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RESUMO GERAL

Entre os agentes de controle biolégiBacillus amyloliquefaciené destacado
por seu sucesso em controlar doencas de plantasokésulas responsaveis por
isso sdo conhecidas como lipopeptideos, substaritiags que dao algumas
vantagens para as bactérias. Objetivou-se, nedteloescompreender o
comportamento bacteriano enquanto coloniza plagkasfeijdo sob duas
temperaturas (28° e 20°C) e a producédo de lipapepthos meios de cultura
(Otimalizado, MB1, PDB e Luria) e nos exsudatogalees e seiva dos caules
gue foram testados como substratos. O pH étimtafobém avaliado dentro de
uma gama variando de 5 a 9, usando MB1. Entre teskss substratos testados
0 Unico capaz de produzir todos os lipopeptidiagfgstina, fengycina e
iturina), foi o PDB. Usando a seiva do caule e dasu de raiz como substrato
foi observada uma fonte de alimento que pode sapost crescimento
bacteriano. Surfactina e iturina também foi prodozpos 48 horas. O melhor
pH para a producédo de lipopeptides foi 6. No querelspeito a colonizacéo, a
bactéria foi encontrada em todos os 6rgdos daglévihas, caules e raizes ) a
28°C, sendo discriminados de acordo com o compertanrendofitico e epifita,
mas a 20°C néo foi encontrada qualquer bactérido#ims, em nenhum dos
métodos de introducdo da bactéria a planta empoeg&liando a bactéria foi
aplicada sobre a superficie das folhas foi obseregae a populacéo epifitas foi
extremamente reduzida apds 24 horas. O controlédbo deBotrytis cinerea

in vitro e em morangos também foi avaliada num sdguartigo. Uma
experiéncia para atestar o antagonismo coBracinerea foi realizado,
utilizando trés meios diferentes (PDA, otimizadovi®1 ) e também trés
diferentes temperaturas ( 15, 25 e 30°C ). A préowde volateis também foi
avaliada em cinco meios (PCA, otimizados, Luria, MBNAA), realizando-se

a identificac@o dos principais compostos. O efdite metabdlitos produzidos
por B. amyloliquefaciens foi também realizado, pestudar como seria nocivo
sobre os esporosn vivo, os morangos foram tratados com metabdlitos
bacterianos, sendo infectados pelo fungo, sucessiviz. No antagonismo
direto foi observado o controle micelial apenasaparsubstrato PDA. Para os
compostos volateis, o0 melhor substrato que controlorescimento do fungo foi
0 meio otimizado. Os principais compostos produziftram 2,3-butanodiol
eacetoina. A germinacdo de esporos foi inversamgntgporcional a
concentragcdo de metabolitos. Os tratamentos commetebdlitos foram capazes
de proteger os morangos conBacinerea Com base nos resultaddacillus
amyloliquefaciengpode desempenhar um papel importante contra deatea
plantas.

Palavras-chaveSurfactina. Fengicina. Iturina. Lipopeptideos.Veist



GENERAL ABSTRACT

Among the biological control agents, Bacillus anfigioefaciens is highlighted
by its success in controlling plant disease. Théemdes responsible for it are
the lipopeptides, key substances that give somerddges to the bacteria.
Surfactins are bioemulsifing molecules that actdong surface tension and
favor bacterial spread. Fengycins and iturins lageactive substances against the
pathogens. This study aimed to understand bactegiahvior while colonizing
bean plants under two temperatures (28°C and 28fd) its lipopeptides
production in culture medium (Optimized, MB1, PDBdalLuria) and exudates
from roots and stems fluid as substrates. The aptirpH was also evaluated
within a range from 5 to 9 using MB1 as substratbe temperature and
substrate type influenced the amount of lipopepticeduced, affecting it both
qualitatively and quantitatively. Among all the stiates tested, the only one
capable of producing all the lipopeptide (surfacfiengycin and iturin) was
PDB. By using the stem fluid and root exudate dsaa source, it was found
that it can support the growth. Surfactin and itusiere also produced after 48
hours. The best pH for lipopeptide production wagéncerning colonization,
the bacteria were found in all plant organs (leagtsms and roots) at 28°C,
being discriminated according to endophytic angleygtic behavior, but at 20°C
no bacteria were found on leaves. When the baoteras applied on the
surface of the leaves, it was observed that the@hgpc population was
extremely reduced after 24 hours. The biocontr@atfytis cinerea in vitro and
over strawberries was also evaluated. An experiemagtest antagonism against
B. cinerea was performed using three different mg@#DA, Optimized and
MB1) and also three different temperatures (15,aB8 30°C). The volatile
production was also evaluated in five different ragdCA, Optimized, Luria,
MB1 and NAA), with the identification of the majoompounds. The effect of
the metabolites produced by B. amyloliquefaciens &0 performed to see
how harmful it would be on the spore. In vivo thewberries were treated with
bacterial metabolites, being infected by the fupgusccessively. Regarding
direct antagonism, only the PDA substrate showeatrab For the volatile
compounds, the best substrate to control fungusitrevas optimized. The
major compounds produced were 2,3-butanediol anetosc The spore
germination was proportionally inverse to the melisd concentration.
Treatments with the metabolites were capable ofeptimg the strawberries
against the B. cinerea. Based on the results Badlinyloliquefaciens can play
an important role against plant diseases.

Keywords: Surfactin. Fengycin.lturin.Lipopeptideslstile.
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FIRST PART

1 INTRODUCTION

Bacillus sp. is a widespread bacteria present mainly itivetiéd soils.
As a microorganism it can act in different enviramts, with influence on its
dynamics. Industrial use is hugely employed forc#jme strains. It has been
exploited for agricultural practices. Within thisogp, Bacillus subtilisis one of
the most known prokaryotes concerning molecularaaicbiology, making this
microorganism a model to study prokaryotes. Theeasg of this group can be
seen in the successful commercial formulation applh agricultures nowadays,
protecting different kinds of plants in a huge etyiof pathosystems.

B. amyloliquefaciendelongs toB. subtilisgroup and stands out for its
application in crop protection. It can play diffateroles such as direct
antagonism, plant growth promoter and ISR inductidmong the substances
produced, cyclic lipopeptides are the main onegaesible for control. They are
a class of secondary bacterial metabolites baseda guolypeptide chain,
generally composed of seven amino acids and a 8kydr 3-amino fatty acid,
connected in two places, forming a macro-cycliaucttire (Romano et al.,
2013). The most common families are surfactins,gyeins and iturins.
Surfactins act like a bioemulsificant that loweng surface tension and favors
bacteria spreading. Fengycins and iturins are diieked to phytopathogens
control.

It can also produce a wide range of volatile coumus. These
substances are also produced by Bacillus spp.eptieg fungal growth. As
they are secondary metabolites, the type of velatimpounds depend on the
substrate promoting or not a harmful effect agafoegus. The boiling point

determines how volatile the compound will be iniemvmental conditions. This
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is important in practical uses, because a closgdamment is required to give
time for the volatile compound to be effective aighithe pathogen.

The effect of environment plays an important rote the secondary
metabolites produced. The main variables that ahdihg bacterial metabolism
dynamics are temperature, light and ph. Regardimgpérature, it can have
influence not only on the population, but also e tamount of molecules
produced. Light seems to have qualitative inflgeriecause a huge difference
in the substances produced is observed when trefiimeontact with light is
compared to those that remain in the dark. PH aE® influence on both
population and substances produced. For instanke,6pis the best for
production of lipopeptides.

Once seen that it can act against pathogens, efforys are required to
apply the bacteria in vivo conditions. Efficientcberia would be able to
colonize all organs (leaves, stems and roots). drapgpulations may create a
protection against harmful pathogens avoiding tifection. Generally, it has
demonstrated a common ability to colonize roots,féw papers have shown its
behavior in colonizing other plant organs.

Based on this, the objective was to understandbederial behavior
while colonizing bean plants under two temperaty28®C and 20°C) and its
lipopeptides production, with culture medium (Opt#ed, MB1, PDB and
Luria) and exudates from roots and stems fluiduostsates. The optimum pH
was also evaluated within a range from 5 to 9 uditigfl as substrate. The
temperature and substrate type influenced the ammofinthe lipopeptide
produced, affecting it both qualitatively and quiatively.

