20% f.v, 500 mL flask, 160 rpm and 30°C; Exp 11: Landy modified pH 7.0, 30% f.v, 100 mL flask, 160 rpm and
30°C.
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Figure 68 summarizes all the expression levels detected for P,,, BBG142 the different
experiments performed at 0-50 h and 50-100 h with two replicates of each experiment.

At 0-50 h, the highest expression levels was detected for experiment 10 (47 and 31 Miller
units) followed by experiment 11 (33 and 21 Miller units), experiment 3 (29 and 19 Miller
units) and experiment 2 (20 and 12 Miller units). All the other experiments showed
expression levels less than 15 Miller units.

At 50-100 h, the highest expression levels was detected for experiment 11(90 and 68 Miller
units) followed by experiment 10 (72 and 64 Miller units), experiment 3 (47 and 29 Miller
units) and experiment 2 (31 and 27 Miller units). All the other experiments showed
expression levels less than 10 Miller units.

The expression levels obtained from 50-100 h was more important than 0-50 h for experiment
2, 3, 10 and 11. The maximum expression level from 50 -100 h was 90 Miller units and 47
Miller units at 0-50 h.

For the expression of this promoter, the best conditions are thus 30 °C, Landy modified

medium, 160 rpm and a flasl size of 100 or 500 ml.

As observed from these results that the expression of both Pr, and P,,, promoters are quiet

different in spite of the high similarity of their DNA sequences.
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4.6. Maximum expression levels for P,,BBG127
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Figure 69: Maximum expression levels for P,,, BBG127 at 0-50 h and 50-100 h under the different experiments.
Exp 1: Landy MOPS pH 7.1, 20% f.v, 1 L flask, 200 rpm and 25°C; Exp 2: Landy modified 2 pH 7.0, 20% f.v,
1 L flask, 200 rpm and 25°C; Exp 3: Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200 rpm and 30°C; Exp 4: Landy
MOPS pH 7.0, 20% f.v, 100 mL flask, 200 rpm and 30°C; Exp 5: Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200
rpm and 37°C; Exp 6: Landy modified 2 pH 7.0, 20% f.v, 1 L flask, 200 rpm and 37°C ; Exp 7 : Landy modified
pH 7.0, 20% f.v, 1 L flask, 200 rpm and 25°C; Exp 8: Landy modified pH 7.0, 20% f.v, 1 L flask, 200 rpm and
37°C; Exp 9: Landy modified pH 7.0, 20% f.v, 1 L flask, 160 rpm and 30°C; Exp 10: Landy modified pH 7.0,
20% f.v, 500 mL flask, 160 rpm and 30°C; Exp 11: Landy modified pH 7.0, 30% f.v, 100 mL flask, 160 rpm and
30°C.
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Figure 69 summarizes all the expression levels detected for Py, BBG127 the different
experiments performed previously at 0-50 h and 50-100 h with two replicates of each
experiment.

At 0-50 h, the highest expression levels was detected for experiment 3 (235 and 187 Miller
units) followed by experiment 11 (140 and 108 Miller units), experiment 8 (111 and 93 Miller
units) and experiment 10 (75 and 59 Miller units). All the other experiments showed
expression levels less than 57 Miller units.

At 50-100 h, the highest expression levels was detected for experiment 8 (168 and 128 Miller
units) followed by experiment 10 (99 and 73 Miller units), experiment 11 (83 and 55 Miller
units), experiment 9 (68 and 48 Miller units) and experiment 5 (61 and 57 Miller units). All
the other experiments showed expression levels less than 47 Miller units.

As observed from these results the Py, BBG127 behave different than both P, BBG139 and
P,,s BBG142 expression levels. P, BBG127 showed more higher expression levels from 0-
50 h than from 50-100 h, while both P, BBG139 and P,,; BBG142 showed expression levels
from 50-100 h than from 0-50 h.

Contrary to the two other promoters, this promoter shows maximal expression at two different
period of the culture in two different conditions. The best expression is observed between 0
and 50h in Landy MOPS, 1L flask and 30°C. Another important expression was observed
between 50 and 100h in Landy modified and 37°C.

4.7. Discussion

In this work described here, we studied expression and regulation of P,,, Pr., and Py in B.
subtilis 168 derivatives: BBG142, BBG139 and BBG127 respectively. The results revealed
that the level of expression of P,,, Pr, and P, could be controlled by fermentation
conditions. By fixing the following factors: 20% filling volume in flask of 1 L and an
agitation rate of 200 rpm, the temperature was found to be the first factor affected on the
expression of Prand Pg, promoters. 30° C was found to highly induce Py, rexpression levels,
while 37° C favored the highest expression levels of P, promoter.

The second factor is the medium composition. Landy MOPS medium was the best for
inducing Py, promoter, while Landy modified (Landy MOPS supplemented with ammonium
sulphate) was the best for inducing P, in contrast to P,promoter, whose expression levels

were reduced in the presence of ammonium sulphate.
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Interestingly, the induction of the P,,, promoter was found to be different, whereas it was
affected not only by temperature and medium composition, but also by the acidity stress
occurring during 24 h of the fermentation process and consumed at 30 h. P,,, promoter
showed the highest expression level under 30 °C, in Landy modified and in flask of 100 mL

with 30% filling volume and an agitation rate of 160 rpm.

Here, we didn’t study all the transcription regulators of fengycin, plipastatin and surfactin, but
earlier studies in B. subtilis 168 have shown that expression of s7f4 is mainly dependent on
ComA (Nakano and Zuber, 1991; Roggiani and Dubnau, 1993). Regulation of srf4 in B.
subtilis 168 has been extensively studied because srf4 also harbours the comS gene, a small
protein involved in the development of genetic competence (Cosmina et al., 1993; Hamoen et
al., 1995). For fengycin promoter of B. subtilis F29-3, Ke et al. (2009) reported that the UP
element between positions -55 and -39 in fenp is critical for fengycin synthesis, but in this
study the three differences observed for the promoter of BBG21 are not in this area. B. subtilis
F29-3 mutant with a mutated UP element in fenp cannot transcribe the fen operon efficiently
or produce sufficient fengycin to inhibit the germination of fungal spores. Since factors other
than the UP element may regulate the transcription of the fengycin synthetase operon, further
work should be performed to elucidate fully how these factors affect the synthesis of
fengycin. Ke et al. (2009) also reported that the sporulation genes probably do not regulate

the transcription of the fen operon.

4.8. Results valorization

A part of this work led to the following oral presentation:

Hussein W, Béchet M, Gancel F and Jacques P. 2010. Plipastatin operon regulation in B.
subtilis 168 derivatives. 1* Bio-Processing and Application of Microbial Biotechnology in

Agriculture, Cairo, Egypt.
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Chapter V. General discussion and perspectives

The characterization of the genes/operons encoding Non Ribosomal Peptide Synthetases from
39 Bacillus strains by bioinformatics tools has given, for the first time, an overview of the
biodiversity of peptides and lipopeptides potentially produced by strains of this genus. Four
main types of molecules were detected; lipopeptides, siderophores, antibiotics and new NRPS
and PKS molecules. For the first molecules type ‘lipopeptides’, the presence of at least one
member of the four main families of lipopeptides was detected in 15 Bacillus strains
[surfactin, pumilacidin, lichenysin from surfactin family, fengycin or plipastatin from
fengycin/plipastatin family, bacillomycin and mycosubtilin from iturin family and kurstakin].
Roongsawang et al. (2010) detected the presence of a wide range of lipopeptide synthetases
from Bacillus strains; surfactin and lichenysin synthetases, fengycin synthetase, bacillomycin,
iturin, and mycosubtilin synthetases. Also, Abderrahmani et al. (2010) confirmed the
detection of NRPS genes involved in the biosynthesis of kurstakin from Bacillus
thuringiensis.

In addition, the presence of other new lipohexapeptide fusaricidin from fusaricidins
lipopeptide antibiotics group produced by Paenibacillus polymyxa (formerly Bacillus
polymyxa) was also found. This result was in agreement with those of Bealty and Jensen
(2002) who extracted the fusaricidin from Paenibacillus polymyxa PKBI1 as an antifungal
antibiotic active against Leptosphaeria maculans, the causative agent of blackleg disease of
canola. Also, Roongsawang et al. (2010) confirmed the fusaricidin synthetase presence from
Paenibacillus polymyxa PKB1.

The detection of the fengycin, surfactin and bacillomycin synthetases was also detected by

Koumoutsi et al. (2004) from Bacillus amyloliquefaciens strain FZB42.

For the second molecules type ‘siderophores’, the presence of bacillibactin in 27 different
Bacillus strains was detected. This result demonstrates that this compound is the main
siderophore used by this genus. However, for ten of the analysed strains, the presence of
genes involved in the biosynthesis of this siderophore was not detected. This strain should

potentially use a siderophore synthesized by another mechanism.

For the third molecules type ‘antibiotics’, five Bacillus strains shown the presence of three

antibiotics : gramicidin and tyrocidin from Brevibacillus brevis and one,truncated bacitracin
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from four strains (B. anthracis str. CDC 684, B. atrophaeus 1942, B. cereus AH820 and B.
cereus G9842). Bas Vogt et al. (2003) investigated the biosynthesis of isotopically labeled
gramicidins and tyrocidins by Bacillus brevis.

For the fourth molecules type ‘new NRPS and PKS molecules’, thirteen Bacillus strains were
found to harbour new NRPS and PKS genes, especially Brevibacillus brevis, Paenibacillus
polymyxa E681 and Paenibacillus polymyxa SC2 which harbor high number of these new
genes.

Finally, eight Bacillus strains were found to harbor no NRPS genes. These strains belong to
the species Bacillus megaterium or grow in specific environments. All the results should be

confirmed by blast analysis with a known NRPS gene.

The second part of the work was focused on fengycins or plipastatins produced by the NRPS
system in some B. subtilis strains, in order to relate the structure of these two molecules and
the structure of operons responsible for their biosynthesis. The analysis of plipastatin or
fengycin operons sequences of B. subtilis ¥29-3, B. subtilis 168 and B. amyloliquefaciens
FZB42 revealed the similarity of these molecules, especially in the two modules M9 and M3
(Tyr), which refers to the presence of D-Tyr on the M9 of the ppsD (B. subtilis 168), (B.
amyloliquefaciens FZB42) and fenA (B. subtilis F29-3). This also may refer to the similarity
of all these molecules which are plipastatins, while Schneider et al. (1999) reported the
existence of fengycin molecule with a D-Tyr in position 3 from the supernatant of B. subtilis
S499. For the importance of the fengycin molecule from B. subtilis S499, it was interesting to

work on this strain.

In this study, we thus tried to amplify and sequence genes involved in the fengycin
biosynthesis in B. subtilis S499. Firstly, primers designed using the sequence of plipastatin
operon of B. subtilis 168 were used, then degenerated primers were tested. Amplified
sequences from S499 strain showed a highest similarity with sequences from B.
amyloliquefaciens than from B. subtilis. These results have shown that S499 strain belongs to
amyloliquefaciens species. This result was recently confirmed by researchers of Gembloux
Agro-Biotech (Marc Ongena, Personal Communication). Secondly, a long PCR product was
detected from B. subtilis 168 and S499 with the ppsB-ppsD primers which gave a convergent
fragment size (9.6 kb for B. subtilis 168) and about 10 kb for B. subtilis S499, while with the
ppsC-ppsE primers, B. subtilis 168 gave PCR product of (12.3 kb), while B. subtilis S499
showed a fragment (10 kb) smaller than that of B. subtilis 168. This difference between the

© 2011 Tous droits réservés. 137 http://doc.univ-lille1.fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

length of this fragment between B. subtilis 168 and S499 could be referred to the absence of
epimerization domain in position 9 from ppsD or fenD of B. subtilis S499, which could
confirm the existence of a fengycin molecule with a D-Tyr in position 3 from the supernatant
of B. amyloliquefaciens S499 reported by Schneider ef al. (1999). However here, the presence
of thisE domain couldn’t be confirmed in position 3 (ppsB or fenB) because the fragment size
in this region of S499 was not long enough (about 0.4 kb more) to say the E domain is present
in position 3. The absence of this domain in position 9 was detected (ppsD or fenD) but
unfortunately, the large fragment detected for S499 couldn’t be cloned or sequenced. Then,
these results highlighted the importance of sequencing the B. amyloliquefaciens S499
fengycin operon as it code for a synthetase responsible for the biosynthesis of a fengycin
molecule that cannot be correlated with the structure of any of the synthetases described in
other fengycin- or plipastatin-producing strains. Deciphering this operon should allow to
overcome the difficulties in the differentiation between fengycins and plipastatins. Thus, the
sequencing of the whole genome of this strain is important and of interest, to elucidate the
NRPS operon implied in this synthesis. Meanwhile, our Laboratory ProBioGEM sent the B.

amyloliquefaciens S499 strain to genome sequencing.

Obtaining plipastatin mono-producer or plipastatin- surfactin co-producer derivatives with
high amounts of plipastatin by plipastatin native promoter replacement with the constitutive
one p.,u faced several difficulties. Two conclusions arose: the first is the difficulty of placing
the plipastatin operon under the control of P,y constitutive promoter in spite of the previous
obtention of a B. subtilis 168 derivative called B. subtilis 2504 (Ongena et al., 2007), which
was constructed by the replacement of the plipastatin native promoter by the P,,,o. This could
be due to a difference between P, and P,,,0 or to an incompatibility of the P,y with the
plipastatin operon. The second conclusion is that, the interruption of the plipastatin operon
promoter obtained here led to increasing surfactin production, in spite of interrupting the
surfactin operon reveals no increasing in plipastatin production as mentioned by Ongena et al.
2007, which reported that B. subtilis 2508 (B. subtilis 168 derivative) produced 697 mg/L of
surfactin and 434 mg/L of plipastatin in optimalized medium and after the interruption of its
surfactin operon, B. subtilis 2504 strain was obtained which produced 452 mg/L of
plipastatin.

The last part of this study was dedicated to the regulation of the plipastatin, fengycin and

surfactin operons in B. subtilis 168 by determining the strength of their promoters P, Pren

© 2011 Tous droits réservés. 138 http://doc.univ-lille1.fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

and P, using a gene reporter system. The results revealed that the level of expression of P,
P, and Py, could be differently controlled by fermentation conditions. The temperature was
found to be the first factor modifying the expression of P,rand Py, promoters but with fixing
the following factors: 20% filling volume in flask of 1 L and an agitation rate of 200 rpm.
Interestingly, the induction of the P,,, promoter was found to be different, whereas it was
affected not only by temperature and medium composition, but also by the acidity stress
occurring during the first 24 h of the fermentation process. P,,, promoter showed the highest
expression level under 30 °C, in Landy modified and in flask of 100 mL with 30% filling
volume and an agitation rate of 160 rpm.

No available publications studied the effect of the different growth conditions on fengycin or
plipastatin promoter expression. On the other hand, Ke ef al. (2009) had studied the fengycin
synthetase operon promoter of Bacillus subtilis F29-3 and determined that deleting the region
between positions -55 and -42 reduces the promoter activity by 64.5 and nHA medium was
used for production of fengycin. Also, Duitman et al. (2007) studied the transcriptional
regulation of the surfactin- and mycosubtilin synthetase operons in B. subtilis ATCC6633
compared to the transcriptional regulation of the surfactin synthetase operon in B. subtilis 168
and reported that the expression of srf4 is more than 100 times lower in strain ATCC 6633
than in the laboratory strain B. subtilis 168. Expression of the myc operon was highest in rich
medium, whereas s7f4 expression reached maximal levels in minimal medium. In our study
the expression of the three promoters P,,; P., and Py, were studied during 96 hours of
fermentation time, while Ke et al. (2009) studied the fengycin synthetase operon promoter of
Bacillus subtilis F29-3 during 32 hours and Duitman et al. (2007) studied the transcriptional
regulation of the surfactin- and mycosubtilin synthetase operons during the first eight hours of

culture.
Regarding results obtained in this study, the following perspectives are proposed:
1- Bioinformatics analyses of 39 Bacillus strains revealed high number of new NRPS and
PKS molecules, which could help in the future the researchers interesting of this
domain to study and discover the properties and the industrial applications of these

new molecules.

2- A deeper study of the organization of B. subtilis BBG21, 21332 and S499 is correlated

to the promising expected results of S499 genome sequencing which would answer
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the question of fengycin and plipastatin "who is who”? and help in finding the main

differences in their biosynthesis, structures, biological activities and applications.

3- The difficulty of obtaining plipastatin over and mono-producer strain could be faced
without genetic tools, this was observed after the study of the plipastatin promoter
expression of B. subtilis 168, which was not only induced by temperature and medium
composition, but also by the acidity stress occurring during 24 h of the fermentation
process.It showed the highest expression level under 30 °C, in Landy modified and in
flask of 100 mL with 30% filling volume and an agitation rate of 160 rpm. So, if we
could link between the expression and the production of the plipastatin operon of B.
subtilis 168 derivatives (bearing active sfp gene), such as BBG134 and BBGI111
strains by following these fermentation conditions mentioned before, we could obtain

good production of plipastatin.
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Index 1: International conferences participation abstracts
1* Bio-Processing and Application of Microbial Biotechnology in Agriculture, Cairo, Egypt
Plipastatin operon regulation in Bacillus subtilis 168 derivatives

Walaa Hussein, Max Béchet, Frédérique Gancel and Philippe Jacques

Laboratoire ProBioGEM, Polytech’Lille, Université Lille 1 Sciences et Technologies,
F-59655 Villeneuve d’Ascq Cedex, France

Bacillus subtilis 168 is a Sfp- (phosphopantetheine-transferase deficient) strain harbouring the
surfactin (Srf) and plipastatin (Pps) operons. These large operons (of lengths about 26 and 38
kb, respectively) code for non-ribosomally synthesized lipopeptides with biosurfactant and
antifungal as main properties. The syntheses of these lipopeptides are driven by large
multienzymatic proteins called the Non-Ribosomal Peptides Synthetases (NRPS). Plipastatin
operon expression was studied in derivatives of this strain by analyzing the strength of the
native pps promoter using a gene reporter system. For this purpose, the plipastatin promoter
was inserted upstream from the lacZ gene cassette of pDG1661 plasmid and, after
transformation of B. subtilis 168, B-galactosidase activity was measured. Under different
growth conditions, a very low B-gal activity could be detected. Taking into account this
weakness of the plipastatin promoter, a new 168 derivative (BBG140) was obtained by
replacement of the native pps promoter of B. subtilis BBG111 (B. subtilis 168 Sfp+) by a
constitutive promoter originating from the replication gene repU of plasmid pUBI10,
associated to a neomycin resistance (neo) gene cassette. This modification did not change
significantly the plipastatin production but seems to influence other phenotypic traits of the
strain such as growth and surfactin production kinetics. The surfactin operon of BBG140 was
then interrupted to obtain the new derivative BBG143, a plipastatin monoproducer. In
addition, antagonistic and haemolytic activities for both strains BBG140 and BBG143 were
tested.
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16™ International Conference on Gram Positive Microorganisms, Montecatini, Italy

The power of bionformatics strategy to decrypt NonRibosomal Peptides biosynthesis in
Bacilli

Valérie Leclérel, Maude Pupinz, Walaa Husseinl, Max Béchetl, Frédérique Gancel', Marléne
Chollet', Ségoléne Caboche” and Philippe Jacques'

IProBioGEM UPRES EA 1026, Polytech'Lille/IUTA, Avenue Langevin, Université de Lille
Nord de France, Sciences et Technologies, F-59655 Villeneuve d'Ascq cedex, France

