dcioced FeglEnanoe LA phanits aRalan Fendots i dheases
MIHAC- FPRS Badlenn Mol 85 X043
op. KIN4

Effects of temperature on the protocosperation between plants and
Bacillus amylohguefaciens 5499

Gerarde Puopolo’, Taha Hosni', Lorenzo Pedrotti’, Emmanuel Jourdan®, Marc Omgena®,
Daria Pertot’

‘J45M4 Research and Imovation Cenire, Fondozione Edmund Mach, Fia E. Mach 1,
5. Michele all’ddige 38010, Tremio, Italy: *Gembiour dero-Bio Tech, University of Lidse.
Fazsgee der Déporsds, 2, Gemblour, Belgiim

@il perardo. propslamech. i

Absoraci: When applied in open fHelds, the efficacy of biological conirol apents may be sronghy
affecied by eovironmental faciors such as fempereiore and wabter availability. The probocooperaton
betwmen Axcilher awploliqusircieny 5259 and plants has bean chossa as a model o invesdgate how
‘temparature and water regioye may modulym the beneficial inkeenction bobwean the two bioats. (o thds
purposs, the effect of mmpemtre oo the ahility of 3499 to mdoce syviemic revistance and to prodece
srizctn im plamiz b bean inrestigated in this work.
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Introduction

The waorld is facing considerable climate chanzes mostly due to the increaze of amospheric
CO, coming from natural sources or anthropogenic activities (IPCC Climate Change, 2007).
Az consequence, it is highly probable that srowth and aofasomistic actvity of biological
comirol agenis (BCAs) will be affectad by these climate changes. Nonetheless, the effect of
femperatore and water/'osmotc sress on several bioconmol mechanisms have been addreszed
in a few stodies (Egamberdijeva & Hodlich, 2003).

Members of the Baciliur genus are soms of the beneficial microbes most widely used as
BICAs and their potential reli=s on the ability to compete for muirients, to directly mhibit plant
pathozens by producing antibiotic molecoles and, in some cases, o stimualate the indoced
systemic resistance (ISE) m plants (Bakker ar i, 20077,

Baciilus amylaligugfaciens strain 5499 protects plants against sewveral ph'rt-:-patngzui-:
fungi by producing lipopepiides of the surfactn, itunn and fengyoin families (Oogena o ai.,
2005 a, b). These amphiphilic cyclic peptides are invedved in important processas such as
bacterial motility, bioflm formation and oot colomization (Cngena & Jacgoes, 20E).
Moreover, surfactin directy interacts with plant cells trigeenng ISR (Henry & al., 2011).

In this comtext, the first aim of the present work was to evaluate the effect of low and
high temperatmes either combimed with or without water stress on the pofential of
E. amyieiigugfrciens 5409 to colonize plamt roots and o stmulate ISR Forthenmare, par of
the work has been focused on the role plaved by the temperature on production of surfactin in
B gmyipiiguefaciens 5499 both m wire and in plonia, and how its prodocton afects ISE
levals in plants.



Material and methods

Plansy and microorganisms

Smain 5489 was routinely prown at 12 °C oofo Luria-Berani agar. Bean (ov. Barloto),
tomato {cv. Tondo resso) and zucchini (ov. Xara) plants hawe been uzed in all experiments.
Botryus cinerea, Phytophthare (Ph) infestans and a population of Podosphaera ramhli were
mmmnedmmmmd&ttmseam pea agar mediom and macchini plants, respectively.
Fresh conidia and sporangia collected either from sponulating colonies or mfected leaves were
used as inponlum in greenhouse mals.

Greenfonse rials

Two ISE experments (pamed Exp. 1 and Exp. 1) were camied out according to the procedure
described by Omzena er ai. (2002) with some modifications. In both the cases, hean, tomato
and zucchini plants were grown m a stenilized peat substrate and balf of the plants were
ineculated with 20 ml of 5409 suspension (1+10" cfuml) as 2 drench to roots while the
second half was treated with water. In Exp. 1, all inoculated and pof ineculated plants were
exposed for seven days at three different temperatares (15, 15 and 35 *C) combined or not
with low water regime. In Exp. 2, 5409 inoculation followed the exposure pertod to different
temperatures and water regime In each case, five replicates (three plants each for plant crops)
were used for each temperatire and water regime. Expeniments wers camed out twice.

Seven (Exp. 1) and two (Exp. 1) days after the 5490 moculation, each crop was
inpcolated with the respective pathogen The inoculation conditiens were 90 = 5% relative
tumidity and 20 °C for 24 h. Bean leawes were gently wounded with a stenle peedle and
inponlated by spraving the leaves with a water suspension of B, cinerea comidia [lrllil'.-'ml]
plus 0.1% glocese. Six wounds were made on each leaf Tomato leaves were inoculated by
spraving the emtire plant with a water suspension of Ph. ffestans (1-10° sporanmia‘m).
P xanthii (5=10" conidia'm]) were quickly washed from sporulating leawes and immediataly
sprayved an leaves.