The biocontrol oBotrytis cinerean vitro and on strawberries was also
evaluated. An experience to attest antagonism saircinereawas performed
using three different media (PDA, Optimized and NIRhd also three different

temperatures (15, 25 and 30°C). The volatile priducvas also evaluated in



15

five different media (PCA, Optimized, Luria, MB1&NAA), identifying major

compounds. The effect of the metabolites produged.tamyloliquefaciens was
also tested to see how harmful it would be over $pere. In vivo, the
strawberries were treated with bacterial metatwlibeing infected by the

fungus, successively.
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2 THEORETICAL FRAMEWORK

2.1 Bacillus subtilis group metabolites

Bacillus spp. are bacteria with rod-shaped, Gram-positiagjable
length measuring 0,5 x 1,2 um until 2,5 x 10 ummier of the Firmicutes
phylum. Generally, it moves due to peritrichousaciSpecies in the genus can
be obligate aerobes or facultative anaerobes.dbie to produce enzymes and
toxins. Ubiquitous in nature, it normally playsdaer of biological control agent
in the environment. Under stressful environmentaiditions, it can produce
endospores (one vegetative cell may generate alesiegdospore), oval
structures that remain in a dormant state for Igegiods until conditions
become favorable again. The ability to produce spdee, growth under a
variety of temperatures and substrates, and proautieerse range of bioactive
molecules renderBacillus subtilisa promising microorganism to be used in the
biological control of various plant diseases. Atigafar interest in studying
these organisms is the ability it has to produceyramtibiotics, an average 4 to
5% of its genome is dedicated to antibiotic synthg$tein, 2005). Not
surprisingly, many authors have obtained succestiilase control by using
Bacillus-based products. Nihorimbere et al. (20d@)wed in vitro antagonistic
activity of Bacillus spp. again§tusariumsp. Among the compounds produced,
the most versatile were lipopeptides, characterizgdpresence of peptides
linked to fatty acids, and the amino acids are desjly disposed in a cyclic
structure. A property common to all of them is #imlity to change the physical
and chemical traits, mainly in liquid surfaces.

There are two wayBacillus subtilissynthases lipoptides:, either by non-
ribosomal peptide synthetases (NRPSs) or by hytoigketide synthases and
non-ribosomal peptide synthetases, PKSs/NRPSs (@nge Jacques 2007).
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Although many metabolites are produced, the mastiestl ones are surfactin,
iturin and fengycin (Peypoux et al. 1978, 1999; ktanakom et al. 1986).

Surfactin is a kind of molecule included in a lalgmpeptide family
excreted by some strains of Bacillus sp.. Therditie diversity in the
substances produced by different strains due toaiméication of the fatty acid
chain, including differences in the peptide seqgeefizufoura et al. 2005), but
all members are heptapeptides witlp ahydroxyl fatty acid to form a cyclic
lactone ring structure (Peypoux, et al.,1999). Tihei-toxicity properties are
based on membrane disruption or solubilization, durfactin has this toxicity
when acting synergistically with iturin (Maget-Dar al. 1992). Studies
indicate that this lipopeptide has an unique effattthe formation of a stable
biofilm in the roots in some plants, which is ndbserved for iturin and
fengycin, maybe due to it being more amphiphiliart others (Kinsinger et
al.2003; Hofemeister et al.2004). According Baislet(2004) the surfactin acts
in the reduction of the infection caused Wseudomonas syringaen
Arabidopsis and is accept as anti-viral compoundatose disintegration of the
envelope.

According Peypoux et al. (1999) the srf operon desaenes related in
the surfactin biosynthesis. Nihorimbere et al. @0published that lipopeptide
secretion still remains active in nutrition solmigiven to tomato plantlets,
showing that exudate components are conducive rfér @peron expression,
even in oxygen-starved culture conditions. Theyo ateported the first
demonstration of efficient lipopeptide gene expi@sén the rhizosphere during
Bacillus — plant interaction. Ongena et al. (2008p)ort that surfactin can be
perceived by plant cells to trigger a signal tdiané defense mechanisms. They
also report the surfactins and fengycins involvemien Induced Systemic
Resistance (ISR) acting as elicitors. Jourdan.g28D9), working with tobacco

cells, showed that surfactin treatment lead to mafmnges in the phenolic
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pattern. These authors also showed that the relathO, accumulation
increased with surfactin concentration. It is dsown that surfactin synthetase
expression is pH-dependent and its productionfigenced by the composition
of the culture medium.

Another lipopeptide is iturin, which has a largemhber of variants that
are characterized as heptapetides, linked fieaanino fatty acid chain with 14 to
17 carbons. Its activity differs from surfactingegenting a strong antifungal
action against some yeasts and fungi, but thame effect on bacteria and virus.
The fungi-toxicity probably acts by providing amuoatic perturbation allowing
the formation of ion-conducting pores. These amsitered derivative forms of
the iturin family, mainly the molecules: iturin Ad C, bacillomycin D, F, L and
LC and mycosubtilin. According to Bonmatin et a20Q3) the presence of
ergosterol in fungi and yeasts plasma membrangs lied activity of iturin.

The third most studied lipopeptide is fengycin, ebhiis known as
plipastatins also. There are two variations in family: A and B distinct from
different amino acids on its chain. It is lipodeepfide with an internal lactone
ring in the peptidic moiety and withfa— hydroxyl fatty acid chain with C14 to
C18(carbons) which can be saturated or unsaturateimolecules have strong
fungi-toxicity, mainly towards filamentous fungt. dcts probably by interacting
with lipid bilayers or altering cell membrane stiwe and permeability.

Fengycin and surfactin are known to interact valtéints, leading to an
immune response, a phenomenon called induced dgstesistance. According
with Ongena et al. (2007) each family has a speskill to stimulate different
plant cells. These authors showed that surfactnsimteract with bean, tomato
and tobacco, but not with potato, whereas fengygrsiuced effects in all
them.

These lipopeptides may act synergistically for riatdons between
surfactin and iturin (Maget-Dana et al.1992), sttifaand fengycin (Ongena et
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al. 2007), as well as iturin and fengycin (Koumouwdt al.2004; Romero et
al.2007).

Biological control of plant diseases is especiatlyactive because of the
diversity of metabolites it produces. We have shothat a Bacillus
amyloliquefaciensstrain (ALB 629) was able to control the diseasd also
inhibit pathogen growth in vitro, inducing an inase in the activity of
phenylalanine-ammonia lyase, the content of tot@npls and lignin in the
shoot (Martins, 2012). However in the presencehefgathogen, a decrease in
the induced responses was observed instead ofpattex priming of defense
response. When bean plants were grown inoculatéd the pathogen and
treated with the biocontrol agent (both at the skmel) and subsequently
maintained at 20 or 30°C (in average), there wasistent control of the disease
but the bacterium was restricted to the root at lhwer temperature and
colonized the whole plant at the higher one. Stheebacterium is confined to
the roots at the lower temperature and it conttbkls disease, a possible
induction of resistance may be enough to cope thighdisease and at the higher
temperature a possible combination of antibiotidgh vdirect activity would
complement the induction of resistance in diseasmagement. The most
commonly found antibiotics produced Bgcillus spp.are lipopetides and it has
recently been demonstrated that the temperatureimflagnce the diversity and

abundance of lipopeptides produced (Ongena, 2012).

2.2 Plant colonization

Bacillus spp. are generally sensitive to amoxicillin-clanit acid,
gentamicin, amikacin, kanamycin, fluoroquinolones,tetracycline,
chloramphenicol, rifampicin and vancomycin. It helwown itself resistant to

lincomycin, to colistin and fosfomycin. The prodoct of beta-lactamase by
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countless strains limits the use and interest inigikn and cephalosporins.
Normally, a pioneer method is to isolate strairsstant to a specific antibiotic.
Once this has succeeded, it is possible to stuglpdpulation that is colonizing
the plant. An additional method is to proceed vadguencing using primers
complementary to essential genes.

Lugtenberg & Kamilova (2009) published a review destrating
important points concerning root colonization, sashnutrients for microbes in
the rhizosphere and colonization genes and trBitsing root colonization,
bacteria can act directly as a plant growth promatan Loon (2007) discussed
plant responses to plant growth-promoting bacteriathis capacity, some
microorganisms can act as biofertilizers, rhizogdrators or phytostimulators.

B. subtiliscan decreases plant susceptibility in some casegeri et al.
(2004) studying a interaction witB. subtilis and tomato seeds against the
disease incited by. aphanidermatunobserved an increasing host resistance
associated with differential gene expression. Saatsal. (2009) also observed
different gene expression involved in microbiakenatctions while studying the
pathosystem Brassica napus and Botrytis cinerea influenced by B.

amyloliquefaciens

2.3 Botrytis cinerea and grey mold: an widespreadungus and serious

disease

Botrytis cinereds aplant pathogen considered necrotrophic andtable
incite disease in more than 200 crops worldwitidals become an important
model for molecular study of necrotrophic fungiiigs easy to deal with. Its
taxonomy is as follows: kingdom: Fungi, phylum: Astycota, subphylum:
Pezizomycotina, class: Leotiomycete, order: Helesiafamily: Sclerotiniaceae,

genus: Botryotinia. The fungus is able to produceide range of cell-wall-
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degrading enzymes, toxins and other low-molecukaight (Williamson et al.,
2007). The fungus is the etiologic agent that causalisease known as grey
mold, one of the most serious post-harvest diseafsksit and vegetables; for
instance, in strawberries it can cause seriouslgma) reducing its availability
the market.