? Laboratoire d'Informatique Fondamentale de Lille (LIFL), UMR8020 CNRS, INRIA,
Université de Lille Nord de France, Sciences et Technologies F-59655 Villeneuve d'Ascq
cedex, France

NonRibosomal Peptide Synthetases (NRPS) are multifunctional enzymes organized in sets of
catalytic domains which constitute modules containing the information needed to complete an
elongation step in peptide biosynthesis. The main catalytic functions are responsible for the
activation of an amino acid residue (adenylation domain), the transfer of the corresponding
adenylate to the enzyme-bound 4’-phosphopantetheinyl cofactor (peptidyl carrier protein
domain) and the peptide bond formation (condensation domain). Additional domains can lead
to modification of the substrates if required in the peptide synthesis. A thioesterase domain is
usually present in final position to ensure the cleavage of the thioester bond between the
nascent peptide and the last PCP-domain and, in several cases, to cyclise the peptide. Several
bioinformatics tools were developed during the past decade to predict, from the genome
sequence, the modular organization of the encoded NRPS and the potential structure of the
synthesized peptidic product. In addition, for the first time, the peptides synthesized or
putatively synthesized by this original pathway were gathered in a database called NORINE
(1). In this work, analyses were performed on the genomes of different Bacillus strains in
order to detect NRPS genes and to predict their products. Two new bioinformatics tools
developed by our team were used to compare the structure of potentially new NRPs to all the
existing ones (2) and to predict their biological activity (3). This work led to the evaluation of
the potential of NonRibosomal Peptides (NRPs) production of the different strains, the
discovery of biosynthetic pathways of putative NRPs, the correlation of mis-annotated genes
with their products and the set up of new potential NRPs produced by these strains.
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Index 3: Different alignments of sequenced fragments from B. subtilis 21332

ppsB fragment Needle alignment of B. subtilis 21332 and 168

1:
2z

Matrix:
Gap penalty:
Extend_penalty: 0.5

Length:

EMBOSS_001
EMBOSS_ 001

1303

Identitys:

Gap3:
Score:

e e e cHe cle e e e e e s cHe cle cle e

Similarity:

65315.0

Aligned seguences:

EDNAFULL

13.0

130371
130371
0s1

2

303 (100.0%)
303 (100.0%)
203 [ 0.0%)

EMBOSS_001
EMBO3S 001
EMBOSS_ 001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_ 001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_ 001

EMBOSS_ 001

EMBOSS 001
EMBCOSS_ 001
EMBOSS_ 001
EMBOSS_ 001
EMBOSS_001
EMBOSS_ 001
EMBOSS_ 001
EMBOSS_001
EMBOSS_ 001
EMBOSS_ 001
EMBOSS 001
EMBOSS_ 001
EMBOSS_ 001
EMBOSS 001
EMBCOSS_ 001
EMBOSS_ 001
EMBOSS 001
EMBCOSS_ 001
EMBOSS_ 001
EMBOSS_ 001
EMBOSS_001

EMBOSS_ 001

© 2011 Tous droits réservés.

21

51

101

101

151

151

201

201

251

251

301

301

351
351
401
401
451
451
S01
S01
551
551
601
&01
651
651
TOo1
FOLl
T51
T51
801
801
851

851

TCAGACTCTTGETERAACTETCCEOCTGEETTCGARARAGRCOGTROGCGCCA

Frrrrrerrreer e et e et r et rrernnl
TCRGACTCTTGGTERARACTGTCCGOCTGEETTCGARARGRCGTRCOGCGCCR

TTGRCCARGGCCCGETCGRAGGCGAGATTACTIGGRACACCTATCCAGCRAG
frrrrererrreerreerrrrerrrrerrrrerrrrrrrrrrrrrrerrn
TTGRCCARRGGCCCEETCGRAGGCGAGATTACTTGGRCACCTATCCRAGCRG

TGETTTTTICTCGCAATCTCTGGRAAGCCATCATTTTARCCASTCCGTTAT
Frrrrrnrrrrerr et r et e r e e e el
TGEETTTTTICTCGCAATCTCTGGRRAAGCCATCATTTTARCCASTCCGTTAT

GATCTACCEEGCTERRACGATTTGATGAGECTGCECTTAGRAALRGTACTAR

frrrrrerrreerre et errr e e e rrrrrrrrrrerrnl
GATCTACCGEEECTERARCGATTIGATGRAGECTGCOGCTTAGRAARLGTACTRAR

AL GCCTTGTGACTCAT CATGATGCACTGAGRAATCGTATGCCGECATGRAL
Frrrrrnrrrrerr et r et e r e e e el
AL GCCTTGTGACTCAT CATGATGCACTGAGAATCGTATGCCGECATGAL

GATGECAGECACGTGCAGATAR L CAGAGEEATAGATCTTTCAGATGAGER

frrrrerrrrreerre et err e rrrerr e rrrrrrrrrerrnl
GATEECAGECACGTGCAGATARLCAGRGEEATRGATCTTTCAGAT GAGER

GCTATATGCACTTERACTEITIGATGTARAGGATAGCCTARCAGRARGTRAC

frrrrrerrreerreerrrrerrrrerrrrerrrrrr ettt
GCTATATGCACTTEARCTGITIGATGTARAGGATAGCCTARCRGRARAGCAC

GETACACGATTGRGEGALGCAGCCAGCCHFEATGCALGALCATATTCGTTITS
prrrrrrrrrerrrrrrrrrerrrrrrrrrrrrrrerrrrerrrrerrnd
GGTACACGATTGAGGRARGCAGCCAGCCHEATGCAAGRLCATATTCGTTTS

CALCCGECCCC TTACTTCACGC TEEATTET T TRAGARCCOGAGRATGETER
frrrrrrrrrerrrrrrrrerrnrrrrrrrrrrrrrrrrrrrerrrrerrnd
GALCCGECCCCTTACTTCACGCTGEATTGT T TRGARCCGAGRATGETERA

CCATTTATTTCTGACGATTCATCACTTAGTIGTIGATFUGEGTTTCCTEEC
prrrrrrrrrerrrrrrrrererrrrrrrrrrrrrrrrrrrrerrrrerrnd
CCATTTATTTCTGACGATTCATCACTTAGTTGTTIGATEOEETTTCCTEEC

GCATTTTGITCOGAGGATTTTTCAGCTGC T TACRARCAGEGCAGTCTCAGER
L U A 1 1 O O A O A
GCATTTIGITOGAGEGATTTTICAGCTGC T TACRLACAGECAGTCTCAGER

R TCTARTITAR LTI ERR R R R R A C R R TTCATATTTARCETRATTC RO

Frrrrrrrrrerrrrerrrerernrrrrrrrrrrnrrrrenrrrerrrrerrnl
AL TCTATT AR TTGCCGRAAAR L R R CAGR TTCATATTTAACGTAT T CRCR

ALGARATAGCTGARCTACTCTAALNGCCGCOCAGSTECAGOFCGARGCAGOET
frrrrerrrrrerrrerrrerrererrrrrrrrrrrrrrrrrrrrerrrrerrnd
ARGRATAGCTGARCTACTCTARAL RGO CGOCAGETEFCAGOECGRRECRGOET

ACTEGEEGATGAGTGFOGAGRARCCCTCARAATCOCAGCCTATTOCARRAMGRCI LT
L U A 1 1 O O A O A
ACTEEEATGAGTFOGAGRACCETCAALTOCAGCCTATTOCARRMGRACHOT

GROGCAGC A TCT AL AC AR TTCR L AGAT A AGR LG TGATTGATTTTGRAGCT

Frrrrrrrrrenrrrrerrrprernrrrrrnrrrrnrrrrenrrrrenrrrrerrnl
CACECAGCATCT AN AC R TTC AL RGAT RO AGANETGATTEATTTTGAGCT

GTCTICGCCATCACRCAGRATTAC TATTALCGECTECACATRAALGCTTRCE
prrrrerrrrrerrrrrrrrerrnrrrrrrrrrrrrrrrrrrrerrrrerrnd
GTCTCGCCATCACRCAGR A TTAC TATTALCGECTECACATARLGCTTRCD

AR COEEAGATGALTEATATCCTTCTGACAGCTTITAGSTCTTGCTTTGORG
prrrrerrrrrerrrrrrrrererrrrrrerrrrrrrrrrrrrrerrrrerrnd
GCARCGEAGATGALTGATATCCTTICTGACAGCTITAGSTCTTSCTITTGORG

AL TEEACEEEAN L TALCCART TTAAO R TCAGCATGEGRAGEGECCATGERLG

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AL TCEERCEEERL A TALRC CARTTTARR L TCRAGCATGERGEECCATEGGRLE

198

50

50

100

100

150

150

200

200

250

250

300

300

350

350

400
400
450
450
So0
500
So0
So0
[tals]
[Lels]
630
&S50
700
700
750
750
aoo
aoo
aso
aso
900

900
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EMEQSS 001 501 GGLATCATATCTTGAGGRCATCGATATTAGCAGRACTGTITGECTGETTICE 950
euB0SS_001 901 GGARTCATATCTTGAGGACATCGATATIAGCAGRACTETTGGCTGSTICA 950
EMEQSS 001 551 CCTCCATTTATCCIGTGTGECTTGATATGAGRGATTCCGATCATALGERC 1000
ss0ss_oo1 951 CCTCCATTTATCCISTGIGECTTGATATCAGAGATICCRATCATARGEAS 1000
EMEQSS 001 1001 ARAGRAGLGCGGCTIGEGCCACCTTATTARACAGRCRARLAGATATGCTGCR 1050
SUE0SS_001 1001 AAMGAAGAGCGGCTSGGCCACCTTATTARACAGACRARAGATATECTGCA 1050
EMBOSS_ 001 1051 CCOGTATACCGCATRARAGGCGCOGGCTRACGGCGTGCTGRRATATATCAGCR 1100
SuB0SS_001 1051 CCGTATACCGCATARAGGCGCGGSCTACGCGISCIGAMATATATCAGEA 1100
EMBOSS_ 001 1101 ARRGATGGEGCTCTCAGRARRARCAGCCCAGRRRTCAGCTTTARTTATTTA 1150
EMB0SS_001 1101 AAAGATGAGGCTCTCAGAARAACAGCCCAGAATCAGCTTTAATTATTTA 1150
EMBOSS 001 1151 GGCCAGTTTGATCAGGATATTCARTCARATGCCTTTGAGGTGTCTGACAT 1200
Frrreerrrrerrrr ettt e et e et et et ettt

EMEQSS 001 1131 GGCCAGTTTGATCAGGATATTCALTCARRTGCCTTTGAGGTGTCTGACAT 1200
EMEQSS 001 1201 CRAGCCAGERARRTGAGATCAGCCCGRACTGEARGCGTCCTTATGCACTGE 1250
euB0SS_001 1201 CRAGCCACEARATGAGRTCAGCCCGAACTGGAAGCTCCTTATGCACTEE 1250
EMEQSS 001 1251 ATATCAGCEECGCCGITICTITCGEEETGOCTGRALCATGCACATCATCTAT 1300
EMB0SS_001 1251 ATATCAGCRECECCETTICTTCSSSSTGCCTGRAACATGCACATCATCTAT 1300
EMEQSS 001 1301 ART 1303

EMEQSS 001 1301 ﬁ;& 1303

© 2011 Tous droits réservés. 199 http://doc.univ-lille1.fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

dacC-ppsA fragment BLAST alignment of B. subtilis 21332 and 168

»Oenb|AL008126.3] [ Bacillus subtilis subap. subtilis str. 168 complete gencme
Length=4215606

Sort alignments for this subject sequence by:

E value Score Percent identity

Query start position

Features in this part of subject sequence:
plipastatin svnthetase

Score

= 1356 bita (734), Expect

Identities =
Strand=Plus/Minus

Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbijct
Query
Sbijct
Query
Sbjct
Query

Sbict

© 2011 Tous droits réservés.

aa0

1957248

920

1357187

1857127

1040

1897067

1100

1957007

1160

1596947

1220

1594683

1280

1596827

1340

1596787

1400

1596707

1440

1996647

1520

1996587

1530

1996527

751/759 (99%), Gapa

0.0
1/759 (0%)

ATCTICTGCGAAGARCACARGATCAATATCATTICCCTTATITATGGCTICATTITACAT
FEErrerrerrereerrerrer e rereererr Pere e e e e e e
ATCTICTGCGARGARCACARGATCARTATCATTT-CCTTATITATGGCTTCATTITACAT

ATGCATCAGCCGRATCACTTCTARARRRRGATCTIGCCATTGGCACCTACTATGECRRCAS

FEEEErreeeere e e e e e et e e e e e e e et e e e e e e e el
ATGCATCAGCCGRAATCACTTCTARARRRGATCTTGCCATTGGCACCTACTATGGCARCAG

AGGEICARAGECTGARR R AGRR A TGCTCGECATGTICGITAGTICTCTICCAATCAGRAT
FEE TR Er e ee e e e e e e et e e e e e e e e e e el
AGGTICARAGGCTGARARAGRR N TGCTCGECATGTICGITAGTICCCTICCARTCAGRAT

AACGETTGATCCTGACACAGATITICTITCCTTIGTCCGCACAATAGGCAGGGARACAGCT
(RN R RN NN RN RN RN RS
AACGETTGATCCTGACACAGATITICTITCCTTIGTCCGCACARTAGGCAGGGAACAGLT

ITCIGITATGCGT CAT CARCGETITCCTTATARTITGCTTGTARATGRATTALGARAT A
(RN R RN NN RN RN RN RS
TTCIGITATGCGT CAT CARCGETITCCTTATARTITGCTTGTARATGRATTARGARAT A

ACAGRAGGATTTACACRACCTTATCGGTATATCTATGCAGTATCAGCCACTICAGTGECA

FEEEErreeeere e e e e e et e e e e e e e et e e e e e e e el
ACRGRAGGATTTACRCARCCTTATCEEIATATCTATGCAGTATCAGCCACTICAGTGECR

TARTGCAGATGATITIGACTATGAAACAGCGCTITACTICAGCGEATACACCGLGRACER
FEEErerrerrerre et e e ee e e e et Perre e rer e e e el
CARTGCAGATGATITIGACTATGAAACAGCGCTTTATTTCAGCGEATACACCGCGRACER

GCTTTCAGTICARATACAAGARCEEATAGACAATGCARCCATTCAATTARATITCCACTA
FEEEEETEEE e e e e e e e e e e e e e e e e e e e e e e e e e et
ACTITCAGTICAAATACRAGARCGEATAGRCAATGEARCCATTCAATTARATTTCGACTA

TCAARRTACCTIGITITCICTIGAGCATATTARACCRARATACRARATCTCATCTGCTTACCAT
FECEEETEEET e e e e e e et e e e e e e e e e e b e e e e e e e e el
TCAARATACCTIGITITCICTIGAGGATATTARACCARTACRATCTCATCTGCTTACCAT

ACTGERARRACGCCCTICRACATCOGCACRGCTTTATRAGAGRATTAGATATGRCGARTAC
FECEEEEEEEEr e e e et e e e e e e e e e e e e e e e e e e e e el
ACTGGARRACGCCCTIARACATCOGCACAGCTTTATARGAGRATTAGATATGACGRATAC

ARGAGRARAGCARA A TTGTTGTATGAGT TTAACARGACGRARGCTGTITCGCCTARRGE

FEEEEEErrrr e e e e e e e e e e e e e e e e e e e e e erreerd
AR GAGARR A CCRA R TTCTTCTAT GACT TTARCARGACEGRARGCTGTTTCGCCTARAGC

TTTCACCCTGCATGEECIGI TIGAGCGACAGECAGCTTTCACACCT GAGCFECT GGCCAT

FEEEEErrrerr e e e e e e e e e e e e e e e et e e errerl
ITICACCCTIGCATGEGCTGITIGAGCGACAGECAGCTTICACACCGRAGCGECTGECCAT

TCGCTITICAGGCGEITCGCTGACATACGCTRAGCTTGA 1618

FEEEEEErrerre e e e e e e e e
ICGCITTICAGECGETICGCTGACATACGCTIGAGCITIGA 19964849

200

9148

194971838

379

19497128

10349

1397063

10489

1387008

11549

1996943

1213

139683848

1279

1996823

1339

15946768

1399

15946708

14549

1596648

15149

19948588

1574

1996528

Subject start positicon
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

ppsA-ppsB fragment Needle alignment of B. subtilis 21332 and 168

Tgctgtttgaaacccagcaagoctatggtactgatgocaacgaacttttg
PErer Pt bt e e e et e et enrrrentl
TECTE-TTEERACECAGCRARGCCTATGETACTGATGCCARCGRACTTTTE

cttacggctttagg-aatggogctttotgaatggactggdcatgaccaaa

prrreererrer e rerrrer e et rrerrnl
CTTACGGCTITITAGEARATGGCGCTTTCTGART GGACAGEEGCATGACCARD

togtgatcagcactgagggacacggtagagaagggcatgtgocaaacatt
Trrrrerrrerereeenrrrrrrrrarrrrerrrerrrrrenrrreneni
TCGTEAT CAGCACTGRAGEEACACEECAGRGRAGEEGCATEGTGCCARRCATT

gatatttcaagJgacagttggatggtttacctccatttatocctattoogot
TOTETRET et b et e e e e et et enrrrentl
GATATTTCRARGGRCCGTTGEATGETTTACCTCCATTTATCCTATTCTGCT

agacatgggtattccogagocotttogaggatcagotogocataccgaatta

frrrrerrrrrrrarerrrrerrrrrrrrrrrrrrerrrrerrrrenenl
AGLRCATGEETATITCCGRGCCTTTCGRGGATCAGCTCGCATACOGRATTA

agecOacEEaagaEtATOCtJageEdagdtaCCORaCaaBgTaaCTdTaATEC
Perrrerrere et e et e e e et e e e e errrrenl
AGLOEACAA ARG TATGCTEAGAAGAGTACCGARCARLGEALCTGEATRC

ggettgttaacacacataggagaactgoggoataaagagoctgaggTcag
frrrrerrerererrrerrrrrcrrrrrrrrrrrrrerrrrernerrenenl

#

# Aligned_ sequences: 2

# 1: EMBOSS 001

# 2: EMEOSS 001

# Matrix: EDNARFULL

# Gap_penalty: 10.0

# Extend penalty: 0.5

#

# Length: 754

# Identity: 7347754 (97.3%)
# Similarity: 7347754 (87.3%)
# Gaps: 2,754 ( 0.3%)
# Score: 35782.0

#

#

2

EMEOSS 001 1

EMBCSS 001 1

EMBCSS 001 51

EMEOSS 001 50

EMEOSS 001 100

EMEOSS 001 100

EMBCSS 001 150

EMBCSS 001 150

EMEOSS 001 200

EMEOSS 001 200

EMBCSS 001 250

EMBCSS 001 250

EMBCSS 001 3040

EMEOSS 001 300

EMBOSS_001
EMBOS5_001
EMBOSS_001
EMBOSS_001
EMBOS5_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMEQSS_001
EMBOSS5_001
EMBOSS_001
EMBOSS_001

EMBOS5S5 001

350

350

400

400

450

450

500

500

550

550

&00

600

850

8650

T00

GGATTGTTRAACACACATAGGARRLCTGCGECATARAGRAGCCTGRGETCRG

ctttaattatctocggtcaatttagocgaagagaaggaagttgaaacgttte

AR NN R e e
CTTTAATTATCTCGGTCRAATTTAGCGRAGEAGRARCRRGITGRATACGTTTC

aattatcatattaccagcoccccgdttacgaaatagogggtgagagagaacga
frrrrerrreerrrrrerrererrrerrrrrrrrr e rrrrrrenrn
AR TTATCATATT A CAGCCCCGTTACGARATAG GGG TCAGAGACGALCEL

gagtatgagoctggacatcaatgcoctotcattacggacggacggcttcacgt
L T U U 1 1 O O O Oy I
GRGTATGAGCTGERACATCAACGCTCTCATTACGEACGEACGGCTTCARET

aasagcggtatacacccaagtgttcagcaaacactcaattgagtgottta

TErrrerrt e ettt et b bttt entil
AL G CEETATACACCCAGECETTCAGCRRAC RO TCARTTGAGTGCTTTA

tggatcgttttcacaggcatcttatogagacgattgagecattgttogeag
Frrrrerrreerrarrnrrerrrrr et rrrerrrrerrrrennnl
TEEATCGTTITTCATAGGCATCTTATCGAGACGATTGAGCATTSTTCGCRG

aasaaagcacgcgaasdgacattgagocgatttcagcaataaagaattaac

|||||||||||||||||||||||||| FErrenrrrenrrrrarrrentil
AR R AR GCRCCCGRA AR L CATTEAGCGATTTCAGCALRTARGGRATTRLC

grtgtctcgocattatotagocatogaagatctogtgaaagatctttaacttt

terrrerrreenrrrreerre et ettt rr el
GTTGTCTGCATTATCTAGCATCGRAGATCTCGTGARRAGATCTTTARCTTT

tgaaaaggtgtgtggaattgatggocaceatcggcacaaattCcaagatatt
frrrrerrreerrrrrerrererrrerrrrrrrrr e rrrrrrenrn

EMBOS55 001 T00 TGRRRLGGTGIGTGERAATTGATGECACRATCGGCACARLATTCARGATATT
EMBO55 001 750 tatc 753

1.1
EMEQSS_001 750 TACC 753

© 2011 Tous droits réservés.

