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The role of bacteria-emmited cyanogenic volatile metabolites in biocontrol
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Abstract In a grudy on hiocontrol of tmato Fisarium wili, the rhiznhacterium Prendomonas fiovescens T8 was sebected after

valuation under greenhouse conditions. This solate was found 1o
i bocortrol wt subsequently investigated. Effect of the volatiles
gratzins in planis were examined. Fusa o spoce EETmination was

produce hydragen eyanide and the role of this wolutile metabolite
on microbial growih and ther role in indocing pathogeness-related
alowed bt not ikibited. Fisaries myealial growih was alsonot

mhihited but mycelin Jost their characteristic pink pigmentation when expesed 10 the volotile membalites. Activity of the plant
 defence rolated protein guaijakel peroxidase was imereased significamly, bu chitinase and B-1,3-ghucanase activities were nofuTected

The populations of bectera and other fungal organisms in & pl

ant growlh subsiraic were neduced upon exposare 1o the volatile

bacterial metabolites. The study concluded that bactsial volatiles could contributz to biocontrol in variaus ways.

 métabalite volatile dans le comtrile biokoginue a éé

Risumé Dansune ftude de contrille bologique de Foarhan wilt,
 soris évaluation duns Jes conditions de sems, 1l @ & trouve que cet isolé peut produine du eyanure & lpdrogéne o e rdle de ce
: fqnilié. Les effets de volatiles sor la crodssanca de microbes ef leur rils dans
- 'induction des protcines asmockts anx pathogénes dans kes plantes staient dudiés. La germiration des spores Fierarium étnit ralantie
et pas inhibée, La croissance des micelles Fisarfum n'éalt pas sussi imhiteée mais ces derniers om perdu la coloration de lear
3 qeared ils &tatent exposés sux métabolites volatiles, L'activist iz protéines de défense des plantes, guaijukol pemnydase,
st sugmenté de manibre significative, mais activite de chinitase ot b-glucasase n'était pag affecté. Les populations de bactéries et
 autres fungi dans la croissance des plantes Guient réduites & exposition aux hactéries métsbolites volatiles. Fn coneluson, les
- maerdries volatilies peuvent contribuer au contrile binlogique de plusicurs fagons.
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le rhizabacterium Prendmmenos fuorescens TS8 étnit sélectionnd
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Introduction

Microorganisins produce many secondary metabolites,
some of which are volatile. Production of hydrogen eyanide
is predeminantly associated with the genus Predomenis
{Bakker and Schippers, 1987; Munif et af,, 2000} although
not all Preudanratiads are cyanogenic, The occurrence of
HCN-producing iselates varies significantly with habitat
and with specics. Approximately 50 % of potate
rhiznspliere Feendomonads {Rakker and Schippers, 1987}
and 18 % of all tomato endophytes (Munif er al, 2000)
were peported to produce HON in vitrn, Detection of HCN
of microbial origin has been mainly done @ witro, and
anly rarely in soil. Failure to detect cyanide in the
thizosphere is thought to be due to assimilation and
detoxification of the compound by soil microorganizms,
thereby reducing its concentration and hence the chances
of detection (Bakker and Schippers, 1987},

Hydrogen cyanide has been implicated in hinlogical
comtral of some puthogens, for example, suppression of
black root ot of tobacco caused by Thielaviopsis basicola
{Voisard e al., 1089). However, in may cases a direct role
afcyanids or other volatile metabolites in biocontrol hes
not been esablished. Theoredically, volatile metabolites
could function by inhibiting the growth of pathogens in
sail, thereby making the producer a befier competitor

{0 Sullivan and O"Gara, 1992) or alematively, volatle
metabolites could also act by inducing resistance {Voisard
et al., 1989). Cyanida-resisiant respiration has been
associated with increased resistance o Meloidogyme
incognita in tomate (Zecheo and Bleve, 1987) and to
Preudomongs syringae pv. tomate in Arabidopsis
thaliana (3imons e al., 1999},

In this study the cyanide produsing rhizobacterium
Prevdomonas fuoreseens TS was selected for biocontmol
of Fusarim will under greenhouse conditions and studied
further. The objectives were to determine whether
cyanogenic volatile metabolites produced by this hacieria
i1} eould reduce Fusariam spore germination and mycclial
growth; (2) could induce changes in the activities of
pathogenesis-related (PR) proteins in plants; (3) could
alter microbial densities in soils.