As for the bacteriaBacillus subtilisgroups are successful in controlling
plant disease. It has been reported as a suppragarst a sort of pathogen.
Specifically, B. amyloliquefaciens belongs to thigjor group, acting like a
biological control agent when combined withizoctonia solan{(YU et al.,
2002); Botrytis cinereaassociated with fresh-market tomatoes (MARI et al.
1996); Colletotrichum dematiurattacking mulberry (HIRADATE et al., 2002);
Thielaviopsis paradoxaColletotrichum musaeand Fusarium verticillioides
(ALVINDIA & NATSUAKI, 2009); Fusarium graminearuniDUNLAP et al.,
2013); Sclerotinia sclerotiorum(ABDULLAH, 2008); Rhizopus stolonifeand
Penicillium expansunon peach fruit (ARREBOLA et al., 2010P.enicillium
digitatumandGeotrichum candidunHAO, et al., 2011). It can also be applied
to bacteria afkalstonia solanacearurfHu et al. 2010) an&rwinia amylovora
(Chen, et al. 2009).

2.4 Strawberries

The global production of strawberries in 2011 w@proximately 4.2
million tons. The United States of America, Turk&pain, Egypt and Mexico
are the leading producers. The five highest yieldse obtained in the United
States of America, Jordan, Morocco, Egypt and Cyphu Brazil, the harvest
area was estimated in 376 ha, with three thousand &and a yield of 80
thousand tons (Hg/ha) (FAOSTAT, 2011). Diseasesarenportant factor that

limits yield and profit. Among them, gray mold is @mportant disease that
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requires management to ensure good quality produttsupermarket shelves.

3 OBJETIVES

3.1 General objectives

The objective was study the influence of environtak factors on

lipopeptide accumulation, bean plant colonizationl volatiles production by

the bacteriunB. amyloliquefaciens

3.2 Specific objectives

a)
b)

c)

d)

f)
9)
h)

Bacterial identification using Rec A and Gyr Anpers;
Lipopeptides analysis in function of culture nsedand
temperature;

Direct antagonism againsispergillus ochraciusA. niger and
Fusarium oxysporurm different temperature conditions;
Lipopeptides accumulation B. amyloliquefaciensising stem
sap;

Lipopeptides accumulation 8. amyloliquefaciensising root
exudates

Lipopeptides accumulation influenced by differphis levels;
Bean plant colonization using different inocidatmethods;
Volatile compounds produceB. amyloliquefaciensvarying
culture media;

Effect of thermostable metabolites on conidiakrgination of

Botrytis cinerea
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) Biological control of grey mold usinB. amyloliquefacienas a
biological control agent.

4 General Provisions

The study shows how temperatures and substratesngortant to
specific compound production. These results maydsal for biological control
applied in agricultural fields, as well as in thathetic industry, which intends
to produce it in commercial scale. Further, thisveh how the temperatures can

change the bacteria population dynamics.
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A tropical strain of Bacillus amyloliquefaciens. Lipopeptides
accumulation and different inoculation methodslfean plant

colonization studies

ABSTRACT

The lipopeptides surfactin, iturin and fengycin ypla role in the

colonization of plants providing a competitive adisge for the
lipopeptide-producing bacterium. How culture medidluences the
accumulation of these compounds Bacillus spp. as well as the
relationship between lipopeptide accumulation affectve bacterial

colonization in plants has not been previously gtigated. Here, the
influence of four growth media, including luria, tpto-dextrose- broth
(PDB), MB1 and optimized, three temperatures 30,a88 15°C ,and
varying pHs from 5 to 9 using only MB1 media weridsed for

lipopeptide diversity and abundance Bacillus amyloliquefaciens
Lipopeptide accumulation was also measured usitigrea stem-sap or
root-exudate. Finally, bacteria were identified eather endophytes or
epiphytes when grown at 28 and 20° C, using a pé&ari-colonization
assay. Lipopeptide accumulation was influenced émperature and

media conditions in a quantitative and qualitatmanner. Lipopeptide
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accumulation was possible in MB1 at a pH of 6 anwiile with other
tested pH conditions, bacterial growth was obsemwittiout detecting
lipopeptide. Endophytic and epiphyt®. amyloliquefaciengopulations
were influenced by the method of inoculation, shdifferences in
leaf, stem and root colonization. When a bactetigpension was applied
on the leaf surface, bacterial populations rapitityinished within five
days. These studies established the contributioieraperature, pH and
culture media on lipopeptide accumulation and b&dteolonization in
plants with potential applications to effective tmial-plant interactions

in a field setting.

RESUMO

Os lipopeptideos surfactina, iturin e fengicinaamegenham um papel
relevante na colonizagdo de plantas pois fornecena wantagem
competitiva para a bactéria que os produz. Comme®s de cultura
influencia a acumulacao desses composto8poillusspp., bem como a
relacdo entre a acumulacéo de lipopeptideos eiérefia ha colonizacéo

bacteriana em plantas, ndo foram anteriormentestigaglos. Aqui foram
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estudadas a influéncia de quatro meios de crestimecaluindo Luria,
batata-dextrose-caldo (PDB) , MB1 e otimizado, tedsperaturas de 30,
25 e 15° C e diferentes pHs variando de 5 a dizarido o meio MB1,
para avaliar a diversidade e abundancia de lipggiepem Bacillus
amyloliquefaciens A acumulacdo de lipopeptidio também foi medida
usando uma haste - seiva ou raiz - exsudato .ifAgrds bactérias foram
identificadas como enddfitos e epifitas , quandtvadas a 28 e 20° C
,utilizando-se um ensaio de colonizacéao de feijagtanta . Acumulacéo
lipopeptidio foi influenciado por condicbes de tergiura e de midia, de
forma quantitativa e qualitativa. Acumulacéo lipptido era possivel em
MB1 a um pH de 6 e 7 , enquanto que com outrasictes de pH
testados , o crescimento bacteriano foi observagln $fipopéptido
detectado . Endofiticos e epifitas B. amyloliquefias populacdes foi
influenciado pelo método de inoculacdo , mostraadodiferencas de
licenca , caule e raiz colonizacdo . Quando umpesisRio bacteriana foi
aplicada na superficie da folha , as popula¢Getetiacas diminuiram
rapidamente no prazo de cinco dias. Esses estud@sninaram a
contribuicdo da temperatura , pH e cultura da nmédiare a acumulacgéo

lipopeptidio e colonizacdo bacteriana em plantasm,cpotenciais
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aplicacdes para interacdes efetivas bacterianptadeas, em ambiente de

campo.

INTRODUCTION

While protein synthesis is limited to the standa@damino acids
via ribosomal catalysis, lipopeptides are biosysitted from amino acid-
lipid modules via non-ribosomal peptide synthetdbHPS) that are then
incorporated into cyclic structures. The presencaam-standard amino
acids in lipopeptide distinguishes this biosynteefiom ribosomal
metabolism (Finking & Marahiel, 2004). Among the mpamolecules
produced by lipopeptide biosynthesis, surfactimgfein and iturin are
the most studied with regard to the biological cointof fungi and
bacteria. The surfactin family is represented bgtéygeptide variants of
the esperin, lichenysin, pumilacidin and surfagfioups. The fengycin
family is divided in fengycin A and B, usually refed to as plipastatins.

The main iturins produced are iturin A and C, bawiycin D, F
and L, with mycosubtilin being the more frequentiamt. In fact, for all
lipopeptides (surfactins, fengycins and iturinsjfedtent homologs are
usually co-produced (Akpa et al., 2001). AccordiogDuitman et al.

(2007), two-component systems and quorum sensingctin in
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lipopeptide-biosynthesis regulation. Generally fattin gene expression
is associated with cell-density increase and ocdnrghe transition

between exponential to stationary growth, whereagycins and iturins
biosynthesis occurs later in the stationary phase.

Surfactins are biosynthesized from three NRPHsd&rfA, SrfB
and SrfC (Peypoux et al, 1999) in combination withe
thioesterase/acyltransferase enzyme SrfD that yeasl lipopeptide
initiation (Steller et al., 2004). Surfactins ara@hiphilic cyclic peptides
composed of sevemramino acids linked to a singfehydroxyl fatty acid
varying in length from 13 to 16 carbons. This arppiilic property
defines surfactin as emulsifying agent. Three fiomst have been
proposed for these bioemulsifiers: (i) promote$n@nease of surface area
for hydrophobic water-insoluble growth substraté) promotes an
increase in bioavailability of hydrophobic substsatby increasing
solubility and (iii) promotes the attachment antkdbment of bacterial to
and from surfaces (Rosenberg & Ron, 1999). Careillal. (2003) report
that 20 uM of surfactin solution lowers the surféeesion of water at 72
to 27 mN.m-1, demonstrating the strong detergémt-diction. Surfactins

also serve in bacterial motility facilitating ce#ipreading through a
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substrate (Kinsinger et al., 2003) via reducindasue tension (Leclére et
al., 2006).