201

50

45

59

59

145

145

15859

15859

245

245

255

255

345

345

399

399

449

448

458

435

545

S48

599

599

645

645

699

699

749

T45

http://doc.univ-lille1.fr



These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

ppsC-ppsD fragment Needle alignment of B. subtilis 21332 and 168

gatacaceagatattctgttaaccgocagecatccttggogatttgtgaatg

# Aligned sequences: 2

4 1: EMBCSS 001

# 2: EMBO35 001

# Matrix: EDHAFULL

# Gap_penalty: 10.0

# Extend penalty: 0.3

2

# Length: 1066

# Identity: 104171066 (97.7%)
# Similarity: 104171066 (97.7%)
$# Gaps: 2/1066 { D.2%)
# Score: 5083.0

#

#

#

EMEQSS 001 1

EMEQSS 001
EMEQSS 001
EMEQSS 001
EMEQSS 001
EMEQSS 001
EMEQSS 001

EMEQSS 001

51

51

101

101

151

151

EMBOSS 001 201
EMBOSS 001 201
EMBCSS 001 £31

EMEQSS 001

251

EMBOSS 001 300
EMBOSS 001 301
EMBCSS 001 350
EMBCSS 001 351

EMBCSS 001
EMBOSS 001
EMBOSS 001
EMBCOSS 001
EMBECSS 001
EMBOSS 001
EMBOSS 001
EMBCOSS 001
EMBOSS 001
EMBCSS 001
EMBCOSS 001
EMBOSS 001
EMBCOSS 001
EMBCSS 001
EMBOSS 001
EMBCOSS 001
EMBOSS 001
EMBOSS 001
EMBECSS 001

EMBOSS 001

© 2011 Tous droits réservés.

400

401

450

451

500

501

550

551

&00

601

650

651

5959

701

749

751

7939

Frrrr-rrrreerrrerrrrererrrrrrrerrrrerrrrrrrrreret
GATACGCARGATATTCTGTTRARCCGCAGCATCCTIGGCGATTTETGALTE

gacaggaggaagcaagotocgtategotatggaaggacacggygagagaeac

POTEEERT R b bRt e et e ettt
GACAGGRGERAAGTATGCTCCGTATCOCTATGGALGGACACGGEAGAGLRAC

acattctgocagagttagatataagoaggacggtocggotggtttacatoo

fForrrerrrrerrrrrrrrrer-rrrrrrrerrrrerrrrrrrrreretd
ATATTCTGCCAGRETTAGATAT CAGCAGEACGETCGGCTGETTTACATCC

atgtaccocggocctocateagotttgaaeatcatagggetgagoctoggaac
FOTEE0 et e et r et ettt
ATGETATCCEECCCTCAT AL GCTTTEAA L ATCATAGGTATEAGCTCGEALE

ctocagbigasaacogttagagatacactyggocoggataccaaacaaagygy

Pe b1 PRt e e e e e el
CGCATTARLARCCGTTARAGATACACTGEECCEEATACCARACARAGEEG

CAgJULTACIOgTATgCTgEEATACCTTACE-CACCCIgERaATEAAAQCAT

Frerreerrrerreerrrrrererrerrr rerrrerrrrrrrrreret
TAGGTTACGETATEGCTGARATACCTTACRCCACCCTGARAATRRARGCRT

tacgttttcaaasacacctgaaatcagotttaactatttgggoccagttoca
Ferrrerrrrerrrrerr et et rreerrrrenrrrenrtl
AT T T TCAR R, A TR R TCAGCTTTARCTATTTGGECOCAGTTCR

acgacatcgaaigacaggacaccottoogooCcatcaagoottggtagogga

PELEEREE e e ettt e e e et et il
ACGRCATCGRARAGRCAGGACACCTTICCGCCCATCARGCCTTGEERAGCGEA

aaggatatcactcatacatggasgocgogagcaasatcatcgagatgagtge
rerrrrrrrrerrrrerrrrrrrrrrrarrrrrrrrrrrrrrErrrrrratnt
AAEEATRTCAC T CATRC AT AR GCETGRECAR R TCATOEAGRTERGIEC

aatggoagoagacaaasegotocatitoaatottagitatoogocagoco
frrrrenrrrerrrrerrrrerrrrerrrrrrrrrrnrrrerrrerrnend
AATEECAGCAGR O A A A ECTCCATTTCAATCTTRAGTTATCOEOCRGICC

goctttcacagaaacacaatggascagottattaacaggattgaacacttt

rerrerrrrrrerrerrerrrrrrrarrrrrrrErrrrrrrrrErrrrrrrnd
GCTTTCACAGARLCACARTGEAGCAGCTTATTAACAGGATTGARCACTTT

tCgCctggEcattetgasecactgcgoccggdtcaacagasagocagaaaagac
rrrrrenrrrerrrrerrrrrrrrrerrrrrrrrrrnrr el
T TG ATTATGAR R CRCTECECCEETCARCRGRL LA CAGR AR RERT

actgagcgatttcagocagtocaatcattaacggocagaggacttggacagca

Prrrrerrrrerrrr et e et ettt et enrrrrrrrnl
ACTGAGCGATTTCAGCAGTCRAATCATTRARCGGCTCAGGACTTGGACRAGTR

tatccagcocttggtggaagaattgtagaaaatogtgaca—ggagacatgaa

rerrerrrrrrerrererrrrrrrrrrrrrrrerrrrerr o rerrrrrrrnd
TATCCAGCTTIGGTGEALGRATTGTAGRLARATCETCGACREEEAGRCATGRA

catgacassagogaattoaattoaggatatttatoogotgtottacatge
rrrrreerrrrerrrrerrrrerrrrerrrrrrrrrrrrrrerrrrrnrel
CATEACAL L A GR A TTCRATT CAGEGATATTTATCCGCTETCTTACATED

aggaagggatgottttccattooctoctgocaaaaagattocacaggogtat

rterrerrrrrrerrererrrrrrrrrrrrrrrrrrrrerrrrErrrrrrrnd
AGGRAGGEGATGCTTITTCCATTCOCTCCTGCARRRAGATTCRACAGECGTAT

grtgagcoceEagoTttottttacaatagaaggaaaagtocacoococgoagttttn
fTrrrrenrrrerrrr et rrerr-rerrrrerr et rrnrrrrenrnl
GrTEAGCR LT TCTTT TACAATTEARGEARALETCARCCCGCRETTTTT

tcaaaacagcatcaacgcotottgtagaaagacatgatattttcagaacga

L T U T A O O I A
TR R ARG AT CRRCGCICTT GTAGRR R GRACATGATATTTTCAGRRACCA

202

50

50

100

100

150

150

200

200

250

250

259

300

3489

350

399

400
4459
450
490
5S040
5489
550
599
00
649
650
698
700
748

750
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EMBOSS 001

EMEOSS 001

EMBOSS_ 001

EMBOSS_ 001

EMBOSS 001

EMBOSS_ 001

EMBOSS 001

EMEOSS 001

These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

299 tttttatcagcocaaaatgtttoctocococcagoaggttgbttctgagagas
L U O B |
S0l TTITITAITCAGCCALR AR TGITICCICCCOCOCAGCRGETIGTTICTRARGRAGILD.

249 cgaaatgtcatogtactggaagaagacattactocatttaaacgaggogga
L T I e L I o e I B |
251 CGARATGTCATCGIGCTGEAAGAAGACATTACTCAATTARACGAGGOEER

995 gocaatcacagtTtTiatcgagcaaTtggaaagaasaaggacogggaccogggggt
L I e I U U T U O U I B B |
GEET

1001 GCAATCACAGTTTATTGAGCAATGGAALGAALL DLGACCOEEGACTGE
1049 TCococatttgcaaaagga 1064

fnrrrrnrrrenirnnl
1051 TTCATTIGCAAALCCH 1LoEs

Plipastatin fragment BLAST alignment of B. subtilis 21332 and 168

Features in this part of subject seguence:
plipaatatin svnthetase

Score

= 1458

Identities =
Strand=Plus/Minus

Query
Skict
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Skict
Query
Sbict
Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
sbjct
Query

Sbject

© 2011 Tous droits réservés.

1z

1380945

T2

1980825

139z

1980765

252

1980705

312

1980645

372

432

1380525

492

1980465

552

1980405

a10

1980347

T30

1980227

790

1980167

kits {78%9), Expect = 0.0
8a4,/900 (96%), Gaps = &/300 (1%)

ITGRARAGECOEECGEEECGTATIIGCCGCITGATCCTIGOGTAT CCARRAGGRAGCGECTGRAGCT
trerrrrrer rreerrreerrrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrrrred
IGAMGECOEEAGEEECGIATITGCCGCITGATCCIGOGTATCCARRAGEAGCGECTGAGCT

ACATECTGARAGRCAGCEEFEECATCECTICTITGCTGRACACAGCCAGEAT GO T COGCACCOER
trerrrerrrrerrrrrrrrrreerrrerrrrrrrrrrrr e rrrrrrrrreenrnd
ACATGCTGARAGRACAGCGEGECATCGCTCTTGCTGACACAGCCGEEATGCTCOGCACCAR

ACTITICI GEAGAGRC GO TIGRAAGTTGACATGACATCICTIGAGCGIGARAGRRGTAR AT
trerreerrr e rrrrerrreer o rrerrrrerrrrrrrrrr orrrrrerrrrrrred
ACTITICIGEOGRAR A GO TIGARAGT GEACATGACATCTCTTGAGTGIGARGAAGTAR A AT

GICATGIGICIGCITCIGITAGOGACGEGATCTICTCGCCTATGTCATCTATACATCGEECT
trerrrerrrrrreerrrrerrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrred
GICATGIGICIGCITCIGITAGOGACGGATCTCTCGCCTATGTCATCTATACATCOGEECT

CIACCGEECAGCOGARLGEAGTEECCGTTGAGCACCEICAGGCIGITICCITICIGRACCE
rrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrr o rrrrrrrrrrrrrrrrrrrrnd
CTACCGEECAGCCERARAGEAGTGECOGT IGAGCACCGCCAGGCTIGITTICCITICIGACCE

GCATGCAGCACCAGT T TCOCGC T TTOGGARCGATGACATTGTCATGETGARAACCTCTTITTT
trerrrrrrerrrrerrr rerrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrrrred
GCATGCAGCACCAGT I TCOGEC T TICGGARGATGACATTGICATGETIGARRACCTCTIITIT

CCITTIGATGOGICIGIGIGGCAGCIGIITIIGGIGGACTCITTCCGGIGCITCGEOGTATC
trerrrrrrerrrrerrreerrrrrerrrrerrrr rerrrrrrrrrrrrrrrrrrrred
CCTITTGATGOGICIGIGIGGCAGCIGTITTIIGETGEGCICTITITCCGGIGCITCGGCGTATC

IGCITCCGOCCGETIIGEERARRR AGRCCCCEOETIGATCGTACARGCCATICATCRAGERALA
trrrrerrrrrer reerrrrrerrr o reer orrrrrrrrrrrrrrrrrrrrrrrrrrnd
IGCITCCGCCCEECIGEEARR A AR CTCCGCATTGATCGTACARGCCATTCATCRAGGALD

ACETEACAMCGECICATITIATTOCOGECTATGCTGRAACAGCTTITCTAGATCARGOGGAAR
trerrrerrrrrrerrrrerrrrerrrrerrrrrrrrrrrrrrr e rrerrrrrrrrnd
ACGTGACAAMCGECTCATTTTATTCCOGEGCTATGCTGAACAGCTTTCTCGATCAAGOGGARR

IT-GITAGCECTICG—GIGACGEEACARACCTAARAGCGTGTATTCGOCGEAGETGRARCCOGCT
11 et rorreer orererroreerrrerrrrrrrrrrrrrrrrrrrrrerrnd
TCOGRAARAG-GCT-GAGTGACAGGACAAGCCTARAGCGTGTATTCGCCGEAGETGARCOGCT

TEFOGCCECETACGECAGCCCGTTITGCITCTATCTTGCCACAGGTATCATTRAATCCATES
trerrererrrrrreerrrrerrrrerrrrerr porrerr orrrrrerrrrrrrrrrrrnd
ITEOGCCEGCETACGECAGCCCGTITITGCITICTGTATIGCOGCAGGTATCATTRATCCATES

TTRACGEEOOGACAGRARGCRARACGETAGACGOEEGCATITTACGTGT TGEACCCAGRACGEHER
trerrreerrrerrrrrr o rerrrerrreerrrrerrrrrrrrrr rrorrrrrrernrnd
CTRACGEEOOGACAGRA RGO CACGGTAGACGOGECATTTTACGTGTITAGATCCAGRACGEER

CAGGGRACCETITGOGGATTCCGAT TGEGRAAGCCCEGTACCCGETGOGCETITTIGTATGITIT
e reerrrrrrerrrrerrreerrrrerrrrerrrrrr o rrrreerrrrrrrrrrrrnd
CAGAGRCCGTITGOGEATTCCGAT TGGGRAAGCCCGTACCIGETGOGCGTTITIGTATGITTIT

AGATCCACATTITAGCCOGTACAGCCTTICTIGEIGTOGCCCEEFOGAACTGTACATTGCCOGEAS
trerrr rrrerreerrrerrreerrrorrrrrerrr o rrerrrer o rrrrrrrrrrrel
AGATCCOGCATTTAGCOGTACAGCCTTCCGEIGTOGCC—GEOGRAACTATACATTGOCOGEAS

CEEETIGITGCCAGRGGTTATTTGAATCGGCOGGCATTARACGGAGGAGOGTITICIT ARG

I 1 I A U 1 I 1 A A A I A A 1 1 U A
CEEETGITECCAGRAGGTTATTTGRAATOGECCGEGCATTAACGEAGGAGOGTTITCTIGAAG

203

San
o950
998
1000
1048

1050

131

1980766

251

1980706

311

1380646

371

431

1380526

4351

1380486

551

1580406

a09

1580348

1980228

789

1980168

849

1980109

S0&

1980049
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Index 4: Different alignments of sequenced fragments from B. subtilis BBG21

ppsA-ppsB fragment Needle alignment of B. subtilis BBG21 and 168

Tgctgtttgaaaccocagcoaagoctatggtactgatgocaacgaacttttyg
frrererrrrerrrrerrererrrrrrrrerrrrrerrrrenrrrrnen
TGCTIGTTTGARRCCCAGCRAGCCTATGGTACT GATGCCALCGRACTITIC

cttacggctttaggaatggogotttotgaatggactgggocatgaccasat

Prrrrerrrrerrrrrrrrre et ettt ettt el
CTTACGGCTTTAGGRATGECGCTTITCTGRATGGACRAGGEZCATGACCRARLT

COTgatCEgCcactgagggacacggtagegaagggcatgtgoccasacatttyg
FOLIERREEE Rt rr et trat ettt errrreenl
CETGRTCRECACTGAGEERCACGECAGACALGEECATGTGCCARLCATTS

atattLoceEaggacagttggatgytttacctoCatttatoctattotgota
FOETEROTET R -t et e et e e et et enerrreenl
ATATTTCRRAGGACCGTTGEATGETTTACCTCCATTTATCCTATTCTGCTA

gacatgggtattoocgagooctttogaggatocagotogcatacocgaattaa

PEETTERTE ettt et e el
GACATGGETATTTCCGAGCCTTTCGAGGATCAGCTCGCATACCGARTTAR

gacgacaeaagatatgctgagaagagtaccgaacaaaggaactggatacg
frrererrrrerrrrerrererrrrrrrrerrrrrerrrrenrrrrnen
GARCGACAR A AGATATGCTEAGALGAGT LOCGARCRARGEARCTEEATACS

gattgtteacacaecataggagaactgocggcataaagagecctgaggtcagoe
PO en e et ettt bt e e et rentrl
GRTTGTTAACACACATAGEARAACTGCGECATRALGAGCCTGRAGETCAGC

tttaattetctcggtcaatttagogaagagaaggaagttgaaacgtttoa
TETETER T et et e ettt e r bttt tbattrentl

# Rligned_ sequences: 2
# 1: EMBOSS 001

# 2: EMBOS5 001

# Matrix: EDHAFULL

# Gap_penalty: 10.0

# Extend penalty: 0.5
#

# Length:

# Identity: 739/753 (98.1%)
# Similarity: 7397753 (98.1%)
# Gapa: 0/753 ( 0.0%)
# Score: 3639.0

#

#

#

EMEQSS 001 1
EMBCSS 001 1
EMEOS53 001 31
EMEQSS 001 51
EMBCSS 001 101
EMEQSS 001 101
EMB2SS 001 151
EMEQSS 001 151
EMEQSS 001 201
EMB2SS 001 201
EMEQSS 001 251
EMBOSS 001 251
EMEQSS 001 am
EMEQSS 001 am
EMBEOSS 001 351
EMBOSS_ 001 351