Materials and methnds

HCN production in vitre, Pseudasonas fluorescens T58
was cultured in 150 m] Tryptic Sov Beoth (TSB)amended
with 4.4 g glycine per litre (called TSG) while shaking at
LO0 spim at 23 + 2°C. To monitor production of HCN, the
culture flasks were tightly sealed with parafilm and the
volatile metabalites genersted were delivered continuously
through a | cm diameter plastic tube into 5 ml picric acid
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solotion contained in another sealed flask, The
absorbamee of the picric acid solubon was checked ot
regalar intervals at 480 mm {Alsteiio: and Barms, 1984).

Effect on Fusarium spare and mycelia growth. The
bacterin weare cullared in TSRO as described above and
allowed to grow for 24 h. In a separate flask Furariam
spore suspension was inoculated into potato dextrose
broth (FDEB). The volatiles generated by bacterial culiure
were delivered through a | cm diameter tube ino the
Fugarivm culiere so that the volatile metaboliies produced
by the bactersa would sahurate the environment in which
the Fusarium spores were germinating (MNejad and
Johmson, 20040 The joined flaks were placed on a shaker
at 100 rpm.  Spore germination was checked wnder
microscope at 12, 34 and 30 ke, After 5 days of growth the
fungal sultares were filtered using cheasscloth and the
dryweight of the mycelia detarmined.

The =ffact of volatile metabolies: oa Foraricm tlhh:m'_\'
growth mate was determined on solid PDA medium, P
Mucrezcens T58 was streaked on TSG in one petriplate
arud allowed to grow for 24 h. In & separate plate 2 3 mm
tarneter Fusmriion mycelia plag was placed at the centre
of PDA mediem, The plate inoculated with bacteria was
covered with the al&te comtaining Fusarium, both plates
were sealed tightly together with parafilm so that bacteria-
ermitied volatles would sarorate the environment i which
the Frrarivm myuvelia wos growing, Feor replicass plabes
were nsad and mycelial radial growth was checked daily
far up to seven days,

Effect on pathopenesis=related proteing. Tomate ssds
v Bheintands Ruhm were germinated in organic substrate
and transplanted {0 Morashige and Skong nutrient
olation after three weeks growth, Plants were placed in
alass tubes of 2.5 cen diameter and 5.5 om deep, Seven
days after transferzing, the plants were exposed to bacteral
volatle metabolises by connecting 8 pipe from the flask
with bacteria coltuse to the glass tube where plants were
prowing. The end of the tube was dipped in the M3
nutrient solution near the plant roots. The plants being
traated wese kept in a climatic chamberat 23+ 2 °Card a
12112 hlight { darkness eycle. After every 3 days, fresh 2
itxy-ald bacterial eubtures replaced the old opes. To ensare
n comsiazt level of metabolite In the reoat environmend, the
wvolume of M5 nutrient solution was mainizined &t a
constant 5 ml level. The effect of bacterial volatiles was
comipared to that of cyanide volatslized from 0.5 and | mbd
MaCH (Sipma-Aldrich}. Control plants were grown n WS
solution without amy ather treatment. Three plants wers
snmpled after 1 and 7 days of exposure and tissues
progessed to extrace and quantify the activity of the PR-
prateins chitinase, -1 3-glucanase and peroxidase ns
degeribed by Reftz et al. {2001),

Effect oa populations of soil microsrganisms. The inirial
popilation density of resident bacterin and fongi in sn
CIganks peant propagation substrabe was determined. The
sebstrate was then exposed to bacterizl volatile

melabialiles, delivered to 10g of weited substrate by F'guttEﬁd:fmmua-rmmgmﬁrﬂbﬁdﬁﬂ‘I
cempecting a pipe to bacteria cultures growing in brothas  spoves afler 12 2nd 24h Bars Indicate standard devialion.
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described abave, The papulation density and growth rate
of microorganisms in the substrates was determined aftes
1, & and 7 days of expesare.