Fengycin has considerable variation in some siratproperties
as cyclization and branching, and also unusualtitaasts in its chain.
This amphiphilic cyclic peptides are composed aof teamino acids
linked to B-hydroxy fatty acid, which vary from 14 to 18 carbdt has
strong antifungal activity. Usually it is specifio filamentous fungi
(Stelleret al., 1999; Vanittanakom et al., 1986).

Iturins are amphiphilic cyclic-peptides with sewemmino acids
linked to onep-amino fatty acid, which has 14 to 17 carbons. This
lipopeptide family is mainly related to antibio@ctivity; many Bacillus
spp. can act against a broad range fungus spektiesever the
antibacterial activity is limited to a few species.

Temperature may interfere with lipopeptide accuatiah,
changing the amount produced. Vater et al. (20G&kiwvg with Bacillus
subtilis showed that the best temperature for dnoand surfactant
accumulation was 30° C at minimum medium compaoe2bf C and 45°
C. The components of the culture medium may alsmgé the amount of

accumulated lipopeptides. Mizumoto & Shoda (200%pveed this
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variation with iturin, with the accumulated amoghtannging with carbon
and nitrogen source.

Plants can generally interact with the microorgarsd surrounding
their tissues. The part of the plant that has ttengest influence on that
interaction is the root system. According to Ur&®(Q7), plant roots
release sugars, amino acids, organic acids/aniomaganic ions,
enzymes, molecules capable to change the rhizasppér, antibiotics,
guorum-sensing inhibitors and others substancelsithke substances
may interfere on the bacterial growth and lipoppsignature according
to the genome limits. Nihorimbere et al. (2012),rkirmg with B.
amyloliquefaciens strain S499 showed that tomatotsroexudate
efficiently support surfactin, fengycin and ituriraccumulation.

Surprisingly, there is no evidence of lipopeptuleduction within
stems and leaves. The colonization of plants byeb@acis important to
exert long-term benefits. Among the benefits mashmonly reported
are growth promotion (Richardson et al., 2009),rease in plant
resistance to chemical and structural factors @uBfp10), and even
direct antagonism against a harmful plant pathogéfushida et al.,

2001).
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Based on these features, this work studied thétyaluf one
particular tropicalB. amyloliquefaciensALB629strain on lipopeptide
accumulation under different temperatures, pH afdtsates, and also its
ability to colonize common bean plants, considemdifferent forms of

bacteria introduction.

MATERIAL AND METHODS

Bacteria identification

Bacillus amyloliquefaciens(ALB629) was isolated as an
endophyte from cocoa in the State of Bahia, in Bré&pecies level
identification was made by sequence analysis uBlegA (forward -
TGA GTG ATC GTC AGG CAG CCT TAG and reverse - TT@Q
ATA AGA ATA CCA CGA ACC GC) and Gyr-A (forward - C& TCA
GGA AAT GCG TAC GTC CTT and reverse - CAA GGT AATGE
CCA GGC ATT GCT). Total DNA was extracted and piedf via a
wizard genomic DNA purification kit (Promega), folling the
manufacturer's instructions. PCR samples were &etpliusing the

program of 95°C (5 minutes) followed by 26 cyclé®986°C (30s), 55°C
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(30s) and 72°C (2 min); subsequently a single cgtl£2°C (10 min) and
holding at 16°C. Sequence analysis was perform#tednterdisciplinary
Group For Applied Genoproteomics (GIGA). ALB629 rdiication was

based on sequence comparisons using NCBI site BA& B software.

Bacterial growth and bacterial suspension

ALB629 was grown on four solid media (MB1, LurRRDA and
optimized media) at 15°, 25°, 30°C for 48h. Baatesuspension was
prepared according to temperature in the followiegperiment.
Proceeding this way, the bacteria were already tadafp the specific

temperature.

Lipopeptide analysis in relation to culture media &ad temperature
Influence of lipopeptide signatures consideringirfaifferent
culture media and three temperatures was obsenvediding 25 mL of
the optimized medium (casein peptone 30g/L, sucra3eg/L, yeast
extract 7 g/L, KH2PO4 1.9 g/L, MgS0O4 0.45 g/L, icitacid 10 mg/L,
CuSO04 0.001 mg, FeCI3.6H20 0.005 mg, NaMoO4 0.094KeIl 0.002

mg, MnSo04.H20 3.6 mg, ZnS04.7H20 0.014 mg e H3BO2 tng; the



38

pH was adjusted to 7 with KOH), MB1(sucrose 10 g/asein peptone 8
g/L, yeast extract 4 g/L, K2HPO4 2 g/L, MgS0O4.7HR@ g/L), Luria
(casein peptone 10 g/L, yeast extract 5 g/L, Na@ll5and glucose 1
g/L) and PDB (24 g of the powder substrate in ot bf sterile water).
Concentrated suspension adjusted to 0.5 of absteb&as prepared with

Bacillus amyloliquefaciengrevious culture, adding 50uL per
treatment. It was grown for 72 hours at 30° andC2%hen at 15°C it
was grown for 120 hours. The Erlenmeyer (125 mL} weserted in a
shaker at 100 rpm (rotation per minute).

Lipopeptides analyses were performed after thekiatton period.
12 mL of each sample was collected from the supantaadding it into
Falcon tubes and centrifuge for 10 minutes at 1b,Gim. While this
process was running, the cartridge (C18) apparais rinsed off by
injecting 20 mL of methanol followed by 15 mL of Miq water 10 mL
were collected from those Falcon tubes, and it passed through the
cartridge apparatus to concentrate to 10x. Durirgghing out of the
sample, 5 mL of Milleq water was added. For lipajp concentration,
the sample was passed through the cartridge. Itraasferred to plastic

tubes (Eppendorf) by passing 1 mL of methanol thhothe cartridge.
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The sample was centrifuged once again for 10 reghat 15,000
rpm. Finally, 300 puL was collected from 1 mL, whielas added to a
special tube for UPLC analyses. Lipopeptide analysere performed by
UPLC (Acquity Hclass; Waters s.a., Zellik, Belgiuogupled to a single
mass spectrometer (Waters SQD mass analyzer) &aCQUITY UPLC
BEH C18 1.7um column. Elution was performed at 40°C with a ¢ans
flow rate of 0.6 mL/min, using a gradient of ACNwater acidified with
0.1% formic acid as follows: one min at 30 %, fr80% to 95% in 3.4
min, and maintained at 95% for 1 min.

Compounds were detected in electrospray positimvenode by
setting SQD parameters as follows: source temperat@30 °C;
desolvation temperature: 400 °C, and nitrogen flb@00 L.h—1. A cone
voltage of 70 V was used. After the analyses, lgptjales were identified
in the chromatogram and spectrogram by mass cosggaand retention

time.

Direct antagonism
Further experiments were done to show the diratagmnism

among fungi and bacteria. The experiment was paddr using
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Fusarium oxysporurm three different temperatures (30°; 25° and@5°
Aspergillus nigerand A. ocraciousat 30° and 25°C. The culture media
employed was PDA, MB1 and optimized. Fungus wasquaat the
middle of each Petri dish containing different needit the same time,
ALB 629 was streaked at four spots at equal diggdadche pathogen and
crosswise. The experiment was finished, when tha fhibition halo

appeared.

Lipopeptide accumulation using stem sap

This was performed with a common be#&hdseolus vulgaris
Perola cultivar). Forty seeds were sown in a veuiitiezbased substrate
and incubated in chamber adjusted to 28°C (+/- 88C)JL0 days. After
this period, the stems were separated from leamdsr@ots. The stem
tissue was disinfested with alcohol 70% for 30 sesp sodium
hypochlorite 2% for 1 min, and washed three timéh distilled water. It
was transferred to a Becker (1L) with 600 mL ofigtedistillated water.

Aluminum paper was used to fill the empty spacesh® upper
part, preventing the contamination. It was incaldah a chamber at 28°C

for 48h. It was sterilized by passing through &2Qm@-diameter filter. An
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aliquot of 20 mL of the sap was added to Erlenmdy@5 mL) and
incubated in an orbital shaker set for 100 rpmQ&C3for 120 hours. At
the end of the bacterial growth, the lipopeptidesravanalyzed as

described above.

Lipopeptide accumulation using root exudates

Forty seeds were sown in the vermiculite substaatkincubated
in a chamber adjusted to 28°C for 10 days. Aftés geriod, the roots
were sterilized as described above. The whole plaas immersed
entirely in the Becker (1L) with 600 mL of sterifistilled water. It was
incubated in a chamber at 28° for 48h. Cotton v&zsi uo fill the empty
spaces on the upper part preventing the contarmmaiihe solution
containing the root exudate released in the Beaksrfiltered by passing
it through a 0,25um-diameter filter. This exudatswsed as a substrate
for growth and lipopeptide accumulation. It was edid?0 mL of this
substrate into Erlenmeyer and incubated in a shadjeisted for 100 rpm
to 30°C for 120 hours. The lipopeptide analyses twas performed, as

described above.
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Lipopeptides accumulation at MB1 culture media withdifferent pHs
Lipopeptide signature based on bacterial growtHiff¢rent pHs
was performed by growing ALB629 in a range fromefito nine. The
MB1 culture media was prepared as before and adjust the different
pHs to be tested. Accurately, 50 mL of the substveds transferred to a
Erlenmeyer (125 mL). Each pH was adjusted with Na&td H3POA4.
From the bacterial suspension (2x105 cfu/mL), 10Q4as added
to each flask. Theses flasks were attached to lsitebshaker set for 100
rpm and 30°C for 72 hours. After this period, thévwas measured again

and lipopeptides extraction and analyzes were dsrimfore.