EMBOSS_ 001
EMBOSS_ 001
EMBOSS_ 001

EMBOS5_001

401

401

451

451

EMB2SS 001 501
EMBEOSS 001 501
EMB2SS 001 551
EMBEOSS 001 551
EMEOSS_ 001 601

EMBOSS_ 001
EMBOS5_001
EMB2SS 001

EMBOSS_001

601

651

651

701

TTTRAATTATCTCGETCARTTTAGCGRAAGRAGRARGRARGCTGATACGTTITICA

attatcatattaccagcccocgttacgaaatagogggtgagagagaacgag
frrrrerrererrrreerrrrrrrrrrrrrerrrrrrrrrrrrrrrnened
ATTATCATATTACCAGCCCCEGTTRCGARRTRAGCGEET GREGRAGRGARCGRE

agtatgagctggacatcaatgotoctocattacggacggacggottocacgta
L 1 U T A 1 I Y A I I
AGTATGAGCTEGRCATCARACGCTCTCATTACGEACGEACGGCTTCARGTA

asegcgotatacaecocaagtgttcagcesacactocaattgagtgotttat
PErrren et ettt e rren el
AR GCGETATACRCCCAGECGTTCAGC AR ACACTCARTTGRGTSGCTTITAT

ggetcgttttocacaggcatottatcgagacgattgagcattgttogcaga
TErrren ettt tenr et e e rerrrenrrrenerrentl
GEATCGTITICATAGGCATCTTAT CGAGRCGATTGAGCATTGTTCGCAGRE

aaesaagcecgCcgEaadascattgagogetttcagocaataaagaattaacyg

RN R R N R R Ry
AL ARG GA LR A A TTGRGCGATTTCAGCARTRARGGALTTRALCG

ttgtctgocattatctagcatcgaagatctogtgaaagatctttaactttt

POTETRn et e et et e et e et et
TTGICTGCATTATCTAGCATCGARGATCTCGT GARRAGATCTTTALCTTTIT

gasaaggtgtgtggaattgatggcacaatcggcacaaattcaagatattt
frrrrerrererrrreerrrrrrrrrrrrrerrrrrrrrrrrrrrrnened

EMBOSS_001 701 GRARLAGETGTGTGEAATTGATGGCACARLTCGGCACARRTTCARGATATTT
EMBEOSS 001 751 atc 753

Il
EMEOSS_ 001 751 ATC 753

© 2011 Tous droits réservés.
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50

20

100

100

150

150

200

200

250

250

300

300

350

330
400

400

450

450

500

300

550

550

&e00

&e00

&850

&50

700

700

750

750
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ppsC-ppsD fragment Needle alignment of B. subtilis BBG21 and 168

1: EMB2SS_001
2: EMBOSS_ 001
Matrix:
Gap_ penalty:

Length: 901
Tdentity:
Similarity:
Gapa:

Score: 5015.0

Extend penalty:

Lligned seguences:

EELOSUMES
10.0
0.5

=

879/901 (37.6%)
879/901 (37.6%)

3/901 ( 0.3%)

e e e e e e e e et cle cHe et e e

EMBCSS_001
EMBECSS 001
EMECQSS 001
EMBCSS_001
EMBECSS 001
EMBCSS_001
EMECSS 001
EMECQSS 001
EMBCSS_001
EMBECSS 001
EMECQSS 001
EMBCSS 001
EMEBECSS 001

EMBCSS_001

EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001

EMBOSS 001
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51

51

101

101

151

151

201

201

251

251

301

301

251

251

401

401

451

451

S01

S0l

551

551

a0l

a0l

651

651

Too

Too

T50

750

80O

gatacacaagatattotgttaaccgcagcatocttggcgatctgtgaatg
Pt errrrerarrerrrrrrrrrerrreerrrrerrrrenrnl
GATACGC AR TR TTCTTTTAARCCECAGCATCCTTGGOEATTTETGARTE

gacaggaggaagcaagotocogtatogotatggaaggacacgggagagaac
Frrrrerrrrreratabirrrerrrrerrreerrreerrrrrrrrrenrnl
GRACAGEAGEAAGTATGCTCCGTATCGC TATGGAAGEACACGEEAGAGR AT

acettctgccagagttagatataagocaggacggtocggoctggtttacatoo
Frrrrrrrrerrrrerrrrrr-trrrerrrrerrrrrrrrerrrrenrrnl
ATATTCTGOCAGAGTTAGATAT CAGCAGEACGETCGGCTEGETTTACATOC

atgtaccoggococctocataagotttgaaasatcatagggatgagotoggaac
fterrr-rrrreverrerrrrrrrrrrrrrrrrrrrrarrrErrrrenrnl
ATGIATCCOEECCCTCATAMGCTTITCAR L A TCATRAGETATZAGCTCGGART

ctcagtaaaaaccgttaaagatacactgggocggataccaaacaaagggg
Potb-rnrrrerrrrerrrrerrrrerrreerrreerrrrerrrrenrnl
CECATT AL A O TTAR L GATRCACT SEECCEEATACCARACR A RGEES

taggttacggtatgctgaaataccttacacaccctgaaaatasaagoatt
frrrrerrrrerrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrenrn
TRGETTRACGETATGCTGRRATACCTTACACACCCTGARAATRAL A AGCRTT

acgttttooaaaascacotgaaatcagotttaactatttgggocagtooaa
rerrrerrrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrerrrrenrnd
ACGTITIIT AR R R N A TR TCAGCTITAACTATTTEGEGCCAGTTORAR

cgacatcgaaagacaggacaccttoogoccatcaagocttggtagoggasa

frrrrenrrrrerrrrer et et r et rr e rrrerarrrnrnl
CERCATCGRL GO AGERCACCTTCCGOOCATCRALGCCTTGEERAGCGERD

aggatatcactcatacatggaagcocgocgagcaaatcatogagatgagtgca
L 1 1 1 1 I U 1 I A I I O |
AGGATATCACTCATACATGEARGOCTGRGCARLTCATOGAGRTERAGCIGCR

atggcagcagacaaaaagctocatttcaatcottagttatococgoccagocococg
frrrrerrrrerrrrerrrrrrrrrerrrrrrrrrrrrrrrrrrrenrd
ATEGECAGCRAGRACRA A R G TCCATTTCRAATCTTRASTTATCCGOCAGCOCDE

ctttcacagaaacacaatggaacagcottattaacaggattgaacactttt
prrrrrerrrrenrrrrrrrrrarrrrrrrrrrrrrErrrrrrrrrenrnd
CTTTCACRGRAR L AR TEEAGCRGCTTATTARCAGGRTTGRRCACTTTT

tgcotggacattatgaaacactgogocoggtcaacagaaagcagaaaagaca
L0 T 1 e A O A A B e U O R I O O I R A
TECTGERCATTATGRARRCRCTGOECCESTCARCAGRAR L ACAGR LA R GRTR

ctgagogatttcagoagtcaatcattaacggcagaggacttggacagcat

frrrrerrrrerrrrerrrrerrrrrerrrr i<t rrrrrrrrerrl
CTEAGCEATTTCAECAGTCAATCATTARCEECTEAGEACTTGERCAGCRT

atccagcttggdtggaagaattgtagaaaatcgtgaca—ggagacatgaac
Frrrrerrererrrrerrrrrenrnl IIIIIIIIIII Lrrrrrrenrnl
ATCCAGCTTIGETGEAAGRATTGTAG— AL A TCGTGRACAGEGAGACATGRRT

atgacaasagcgaattcaattcaggatatttatococgotgboocttacatgca
frrrrerrrrerrrrerrrrrrrrrerrrrrrrrrrrrrrrrrrrenrd
ATGRCARL A GCGRATTCARTTCAGEATATTTATCOCGC TETCTTRACATECR

ggaagggatgcttttocattocctococtgcaaaaagattocacaggcgTtatyg
frrrrerrrrerrrrerrrrereerrrrerrrrerrrrrerrrrrrrrrerrnl
e CEEATEGCTITICCATTCCCTICCTGCARALRGATTCACAGECGTATG
ttgagcaagcttcttttacaatag—aaggaaaagtcaccccgcadttTttt
L0 T 1 U L e O R I O O O A A
TTGAGCALRGCTT CTTTTACAATTGRARARGERAAR LG TCALROCCCGCRGTTTTT
tcaaaacagcatcaacgctcocttgtagaaagacatgatattttcagaacga
L0 T 1 e e U O O O e |
TR L ECATC R CGCTICTT G TAGRL M EACATEGATATTITT CRAGRRCCR
aga

I
T S00

205

S0

50

100

100

150

150

200

200

250

250

300

300

350

350

400

400

450

450

500

500

=50

550

[{a ]

[{a ]

&5

&5

[3=]=]

699

T4a4s

T4a4s

T80

799

848
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Plipastatin fragment BLAST alignment of B. subtilis BBG21 and 168

Features in this part of subject seguence:
plipastatin synthetase

Score

= 1544 bits (2836), Expect

Identities =
Strand=Flus/Minus

Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query

Sbjct
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query

Sbict

© 2011 Tous droits réservés.

&0
1996372
120
1996312
1a0
1996252
240
1996152
300
1996132
360
1996072
420
1996012
430

1995952

800

1595832

660

1595772

720

158495712

1595652

240

15955452

900

1595532

853/869 (99%), Gaps

0.0
0/869 (0%)

TGRAGACCEECEEEECGTATTIGCCGCTIGATCCTIGCETATCCARAGEAGCGECTGAGCT
Prrre reerrrreerrrrrreerrrrrrrerrrrrrrerrerrrrrerrrrrrrrrred
TGRAGGCCEEOGEGGCGTATTTGCCGCTIGATCCTGCGTAT CCARMGGAGCGGCTGAGCT

ACRTGCIGARAGACAGCEEEECATCGCICTIGCTGRACACAGCCAGGATGCTCCGCACCAR
Frrrrrrreeeeeeerrrrrrrrrrrrrrrrrrerereererr reerrrrrrrrrrnd
ACATGCTGARAGACAGCGEEGCATCGCTCTIGCT GRACACAGCCGEGATGCTCOGCACCRA

ACTTTICIGECEARACGCTIGARGTGEACATGACATCTICTIGCGAGCGARARAGCAGARD
Frrrrrrreeeeeeerrrrrrrrrrrrrrrrrrerrrrrrerrerrrrrrrrrrrrrnd
ACTTTICTGGOGARACGCTTGARGTGEACAT GACATCTCTIGCGAGOGARARAGCAGARE

ACCATGAGTTTACTCCTGCIGACGECEGATCICTCECCTATGICATCTATACATCGEECT
Frrrrrrreeeeeeerrrrrrrrrrrrrrrrrrerrrrrrerrerrrrrrrrrrrrrnd
ACCATGAGTTTACTCCTGCTGACGECGGATCTCTCGCCTATGTCATCTATACATCGEECT

CIACCGEECAGCCEARAGGAGTGECCEITGAGCACCGOCAGECTIGITTICCTITICIGACCE
Frrrrrrrereeeeerrrrrrrrrrrrrrrrrrer e reerrerrrrrrrrrrrrnnd
CTACCGGECAGCCGARAGGAGTGECCETTGAGCACCGTCAGGCTGTTTCCTITCTGACCE

GOATGCAGCACCAGTTTCCEC I T TCGEARGATGACATIGTICATGETGRAARACCICTTTIIT
Frrrrrrreeeeeeerrrrrrrrrrrrrrrrrrerrrrrrerrerrrrrrrrrrrrrnd
GCATGCAGCACCAGTTTCCGCTTTOGEARGATGACATTGTCATGETGRARARACCTICTITTIT

CCITIGATGCGICIGIGIGECAGCIGITITEEIGEACTICTITICCGEIGCTITICGECGTATC
Frrrrrrreeeeeeerrrrrrrrrrrrrrrrrr e o reerrrrrrrrrrrrrrrnnd
CCITIGATGCGICIGIGIGECAGCTIGITITGGTIGGTICGCTTITCCGEIGCTITCGGCGTATC

IGCTIICCGCCCEECTEEEARRRRGRCCCOGCATTGATCGTACARGCCATICATCAGGRARD
Frrrrrrreeeeeeerrrr reerrr rerrrrererrrrerrrrrrrrrrrrrrrrnd
IGCTICCGCCOGECT GEEAGRRRGRACTCOGCATTGATCGTACRRGCCATTCATCAGGARA

TCGARAGGCTAGT GACAGGACARAGCCT GRAGCET GTATTCGCCREAGET GAACCECTIG

FEErrererrrerrereeererrrerr rerereee e reee e reer e
TCGARAGGCTGAGT GACAGGACARGCCTARAGCETGTATTCGCCEEAGETGAACCECTIG

CECCGCGTACGRCAGCCCGIITIGCTICIGTAT TGCCRCAGGTATCATTRAATCCATGETT

CEErrererrrerrereeerrrrrer e e e e e e e e e e e e eer e
CECCGCGTACGRCAGCCCGTITIGCTICIGTAT TGCCRCAGGTATCATTAATCCATGETT

ACGEECCGACAGARGCRACGETAGRCGCGECATITIACGTIATTGCAT CCAGRACGERACE

FEErrerrerrerrereeererrrer e e e ree e e reee e teeer e
ACGGGCCEACAGRRAGCARCGETAGRCGCGECATTTTACGTAT IGEATCCAGRACGLEACR

FEGATCGTITEOGEAT TCCGAT CoaGAAGCCCGTACCTGETGOGCEITIGTATGITTITAG

FEETEEEEETrerer e e e terrer e et e e e e e e e e e e e e e el
GEEATCGETTIGCGEATTCCGAT TREEAAGCCCGTACCTGETGCGCGTTITGTATCITTITAG

AT CCGCATTTAGCCGTACAGCCTICCGETIGICGCCoGCGRACT GTACATTGCCGLAGCGE

CEErrererrrerrereeerrrrrer e e e e e e e e e e e e eer e
AT CCGCATTTAGCCGTACAGCCTICCGETIGICGCCoGCGRACT GTACATTGCCGLAGCGE

GIGTTIGCCAGAGGTTATTTGRATCGGCCG 928

FEEEREEEETEr e e et
GIGTTGCCAGAGGTTATTTGRATCGGCCE 19585504

206

119

1896313

179

1896253

239

18961593

299

1896133

359

1896073

419

1896013

479

1895953

539

18958493

659

1895773

719

15895713

779

18585653

834

15955493

249

15995533
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Index 5: Different alignments of sequenced fragments from B. subtilis S499
ppsA-ppsB fragment BLAST alignment of B. subtilis S499 and B. amyloliquefaciens
FZB42

>0 gb|CPO00560.1  Bacillus amyleligquefaciens FZB42, complete gencme
Length=3918589

Features in this part of subject seguence:
FenB
Fend

Score = 1258 bits (e8l1l), Expect a.a0
Identities = 731/756 (96%), Gaps = 0/756 (0%)
Strand=Flus/Minus

Query 5 IGCIGTIGEARACCCAGCAGFCGTACFFARCGEATGTCCATGRAATTGCTTTTARCGECGE 64
Prerrrrrerrrr reerrer e rerrerrrrererr rrerrr e errrrerrrrrrrd
Sbjct 1962027 TGCIGITGGARACACAGCAGGCATACGGARCGGATGTITCATGAATIGCTTITARCGZCGC 1961963

Query &5 ITGGAATGGCGCTTCATGAGRT GRACGFET TCCGARCAGATCCTTATCAGCACTGARGGAC 124
Frerrrrrerrrrerrerrererrrrrerrr reerrrererrrrrerrrrerer el
Sbjct 1961967 TIGRRATGECGCITCATGAGTGEACGGGTIICIGAACAGATCCTITATCAGCACTGAGEGGC 19615903

Query 125 ACGGACGCCAGEEECATATTCCTGACATIGATATGTCAAGRACCGCAGFCCGETITACAT 184
Frer rreerrrreererr reerrrrerrrrerrrrrererr reerr rerrrrrnd
Sbject 1961907 ACGGGCGCCAGGGGCATATGCCTIGRACATTGATATGTCARGRACGGCAGGATGGTTTACAT 19618448

Query 185 CIGITTACCCGGIGCTITTIGGATATGAGAGTGCCGGACGECTCAGGCGRARARCARCCGCGE 244

Frerrrrrerrrrerrerrererrrrrerrrrerrrr et rerrerrrr rerret ol
Sbjct 1961847 CIGITTRACCCGGIGCTIITIGGATATGAGAGTGCCGGACGGCACAGGOGRARARACCGCTC 1961788

Query 245 RCCGCATARRGRCGGTARARGRACATGAT GAGRACGEETICCTICATCACGGRARCCEECTRACG 304

Pt r e e et e e e et r e e e e e
Sbject 1961787 ACAGCATARAGACGGTRAARAGRCATGATGRGRCGGGTITCCTICATCACGGARCCGGCTACE 1961728

Query 305 GECIGCIGAGATATTICGCGRAARACATICTTTATARRAGACCCAGRARTRAGCTTTARCTATC 364

PEerrrrrer rreeerrr e e et e e e et e e e e e et e rrrerd
Sbjct 1961727 GECIGCIGAGGIATTCGCGRAARACATICTITIATARRAGACCCAGARRTRAAGCTTTARCTATC 1961663

Query 365 ICEEIGCGITIGACGEICTIGAGGEEACGCTGAAGGTGICACCGITCARAGCCGCAGCATE 424

Frerrrrrerrrrerrerrererrr rerrrrerr rrrrerrrrrerrrrr rerernd
Sbjct 1961667 TCGEEIGCGITIGRACGGICITGAGGGRACGCTGAAGATGTICACCGITCARAGCCACAGCATE 1961608

Query 425 ATATAGCGGCCEEECGCATCCGCGAGTIIGATCIGGATATTARTGCGATGETGECGECCE 484
trrrrrrrrerererererererererrerererererererr reererrrrrrrrerd
Sbjct 1961607 ATATAGCGECCEGECECATCCGCGAGTITITGATCTGEATATTARCGCGATGFIGECEECCG 19615438
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ppsB-ppsC fragment BLAST alignment of B. subtilis S499 and B. amyloliquefaciens

FZB42

>0 gk |CPO00560.1 [ Bacillus amylcoliquefaciens FZB42, complete gencome
Length=391858%9

Scrt alignments for this subject seguence by:
E walue Sccre Percent identity
Query start pesition Subject start peositicn

Features in this part of subject asguence:

Fen

FenB
Score = 1533 bits (830}, Expect = 0.0
Identities = 878/902 (97%), Gaps = 0/902 (0%)

Strand=Plus/Plus

Query
Skict
Query
Sbict
Query
Skict
Query
Sbict
Query
Skict
Query
Sbict
Query
Skict
Query
Skjct
Query
Sbjct
Query
Skjct
Query
Skict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query

Skjct

© 2011 Tous droits réservés.