Results

Spore permination. Without the volatiles most af the
spares germinated within the first 12 h and proceedad o
grow imto dense mycelial mats, Exposune to cyunogeme
volstiles significantly slowed down germination of comidss
with almogt $0% of the conidia failing to germinate in fhe
ditial 1 2 BFig, 1) Germirtion of spores that were exposes
o cyanide volatilised fron | mbd WO was significantiy
reduced.

Myeelia growih. Afier 5 days growth inliquid medium i
dry mycelial weight for culnres exposed to bactersd
volatiles was recduced, bot not significantly, whes
compared b culturss that had nod been B:Hpﬁbbﬂ
volatiles, There was almost re growth om culbures det
were exposed 1o cyanide from | mM MaCHN. On 5o
medivm the radial growth of Furgrivme mycelis was
redivced by volatile metabolites, bat mmpcalin growing un
exposare did not develop the pink pigment chs st
of the Fusarium isolabs,

Activity of FR-protins. Guaijakol perooidase nctivies
increased slpnificantly in the stems of treated plamts
1. Chitinage activity was only nominally increased wh
G- 1,3-glucanass activity was not affectsd.

Microbkal populstion densities in plant growth snbstrais.
Expasing organic plant growth subsirate to hactenal
volatibes for 4 days cased a significant reduction &=
bacterial densities, but fungal densitics were nof
significantly reduced after expoatig subatrate tovolat
for L4 or 7 days (Fig. 2A, B).

DMiscussion
Besults indicated hat antibicsis was not n mechan

biccentrod of the bacterial velatiles since they failed
inbibdt Figarium growth, However, the lack af
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i the fungus, With the higher concentrations of eyanide
Fom ImM MaCN growth of spores and mycelia was almost
Antally inhikited. This could indicate that cyanide content
rhr, hacterial volatiles in little amount and insufficient to
r o Furewiutn growth, Altematively, it could be that
Jm‘arwnr has a way to overcome the effect of cyanide
“when at low concentration. Some fungl inchidmg some
Faesuriven can detoxify cyanide by producing the enzyme
svanide hydratase (Knowles, 1988).
The increaze in peroxidase activity on treated plants
u:ruld have implications for biocentral because this enecyme
&5 invelved in synthesis of lignin and suberin, both of
which are defense barriers often found in resistant cultivars
(Brdbey ef af, 1992). Peroxidases are also involved in
regulation of phenol exidation and in generation of free
radical intermediates that are loxie fo plant pathogens.
The increase in peroxidase activity after exposure to
“bacterial volatiles was in the same magnitude to the
increase triggered by expasing plans to cyanide volatilised
Mo | ol NatCN, which confirms 2 direct role for cyanide
in inducing this reaction.
Antonn ef o (1998) suggested the possibility that
biocontrol agents cold affect the balance of
mcroorzamsms in the rhizosphere or on the phylloplane.
i thus study fungal populations were redaced more than
bacteria when substrates were exposed 1o valatiles. Sueh
& change i microbinl populations could be enhanced and

Log 10 cfu {fung) g-1
subslrale

M=ans followsd By difierent btiars alon the columns ane sipnficanty diffarant acconding i Flsner's least sionificant diflerence fesi P < 005,
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s 2 Effect of valate compsunds am Pesudntanas fusraseens T58 and 1 mid NaCH on beclirial densifies (A), Eingal denstes (B} in
house pland growdh subsirsie. Corml was urirealed substzete, (0= 4). Bars indicale standard dewistion.

explpited for Mecontrel if it favours increase of erganisms
that compete well against plant pathogens,

The results of this study showed that bactenal -emitted
volatile metabolites have potential to contribute to
hiseontral in various wavs. However, under natural
eonditions production of velatiles by bacteria may not be
sufficient 1o kave an impact, 1t has been suggested that
production of cyanogenic valatiles could be promoted by
applying amendments 1o soil such-as glycine rich
suhstrates that faver synthesis of volatile cyanogenic
metabolites by bacteria (Alstridm and Burns, 198%). More
studies should be camied out to find other suitable
amendments. Studies should also be done on volatiles
from non-cyvanogenic bacteria, which may also have
antimicrobial potential, but have so far not been studied
well.
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