Bean plant colonization cultivated in vermiculite wsing glass bottles

This experiment was performed in glass bottlesiedeon the top
and lined with vermiculite. Hoagland's solution vilas source of nutrient
and water. Seeds were pre-germinated in the veliteidar 5 days. The
method employed for inoculation was dipping roais 30 minutes using
a bacterial suspension (G). Plantlets were incubated at 28° and 20°C,
with constant light during 10 days. After this melj the plants were

harvested and separated into root, stem and ledvasiples were
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weighed, crushed, serially diluted and plated in IMi#® determine the
bacterial count outside (epiphyte) and inside (phgte - the surface
sterilization was applied during this step) for legdtant tissue. Pieces of
sterile leaves and stem from the colonization drpemt were placed in
contact with MB1 medium to confirm if any colony lwiappear,

supporting the results for endophyte behavior. Gageguencing using the
primes, rec and gyrA, was also performed to confilm presence of
ALBG629. Bacterial cells used came from inoculatéhts and compared

to ALB629.

Bean plant colonization cultivated in peat with addtional inoculation
This experiment was conducted at the same tempesadbf 28°
and 20°C, using pre-germinated seed and plants Mitkdays old. The
method employed for the inoculation was dippingtsofmor 30 minutes
using a bacterial suspension (@)5 Seed was sown within black pots of
350 mL with peat. It was irrigated periodically. t&f five days, an
additional inoculation was done, by adding 1 mL tbe bacterial
suspension (0.3) to the center of those pots near the plant steet.

counting was performed similarly to the describbdve.
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Bean plant colonization using the dipping root methd cultivated in
the peat

Bean plant colonization was performed under timeeseonditions
of previous method, but this time just the dippingt method was used,
without additional bacterial inoculation. Cell cdimy was performed

similarly to the described above.

B. amyloliquefaciens behavior when applied on the surface of the
bean leaves

This was done to study the survival of the baateqpplied on
leaves. Plants were pre-germinated in vermiculiipon germination,
they were transferred to falcon tubes filled wittiton. The source of
nutrient was Hoagland's solution (HOAGLAND & ARNON950). It
was incubated for 10 days. Bacterial suspensiod(Q@x was sprayed
over aerial part until runoff. Available cells wereeasured 0, 24, 48 ,72,
96 and 144 hours after spraying. For the time pbas were collected
one hour after application. Two pairs of the fistoliate leaves were
harvested for bacterial cells counting. It was iteskin the Falcon tubes

with 50 mL of the capacity filled with 20 mL of dikated water. The
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tubes were agitated in the vortex for 1.5 minutegransfer the bacterial
cell to the water. The counting of forming colonyits was performed in
the Petri dishes with MB1 media. 50 pL of the susp@En was added to
the media surface. It was incubated at 30°C. Afehours, the cells were
counted to determine the bacterial population @nléaves. Results are

presented as united-forming-colony (UFC) per granigef tissue.

RESULTS
Having analyzed the sequences generated for RedAGymA
primers, the bacterium was identified Bacillus amyloliquefacienswvith

99% max identity compared to those sequences dedasithe Genbank.

Temperature and substrate influenced the amouat@imulated
lipopeptide, affecting both quality and quantitygiifre 1). Among all the
culture media tested, the only one that supportmliraulation of all
lipopeptides (surfactin, fengycin and iturin) waBB? but interestingly
there was no bacterial growth at 15° C. At 30° 25RIC, the best media
for surfactin and fengycin accumulation was Luii@r iturin, the only
media capable of producing it was PDB. At 15° CGfaatin and fengycin

were produced in higher amounts, when bacteria geren in MB1.
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Figure 1. Lipopeptide production influenced by culture mediad
temperatures. *Black bars are lipopeptides accumdlat 30°C; white
bars are lipopeptides accumulated at 25°C, andlmesy/are lipopeptides

accumulated at 15°C. Error bars represent starieod

Those lipopetides are part of the accumulated métab
produced by the bacterium within the media. Soméhose compounds
inhibited the growth of plant pathogenic fungi. Timdibition zone was

observed in the direct antagonism test for all lelnging fungus at PDA
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medium (Figure 2)F. oxysporumandB. amyloliquefaciensvas affected
when grown at 15° C, but even this way it was fbssio observe the
inhibition halo. Other temperatures did not affaoy organisms. No halo

inhibition was observed in other culture media.

Figure 2. Direct antagonism of ALB629 against three diffégrglant
pathogens. A-BA. ochraceusat 30° and 25°C, respectively; C-B,
niger at 30° and 25°C, respectively; Efisarium oxysporurat 30°, 25°
and 15°C, subsequently.

The diversity and abundance of accumulated liptogep
contributed to the inhibition of different fungiubwe could not infer that

production within the plant, upon bean colonizataord, using the stem



48

sap as a nutrient source, the bacterium was algeote and lipopeptides
accumulated (Figure 3A). Root exudates only sugpodurfactin and

iturin accumulation (Figure 3B). In both casesr¢heas no support for

large populations (Table 1).
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Figure 3. (A)Lipopeptides production with stem sap as a sabs and
(B) lipopeptides production with root exudates asubstrate. Error bars

represent standard error.

Table 1.Bacterial population on stem sap and root exualfiée 48h.

Substrates
Stem sap Root exudate
Population | *17698.73 6676.05
* These values represent means of treatment.

Apart from growth conditions, pH may interfere e dynamics
of lipopeptide production. Although both pH 6 andc@uld support
surfactin and fengycin accumulation, the maximunodpction was
observed at pH 6 (Figure 4). In regard to bactepiaWth at different pH,
the bacterial population observed at all valueptéfallowed for growth

(Table 2).
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Figure 4. Lipopeptide production at MB1 media at differemt. g'Black
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bars represent standard error.

Table 2 Bacterial population on different pH after 48 mu

pH Population
5 *128277.3
6 37750.62
7 20043.98
8 54401.9
9 63352.94

* These values represent means of treatment.
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Finally, we investigated if the bacterium was atolecolonize the
plant under different growth and bacterial delivegonditions.
Colonization of bean plants was done in differeainmers, according to
the method employed to inoculate bacteria to tlatphnd also to the
temperature in which the plants were incubated. Wimevermiculite,
ALB629 bacteria were recovered from all plant ogyéleaves, stems and
roots) at 28°C, either endophytically or epiphyticaWhen at 20°C,
bacteria were also recovered both from inside oiside the plant.
However, at that temperature, the bacterium wasahigt to colonize the

leaves (Figure 5).
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Figure 5. Bean plant colonization byBacillus amyloliquefaciens
cultivated in vermiculite amended with Hoaglana@kigson and incubated
at 28° and 20°C. * Black bars are the populatiowats, grey bars are the
population at stem and white bars are the populatdeaves. Error bars
represents standard error. When beans plants wdmmitted to two

inoculation methods in the same experiment, bacteds recovered at

both temperatures (Figure 6).
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Figure 6. Bean plant colonization cultivated in peat usthg dipping
root method and one additional inoculation 5 dalgs B/Nhite bars are
epiphyte population and black bars are endophygeilption. Error bars

represents standard error.
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Using only one method of inoculation by dippingotiothe
bacterial population was found only in the rootnsidering endophytic
and epiphytic cells (Figure 7). Epiphytic bactepabulation higher than
the endophytic population was observed in all expents.

A further experiment confirmed the bacterial dbilias an

endophyte, noting radial colonies surrounding leaaed stem after the

1|

leaf root leaf | root

incubation period.