924

19530239

954

19530849

1044

19531439

1104

1953209

1lle4

1953269

1224

1953329

1284

1953389

1344

1953449

1404

1953509

1464

19535469

1524

1953629

1584

1953689

la44

18953749

1704

18953809

1764

1953869

laz24

1953929

IGCTACATGRAGCCATITARTATACTICCCATAT GGCTGARCAGGCTCGRAGRAGROGERAGT 983
Peer rrerreerrrreeeeerrrrr reeerrerrrrrreerrrrrrrerrrrer el
IGCTICATGAGCCATTITARTATACTTACCATATGECTGRAACAGECTCGAGAGACGGEAGT 1953088

CEICCEICTICCGAGAGATIGATAGAT CACCAGARATTCCTTCATGACRATTCCEARGCAC 1043
Ioorerrreerrrreerrrerrrreerr rerrrrerrrreerrreerrr rerrrrnd
CACCCGETICTCCGAGRGATTGATAGATCATCAGRARTTCCTTCATGRACRATCCCGRAARCAC 15853143

CAGCCGICCATGACARTATGATGATGGCTCCATATACARRCATAGCGTTCAGGCGCTITIT 1103
Peerrrrerreerr reeeeerrrreerrrrrrerrrrrrrerrrrrrrerrrr reeed
CAGCCGICCATGACGATATGATGATGGCTCCATATACARACATAGCGTTCAGGCCCTTTIT 1953208

TTCARRATGEAGACTCTCAT GAGAGECTICTGATIGCARRATCARAGCCTTTATCTITATCT 1163
Frreerrreerrrreer e e e e e e ettt r et rrreerrrnrnd
TTCARRATGEAGACTCTCAT GAGAGEGTICTGATTGCARARTCARAGCCTTITATCTITITATCT 15853268

ICITTICIGRACCGEICGECATATTIGICTIGCGCCTICTCOGTCCARATGAGRARATATCA 1223
Lerrrrrrrr reeeeeeeerrrr e reeet terrrrrrrrr et rerrrrrrerrd
ICCTTIICIGRATCGETCGGCATATTTATCTIGIGCCTICTICGTCCARATGAGARATATCSE 1953328

TEARACTEARCGOGECTCEGCCTGTTITTCARCACGACTTGTCGEGECTTTGCCACATTIC 1283
Frreerrreerrrreerrrerrrreerrrrerrreerrrrr rereerrr rerrrrnd
TEARACTGARCGOGECTCGGCCTGTTITTCARCACGACTTGECEEEGCTTCGCCACATTC 1953388

IIGIGAATARATGTCGTACGGARAATATCGTATCGTTCARRRRACAGTGTCTATACTTITIT 1343
Lerrrrrrreerrrreeeeerrrreerrrrrreerrrrrrerrrr rerrrrrrernd
ITATGRATARATGTCGTACGGARRATATCGTATCGTTCARRARACAGCATCTATACTTITIT 19534438

ITEERACCOETTCCCGETCRAAGCTTTCOGCTGATCGTARACACCGCTIGTITCGRAAGTAGECT 1403
Lrrer reerrrrrrrrreerr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd
ITGERATCOGTTCCCGETCAAGCTGTCCGCTGATOGTARRCACCGCTTGITCGRAGTAGGCT 1953508

CTTGAGTCATGATCCAACAGAGAATGARARAGCATGCCCTCCTGCATARMAGACARAGEGR 14463
trrreerrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr o rrrnl
CTTIGAGTCATGATCCAACAGAGAATGARARAGCATGCCCTCCTGCATARARGATARAGGA 1953568

IATATATCITIGTIATTT CCCCATTIGOGCCACTCOCTITICTIATAGT Iz 1523
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IGIATIT CCCCATTGOGCCACTCCTIITIC 1953628

ACGECTCCCATRAATETCACTCAGATCTTCCAGOEGTTARCTCCTOGTCACTGARATCAGCE 1583

terrrrrrerrrrrrrerrrrrrrrrrrrrrrrrr et rrrrrr e rrrrrrrrreed
ACGECTCCCATALTETCACTCAGATCTTCCAGCGTTARCTCCTCGTCACTGARATCAGCE 1953688

GOECTCCATTCACGCTCOCTCTTIGCCTIGTGCARTGOGTGATGATCTGCTTGAGRAAMGETE 1643
Lrererrrrrerrrrerrrrrrrerrrrrrrerrrrr o rrrrrrrrrrrrrrrrrrnd
GOECTCCATTCACGCTCCTCTITIGOCTGTGCARATGOGAGATGATCTGCTTGAGARADGECA 1953748

TEARL AT A TCCCETCAR R R CTTCARTOGTITCTITTITGATACTGRARRARCOEETTGTACACE 1703
trererrrreerrrrererrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreed
TEARAL AT ATCCCETCAR A R CTTCARTCGTTICTITITGATACTGARRACEGETIGTACACG 1953808

ACATGECATEGCTGAGRCATTCCOGACGATACGEAGCCGCTGATATCARAGTEGTGTACOGEACGET 1763
trererrrreerrrrererrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreed
ACATECATEGCTGAGRCATTCCGACGATACGEAGCCGCTGATATCARGTETGTRACOGEACGET 1953868

TCCCAGTCIGEECIGACTTCATITOCCOGCITITACGEEAGAMACRCCGRAGOCEGCTEGERARE 1823
trerrrrrreerrrrererrrrrrrrrrrrrrrrrrrrrrrrr e o rrrrrrrreed
ITCCCAGTCIGEECIGACTTCATITCOCCGCTTITACGEEAGAMACACCARAGOCEGCTEGEAS 1953928

Cz 1825

11
Cz 1953930
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

ppsC-ppsD fragment BLAST Alignment of B. subtilis S499 and B. amyloliquefaciens
FZB42

>0 gb|CPO00560.1 [ Bacillus amylocligquefaciens FZB42, ccomplete gencme
Length=391858%9

Sort alignments for this subject seguence by:
E value Score Percent identity
Query start positicn Subiject start po3iticn

Features in this part cf subject seguence:

FenD
FenC
Score = 1620 bkits (877), Expect = 0.0
Identities = 916/935 (97%), Gaps = 1/935 (0%)
Strand=Plus/Minus
Query 914 GATACGCANGATATTCTACT GACTGCOGCAGCTITGECTI TTACGEEACT GEACAGEEEEE 973

Frrrreeeeererrrer rerrrrrere et e e e e et e e rrrrrrel
Sbjct 1946625 GATACGCARGATATICIICIGACIGCCGCAGCITIGGCITTACGGGACTGGACAGGGEEC 1946566

Query 974 GECAGACTGCGCATCGUGAT GERAGGECACGEGAGAGAGCACATCATGOCGEAGCTCGAC 1033
treerrerrrerrrerreerrerrrerrrerreerrerrrerrrrrrrerrrerrrrnnl
Sbjct 1946565 GGCAGACTGCGCATCGCGATGEAAGGECACGGEAGAGRGCACATCATGCCGGAGCTCGRAC 1946506

Query 1034 ATCAGCCGCACCGTAGGCTGGTTTACCTCCATGTACCOGGTGCTCATTGACTTGARCACA 10583
Prrreeerrrrrrrrrrreeererrrrrrrrr e rerrrrrrrrr e rrrrrrnnl
Sbjct 1346505 ATCAGCCGCACCGTAGECTGGTITTACCTCCATGTATCCGGIGCTCATTGACTTGALCACE 1946446

Query 1094 GCAGGCGCTGAGCTIGEARCEECTCTARARACGETCARAGRACACACTCGEARGRATACCE 1153
Prrrreeeeererrrereeerer rereerrr e e e et e e rrrrrred
Sbjct 1946445 GCAGGCGCTIGAGCTIIGGRACGECGGTAARARCGETCARAGACACACTCGGRAGARTACCE 1946384

Query 1154 GATARRGGARTAGECTACGECATITTARARTACATGACACCGCCTGRAACRRRRRRACARTC 1213
Frrrreeeeerrrrrere et rrr e e ettt r e et r e rrel
Sbjct 1948385 GATARAGGRATAGGCTACGGECATITTARARATACATGACACCGCCTIGARCARARARCRATC 1946324

Query 1214 CGCTTCAGACAAGCGOCTGRARATCAGTTTTAACTATTTAGGGCAATTCAATGATACAGRR 1273
Prrreeerrrrrrrrrrrerererrr rerrvverrrrrrrrrrr e rrrrrrnnl
Sbjct 1948325 CGCTTCAGRCARAGCGCCTGRARATCAGCTTTAACTATTTAGGGCAATTCRATGATACRAGRRE 194826848

Query 1274 GAGCAGCACACATTCAGTITATCCGEICTIGOGAGCEEECACGACATCACGCCGACATGE 1333
Frrerreerr o reerrr porrreerrrrrr o rrrrrrrrrrrrrrrrrrrrrrrrnd
Skbjct 1946265 GATCAGCACACGIICAGICIGICCEEICTIGCARGCGEECACGACATCACGOCGACATEE 19462048

Query 1334 CAGCEEEARCARGOGETGEARATGAGCEGOGATGECCGCTCARCATRARACTGCACTTCAGT 13593
trrrererrererrrrrerrrrrrrrrrrrrrrerrer orer o rorrerr rrrrenrnl
Sbjct 1948205 CAGCGEGRARACARGCGETIGERARATGAGCEGCGATGECOGCACRARRARCRRARCTTCACTTICAGT 1946146

Query 1394 TTGAGCTATCCOGOCGAGCCGCTTCOGCARAGAGACGATGGRARACAGCTGCTGCARRCCTCRE 1453
|||||||||||||||||||||||||||||||| Lrorerrrrreerreerrrrrer

Skijct 1946145 TT CEOCGAGCCGCTTCCOGCARAGRARCAATGGRAACAGCTGCTGCRARACTTTA 1946086

Query 1454 CRAGCAATATTTGOGTGATATTATGEOGCACTGCACAGCGCARAGAGCGRAAGCAGRARARACT 1513

trrrrrreerrrrrerrrrrrrrreerrrrrerrrrrrrrrrerrrrrrrrrrrrrrnd
Skjct 1946085 CAGCARAATATTIIGCGIGATATTATGGCGCACTGCACAGGCARAGAGGARGCAGRRARARACC 1946024

Query 1514 GITAGTGATTTTAGCAGCAR R ACGTTARCATCTGATGATTTGEACAGCATAGCGAGTTIT 1573
trrrrrrrrrerrereerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreed
Sbijct 1946025 GITAGIGATITTAGCAGCARAACGTTAACATCTIGATGATITIGRACAGCATAGCFAGTITIT 19453464

Query 1574 GICGAGGERACTGTAGRARRRAGEOGACGEECAGATTATARCATGACRRRRRAGRATECART 1633
trrrrrreerrrrrerrrrrrrrreerrrrrerrrrrrrrrrerrrrrrrrrrrrrrnd
Sbjct 1345365 GICGAGGRACTGTAGRAARRMGECGACGEGEAGATTATAACATGACRARARAGRATGCAAT 1945304

Query 14634 TCAGGR IGTICTTATATGCAGGARAGGAATGCTTITITCATTCCCTCCTGCA 14693
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 19453905 TCAGGH CIGICITATATGCAGGAAGEGRAATGCTTITICATICCCICCTIGCA 1945844

Query 1694 AR RAGGARTCACAGECTTACGCCGAGCAGECCTCCTTTTCAATRARACGEEERARAGETIGACE 1753

trrrererrererrrrrerrrrrrrrrrrrrrrerrererrrrrrrrrrrr o rrrenrnl
Sbjct 1945845 AMRGERARATCACAGECITACGCCOGAGCAGGCCTICCTITICAATARCGEEEAL-GEGTTGACE 1945787

Query 1754 CCCGCGTGTITTGRAAGAGAGCGTTCATGCCOCTTTTCGRARARAGACATGATATTITTCAGRACGRE 1813
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Skijct 1945786 TGRAG GITCATGCCCTTITTCGARAGACATGATATTTTCAGRACGE 1945727

Query 1814 TTTTTATCAGCCAGRACGTGTCAGTEGCOCGCAGCALG 1848

Lorrrrreerrrrrerrrrrrrrrerrrrrrernd
Skjct 1945726 TICTITTATCAGCCAGRRACGIGTCAGTIGCCGCAGCALG 1945492
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ppsD-ppsE fragment BLAST alignment of B. subtilis S499 and B. amyloliquefaciens

FZB42

Features in this part of subject seguence:

These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

FenE

FenD
Score = 1563 bits (B846), Expect = 0.0
Identities = 887,/307 (97%), Gaps = 1,907 (0%)

Strand=FPlus/Plus

Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query

Sbict

Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbict
Query

Sbict

© 2011 Tous droits réservés.

10

19343946

70

1934456

130

1934516

140

1934576

250

1934636

310

19346946

370

19347546

430

19348146

450

19348746

550

1934936

610

1934994

670

19350546

730

1935116

790

19351746

850

1935236

9039

19352946

IITICAGCITIGICIGICAGATITIGATCTARAGARRACAGGAGCTCTTICTTACGETAGC
Frerrerreerer reeer reererrerr rreerrrrr rrrrrrrrerrerrrrnrl
IITICAGCITGICCETICAGETTITGATCTATAGARRACAGCAGCTCTTITCTTACGETAGC

CITITICCIGEEEACGEECCGATATITICGEGAGT CCTGAGEETIGICTCGCAGCCTIGCTA
trerrerreerrrreerrrrrerrerrerrerrerrrrrrerrrrrerr rrerrrrnrl
CITITICCIGEEEACGEECCEATATTITICGEGAGTCCTGAGEETGTICTICACAGCCTIGCTA

A TATCCTTITCCAATACTCAGRAGCCGCETCTTIGTCCTGATCAGTCAGCCATGTALTAT
Frrrerrrrreererreeeerrrreerrrrreerrrr ettt rrrrrrrerrrrreel
A TATCCTTTCCAATACTCAGRAGCCGCETCTITTGTCCTGATCCGTCAGCCATGTALTAT

ACGTGECTGTARGGCTTTGCGEECGCCAATGTRACGEETRAGCCTGATTCARTCGCCCGEET
Lorrerrrrreererrreeerrrrerr reeeerrrreerrrrrr rrrrrerrrrrenl
AACTGCTGTARGGCTTTGCGEECGCCAGT GTGACGEGETGAGCCTGTITCARTCGCCCGET

A ATATGCATGRATTCCTGAAGEACCATGOCGAGGCACCAGCCGTCCATARGGATGTGAT
Frrrerrrrreerrrrrererrrreerrrrr ettt et r e rrrerrrrreel
A ATATGCATGRATTCCTGAAGEACCATGOCGAGGCACCAGCCGTCCATARGGATGTGAT

GEIGECTCCAGACGCATACATATITITCOGICAGCCGTTTTARACRRARGRACACACGCATCR
trerrerreerrrreerrrrrerrerrerrerrerrrrrrerrrrrerr rrerrrrnrl
GEIGECTCCAGRCGCATACATATITITOGI CAGCCGTTITARRCRARRGRARACRACGCATCR

GCATATCCITITGCAAGT CARAGOCTTTTAAGCGETICACGTTCCTTARATCGCTGTARAGT
Frerrerreerrrreerrrrrerrerrerrerreerrrrrerrrrrerrerrerrern ol
GUATATCCITITGCAAGT CARAGOCTTTTAAGCGEICACGTITCCTTARATCGCTGTARRT

AGECGCTCTIGITCCECTICATCCARATGIGTARGATCTICGCEETGCAGCCEERATTCCC
11 trerrerreer e rrerrerretrr et et r e rerrerrrrrrend
AGATGCTICIGITCCEETTCGTCCARATGIGTARAGATCTICGCEETGCAGCCEERATTCCC

GCTCACGCAGCACGACTTIGEOGGEGECCEI TCAGCTGAGCGACATGAGETaaaaa2aC00G
Frerrerreerrr rereerrerrerrerrerrerrrr e rrrrerrerrerrrrnrl
GUICACGCAGCACARCTIGEOGEEEECCGITCAGCTGAGCGACATGAGETARRRARACCG

IICTGARRATATCGTIGACGGCIGATGACAGACTGTACGCTITGCTCARACARTTCCGGAC
trerrerreerrrrrr v rerrerrerrerrerrrrr e rrrrerrerrerrrrnnl
TTICTGRRRATATCGTGECGTCTGATGACAGACTGTACGCTITGCTCARACARTTCCGGAC

GAAGCCEECCITITATGET GAAGACGGATTGCTCGATATATGCAGCCOCCCTCCTTITIGCA

trrrrrrrrerererererererrrerrererererererererererrrerrrrereet
GRAAGCCGECCTTTTAT GET GARAGRCGEATTGCTOGATATATGCAGCCCCCTCCTITIGER

GRARLGGRRTGARA AR GCATTCCITICCIGCATICGECTIGAGGEGATARATATTITIGGATAT
trerrerreerrrreerrrrrerrerrerrerr e r et et rrrrerrerrerrrrnnl
GAALGGRARTGARL AR GCATTCCTICCIGCATICGGCIGAGGGGATARATATTITIGGATAT

TTTTIGITITGTCCATGTGITCCTCCCGCTCGETTTAGT GEARAGCTGAGTARGTOGGCAR

Frrrerrrrreerrrrrererrrreerrrrr ettt et r e rrrerrrrreel
TTTTIGITITGITCCATGIGITCCTCCCGCTCEET ITAGT GEARGCTRAGTARGTOGGCAR

TATCCTGCARGECTTCCTCAGT CAGCTCCCRATCATCARRAGT CACTGACGETCTICTCCG
Prerrerrer reeeerrrrrerrerrerrerrerrrr et rrrrerrerrerrrrnrl
TATCCTIGCARTGCTTCCTICAGT CAGCTOCCGATCATCRARRGT CACTGACGGTICTICICCG

TATCGETTITGCTGAGGCAGT GTTCCGACAGT TTCAGGAGATA-TACCGECAGCTTICEG
trerrerreerrrreerrrrrerrerrerrerreerrrrrerr reerrerrerrrrnrl
TATCGETITTITGCTGAGECAGTGTTCCGACACT TTCAGGAGATRARATACCGECAGCTTTCEG

ACRGCCE 915

[NRREEE
ACAGCCG 1935302

210

(3]

1934455

123

1934515

1349

1934575

2439

1934635

309

1934695

369

1934755

425

15934815

489

1934875

549

1934935

&09

1934995

669

1935055

TE259

1935115

789

1935175

849

15935235

g08

1935285
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

ppsA-ppsB fragment alignment of B. subtilis S499 and 168

F]

3187794 (65.2%)
3187794 (65.2%)

BE/T594 (11.1%)

# aligned sequences:
# 1: EMBOSS5_001

# Z: EMBOS5_001

# Matrix: EDWNAFULL

# Gap _penalty: 14.0
# Extend_penalty: 0.5
B

# Length:

# Identitv:

# Similarity:

# Gapa:

# Score: 151

B

2

2

EMBOSS_001 1
EMEQSS_001 1
EMEQSS_001 43
EMBOSS_001 31
EMEQSS_001 a3
EMBOSS_001 a3
EMEQSS_001 143
EMBOSS_001 143
EMBOSS_001 193
EMEQSS_001 193
EMBOSS_001 243
EMBEQOSS 001 243
EMBOSS_001 293
EMBEQOSS 001 293
EMBEQOSS_001 331
EMBE2SS 001 331
EMBEOSS 001 381
EMBEOSS 001 375
EMBOSS_001 417
EMBOSS_001 4Z3
EMBOSS_001 4a7
EMBEOSS 001 473
EMBOSS_001 517
EMBOSS_001 SZ3
EMEQSS 001 Sad
EMBOSS_001 S5a3
EMBEOSS 001 610
EMBOSS_001 Bla
EMBOSS_001 634
EMBEOSS 001 662
EMEOSS 001 T0O5
EMBEOSS 001 710

© 2011 Tous droits réservés.