Om each plant. the level of disease was expressad in terms of dissase severify (Dercentage
of leaf showing disease symptoms) after four days of incubation. Fesults were analyzed using
ANOVA and the siznificance of differences was evaluated by Tukey's test.

Puaniificasion af surfactn im vitro and in planta

Dhring this work, the effect of temperanme on the & vire producton of surfactn by 5499 has
been determimed according fo Jourdan er ol (2008). 5499 was grown for 71 h in Optimal
Medium at different temperabares (15, 20, 30, 40 and 4% °C) and supematants were analysed
by HPLC.

Lipopeptides were exiractad from the rhizosphere of tomate plants zrown in enobiobic
conditens at different temperatores (15, 23 and 35 °C) by adding 6 ml of acetonitrile
(ACH)formic acid 0.1% and 2 g of beads to each tmbe. Once the supematants were dried,
residues were resuspended m 300 pl of ACH E0%formic acid 0.1% and processed for
analysis of surfactin coment by LC-ESI M5, Each combination has been repeated thres times
in each experiment and two mdependent experiments were camied out.

In hydropomic culmures, perminated bean, fomate and zucching seeds were ransfemed info
sterilized 1 | boxes filled with nomient selution, four plants per box and manmimed at 15, 20,
2% and 35°C. Four boxes of each plant species were prowm at each tempemture condiion
with a 16 b photoperiod alterrating sunlight and fluorescent light. A volmme of 5409 cell
mzpensioll was inoculated for each box in order to reach a final concenmation of 3«10
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cells'ml in the poment selutien. Surfactn produoction on roots was assessad according to the
procedure reported by Nibornmohere of al. (2012).

Results and discuszion

EjYects of temperarure and water siress on the abiliy of B. amyloliguefaciens 5499 ro
trigger IER

Pt treatment with B. ampyloligueiiciens 5409 sipnificanly reduced disease seventy im all
conditons fested in both experiments. In Exp. 1, high level of protection was observed in the
bean'B. cinereq and tomate/Ph infertans pathosystems, while P. xanthi! infection on mcchini
appeared to be less efficiently controlled by 5409-migpered ISE. The hieh rate of disease
medoction M bean and tomate is comsistent with previous data showing that the sain can
readily sdmmlate some defenze mechanizms in the infacted tizsues of these two host plants
(Cmpena er ai., 2005, b)

The kighest protection levels (up to §5%:) were ebserved on bacterized bean and fomato
plants prown at 15 and 35 °C. A consistently lower level of disease conmal (about 40°%:) under
incubadon at 25 *C was provided by 5489 in these two crops. These differences in ISE. levels
probably reflect changes in the activify of 5490 cells, prven that there was no decrease m ISR
efficacy at 25 °C i tomato and bean in Exp. 1 when 5499 was applied in soil afier the
exposure to different temperature water regimes for seven days.

Mareover, in Exp. 2, sinmltanecus exposure to 35 °C and water soess led to a reducton
in plamt protection as a result of ISE. mgzered by 5409 m the three cops probably because
temperature and drought may decrease the efectiveness of plant defense mechanisms against
heotic factors (Wang er al., 2009). Inferestingly, in Exp. 1 no differences in the efficacy of
plant protection were observed between plants normally watered and those submitted to
drought at any of the tested temperatmres. Thiz suggests that the decrease i ISE. efficiency
due to water sress can be relisved by application of B. amyloliqueficiens 5499,

Temperarure modulmies surfeciin production in vitro ond in planta

The exposure of 5409 to low temperatores determined an increase in surfactin relative
production fm virg. Interestingly, the lipopeptde production is clearly mpaired at ]llg',]El.'
temperarares. The data obmined from experiments carmied out i viro were confirmed by
mzhmgﬂrﬁmnqump'm:edn:dergnmbm:mndmms In fact, T.hehpupep'u.de
was detected at rates of 1800, 16 and 4 pg /10" cfu per g of root in plants erown at 15, 25 and
33 °C, respactively. In these expenments, surfactin was produced at a final concentration of
2-3 M in the tomato rhizosphers. Interestingly. such a concemmation level is biologically
melevant, given that pure surfactn stimolates plant defemse when added in micremola
quantities {2-10 pM) (Ongena or ai., 2007; Jourdan or al., 2009).

In hydropenic expermments, the quantities of surfactin produced at 15 and 35 °C on the
oats of imato and bean plants were hizher than at 20 and 28 =C. This fits well with the mare
highly efficient ISE.-based plant protection observed at these temperatures than at 25 *C found
in Exp. 1 and clearly supperts the mvolvement of surfactn in ISE. mediated by B. amyio-
lgueficiens 5409 in these two host plants (Onzena er al., 2007).

This work represents a first step in undersfanding how different temperatures may affact
the mteraction between plants and biocontrol agents. In the case of B. amgiloiiquegfinciens
5400, it seems that both high and low temperamures ame mot detrimental for surfactin
productien on plant reots and, as a conseguence, the abiity to rigger ISE. in plants remaims
well consarved.
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