7 4
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5 |
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root

Log 15 UFC/g of tissue
(9]

stem stem stem | leaf | root |stem leaf

Erdophyte Epiphyte Endophyte Epipnyte

28°C 20eC

Figure 7. Bean plant colonization using the dipping root tmoe
cultivated in peat. *White bars are epiphyte popataand black bars are

endophyte population. Error bars represent standazdor.
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Since the bacterium was not recovered from leavdsen a
bacterial suspension was applied to the substratés/or the population
in leaves was kept low, another experiment wasopekéd to demonstrate
bacterial survival on the phylosphere. However, libeterial population
dropped tremendously fast in that organ, suggedtiag, even at the
tested temperature, leaves do not sustain bactgriaith, since the
epiphytic population was reduced from 980,000 cftdg600 cfu/g at
28°C and from 240,000 cfu/g to 590 cfu/g at 209@iw 24 hours after

treatment. For later time points, the populatianaied low (Figure 8).
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Discussion

All organisms have a limited ability to producebstances based
on information contained in the genome. Accordiodstein (2005), the
Bacillus subtilis closely related to B. amyloliquefaciens, has eerage
of 4-5% of its genome devoted to antibiotic syntheand has the
potential to produce more than two dozen strudiuraliverse

antimicrobial compounds. Bacteria have units knoas operons,
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responsible for the activation of several genesttogr. These operons are
activated only in the presence of certain subsktitat require the action
of enzymes to be used as a source of carbon aed wtitrients. In the
case of lipopeptide produced By amyloliquefaciené\LB629, only the
PDB culture supported the production of iturin. Tdaame antibiotic was
also produced when the bacterium was grown in thenbstem sap,
suggesting that a plant-born compound would be gszeg to trigger the
iturin-related operon. Apart from the nutrient smyr lipopeptide
accumulation may be influenced by temperature. &bty interaction
between temperature and the necessary substaratesbly interact for
an optimum lipopeptide accumulation rather tharrient or temperature
contribution alone. As shown in Figure 1, this wmsticularly true for
surfactin. Different levels of lipopepeptide protan according to the
nutrient source and temperature may explain instesties of biocontrol
efficacy in the field. The wider the range of temgiare to which a
specific strain works, higher the chance for expadienefits in the field,
where sudden changes in temperature and nutriestahility frequently

occur.
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As for fungus inhibition, once in contact with pagens the
bacteria could act efficiently as a biological eohtagent. Considering
those three types of lipopeptides, the compound ith@robably more
active is iturin, because biological control wasetved only in a media
which support iturin synthesis.

Similarly to PDB, stem sap supported ALB629 growitd the
accumulation of iturin and surfactin. Previous wornterformed by
Minchin & Thorpe (1983) found sucrose in the apsplaf bean stems at
a concentration of 25-60mM. Since this nutrientiso found in PDB,
this nutrient is likely an essential nutrient fturin biosynthesis. Other
molecules found in the bean sap are polyaminesregtibe and
spermidine (FRIEDMAN et al., 1986B-D-glucose, 3-O-methyp -D-
glucose, 2-deoxyp -D-glucose, a-D-mannose andB -D-fructose
(Lalonde, et al., 1999).

The molecules recovered in the root exudates werild lower
in concentration, indicating that the stem sagdBer in substances that
support both surfactin and iturin production. Conmpg both, the stem
sap seems more appropriate for lipopeptide accuionléhan the root

exudates. Interestingly, the lipopeptide productiod bacteria growth on
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stem sap or root exudates are not related to a autivee metabolism or
to higher bacteria population, since a small papatawas observed with
considerable lipopeptide accumulation. A lot oftfeis can influence the
rhizosphere colonization. According to Ric de Vos &. (1986),
rhizosphere acidification has a pivotal role inningptake and is induced
in response to iron deficiency in bean plants. €r@®gmnges can allow for
generation of a range of different compounds. Daket al. (1993),
working with bean plants root exudate noted thatgdnoculated with a
symbiotic Rhizobium leguminosarunbv. phaseoli contained more
coumestrol phytoalexin and its isoflavoinoid prestur daidzein than
exudates from plants not inoculated. This can tilie that lipopeptide
production in nature may depend on many factors thedinteractions.
Uren (2000), also supporting this idea, reportedt tftoot exudation
includes the release of ions, oxygen and water, rmathly consists of
carbon-containing compounds.

In the experiment in which different pH values wetested,
although the pH was adjusted at the beginning ef @kperiment, the
bacteria probably release substances to the supetihat alter the pH to

a likely suitable condition to grow, as all treatrteehad a pH surrounding
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7 at the end of the incubation time. As productidriipopeptides was
only observed at pH 6, and at a lesser extenttheptimum lipopeptide
production seems to be within the range of thenoyth pH in the soil for

the plant, which is, in average, 6. This findingesgthens the fact that
you can have considerable bacterial population awithlipopeptide

production.

By using different methods for studying the coiation,
significant differences were observed in endophydicd epiphytic
behavior. But when it comes to colonization studiesiability between
plants was high and many factors need to be irgagstil as regulators of
endophitic colonization. Future experiments willdst other biotic and
abiotic factors that may govern endophitic colotimaand the dynamics
of lipopeptide production within the plant.

Analyzing the colonization experiment, it was seivat the
bacterium can easily colonize roots and stems a@hbglants, as an
epiphytic and endophytic agent. In performing #xperiment and others
related to bacterial colonization, it was possilbbe observe a clear
variation of the bacterial population according batrient source,

temperature and pH. According to Bais (2006), gareate a specific
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environment for microbes to develop in the rhizasphbecause they can
release a wide variety of low-molecular weight comopds and
macromolecules from their roots that recruit thitasle microbes. Bertin
et al. (2003) reported relevant information on &esompounds.
According to this review, the low-molecular weigletxudates are
polysaccharides (such as arabinose, fructose, gfucoaltose, mannose,
oligosaccharides), amino acids (such as arginisparagine, aspatrtic,
cysteine, cystine, glutamine), organic acids (sashacetic, ascorbic,
benzoic, ferulic, malic acids) and phenolic compmain Higher-
molecular-weight compounds can also be releasedflasnoids,
enzymes, fatty acids, growth regulators, nuclestidetannins,
carbohydrates, steroids, terpenoids, alkaloids,ygueltylenes and
vitamins. Therefore, compounds like those couldosuipat least a small
population and lipopeptide accumulation.

The factors that allow for bacterial survival @aves and stem are
not known. Neither is it known how the bacteria gd@m roots to the
leaves or stem. Probably it moves systemically upho the vessels
(xylem or phloem). Sterile leaves and stems allowedfirming the

bacterium presence after 24 hours after plated &1 Mnedium.
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Comparing the sequencing of the bacteria isolatewh fpieces of sterile
leaves and stem with our original strain, it wascpd in the same group
(99% of max identity with B amyloliquefaciens FZB42onfirming the
higher motility of the B. amyloliquefaciens, everifiy considered an
endophytic agent.

By applying the bacteria on the surface of leawes,observed
that leaf environment does not sustain ALB629 paipoih for very long.
Poor nutrient availability and/or the presence &f tadiation are factors
that may be hostile to the bacterium colonizatésecording to Mercier &
Lindow (2000) the population size of epiphytic Rémmonas fluorescens
on plants under environmentally favorable condgids limited by the
abundance of carbon sources on the leaf surfage.céh explain at least
part of the bacterial dynamic. However, even if Haeterium does not
reach the leaves, it has already been shown tegirigtaves from a foliar
pathogen and activate defense-related responsetiridet al., 2013) and
the MAMP necessary for that could be the surfaclready reported as
triggering ISR.

The dynamics of lipopeptide accumulation withire tHifferent

plant organs over time is still unknown. Initialts were unsuccessful in
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detecting any lipopeptide over time in bean plahtswever, we have
seen that root exudates and stem bean sap suppthntdacterial growth
and iturin and fengycin accumulation. Further seayperiments are
necessary to remove eventual plant-borne inhibitmfrsdetection or
eventually detect a wider range of forms of lipdjsgs that would
eventually be bound or accumulated as precursatinmhe plant. Or

even detect the lipopeptides in a later moment.

CONCLUSION

Lipopeptide accumulation was both qualitatively dan
guantitatively affected by the substrates, tempeeatand pH. The stem
sap and root exudate support both bacterial gramth accumulation of
iturin and surfactinBacillus amyloliquefacien8LB629 colonized plants
differently according to the delivery method andhperature but, in all

cases, it was recovered in higher population aategtito the roots.
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Bacillus amyloliquefaciens as a biological agent againdBotrytis

cinerea and its protection in postharvest strawberry

Abstract

Grey mold is the most important strawberry postesrdisease and its
control can be achieved by using antibiotic-prodgcimicroorganisms.
Among those microorganisms, Bacillus produces ardity of antifungal
compounds, but little is still understood about dantribution of the
bacterial growth conditions on the diversity of tinetabolites produced.
The strawberry protection was immersed in the bedteuspension for
10 minutes and inoculated with a pathogen-sporepesision. To
understand the mode of action, antagonism dirdtitgugh inhibition
zone and indirectly by volatile compounds was ckédchy streaking the
antagonist and pathogen simultaneously on a regldse or on separated
compartments for direct or indirect inhibition. Agbnism was
experimented at three different temperatures @%°and 30°C) and three
different culture media (PDA, MB1 and Optimized)heT volatiles
experiment was performed at 30°C in five differenlture media (PCA,
Optimized, Luria, MB1 and NAA). The conidial gerration experiment

was performed under influence of bacterial supamtatt different
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concentrations (0, 25, 50, 75 and 100%). Bacternwas able to stop
fungal growth with apparent halo inhibition. Volas were also effective
in controlling the hyphal growth and it was possibd identify different
compounds. Conidia inhibition was inversely profmoral to metabolite

concentration. Protected strawberries showed narappsporulation.