TECTETTEEAARCCCAGCAGECETACGERACGEATGTCCATGRAR——-TTE
T T 111
tgctgtttgaaacccagcaagoctatggtactgatgocaacgaacttttg

CTTTTRACGGCGCTTGGRARTGECECTTCATGRGTGEROGEEGTTCCGRARCR
1 (I I P O O I iy |
ctt---acggctttaggaatggcocgctttotgaetggactgggcatgacca

CATCCTTATCAGCACTGARGGRCACGERCGCCAGEEGCATATTICCTIGRACR
PR T T U U U U oy ey oy I [ I S R ey O I
aatcgtgetcagcactgagggacacggtagageagggcatgtgoccaaaca

TTGRATATGICARGRRCCGCAGGCCGETTTACRTCTGTTTRACCOGETGCTT

L U I O ey ey ey I Oy ey I ey ey vy [ [
ttgatatttcaaggacagttggatggtttacctocatttatcctattotg

TTEFEATATEFAGRGTECCEEACGEE——-TC-AGECGAARCAAC-CECECRC
P R [ I (R [ Y I I B I P I R O ey
ctagacatgggtattocccga——goctittogagg———atcagotocgoatac

CGECATAARGACGETARRAEA CATGATGRAGACGEETTCCTCATCACGGRAC

IR R R R RN N e N e P e R |
cgeattasgacgacasaagatatgctgagaagagtaccgaacaaaggaac

CGECTACGEECTEGCT——————————— GARGEATATTC-GCEAARCRATTCTTT

S I U I R R I il ealal 11
tggatacggattgttaacacacetaggagaactgoggc————————————

AT AGRCCCAGRRATARGCTITARCTATCTICGETGCGTITIGROGETCTT
L 1 U I R I T T O O O R O I

ataaagagcctgaggtcagoctttaattatctoggtcaatttago——————
GRGEFGEACGCTGRAGGTSTCACCEGTTCA—————————————, LECCGCRAG

Tlalallal LI el el laal Bl [ P
gaegagaeg--geagttgaaacgtttcaattatcatattaccagoccogt

CATGATATAGCEGCCGEECGCATCCGCGAGTTTGATCTGGATATTAATEC
R I S I N iy e e e e N e e RN S N N N R
tacgaaatagocgggtgagagagaacgagagtatgagctggacatcaatge

GATEETEFCEGCOEEEGCARCTEEAGETARAAGOCGTTTATACCEATGTAT
S [ 1 T I ey sy Oy ey Ty I [y ey Iy ey
tCotcattaecggacggacggcttcacgtaaaagoggtatacaccocaagtgt

T—- TGCRCCGEEEECAATCGAGTTCTTCATGRAATCEGTTTCCATACTC

I cu Ll PR T I I I |
CCEgCAaBCaAC————=— TCaattgagtigcLlttatggatcgt Lt TCacaggco

A CTCEEEEACATCATT GOCCACTGITCCEGC ——AAR DR A CRECEEEANAD
I I I [ e e B e b I B 11 RN R RN
atcttatcgagacgattgagocattgttc-—gcagasaaaagcacgcgaaa

AL CATTRE L CGGATTACAGCCATACAGRATTGRCCG————CTCRARGOCCT
L I e I e I e I I I I O B I Y 11 -l
aaecattgagcgatLtcAagCcaataasgeatt—aacgttghot———gocatt

AT CRAGC T TR EATCTOCTRAR L L R TTTAL-TTTCATARLARGETE

PET-TRET et baatrentnr el T Ennnl
atctagcaetcgaagatctocgtgaaagatcttteaACtTt——tgaaaaggtg

TETEECATTCGTGRACACRAGCGRACAGRRLATTCRAGATATTTAC - T47

L0 I I e ey I S O I O A I O R I
tgtggaattgatggocacaatocggcacaaattcaagatatttate 753

211

47

50

57

27

147

187

157

242

242

252

330

330

374
416

422

486

SZZ

561

567

602

6l5

6855
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

ppsB-ppsC fragment alignment of B. subtilis S499 and 168

Matrix:

Length:

Gaps3a:

Gap penalty:
Extend penalty:

Identity:
Similarity:

Score: 3741.5

Aligned seguences:
1: EMEOSSS 001

2: EMBOSS 001
EDHAFULL
1d.0
0.5

2

1237/1917 (64.5%)
1237/1917 (&64.5%)
25015817 (132.0%)

ol ol ol ol sl sl ol e sl sl ol s sl sl e

EMBOSS 001
EMBEQSS 001
EMEOSS 001
EMEOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBEQSS 001
EMEOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBEQSS 001
EMEOSS 001

EMBOSS 001
EME2SS_ 001

EMBEQSS5_001
EMBEOSS5_001
EMBEQSS5_001
EMBOSS5_001
EMEQSS_001
EMEOSS_001
EMBE2SS5_001
EMBEQSS5_001
EMBE2SS5_001
EMBEOSS5_001
EMBOSS5_001
EMEQSS_001
EME2SS_ 001
EMEOSS_001
EME2SS_ 001
EMBEQSS5_001
EMBEOSS5_001
EMBOSS5_001
EMEOSS_001
EMEQSS_001
EMEOSS_001
EMBE2SS5_001

EMBEQSS 001

© 2011 Tous droits réservés.

51

51

a5

a5

143

143

193

193

24z

24z

279

280

328

3zZ3

371

369

415

413

463

457

513

507

559

553

603

597

E51

6435

TGETICGAGCATCAGRACTCTGECAGAAGTETCGATEGCGECTCCEEAARGTC

L I v A I I I O e I I B L B I I B |
tgtttgaacatcagactottggtgaactgtoccgocogggttogaaaagac

CGECCGECGTEATTGATC-AEECTCCCGT C——ACEEEAG———ACETGECCECT
B e N e e A el -1l
gracgcgccattgaccaaggc—cogdtogaaggocgagattacttg————

GRCOECCGATCCAGCACTGETITCTITICGCAATCATTGOOGCATG——ATCA
(I I I I I I A A I O O B R O R B | el 1
gacacctatccagcagtggtttttotogcaatctoctg——gaaagoccatca

TTITTAATCAGTCCGITTATGCTCAGCAGTECGEACAGALTCARTELAATCTE

L I I I I I N L = B B I I I |
ttttaaccaatcogttatgatctaccgggctgaacgatttgatgaggctg

CTATGAGRRAAGCECTGECACAG-CTCECGEGTICATCATGRACGCATTRACE
L e I e 70 AT U e ey e I A I I O R |
cgcttagaaaagtact—aaaaagoccttgtgactcatcatgatgcactgag

GATEETATEGC ————————————GECACR AR OEEATCAGTGATTC R

.t rnrnl [ e Iy | 1l i
aatcgtatgococggcatgaagatggoaggca————————— agtg-———cadga

TATARRCAGRGCEEACA— A CTTTCTGRARGAAGRLCTCTTITACGTTTIGRDD

L I e I I I e L e I O e e I I I B I N A U B I
ta—-aacagag—-ggatagatctttcagatgaggagctatatgcacttgaac

CECATGRACETEAGRGEGARAGEET——CATTACARCGA————— GELRRCRACEC
B e [ | Lol 10l rrrrrntnt

tgtttgatgt————-———aaaggatagcctaac—agaagcococggaacacg—
CECAATTGRACAGECGECCECCCETATTCA-—ARCTTCCATTOGECTGER

|10 T iy ey [y Iy e O A Y R O | 1.1l [N NN
————attgaggaagcagccagoccggatgcaagaacac——attogttogga

GACGEGTCCOGCTCOGTA—————— GCTGTCEETITATITCATGCCOGCTGATS
Sl 111 111 | I I I (P [y iy R
aaccggocc———Ccttacttocacgoct———ggattgrtttagaaccgagaatg

GCGATCATCTGCTGCT T TOCAT TCATCACCTTGTCATTGACGEAGTGTCA
Fallalllalaalalbaalal BTTTRNTITalallaallllalaallalla
grgaccatttarttLCcrtaaCcgattcatcacttagttgttgatgoggETtton

TEECEEARTTITIATTITGALGATCT———CRCCGCETEC-TRCAGECAGECED

L 1 U i I | N e
tggcgcocattttgtttgaggatttttocaacagottacasacaggcag———

TCERRAGGRARAGRAGCCECT——————CTTCCGEOGRRRACCGATTCCTAT
[ S e -1 NN RN R |
tctcaggagaa——————tctattaaactgcocgcaaaasacagattcatat

CAGARCTTAT-—-GCARAGCRAR AT CTCTGATTAT GCARRAR MGCCEFOCGECITE
R R RN | I I ey Iy ey [y I I O [ I O e ey |
tTcaacgtattcacaaag-—aatagoctgactactoctataagoogoccaggtg

TTRL ——— ARG AGRCTACTGETCCGARAGRERA R L R ECEEOEET O~

111 |1 U iy [y R B R Y | 1111
———cagogcocgaagcagogtactgggatgagtgogagas—————cogtcac

————ARCCGECTTCCGAR ——————— GATECCCGCATCTCTTCCRATCTTICT
[ | | I T A O O O [ RO I R
atccagococtattocaaaegacastgacg-cagcatoteacacatte————

GRLAGATRCAGRTETGR-TGRCCOETTACATTGRA——————————CRAZRLCH
P nrrr et 1l 11 11l Ilaalll
—aaagatacajaagtgattga———tt———-ttgagctatcoctogoccatocaca

GGAGRACCGRGCAG—————-CTIGTTRACGGRAGCGRACAGRGCATRCRCRLC
Il {1 I A B U R B I B A B B I A |
—————————— cagaattactattaacggctgcacataaagocttacagcac

ARG LT TAT ————-TECTTGCOCGCEGTITAAGCOCTTG OGO TGRAC
S 1=l [N I [ R I S I D I ey ey
ggaga—-—---tgaatgatatccocttoctgacagctttaggtocttgotttgocag

AGATGGACCGERARCGAGRCATTCARRATCAGCATGGRARAGECCRCGTTCC

[ N R e e AR AN R R
aaatogacOoddasataaccaatttaaaatcadcatddagddcca——————

212

S0

S0

24

S4

142

142

192

192

241

241

278

279

327

327

370

o

o

412

4862

458

512

508

558

552

602

596

650

644

£-3=1

686

735

731

774

915

904
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EMBOS5 001
EMBOS55 001
EMBOS55 001
EMBOS55 001
EMBOSS5 001
EMBOS5 001
EMBOS5 001
EMBOS55 001
EMBOS55 001
EMBOS55 001
EMBOS55 001
EMBOS55 001
EMBOSS 001
EMBEOSS_ 001
EMBOS55 001
EMBOS55 001
EMBOS55 001
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

AGCEECTTCGEGTGTITTCTCCCGTARRAGCGEGRARATGRRAGTCAGCCCRAGR
PO Ty I [y ey |
——————————————— e e e e —————LQggBaatgagatcagoccogaa

CTEEEARCETCOGTRACACARCTTGATATCAGCGECTCCETATCETCGERAT
L T T 1 S I U I S S O I ey |
ctgggagogtoccttatgcactggatatcagoggogocgtttottoggggt

GTCTCAGCATECATGTCETETACAACCETTTTCAGTATCARALLEARLTE
L T e I B e A I I e i (B I I B (e e I L
gocctgaacatgcacatcatctataacaggtttcaatttgaggaaaaaaca

ATTGAA--GTTTTGACGGEATATTITT-——-CATACCTTTCTCARECAGRETC
Ilaall AR [ I e 111 IlTlaalaalalll
atccaaacatttt-—-CCaggcattttaaacagac—-——-TtCtggaaaacatc

ATCARCGCATTGCACAGGCAALGREEAGCOETEALTEEAGCECCECTGATTT
[pp R R RN N e e R e RN
attgagcettgtaccggcaaageaaaccaagagtggagcgcatctgattt

CRAGTGRCGAGGAGTTRACGCTGGAAGATCTEAGTGRCATTATGEEAGICE

R e e R e e e e RN
cactgatgaagacttaacgcttgatgasttgagtgagatcacgggagocg

T AN A N TAT A G AR LA —————-TGEECECRAAT GEEECAGCARCCE
TR TERErr et nnl I L T S I I I I M
tCaacaaactataggagaggagettcactg————-— ATgCCgCRgCaacct

AL TR AT A TATATCCTT TG TCTTTTAT GCAGGREEECATECTTTT
B N N N RN
gazatacEggatetataccctttgtcatttatgcaggeagggatgocTtttn

TCATTCTCTIGTITGEATCATGACTCRAGRGCCTACTTCGRACARGOGGTET

{0 1 T O I I Ry I Iy ey T U T T I O e o [ U e |
tcactcactgtatgatgeacagtocgagagcttattttgaacaggcttott

TTAC AT CAGCEERARAGCTTGACCGEGARCGGTICCAR AL A GTATRAGAC
| T O ey oy [ I I ey [ Iy T I I I O I
tTacgatccatggacagcttgacttggagogtttocaaaaaagtatggat

ACTETITTITITGARC GATACGATATTTITCOGTACGRCATTTATT CACARGLE
PR T T e I ey O I I O iy ey ey I iy [y i R Y IR
gCLgLLTTtgacaggracgatatCcittCgaacagcattcatctataaaaa

TETEECARMGCCCOGRACARGTCGTGTTGRAA-ARRCAGECCGRGICGCGTT

[ 1 1P o R I I [ [ [ P ey B e |
tgtagjocaaacctogtcaagtogtgotcaagocaac—gtocattgoooTatt

CAGTTTCATGATATTTCTCATTTGERACGAGRAGECGCARGRCARATATEC
U Oy ey I I [ Oy [ |
catattgeagatatitoccatotcaatygaaagygatagagaacattgLac

CERCCEG—-TTCAGAA L L G- A GATAR L GATAR L GECTTTGATTTGCLET

| U U T I T U Iy sy s I I i e I
Ccga-—-ggcattca-aagagoaggacaiatocagaggotttgatoctocaaa

CAGLCCCTCTCATGAGAGTCTCCATTTTGRARAR D AGCGCCTGARCGCTAT
[ T ey By I 1 ey ey Iy I I e ey Y I N e e
cggatgTactgatgagaatatoctattttadaatggyyogoCcigatcattat

GITTGTATATGGAGCCATCATCATATTGTCATGEACGGCTGETECTICGEE
R R S AR e S R RN RN R
gtcotgtatctggagccacCatocATAtTTTaATggatggotggtgttTagg

ALTTGTCATGRRGGRARTTTCTGGTGATCTATCARTCTCTCGGAGRCGGRAT
S 1P U T U I ey oy 1 (o [ ([ [y I |
catcgtcattaaagactttotocatatttatcaagogotgggtaaaggce

GECTTCC—————- GICTCTCGAGCCTGTICAGCCATATGEERRGTATATT
S l-11 Tl e TR e bt rentl
agcttoctgatttgoot—————- cocogtacagoogtacgggacgtatatt
AALTGEGECTCATGTLGCR 1811

FOETTINTT0-T10nl
aaatggctgatgcagca 1773
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

ppsC-ppsD fragment alignment of B. subtilis S499 and 168

# Aligned seguences: 2
# 1l: EMEOQSS 001
# Z: EMBOSS_001
# Matrix: EDNLFULL
# Gap penalty: 10.0
# Extend penalty: 0.5
2
# Length: 969
# Identitwy: T05/9685% (72.8%)
# Similarity: TOo5/989 (T72.8%)
# Gap3: 59/96% (| 6.1%)
# Score: Z42B.5
2
#
#
EMBECOSS 001 1 GATACGCRAAGATATTCTACTGACTGCCGCAGCITTIGEC ——TTTACGGEAC
R R R e R N R Il I-11-
EMECSS 001 1l gatacacaagatattctgttaacocgocagocatocttggogattt——gogaa
EMBECOSS 001 43 TEGERACAGEEEGCEECAGACTGCGCAT CGUGATGEAAGEECACEGEEAGRAGR
R e e N e e N R R AN
EMBECOSS 001 49 tggacaggaggaagcaagctocgtatogctatggaaggacacgggagaga
EMECSS 001 99 GCLCATCATGCCGEAGCTCRACAT CAGCCGCACCETAGECTGETITTACCTT
P I (I R O I (T OO T U |
EMBOSS 001 99 acecatTcotbgocagagttagatataagocaggacggtoggoctggittacat
EMBOSS 001 149 CCATGTACCCGEIGCTCAT-TEACTTGARCA—CRAGCAGECGCTGRAGITIG
L ey I I ey ey I U I I I I e |
EMBCSS 001 149 ccetgtaccocggococctocataagctttgaaaatca—tagg—gatgagotocg
EMBOSS 001 127 GRLCGECIGTAR L L CeE T AR GRCAC AT CGEAAGRRTACOEEATRALE
[ I O Iy vy I T I I T I I Sy Iy I I B e e I |
EMBOSS 001 197 gaacctocagtaasaaccogittaaagatacactgggooggataccaaacaaa
EMBCSS 001 247 GELAATAGECTACGECATTITITARLRATACATGACAROCGCCTEARCR—RAT DD
[ iy o T I Iy ey I ey I I I I I B A R R
EMBCSS 001 247 ggggtaggttacggtatgctgasataccttacacaccococtgaaaataaaag
EMBCOSS 001 298 CRALTCCG-CTTCREACAMRGCGCCTEARLTCAGTTTTARCTATTTAGGECR
=100 <101 | I I I I T I I I o [ R Iy |
EMBCOSS 001 297 cattacgttttc——aaamsacacctgaaatcagctttaactatttgggocca
EMBCSS 001 345 ATTCARAATGRATACRGAAGRG-CRAGCACRCATTCAETTTATCCGSESTICTTECE
T e e T I L I I e e A
EMBCOSS 001 345 gttcaacgacatcgaa—-agacaggacaccttoocgococcatcaagococttggt
EMBOSS_001 294 AGCEEGCARCGACRTCACGOCGRACATGECAGCEGEGEAACARARCGCEETEEGRROT
L T IS A I T O U O e S I (S I ) (RSO I B R I |
EMBOSS_001 394 agocggaaaggatatcactcocatacatggaagocgogagcaaatcatocgagat
EMBOSS_001 444 GRAGCGCGRATGGCCGEGCTCA-ACATRAAL—CIGCACTICAGTITITGAGCTATCC
L S I B I U | (I N I I I I B I B B e e e
EMBCOSS_ 001 444 gagtgcaatggcocag——cagacaaaaagcoctococatttocaatocttagttatco
EMBOSS_001 492 GCOEAG-COCOGCTICCGCRRAGRGRCGATEGERARCRGCTEGCTGCRR R CCTCR
L T U 1 (O [y [ I T 1 T ey | I .1
EMBCOSS_ 001 492 gcoccoc—agoccgotttocacagaaacacaatggaacagottat———————taa
EMBOSS_001 541 CAG——————— CARLRTATTITECGTGATATTATGEOGCACTECACARGECALLG
i | NS (O L [ [ [ 1 L 1 T I (SO ) I [ I [
EMBOSS_001 534 caggattgaacacttbtttgotggacattatgaasacactgogococggtcaac
EMBOSS_001 584 RGGRAGCRAGROALLDCCETTAGTGATTITAGCRAGCRARLRODCGTTRARCRTCT
LU I S O U I I IS R U I [ R
EMBCOSS_ 001 584 agmaagcagaaaagacactgagcocgatttcocagcagtocaatcattaacggca
EMBOSS_001 634 GRTGATTIGCACAGCATAGCGRAGTTTTGICGRAGGARCTETAGRARARGED
[ S I 1 I (O Iy IO T I ey
EMBOSS_ 001 634 gaggacttggacagcatatcoccagocttggtggaagaattgtagaaaatogt
EMBCOSS_ 001 B84 GRAC-GGGGRGATTATRACATGRCRRDAL ———— ————RGRARTGEGCRATTCAR
L T T I O I (e I | ~brrrrrrrrrrnd P = N R
EMBOSS_001 654 gacaggagacat——gaacatbtgacaaaaatgacaaaagogaattcaattca
EMBOSS 001 TZ4 GEATATTTATCCGEGCTGTCTITATATGCAGEARGERATGCTTTTTCATTCOCC
L U U U A I R O O R O |
EMBCOSS_ 001 T32 ggatatttatcogoctgtottacatgocaggaagggatgoctttctocattoco
EMBOSS_001 TT4 TCCTGCAMRAAGGRATCACAGGCTTACGCOCOGRAGCAGGCCTCCTITTICARTR
L T 1 U U I Iy Iy e I I I (OO I I Y A O |
EMBOSS_ 001 TEZ tococtgoamaaagattcocacaggogtatgttgagcaagottocttttacaata
EMBCOSS_ 001 BEZ4 RACGG——GEGRARGGTTGACRCCCGOG——— -TGETTTGAAGRGRGCGTTCRATG
| et rrrenr i [ B B L LI B B
EMBOSS_001 832 ———gaaggaaaagbt———caccoc—cocgoagtbtttttcaaaacagcatcaacg
EMBOSS 001 888 CCCITITCGARRGRCATGATATTTITCRAGRACGATTITTITATCASGCDCAGRLCT
| I (S O 1 U T I R I
EMBCOSS_ 001 875 ctcocttgtagaaagacatgatattttocagaacgatttttatcagoccaaaat
EMBOSS_001 9l GTGICAGTGCCGCAGCAGST 936
| S [ I I I N
EMBOSS_ 001 925 grtttoccoctoccocoocagocadag 943
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

lignment of B. subtilis S499 and 168

2

BET (4£5.3%)
8EBT (46.3%)
BET (35.3%)

ppsD-ppsE fragment a
# RAligned seguences:
# 1l: EMBOSS_001
# 2Z: EMBOSS 001
# Matrix: EDNAFULL
# Gap penalty: 10.0
# Extend penaltv: 0.5
: Length: 2887
# Identity: 1350/2
# Similarity: 1350/2
# Gapsa: 113472
# Score: 346%.0
#

#

#

EMBOSS_001 1
EMBOSS_ 001 1
EMBOSS_ 001 43
EMBOSS_001 45
EMBOSS_001 948
EMBCSS 001 =1
EMBOSS_ 001 142
EMBOSS_ 001 137
EMBCSS 001 185
EMBOSS_001 185
EMBOSS_ 001 233
EMBOSS_001 233
EMECQSSE 001 277
EMBCSS 001 270
EMEOSS 001 315
EMBOSS_001 314
EMEOSS 001 362
EMEOSS 001 385
EMEOSS 001 41z
EMBOSS_ 001 41z
EMBEOSS 001 462
EMBEOSS 001 462
EMBEOSS 001 509
EMBEOSS 001 512
EMBEOSS 001 551
EMECSS_001 551
EMECSS_001 600
EMECSS_001 600
EMECSS_001 650
EMECSS_001 650
EMECSS_001 £33
EMECSS_001 £33
EMBECSS_001 707
EMBECSS_001 Tag
EMBOSS 001 T10
EMBOSS 001 Ta9
EMBOSS 001 T30
EMBOSS 001 249

© 2011 Tous droits réservés.