RESUMO

O mofo cinzento € uma doenca frequente em poésitalde morango.
Seu controle pode ser conseguir usando microrgasiggmodutores de
substancias antifungicas. Entre os microrganisiBasillus produz uma
diversidade de compostos anti-fingicos, mas ajpalaco se sabe sobre a
contribuicdo das condicdes de crescimento bactenandiversidade dos
metabolitos produzidos. Para a protecdo de moraegtes foram imersos
na suspensdo de bactérias durante 10 minutos elados com uma
suspensdo de esporos do patdégeno. Para entendedm de acéo, o
antagonismo direto através da zona de inibicao déreitamente por
compostos volateis utilizando compartimentos sefmsrgara a inibicdo

direta ou indireta. O antagonismo direto foi testath trés temperaturas
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diferentes (15°, 25° e 30° C) e trés diferentesosnde cultura (BDA,
MB1 e Otimizado). O experimento com volateis failizado a 30° C em
cinco meios de cultura diferentes (PCA, otimizddaja, MB1 e NAA).

O ensaio da germinacdo de esporos foi realizadoasofifluéncia de
sobrenadante bacteriano em diferentes concentr@@hexb, 50, 75 e 100
%). A bactéria foi capaz de impedir o crescimerduhgos com halo de
inibicdo aparente. Os volateis foram também efigaze controle do
crescimento de hifas e foi possivel identificaredthtes compostos. A
inibicdo de conidios foi inversamente proporcioBatoncentracdo de
metabdlitos. Os morangos protegidas ndo mostraraemhuma

esporulacdo aparente.

Introduction

Strawberry is a perishable fruit with high resprat rate,
consequently it has a short shelf-life. Mechandatages, wounds and
beats during the harvest, transport or commereaitidim make the fruits
susceptible to pathogens (NUNES & MORAIS, 1995)t Reited by

pathogen activity causes serious losses, mainlynvitis cultivated far
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away from the markets (Silveira et al., 2005). Aigpdhose rots, grey
mold stands out as a serious dise&s#ryts cinereaPers.:Fr. related to
this disease is a widespread plant pathogen thasesaproblems to
hundreds of dicot plants, including cultivated spedElad et al., 2004).
Considering the symptoms on different organs aaatpl urged by this
ascomycete, a large 'arsenal of weapons' to aitackosts may be
proposed to fight it (Choquer et al., 2007). Ac@ogdo Williamson et al.
(2007), it produces a range of cell-wall-degradamgzymes, toxins and
other low-molecular-weight substances, for instammcalic acid, which
are relevant in the pathogenesis. Losses in strawbalue to gray mold
are significant as post-harvest disease. Its postht life is often

determined by mechanical injuries that subsequessylt in fruit decay
(JIANG et al., 2001; Droby & Lichter, 2007). Amorgdl agricultural

methods to manage the disease, biological cortnolailying an important
role in the agricultural field. A great number oficnoorganisms are
applied, attempting to control this pathogen witileemains in the soil,

specially fungus and bacteria.

Many technologies have been employed with the gmepof

reducing post harvest rot, such as chemical comafpplying maturation
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inhibitors, systemic and protective fungicides; Ibgical control with
antagonists; physical control by cooling, heat ttrest, radiation,
controlled and modified atmosphere; and resistamdection with biotic
and abiotic elicitors (Barkai-Golan, 2001).Some owercial products
have been used in post-harvest as Agro-Mos® (bes&accharomyces
cerevisae Meyen ex Hansen 1026), Aspire® (based Camdida
oleophila), MessengerTM (harpin protein hrpN fromviBia amylovora)
(Oliveira et al., 2004), but all those are classifas resistance inductors.
Experimentally Gliocladium roseumPenicilliumsp.; Trichoderma viride
and Trichothecium roseurappeared to be the most effective organisms,
suppressing the incidence Bf cinereaon fruits by 48-76% (PENG &
SUTTON, 1991). Hang et al. (2005) reports the ssgcef Bacillus
subtilis S1-0210 using a wet powder formulation with 88986 effective
control of gray mold incidences on strawberry uRositive results such
as those support the practical application of dobioal control agent as

part of the disease management.

The reason that it is successful as a powerflbbgical control
agent is due to an efficient production of antifahgompounds. The

substances responsible for the control are largatywn as Bacisubin
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(Liu et al., 2006), Chitinases (Huang et al., 200Subtilosin (Stein,
2004), Ericin (Stein, 2002b) and lipopeptides sttifg fengycin and

iturin (Plaza et al., 2013; Ongena & Jacques, 2008)

The volatile substance can also provide an imponaotection
system against phytopathogens (Chen et al., 2@@®prding to Owens
et al. (1997), the main compounds produced wergd?elxi-3-butanone
(acetoin), 2,3-butanediol, acetic acid, propanaicl,a2-methylpropanoic
acid and 2-methylbutanoic acid. A wide range of agimes was
identifyied in cultures of B. subtilis (Yamaguchit al., 1993).
Additionally, Weisskopf (2013) published a book ptex exposing the
potential of bacterial volatiles for crop protectiagainst phytopathogenic

fungi.

Even if the bacteria have genes to produce a migeit will still
be subject to temperature and substrate changespéFatures may
modify the efficiency of biological species and ritgtabolite production
(Moita et al., 2005). For volatiles, temperatures glay a relevant role
in determining the efficiency of biological contrétiddaman & Rossall
(1993), studying thdBacillus subtilisshowed that at 30°C it controlled

Rhizoctonia solanand Pythium ultimumwhile temperatures below the
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25°C were not efficient. Mukherjee & Das (2006),mparing two
Bacillus subtilisstrains showed that they had distinct preferefmethe
carbon and nitrogen substrates. Volatiles in véntifungical activity of
B. subtilis on nutrient agar is enhanced with tddion of D-glucose,

complex carbohydrates and peptones (FIDDAMAN & R@BIS 2008).

This study will demonstrate how temperature andbstate
changes can influence the efficiency of diseaserabiby producing
different active compounds. Further, this paperlangs the qualitative

response to the fungistatic action according tosthiestrates.

Material and methods

Fungal and bacterial isolation

B. cinereawas isolated from infected strawberries obtairmeehf
market, identified based on the colony morphologgoading to Agrios
(2005). The fungal culture was deposited at thedbgical Collection of
Lavras (CML) as CML 2317. The bacterial straiBacillus
amyloliquefaciensALB629, employed as biological control agent, was
obtained from the bacterial collection of Univeesié Federal do

Reconcavo da Bahia.
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Direct antagonism

The experiment to attest antagonism agaiBstcinerea was
performed using three different media (PDA, Opteizand MB1) and
also three different temperatures (15, 25 and 30°@)gus was placed in
the middle of each Petri dish containing differentture media. At the
same time, ALB629 was streaked at four spots atlegjgtance from the
pathogen and crosswise. Plates were incubated ree tifferent
appeared. The experiment was performed in a rarmbomiesign with
four replicates. Part of these treatments was aedlyffor lipopeptide
accumulation. Initially, a standard antibiosis expent was performed in
dishes with three different culture media (PDA 28¢C, Optimized and
MBL1 - 15°C). After appearance of the first halonfiation in dishes with
PDA, three disc of 9mm was collected from halo zotw identify the
harmful substance. These discs were inserted istiplaubes (1.5mL)
with acetonitrile (50%) and formic acid (0.1%).Téemples werefixed on
a rotary shaker and agitated for 2 hours. This peaformed with UPLC
(Acquity Hclass; Waters s.a., Zellik, Belgium) cteghto a single mass

spectrometer (Waters SQD mass analyzer) on an ACTQUIPLC BEH

/{ Excluido: ,
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C18 1.7um column. Elution was performed at 40°C with a ¢ansflow

rate of 0.6 mL/min using a gradient of ACN in waaeidified with 0.1%
formic acid as follows: one min at 30 %, from 309&%6 in 3.4 min, and
maintained at 95% for 1 min. Compounds were dedetteelectrospray
positive ion mode by setting SQD parameters asoda! source
temperature: 130°C; desolvation temperature: 40@d, nitrogen flow:

1000 L.KL.

Volatile compounds

The diversity of produced volatiles was evaludigdtreaking the
bacterium in five different media (PCA, Optimizeduria, MB1 and
NAA). The same medium was poured both in the paie in its lid. The
fungus was inserted in the center of the platelsuderium spread on the
lid to evaluate volatile produced by the bactenardime (24h and 96h
incubation) and the inhibition of the pathogen gitevilrhe technique used
to analyze volatiles was SPME (VALENTE & AUGUSTQOD). The
chromatograph used in the volatile separation w@sM%. The SPME

fiber employed was DVB/CAR/PDMS(Divinylbenzene, Carboxen,
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Polydimethylsiloxane). Time extraction was 30 n@wuand the fiber was
exposed in the chromatograph injector for 10 miswuide injector and detector
temperature was 260°C and 280°C, respectively.ifijretor was operated on
splitless and split mode in all the injections. idel was used as carrier gas.
Volatile identification (quantitative analyses) wasrformed with the software
Automated Mass Spectral Deconvolution and Ideatifitn System{AMDIS)
equipped with Mass Spectral Search Program (NI&Farly and also by the
retention time. As a complementary pale tgrowth was measured when the

fungus took over all of the dish in the treatmemntcol. The experiment

was performed at random design with five replicates

Effect of thermo-stable metabolites on conidiahgeation

The effect of the metabolites producedBhyamyloliquefacienen
the germination oB. cinereaconidia was performed by incubating the
pathogen conidia on the bacterial supernatant. bidwterial suspension
(10° cells/mL) was inoculated in 50mL of potato-dexe&soth and
incubated at 30°Cand 110 rpm for 72h. After thisiqug the cultures
were sterilized in the autoclave at 120°C for 4@utes. The autoclaved

supernatant was diluted in sterile distilled watef%, 25%, 50%, 75%
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and 100% (v/v). To check the contribution of thethaal metabolites on
the germination ofB. cinereaconidia, uL of each dilutions of the
autoclaved supernatant as well as 50 pL of & ddhidia/mL suspension
of the pathogen were pipetted into different walfsan ELISA plate.

After 72 hours of incubation at 25°C in a photopérdf 12h,the spore
germination was evaluated counting the number ofidia@ with germ

tube then the highest diameter of the conidia. Experiment was

performed at random design with seven replicates.

Biological control of grey mold

The autoclaved bacterial supernatant was prepasedescribed
above. After the incubation period, the strawberviere immersed in the
sterile culture for one minute with. The setup f@sr strawberries per
plastic box over a layer of filter paper. 1 ml betpathogen suspension
(10°conidia/mL) was deposited over the strawberriess Bxperiment
was performed at random design with five replicakesits were placed

at 25°C (+/- 2°C)and a photoperiod of 12 hoursitsmiere evaluated 10
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days after incubation. The incidence of grey molaswdetermined by

counting the number of strawberries with apparangél sporulation.
Results
Direct antagonism

Among all substrates, only PDA allowed the produttbf an
inhibition zone. At 15°C, the halo of inhibition svéormed with 2.3 cm.
For the other temperatures, the fungus acted oddbwing abnormally.
Huge differences regarding bacteria spreading atnted and MB1
were clearly seen, probably due to over-productibisurfactant in this
environment (Figure 1 and 2).Lipopeptide producticas found only at
surfactin at MB1 and Optimized. For PDA, surfacéind iturins were

identified.
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PDA media over three different temperatures (15%,ahd 30° C).

™| Optimized "o

) - e B

Figure 2 - B. amyloliquefaciensoluble substances accumulated at Petri

dishes.



86

Volatile compounds

All culture media fostered the production of aittilc volatile
organic compounds compared to the water controlvé¥er, when the
bacterium was grown on the optimized substrate,fuingus could not

spread vigorously (Figure 3).
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Figure 3 - Botrytis cinereaaffected by volatiles compounds produced in

five culture media.

Considering two incubation periods, no qualitatdiéferences

were obtained. The most frequently obtained mokadgardless of the

used medium, was 2,3-Butanediol and Acetoin. Amurg substrates,

luria could support different compounds in both ulpation periods

(Figure 4).

Literature
Kovats index

Experimented
Kovats index

Match Compounds

PDA substrate 24 h

769 781 938 2,3-Butanediol
Heptane, 2,2,4,6,6-
980 988 886 pentamethyl
1193 1198 843 Octanoic acid, ethyl ester
1490 1503 839 2-Tridecanol
PDA substrate 96 h

2-Butanone, 3-hydroxy-
718 709 823 (Acetoin)
769 782 936 2,3-Butanediol
1030 1030 946 1-Hexanol, 2-ethyl-
1094 1093 933 2-Nonanone
1118 1120 920 Phenylethyl alcohol
1580 1556 895 2-Tetradecanone

LURIA substrate 24 h

2-Butanone, 3-hydroxy
718 715 912 (Acetoin)
769 800 942 2,3-Butanediol
875 866 936 Butanoic acid, 3-methyl
850 877 926 Butanoic acid, 2-methyl
1035 993 912 Benzene, 1,2,3-trimethyl-
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1094 1093 873 2-Nonanone
1124 1126 936  Octanoic acid, methyl ester

- 1131 915 Benzenamine, N-ethyl

Cyclohexanol, 5-methyl-2-
1173 1174 786 (1-methylethyl)
LURIA substrate 96 h

743 749 936 2-Pentanone, 3-methyl-
819 856 930 2-Hexanone, 5-methyl-
1030 1030 949 1-Hexanol, 2-ethyl-
1094 1093 936 2-Nonanone
1291 1294 941 2-Undecanone

- 1360 874 2-Dodecanone
1499 1504 803 alpha-Muurolene

OPTIMIZED substrate 24 h
2-Butanone, 3-hydroxy-

718 712 905 (Acetoin)

736 731 908 1-Butanol, 3-methyl-
769 782 938 2,3-Butanediol

936 847 919 Butanoic acid, 3-methyl-

OPTIMIZED substrate 96 h
2-Butanone, 3-hydroxy-

718 710 825 (Acetoin)

769 806 938 2,3-Butanediol

936 868 932 Butanoic acid, 3-methyl-
926 872 896 Butanoic acid, 2-methyl-

Figure 4 - Volatiles identified by NIST library and reteoi time

produced byBacillus amyloaliquefacienscubated.

Spore germination

The conidium germination was proportional to thetabolite

concentration (Figure 5). Hyphal inhibition wasarlg observed at higher
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concentration (above 75%) compared to the conioldeformation on

the spores or hyphal was observed.
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Figure 5 - Spore germination influenced by five metabolites

concentration (0%, 25%, 50%, 75% and 100%).

Biocontrol in post-harvest strawberries

Treatments with the metabolites were able to ptotthe

strawberries against grey mold, with no visible pyoms of the diseases

(Figure 6).
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Figure 6 - Infested strawberries, storage at 25°C, inflednzy bacterial

metabolites. (A) treated with the supernatant &)dsater control.

Discussion

Regarding the direct antagonism test, consideringlMand
Optimized in all temperatures, the bacteria covénedplates in 24 hours,
but possibly a shorter time was required to predactive metabolites
against the fungus. In this particular case, thetdsaum may also have

controlled the fungus by nutrient and space cortipetiFor the PDA at
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25°C and 30°C, the bacteria may over-produce migiedyopreventing
fungus growth, and, thus, the usual halo formatias not seen. Maybe
this scenario, combined with inappropriate tempeest, did not allow
fungal growth as normally happens. Joshi et al082&tudying different
carbon sources observed changes in the biosurfgataduction. It can
illustrate the environmental importance for thewass of biological
control. Once it was possible to identify mainlyfaatins in solid MB1
and Optimized, this can explain why the bacterizktover all the dish
surface after 24h. For PDA, surfactins and itukrese observed. Iturins
are likely to be responsible for the observed adnérs already shown for
other post harvest diseases. Probably the samé&msabs that act on the
direct antagonism also play the same role prevgntoonidial
germination. The Arguelles-Arias et al. (2009) wsorkhowed that
different compounds fromB. amyloliqguefaciensnay be involved in this

control.

Additional studies of bacteria genome are requicekinow when
an specific compound will be produced, becausestitrstances produced
by the bacteria may change from one substrate athan The volatile

study can clearly illustrate this scenario. Chernlef2008) working with
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B. subtilis and B. cinereaalso reported a complete growth inhibition,
inhibition of spore germination and protoplast aetion. Yuan et al.
(2012), studying a different pathosystem betwdén cinerea and
Fusarium oxysporurh spcubensealso reports active volatile against this
fungus. The volatile substance responsible for toatrol was not
identified. As butanediol and acetoin were the mammpounds, it was

tested against the fungus, but there was no edfgainst fungal growth.

Apparently, the metabolites produced by the bactesuld have
some harmful substances, because we noted surfadiéication on the
treated strawberries. Although the harmful substatih@t caused some
visible changes on the fruits was not identifigdisi still interesting to
note that the metabolites controlled the fungaivgnoand sporulatiorB.
amyloliquefacienvas shown great potential for post-harvest bioobofr
peaches again#onilinia fructicola (ZHOU et al., 2008). Further studies
are necessary to introduce the metabolites in etipsh way, keeping the

shelf quality of strawberries.
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Conclusion

Both temperature and substrate can interfere ihog&in control.
Volatiles compounds can differ according the sutsetr Spore
germination was also affected by the bacterial buwdi#s. Strawberries

were protected by the bacterial metabolites préwgnhe sporulation.
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