GRL L TGRL L CAL L TTGARTCGETCTTALCAG——GCATARRAGETETCARD

Pl errrrerrrrentl I Tl nrrrn-ntl
gaaacgaaagaaattgaatcggtc——atccggtgtateaagggtgtagaaa

GALECAGCCETCRCCGCTCATACCECATCAG———CAGEFCCARRCEEARCT
[ BN N e iy gy R RN T-1-111 {1 T O R iy I R ey |
gacgoogcagtagttgotcat———gJhaacagogtcaggacaaaccgaatt

ATECGECTTATATCGTGRACAGRAR G G————GRACRGRR RETRR AR RCCETE
T T Oy I [ Qe O [N | 11
aagcgocrttatgtggtgacaaaaccagggttgagcacaga—————————tg

CRGCAGECECTCAGAALATEARA ——————— TECCOCECTTATATEETGCCEE
I-1-1 LI I I I iy e Iy | {10 R ey R [ QR I I |
ctgta—-—cgctcagaattacaasacaagctgocggtgtttatgocaccctg

CoTTICTTITGARACACTTGRAGCCC TGO ——TGTCACACCGARCEEEARGT
[0 S O O I [y R Iy | i TEllarnrrtantl
cgtttattgaaasactggactcacttccattgt——caccaaacggoaage

TTERCCEOCECECECTTCCTGAGCCECEEARM L N EC —————GCACRTC—

[ e I iy I I O O Trrr-l <100
tggatocgoggagcacttoc———————————— A@aacctgtatcaca—acca

———————GERCGEECATT - TRCGE——AGCCTGRARGOGRCATGEAR B0

lalllaallll I-1-1 l-11 Tl enr i
cgaaggtgaacgtccartoctoccgocatoo————agcaaaatggaacaa

AGHRECTTTCCGCEGATT T GEAGCEAAGTEGCTCGEARCTGRARRCATTG———
| N N [ [ SO (A T (e iy Iy Iy iy [ I 1 I B I |
ata-ctggcagatatatggaaagaagtactgggggoagaaaagatocggasa

CCECEEATCAATCATTTTITTGRARC TGO OGO GATTCCATCARMGCCCITE
-1l 0nl LI N I S S T ey S I T I [
cagctgat———Ttogttotttgaacttggcggagattocaatcaaagocgtta

CRLGTATCAGCCCEATTRACATCAGECAGERARR LT AGRTOGCCETARR DGR
L T U T I i R I R P T B I B I B I B e B e e
caggtatctgogoggocttocacoggataggcaagcaaatggocagtgaaaga

TATITTTCERGCCGEOCCRCRATTRAGAGRGC TGS CTCCTTATGTOOG———TA
L e I e o I I e o L I e I e L LI I e I O i B I I |-
tttgtttagoccatococgaccattcaagaattggcagottatatcogtgatt

CAGMRECEECAGCCEET———————— CAGCCALRGCTCCTEGCAGRARGEAGR DG

i | I I S I I O B
caga——————————— tacaagttcococagccaagctgoggttgagggagacg

TERAGTESTCGCCEETTCRACAR LT TICTTCACRACRAGRACATGARGER
[ R e 1 T I I I I I O O S I R I |
tacaatggtocgoctgttcaaaaatggtttott—totCcaagatataaaaga

AR LT CATTTTARC CAGTCCE I CAT GCTGRACEAGARCALATTCARTRG
LR S 1 S I I e (R S B R
aasacaccattttaatcagtoogtaatgoctgcatocgaagocacctotgtac

ATGAAGAGGCTCTCAGGRAAAACGTTALLAGCCATTACCGT-TCATCATGS

[ e e i e e e N e N N NN
aagaagacgcactgcocgasaaacgttaaasag—caataacgtgtcatcatga

TGCCTTG - ———————————— ——
[
tgogctgogaatggtgtttacacagaatgaacaaggaaagtgggatcaat

B o

11
ateatcggcocgcoctcagtcattoggacgacgogttgtacggocttocagatg

Trrrn.nli FE R [
attgatttgtcagotoocggacggcactgatggeaatagaccgtatgaaco

e
tottatcsagogocatgtacttgatattoagoagaaastggatttgaaga
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

EMBECSS 001 73 ——————————————————— GEICTTCTICCTCTICARCAGACCEE————— Te0
EMEBEOSS D001 g99 atggtccgctgctgcaagccégéééLéééééc—éé;a%;é;—é;étgatt S48
EMBOSS 001 78l —————— CTGE—————— RCCTCGCRAGATEA——GCA——————————— 779
EMEBE2SS 001 247 tcttatttttatéLéctcatcaéééég%ééété;cggé;tctcatggcgg 996
EMBOSS 001 780 ——————— GCTTTA————————— CRACCTG—————————— T2
EMBOSS 001 Qa7 gt,tc‘.tgcttgaagatttg:lgr!:i'.t‘lls;gggtatcgcr{'.;;g-[éilsé[ctggcgggga 1046
EMBCSS 001 s - -——————4———1m—-""——""""———————— BCCATRTTAGRD R — aod
EMEBEOSS D001 1047 ggatatcaaactgccgc:taaaacaag:tcgtttaaaééééaééééaé;a 1096
30
1 1148
EMBOSS 001 808 ———COGALARGGCEATGAGCAT —————— sRE——————— LoD — 829
EMEBE2SS 001 1147 tggéééé;;ééc;;ééa;;;écaaaca;;égcattgccttttgatcaé;t 1156
EMBOSS 001 gz - ——mCGG&GRA————————————— ]| CETT————— 837
EMBOSS 001 1197 cga1:rl'[é[a;c‘.tagagc:acac‘.gagggacaacggtccacaatttcclgéétacct 1246
EMBCSS 001 gsg —-————»——1H—/———————"———————- TTATRARRRACGCC———————————— 849
EMEOSS D001 1247 taaacgataaagagacagcagcactctééé;aéééécéaacagcgcatat 12596
EMBOSS 001 g0 —1"—1"n+-1—"--"me— STET——————— CECAGLE 860
EMEBE2SS 001 1297 aacactgatacgcaggacatgctgctcgcttéégécattcttgééééé&é 1346
EMBOSS 001 ggl ———m———— CTITCAGRERARRCAT ——————————————— 874
EMBOSS 001 1247 cca1:1:ggac‘.c:aa‘l:c‘.aat,cc‘.gcc‘lls1I:r!:;LE-L;;;;éé;étagaggg:cacgggc 13586
EMBCSS 001 g75 - ———0GGAT——————"—"—"—"—"—"———"""—————————————— TTGGRA—————— 883
EMEOSS D001 1397 gagaééaégtattaaaaggaatagatgtgagccggacgaLLgéétggttt 1446
EMBOSS 001 ggd -————n—1-—1—-1-—"1-"-- GAACG—————— SECC————— 852
EMEBE3SS Q01 1447 ac:gccatttat:cgttattgattaaa:té;aégcagEctégééagattc 1456
EMBOSS 001 893 ——————— GC-TEETRCAGG——————————————————————— CGGEGEAC 909
EMEBE3SS Q01 1497 ggaagaaa;éan;;ééc;;étg:taaaEacaa:aaaagatacacééé;;é 1546
EMBECSS 001 %9 -T6GT—"m"m"Hm™———————————"—————————————————————————— TOOG 9le
EMBOSS 001 1547 gtééacctgacaaaggattcggctacggtgtcatcaaatatttgactééé 15%6
EMBOSS 001 %17 CTICIG—————— LLE—————————— CAGAEE———————————————————— 330
EMEBEOSS D001 1597 é—ééégcaaaaa;;acatcaattté;é;;étg:accagaaat:agcttta 1645
EMBCSS 001 931 ATTRA-CTTG———— ITT-—————————————————————— CTGRACGE— 948
EMBOSS 001 leda ;t‘lls;tIct,1I::I;gtcaa1I:Ltgaaagcggccgc‘.acagc‘.tgaagtacéilsrl'[;—-:lg:lga 1654
EMBOSS_ 001 94 ———————— TC-CATCATCTIC————— zCTIETCG———m——————————————— 986
EMEBE3SS Q01 1695 ggacgcctéétcéLéétééécg:tgééé;ééggaggtgatat:agca:aa 1744
EMBCSS 001 287 ————— -BCOCG———————— GCTG————TC——-CGERRAR——GCTGC——————— 986
EMBOSS 001 1745 catggaa;éétgaacagtcéétégataééagc;;;;t:;éég;agaagga 1754
EMBOSS 001 987 ——————— CEGT-——ATAT--CTCCTG————————————————— LBnnC 1004
EMEBEOSS D001 1795 aaattga;;ééca;L;tgaééééLéacaatgc:cgctttcag:gcaa;;é 1344
EMBCSS 001 ige05 TGTOG—mMm——————————————————— G 1010
EMBOSS 001 145 ée-nlsr!'.rl'[aacagcttagcgaaacatgc:cgtc‘.aatttttattacagctgatcn‘l‘[ las4
EMBOSS 001 1011 ARCRCTGCCTCAGCRAARLCCCGATACGGAGAAGARCCEGTCAGTSGRCTTTEAT 1060
sumoss_oo1 1295 aacactoccidaicasaadcoaiacigaisagacgiteagtositiioar 1944
EMBCSS 001 10681 GARATCGGGRGCTGRACTGRGGAAGCCTTGCAGGATATTGCCGRCTTACTCRAG 13110
EMBoss_o01 1945 gatcasgaactoacegagEacEetataagadatogtgatatacteay 1994
EMBOSS 001 1111 CTTCCACTRA-———RLCCGREGCEEEAGER————————— LRCARC-ARTECEACRLE 1147
EMEBEOSS D001 1995 été;é;cé;atg;;éé———ééé;;ééaaaggtgcagaé;étaég———;;é Z038
EMBOSS 001 1148 RC————-LROon oA TRTCCRR R ATATTTATCCCCTCAGCCERAATGCAGERRE 1183
smsoss_oo1 2039 accattasasss-arcaagaacatitaccictiagieaiatocaggasy 2087

© 2011 Tous droits réservés.
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EMEOSS 001
EMEOSS_001
EMBOSS 001
EMB2SS 001
EMBEOSS 001
EMEOSS 001
EMEOSS_001
EMBOSS 001
EMBOSS 001
EMBEOSS 001
EMEOSS 001
EMEOSS_001
EMBOSS 001
EMBOSS 001
EMBEOSS 001
EMEOSS 001
EMEOSS_001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMEOSS 001

EMEOSS_001
EMBOSS_ 001

EMEOSS 001
EMBOSS_ 001
EMBOSS_ 001
EMEOSS 001
EMBOSS_ 001
EMEOSS 001

EMBECOSS 001
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GRALTECTTITTITCATTCCTITITC I G ——— AR RnCGEREEEEECTECATATATC
L I I I I [ Tl irrrenl Ilalllala
ggatgctgtttcattocttoctocghaaagaggagygg———gocgtatgLt

GRAGCAATCCOGTCTTCACCATARL AGGCOOGECTICGTCOG————GRATTET
{0 T I e I S O O I O ey | [ I1-0-11
gagcagtogctottocaccattasaggaag————-coctcocagotatgactggt

TTERECAN NGOG TACAGTC T T CATCAGCCGT CACGATATTTTCAGRALTE
Tealllaalllalalloalaalal lbaal b ballab b ITTRNTIIRTTT
tocagogcagoattocaagccattatogaccgCCatJatattttcagaaco

GTTTITTTRACCTCATGTOGCTCAGCTGARCGEOOCCCEOCARSTCGTSET
{0 TS 1 A T S 1 iy iy [y ey S I [ I I I O O O O
gtgtttttgocgcacgtocogcatttgtocgggacotoggocaagtogTgat

GCGTEAGCGEERAARTTCCGECTGCACCGOGRAGRTCTTRACACATITG——EA
[ (B I I I I e Iy I Iy O I O ey [ iy i [ ) e O 11
gacagaacgtgasttccatttgaacagocgaagacatttoctcatctgocga

TELARGCEER L CAGR OGO CTACTTACAGCGAT TTRAAGER —ACETGRC-CG
-1 PR T T [ T R [y [ I U T T U e |
caaa-—-Cgaccagaatgagtatattgaacgotttaaagagaag-gacaag

CTTRRAAGEGCTTTGACTTGCAARAGGATATGCTGATGCOETGTGICTTTET

N T 1 1 e I I I I Iy Iy I Y ey
c—a@aaaaggctrttgatctgcaaaaagacatgotgatgoggatttctctat

TTARARCGECTGRCEAR N A A T————-ATETATGCETCT FEAGCCACCATCR
Pl iirarnl Tl Tl al el BN LTI RTIIRTTT]
LCEaaacagct——-——aaagatgagcaTtgtoctgrtatctggagtcaccatca

CATCCTTATGGRCGECTEETGCCTCGECATCGTOCTTCAGGRALTTCATEC
| T T 1 1 e I T I I O O R O
cattttaatggacggatggtgocctaggtatogttatgcaggaatttatgc

ATATGTACCGGGCGATTGRATCAGGCTCRACCCGTCACATTGE ————————

| N A [ [ ey I I R e I I I B N I e R |
aaattrtatcaatcgattcatgcaggaasaccgctttocattagaccotgte

CEC e A GO T TAC R GCAC G TATATTACATEECTGACTSATCRAGELT
NN {10 U I I Iy By (R I

cgtocog———————— tacegcacctatatttocatggotgacaaaccgagac
ARLGA——————CECEG—CTITCTGAGTATTIGERARAGGRA————TATTTRAGCA

Tl I I O 1l N I
aaagaaaaagCcagcggoCLactg—————————=— ggataccrTettCaaaa

GGCT-———GCGRAGRCACCCTCAGGRCTCCOGRARLTATCOGECC—CGTCCCC
-1 (N Tl 1 a1 1l

aactacagcg-——ctocatca————— co———————— toctgoctogb———
AG—————GRARALGECT RO CGTARGRR G ——-AGCTCC———————————— T
_gratcrgaiasag asacasangasagtEatoactgTgasgatrtgat
GITTTCTTTAGATCARR A TCTGRACRGRCRAGCTERARADR 1873

attttcattaaataaaccactgacagacaagctgaaa 2787
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1336

2230

1424

2330

1482

2377

1532

Z4Ze

1578

2472

1628

2522

1670

£572

1720

2614
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2653
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Fengycin fragment BLAST alignment of B. subtilis S499

>Ogb|G0489109.1

{fenE) gene, partial cds

Length=1214
Score = 785 bits (425), Expect = 0.0
Tdentities = 427/428 (99%), Gapa = 0/42%3 (0%)

Strand=Plus/Plus

Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbict
Query

Sbict

© 2011 Tous droits réservés.

13

613

73

679

133

739

1583

789

253

313

913

373

4974

433

1039

CeTATTGACCGICART TCAAGATTCRCREEAAGCGTAT CRAGCCGECCRARATCGRAGCE

FEEEE TERTer et e e e e e e e et e e e e e e e e e e e e e e e e e e e ry
CeTATCGACCGTCART TCAAGATTCRCREEAAGCGTAT CRAGCCGECCRARATCGRAAGCE

CEECTGACT AR A TTRAT GRAAT CAGGRAAGCGECAGT CATCEIGT CAGACGAAGRACLE
FEEETEEEErEr et et e e e e e e et e e e e e e e e e e
CEECTGACT AR A TTRAT GRAAT CAGGRRAAGCEECAGT CATCGIGT CAGACGARGRACRR

FARGCRL O CCTITGIGCET AT TATACAGECGCACAT GOT FARGRARGRECCATTCRATCC

FEEEEEEEETEer et e e et e et e e et e e et e e e e e e e e e e e e e e e ry
ARG AN CCCTITGIGCEI AT TATACAGECGCACAT GCT GAAGRRARGRGCCATTCGATCC

CTATTGECCAGET CGCTTCCCGACTATATGAT TCCGCAGTATGTGAT GAAGCT TRACCET

FEEEEEEEETEer et e e et e et e e et e e et e e e e e e e e e e e e e e e ry
CTATT&ECCAGET OGO IO CGACTATATGAT TCCRCAGTAT CTGAT FALGCT TRACCET

ATGCCGCTTACCGCARRCGECARAGT GRACCECCECGEECT GCCTGCGCCGRAACGEARR

CEEEErrrrrerrrre e e e e e e e e et e e e e e e e e e e e e e e
ATGCCGCTTACCGCARRCGECARAGT RRACCECCECGEECTGCCTGCGCCGRAACGGARR

A CTTCATCAL RGO CET TCCECCACGRRACT AT AGAGCGT FAGCTGATCGACATT

FEEEEEEEETEer et e e et e et e e et e e et e e e e e e e e e e e e e e e ry
A GCTTCATCARR RGO ORI TCCGCCACGARACTGEETAGAGCGT RAGCTGATCGACATT

TGEACECCRATCCTCRECT RCGERGAGCT GEGCATACAGRATGACT TCTTTRAGCTGEGC

FEEEEEEEETEer et e e et e et e e et e e et e e e e e e e e e e e e e e e ry
TGEEACECCRATCCTCRECT ROGEERAGCT GEECATACAGRATGACT ICTT TRAGCTGEGC

FECCATTC 440

T
FECCATTC 1044
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These de Walaa Hussein Amin Mohamed Abdelwahed, Lille 1, 2011

Index 6: Alignment of pBG180 constructed plasmid sequence

pBG180 plasmid Needle sequencing result

1702/2255 (74.0%)

ty: 1702/2299 (74.0%)
473/2289 (20.6%)

Gacgtcasgacggotgaegoacctagttottoagatgtgotgotototea
PEEETE TEEEErr e e e e e e e e e e e e e
GRCGTC-RAGACGEETGAAGCACCTAGTTCTTCAGRTGTGCTGCTCTICTCA

togotcagtgootttatogaaactttttgtgoocgttcatgaaattaagta

FELETEEEEEer e e e e e e e e e e ee e e e ety
TCGCTCRATGCCTTTAT CRRRACTTTTIGTGCCGT TCAT GRARTTALGTA

bRt =Tl (o f=Lack-holn fududs £-E= 0o gl fugutods k=T P00 =10 =R 0 (0 (o F-T-F-Tugnts - - T

FEEETEEEEEer e e e e e et e e e e e e e ety
AT CGEACATGOCCARGTGCTCETARR A CRAGATGLGGRARGTGARALAL

ggagaagggagotgggaaaaggogctogaagtgttaaacagtacgottor
FELCERREEEEr e e e e e e e et
GELAGRAGEEAGCTGEERAARAGGEECTCGALGT GT TARACAGTACGCTTCC

ggeatttggtgttgattctaaatcactogtottaagggacggatoaggaa

FECEEEETEere e e e e e e e e e e e e ey
GERATTTGETGTIGATTCTARATCACTCGTCTTAAGGGACGGAT CAGGRR

tctcacatattgatgotgtatooctoagatocaactttocacagotgttatat

FECEEEET et e e e e e e e e e e e e e e e et
TCTCACATATTGAT GCTGTATCCTCAGATCAACTTTCACAGCTGTTATAT

gacattcaggatcagagttggttotoggcttatotaaattctttacctat
FEEETERTEEr e et e e e e e e e e e
GRACATTCAGGAT CAGAGTTGGTICTCGGCTTAT CTARATTCTTTACCTGT

tgcgogoaatoctgacagaatogtagocogaacyctgagaaaccgoatya
PEEETERTEET e e et e e e e e e e e

$ Rligned sequences: 2
$# 1: EMBO55 001

# 2: EMBOS5 001

# Matrix: EBLOSUMGZ
$# Gep penalty: 10.0
# Extend penalty: 0.5
#

# Length: 22859

$# Identity:

# Similari

$# Gapa:

# Score: B8956.5

#

$

#

EMBOSS 001 1
EMBO3S 001 1
EMBOSS 001 5l
EMBO3S 001 a0
EMBOSS 001 101
EMBOSS 001 100
EMBO3S 001 131
EMBCS5 001 150
EMBO3S 001 201
EMBOSS 001 200
EMBO3S 001 231
EMBO3S 001 230
EMBCSS 001 301
EMBOSS 001 300
EMBCSS 001 351
EMBOSS 001 350

© 2011 Tous droits réservés.

TGCGGEEGAAT CCTGACAGRAT GET GGRCGEAACGCTGAGARACCGCATGA
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50

4%

100

gg

150

145

200

153

230

245

300

253

3ab

345

400

353
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EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBCOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMBEOSS_ 001
EMB2SS 001
EMBOSS 001
EMBOSS 001
EMBOSS 001

EMBCOSS_ 001
EMBOSS_001

EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOS5_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOS5_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001
EMBOSS_001

EMBOS5S5S 001
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401
400
451
450
501
500
551
S50
a0l
&e00
651
631
To1l
663
751

691

T0g9
851
741
S01

T
251

1250

930

1300

240

1350

958

1400

970

1449

1012
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aaggcactcocctgcacaaggaaaagtaagagcaaaaacoggacogctcagt
frrrrerrrrrerrrrerrrrerrrrerrrrrrrrrrrrrrrrrrrrerned
ALGECACTCCTGCACARGEALR AL GETARGRGCRAL AR COGEATOGCTCAGT

acggtaagctcototatcggggtacgcagaaacaaagagcggaaaaaaact
frrrrerrrrrerrrrerrrrerrrrerrrrrrrrrrrrrrrrrrrrerned
ACGEETALGCTCTCTATCGEECTACGCAGRARCR R AGRGOCGRL L AR DD TT

tgttttototattottotaaatggattgattgatgaagaggatggaasag

frrrrerrrrerrrrrrrrrrrrrrerrrrrrrrrerrrrrrrrrerrnl
TGTTITITCTCTIATTICTTCTRAR AT GEATTGATTGATGRAGRGGATZEAALLG

atattgaggatcaaatogoctgtcattttggcaaatcaataacagogggag
frrrrerrrrrerrrrerrrrerrrrrrrrrrrrrrrrrrrErrrrerrnd
ATARTTGAGEAT CRR A TCGCTGTCATTITTGECRARATCRALATAARTRAGCGEERAG

acctgttttoccatggga T TTATTCAGATGAAR LA TCALRGEETTITTAGTEE

FTrrrrrnrrrrnril |-l el bl
ACCIGTTTITTICCATGE——————— -G ——————— CGCGGGAATTCG———

TCTRAGRCA L G TEEAL L CTGRGRACCATGRAGCTTATGCTTAGERAGRT
Faw s Pelea BTl Lol

GAGTTATTAATAGCTGARTAAGRACGETECTCTCCARATATTCTTATTTA
Ihlal .l lelaalalalaaaal Il
GAGAT———————— CRAG————— GGRATGRGTTTATARARATA ————————— -

GALARAGCAAATCTAARATTATC TGARRARGGEARATGAGARTAGTGAATGER
ST IRARRREN

AABRRRAGCRAC———————— = —— = CTERARARR GG — — — e e
CCRATAATAATGRCTAGRGAAGRAAGARATGARGATTGTTCATGRAATTRAR

L R
—————————— TGTCTTTITITGATGGTTTTGARCTTGTTCTT ————————

GeALCGA L TATTGEATAR A TATGEEEATGATGTTRAAGGCTATTEETETIT
[ R O I R T O B I B e B I I =110l
——-TCTTATCIT-GATACATATAGRAAATRAACGTCA————————— TITTIT

ATEECTCTCTTGETCGTCAGACTEATGEECCCTATTCGEATATTEAGRTES

I lallallal AN 11111
A——————TTTTAGTTG————— CTGARAGE——————————————TGCGTTG

ATGTG-TGTCATGTCRARCRAGRGEGRAGCAGAGTTCAGCCATGRRTGGRCRR
T Pheannl PR I I [ s R I I I I e
ALRGTGTTGETATGT ——————————-ATGTGTTTT——RRAGTATTGRLLA

CCGGTCAGTEEARGETGEARGTGRATT TTGATAGCGALGAGATTCTACTR
11 S R I [ O I I I ey [ [ ey
CO-——— CTTTARAATTAGTTGCACAGARRR A —————

GATTATGCATCTCAGETGEAAT CACGATTEECCECTTRACACATGETCARTT

I.111
—_————— e cccAT-———————

TTTCTCTATTTT GO CGATTTATGATTCAGETGEATRACTTAGRAGRALAAGTET
[ I S A I R e

ATCARACTGCTARATCGGTAGARGCCCARRCGTTCCACGATGCGATTTET
(RN R R RN
BACARATARCTARATAGATGEG————————————————————GGTTT——

GCCCTTATCCTAGRAGRGCTGTITGARTATGCAGECALLATGEOETALTAT
110 [AERER

CARTGEECAREETGCCATGTIGATTGETCTGCATCATCGCATCTGTTATRACE

11l .l lal Il lalall
—BATAG—————————————— TAGCATTTATT—————

ACGAGCGCTTCGETCTTARCTGARGCAGTTARGCARTCAGATCTTCCTTC
llalaleallIL]
————————————————————————— CAGATGARARATCA-——————————

AGGTTATGRACCATCTGTG-CCAGTTCGTRATGTCTGGTCARCTTTCCGRT
1 e orrrrrrrrrrrerrrrrrrrrrrrrrrened
————— ATG-——GTCTGIGCCCRAGTTCGTRAATGTCTGGTCARCTTTCCGRAC

TCTGAGA L A CTTCTGGRAATCGCTACGAGA R TTTCTGEARTGEGATTCAGERA

trrrrerreerrrrrreerrerrrrrrrrrrerrrrrrrrrrrrrrrnrnnd
TCTGAGRR L CTTCTGGRAATCGCTRAGRGRARTTTCTGERAATGGGATTCAGERA
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450
445
500
495
550
549
a00
599
65
&30
700
aez
750

(=18

740
900
776
950

a0l
999

1199

915

lz4a2

928

12595

939

1349

955

1399

Se9

1448

1011
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EMEQSS 001
EMECQSS 001
EMEQSS5 001
EMEQS5 001
EMECQSS 001
EMECQSS 001
EMEQSS 001
EMEQSS 001
EMEQS5 001
EMECQSS 001
EMECQSS 001
EMEQSS5 001
EMECQSS 001
EMEQSS 001
EMEQS5 001
EMECQSS 001
EMEQSS 001
EMEQS5 001
EMEQSS5 001
EMEQS5 001
EMECQSS 001

EMBEOSS 001
EMBOSS 001

EMBCSS 001
EMBCSS 001
EMBOSS 001
EMBCSS 001
EMBOSS_001
EMBCSS 001
EMBOSS_001
EMBCSS 001

EMBOSS 001
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14399
1062
1549
1112
13949
1162
1049
1212
1699
1230
1743
1280
1799
1330
1843
13E0
18599
1430
1943
1450
1599

1530
2045

4095

1630

2145

2199

1730

2245
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GTGGACAGRACGRCACGGATATATAGTGEATGTGTICARRACGCATRACCAT
frrererrererreeerrererr e et r e rrrrreend
GTGGACAGRACGRCACGGATATATAGTGEATGTGTICARRACGCATRACCAT

TTTGARCGATGACCTCTARTRAATTGTTARTCATGTTGSTTACGTATTTAT
frrrrerrrrerrrerrrrrerrrrerrrrrrrrrrrrrrrrrrrenrn
TTTGARCGATGACCTCTARTAATTGTTARTCATGTTGETTACSTATTTAT

TRRCTTICTOCTAGTATTAGTARTTATCAGRRTTGRATCTGOGECCGCGRARAT

FOTEEERT et et e et e et el
TRACTTCTOCTAGTATTAGTARTTATCAGRRATTGRATCTGCGEOCGCGART

TCARMGCTCTAGAGGATCCCGEGTACCGAGCTCGAATTCtctagacatata
Trrni TErrrrrrenntnl
TCRRME————————————mm e CTCTAGACATATA

ATTtCLTTtattgtCcattttECTgCctttttotacattttocttatocotot
AR RN NN R R A RN
ATTICTTTIATTGICATTTITITCTGCTTITITICTACATTITCTITATCCTCT

tattatgegaactggagggaatccgttgagogeacatacttattctttaa

FOTERERT Rt et e et et e el
TRATTATGAGRRACTGEAGGGARTCCCTTGAGCGRACATACTTATICTTTAR

coccatgoccaaaggagagtgtggtttaccgaactgotggagocagatace
TOTETER e et e e et et e el
COCATGOCCARAGERAGAGTETGETTTACCEARCTRCT GEAGCCAGATACC

agcatttgcaatocttacagottgtgtgeaatttaaaggcaatattgagct

POETERRT ettt e e e el
AGCRTTTGCARTCTTATAGCTTGTCTGARATTTARAGGCRATATTIGAGCT

tgatactctggagggagcactgaatcattococatoctocogocaacgacgoca

FOTEEERT et et et e e e el
TGATACTCTGERGEEAGCACTGARTCATTCCATCTCCOGCARCEACGCCR

ttagatttcagoctgttagaaggagaagagcttgagoctocgattgoacctt
TOTETER e et e e et et e el
TTAGATTTCAGCTETTAGRAGGAGRALGAGCTTGRGCCTOGATTECACCTT

aCTgaaTEeTtaaaTattatoCacTttagaataatigatttittoagatgrtga
Ferrrerrrrerrrrerr et et rreerrrrenrrrenrtl

ACTGAATATARATATTATCCACTTAGRATARTTGATTTTTCARATGT TG
83aTgatagaaiaTEgagCEETOUETTCAgIatoEA0CdagCatIooATTITA

FEEETEEErErr et e e e e e e e e e e e e et e e et
AATGATAGRAATAGAGCAATGGATTCAGGATCRAGCGRGCATTCCATTTA

aactgttcaactcgooctotttitcaattittacctoottagaattgactot
FEEETERTEEr et e e e e e e e e e e e e e e e
AACTGTTCRACTCGCCTCTTTTTCARTTITACCTCCTTAGRATTGACTCT

CATgAAgTtiggCctatttgCgagattoCAtCATATCATEATOTRTOTRET

FEEETEEErerr et e e e e e e e e et e e ey
CATGARGTTTGGCTATITGCCARATTCCATCATATCATAATGGATGGALT

ctctttasatgtgatgggaaatcaaattatagatctttatcasasaatga
FEEETEEET et r e e e e e et e e et e e e ey
CTCTTTAR A TGTGATGGGARATCARATTATAGATCTTTATCARRARARATEE

aa@agaaegatcctttacctgatcagocggaaccttottacttgagote

FEEETERTEEr et e e e e e e e e e e e
LA AR RCLTCCTTTACCTGATCAGCCGERRACCTICTTACTIGRGCTC
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Index 7: B-Gal activity expressed in Miller units, microbial growth at (O.Dg ,r) and pH for B. subtilis

BBG142, BBG139 and BBG127 under different growth conditions
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Experiment 1: B-Gal activity expressed in Miller units microbial growth at (O.Dgoy o) and pH for B. subtilis

BBG142, BBG139 and BBG127 under growth in Landy MOPS pH 7.1, 20% f.v, 1 L flask, 200 rpm and 25°C
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BBGI139 and BBG127 under growth in Landy modified 2 pH 7.0, 20% f.v, 1 L flask, 200 rpm and

Experiment 2: B-Gal activity expressed in Miller units

BBG142,
25°C
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Experiment 3: B-Gal activity expressed in Miller units, microbial growth at (O.Dgy o) and pH for B. subtilis

200 rpm and 30°

>

BBG142, BBG139 and BBG127 under growth in Landy MOPS pH 7.0, 20% f.v, 1 L flask
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Experiment 4: B-Gal activity expressed in Miller units, microbial growth at (O.Dgy o) and pH for B. subtilis

BBG142, BBG139 and BBG127 under growth in Landy MOPS pH 7.0

30°C
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Experiment 5: $-Gal activity expressed in Miller units, microbial growth at (O.Dgy o) and pH for B. subtilis

BBG142, BBG139 and BBG127 under growth in Landy MOPS pH 7.0, 20% f.v, 1 L flask, 200 rpm and 37°C
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Experiment 6: B-Gal activity expressed in Miller units, microbial growth at (O.Dgy o) and pH for B. subtilis

BBG142, BBG139 and BBG127 under growth in Landy modified 2, pH 7.0, 20% f.v, 1 L flask, 200 rpm and

37°C
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Experiment 7: B-Gal activity expressed in Miller units, microbial growth at (O.Dgy o) and pH for B. subtilis

BBG142, BBG139 and BBG127 under growth in Landy modified pH 7.0, 20% f.v, 1 L flask, 200 rpm and 25°C
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Experiment 8: B-Gal activity expressed in Miller units, microbial growth at (O.Dgy o) and pH for B. subtilis
BBG142, BBG139 and BBG127 under growth in Landy modified pH 7.0, 20% f.v, 1 L flask, 200 rpm and 37°C
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Experiment 9: B-Gal activity expressed in Miller units and microbial growth at (O.Dgoy nm) for B. subtilis
BBG142, BBG139 and BBG127 under growth in Landy modified pH 7.0, 20% f.v, 1 L flask, 160 rpm and 30°C
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Experiment 10: B-Gal activity expressed in Miller units, microbial growth at (O.Dgy nm) and pH for B. subtilis

BBG142, BBG139 and BBG127 under growth in Landy modified pH 7.0, 20% f.v, 500 mL flask, 160 rpm and

30°
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BBG142, BBG139 and BBG127 under growth in Landy modified pH 7.0, 30% f.v, 100 mL flask, 160 rpm and

Experiment 11: f-Gal activity expressed in Miller units
30°C
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Index 8: Chromatograms of lipopeptides (standard peaks)
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Index 9: Description of used markers sizes
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Résumé

Dans un premier temps, 39 génomes publiés de seutdiacillus ont été analysés par des
outils bioinformatiques afin de mettre en évidemtecaractériser les genes ou les opérons
codant des synthétases de peptides par la voigbusomiale (NRPS). Parmi ces 39 souches,
8 ne possedent aucun géne de ce type. 27 ont émtbtgénétique de production d’'un
sidérophore, la bacillibactine. 14 souches possedes genes ou opérons codant pour la
synthese d’'un ou plusieurs lipopeptides [famills darfactines, des fengycines, des iturines
et des kurstakines] ou d’'un antibiotique la bacitra. L'existence de génes/opérons codant
pour des molécules de type NRPS nouvelles et dé&caies issues d’'une synthese hybride
NRPS/PKS (Polycétide synthases) a été détectéeldassuches. La suite du travail s’est
focalisée sur la synthése des lipopeptides de fgmpgycines et plispastatines. L'analyse des
opérons impliqués dans la synthése de ces moléchks les soucheB. subtilis 168, B.
subtilis F29-3 etB. amyloliquefaciens FZB42, a montré des homologies élevées entre ces
opérons. Des premiers éléments d’analyse de l'opémpligué dans la synthése de ces
molécules dans la souclie subtilis S499 non séquencée, ont montré une différence qui
pourrait étre responsable de la structure derigyiane produite chez cette souche qui ne
peut pas étre corrélée avec l'organisation deshseyases NRPS déja décrites. L’'obtention
d’'un mutant mono-producteur de plipastatine, déde®. subtilis 168, par le remplacement
du promoteur natif Bs par un promoteur constitutif&, associé a un gene de résistance a la
néomycine 1feo), n'a pas abouti. Par contre, l'inactivation dexpression de I'opéron
plipastatine chez le mutant BBG111 par cette ctes$krby-neo située en sens inverse de la
transcription de I'opérorpps, a conduit a l'isolement du dérivé BBG140 montramte
production accrue de surfactine par rapport a lacise parentale. Les promoteurssHB.
subtilis 168) et R, (B. subtilis BBG21, un mutant isolé au laboratoire et capabl@mbduire
des quantités importantes de plipastatines) ontckigés dans le vecteur d’expression
pDG1661, portant la casseti@cZ, et intégrés dans le chromosome de la souche L68.
fonctionnement de ces promoteurgsRet Re,, comparé a celui du promoteug de B.
subtilis 168, a été étudié, dans différentes conditionsrdesssance. Les résultats ont montré
gue le niveau d’expression de ces trois promotexse en foction des parameétres
environnementaux testés.
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