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cis-9-Heptadecenoic acid (CHDA), an antifungal fatty acid produced by the biocontrol agent Pseudozyma
flocculosa, was studied for its effects on growth and/or spore germination in fungi. Inhibition of growth and/or
germination varied considerably and revealed CHDA sensitivity groups within tested fungi. Analysis of lipid
composition in these fungi demonstrated that sensitivity was related primarily to a low intrinsic sterol content
and that a high level of unsaturation of phospholipid fatty acids was not as involved as hypothesized previously.
Our data indicate that CHDA does not act directly with membrane sterols, nor is it utilized or otherwise
modified in fungi. A structural mechanism of CHDA, consistent with the other related antifungal fatty acids
produced by P. flocculosa, is proposed in light of its activity and specificity. The probable molecular events
implicated in the sensitivity of fungi to CHDA are (i) partitioning of CHDA into fungal membranes; (ii) a
variable elevation in fluidity dependent on the buffering capability (sterol content) in fungi; and (iii) higher
membrane disorder causing conformational changes in membrane proteins, increased membrane permeability

and, eventually, cytoplasmic disintegration.

Pseudozyma flocculosa (Traquair, Shaw, et Jarvis) Boekhout
et Traquair (= Sporothrix flocculosa Traquair, Shaw, et Jarvis)
(8) is a yeast-like fungus with biocontrol properties against
powdery mildew fungi (3, 14, 15, 20). Cytochemical observa-
tions revealed that it induces a rapid collapse of powdery
mildew conidial chains and a cytoplasmic disintegration of the
cells (16) through the production of unusual extracellular fatty
acids with antifungal properties (1, 4, 11). These antifungal
fatty acids cause the release of intracellular ions and proteins
when in contact with sensitive fungi (16), suggesting that they
disrupt properties and functions of the cytoplasmic membrane.
Benyagoub et al. (5) hypothesized that this fungal sensitivity
was related to a low sterol content and to a high degree of
unsaturation of phospholipid fatty acids in fungal membranes,
factors which increase membrane fluidity. Indeed, they showed
that the antifungal fatty acids caused a dose-dependent eleva-
tion in fluidity in artificial membranes constructed from the
total lipids of the sensitive fungus Cladosporium cucumerinum
Ellis et Arth, whereas artificial membranes made with lipids of
P. flocculosa demonstrated no changes in fluidity (5).

In general, elevated fluidity is known to cause disorder, i.e.,
a higher degree of mobility of phospholipid acyl chains in the
membrane bilayer. This alteration in acyl chain packing can
result in changes in membrane dynamics which would affect
the activity of membrane-bound proteins (12). Since toxic fatty
acids, in general, seem to interfere with multiple, apparently
unrelated membrane enzymes (13), it has been proposed that
the interaction between the fatty acids and cellular enzymes in
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sensitive fungi is indirect and nonspecific (19). However, to our
knowledge, there are no documented cases which propose a
specific mode of action of unusual fatty acids in living cells and
explicitly discuss the differential response of cells to these com-
pounds.

It has been suggested that free fatty acids alter membrane
fluidity either by (i) partitioning into the lipid bilayer of cells
(27) or by (ii) inclusion into fatty acyl chains of membrane
phospholipids (13); toxic molecules containing double bonds,
such as P. flocculosa antifungal fatty acids, may also act by
causing changes in permeability towards low-molecular-weight
substances (18) by (iii) binding to or altering membrane sterols
(10, 26). In this study, these three hypotheses were tested using
the free fatty acid cis-9-heptadecenoic acid (CHDA) produced
by P. flocculosa to treat a range of fungi. To this end, our
objectives were (i) to localize CHDA in the membranes of
growing fungi exposed to a sublethal dose of this compound;
(ii) to analyze its corresponding effect on fungal growth; (iii) to
quantify cellular sterols and phospholipid fatty acid unsatura-
tion for a number of fungi; and (iv) to determine a possible link
between intrinsic membrane components in fungi and sensitiv-
ity to CHDA.

MATERIALS AND METHODS

Fungal material. Botrytis cinerea Pers.:Fr., C. cucumerinum, Idriella bolleyi
(Sprague) Arx (= Micodochium bolleyi [Sprague] de Hoog et Hermanides-Ni-
jhof), Phytophthora infestans (Mont.) de Bary, Pseudozyma rugulosa (Traquair,
Shaw, et Jarvis) Boekhout et Traquair (= Sporothrix rugulosa Traquair, Shaw, et
Jarvis), and Pythium aphanidermatum (Edson) Fitzp. were maintained on potato
dextrose agar. Sphaerotheca fuliginea (Schlechtend.:Fr.) Pollacci, a biotrophic
fungus unable to grow on artificial media, was maintained on long English
cucumber plants (Cucumis sativus L. cv. Corona).

Synthesis of CHDA. CHDA was synthesized as previously described (1) and
stored at —24°C in crystalline form.

Effects of CHDA on fungal growth and spore germination. For assessment of
fungal growth inhibition, two agar disks (15 mm) of the fungi under study were
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TABLE 1. Inhibition and lipid analysis (percent dry weight) of selected fungi
% Inhibition of: % Dry wt of ¢
Fungus S/P ratio? A/mol®¢
Growth®? Germination®¢ Total lipids Sterols Phospholipids
P. rugulosa 8.0a 47a 38.7d 72¢ 9.6 cd l4c 09a
L bolleyi 323D 9.0a 36.1d 6.5c¢c 9.1cd 13¢ 1.7¢
C. cucumerinum 46.8 ¢ 60.9b 17.6 b 2.1b 53a 0.7b 1.1b
B. cinerea 475¢ 58.0b 12.1a 32b 7.4 abc 0.8b 1.6¢c
S. fuliginea ND 925¢ 25.6¢ 3.4b 10.8 d 0.6b 1.7¢
P. infestans 64.9d ND 254c¢ 0.0a 8.7 bed 0.0a 09a
P. aphanidermatum 66.8d ND 25.6¢ 0.0a 6.6 ab 0.0a 0.8a

“ Within a column, means with same letter are not significantly different based on Fisher’s protected LSD (P = 0.05). ND, not determined.
® Inhibition expressed as a percentage of the reduction of mycelial dry weight of 3-day-old liquid cultures in the presence of CHDA (0.15 mg/ml) relative to the

untreated control.

¢ Inhibition expressed as a percentage of the reduction of conidial germination following a 24-h incubation period with CHDA (0.15 mg/ml) relative to the untreated

control.

4 Within a column, means with same letter are not significantly different based on Fisher’s protected LSD (P = 0.01).

¢ Ajmol = [% 18:1 + 2(% 18:2) + 3(% 18:3)]/100.

suspended in 100 ml of potato dextrose broth (PDB). CHDA dissolved in N,N-
dimethylformamide (DMF) was added to the broth to give a final concentration
of 0.15 mg/ml, a concentration shown previously to reduce growth of C. cucume-
rinum by approximately 50% on the basis of dry weight (1). An equivalent
concentration of DMF (0.5%) was added to PDB to serve as a control. Growth
was quantified by dry weight measurement following lyophilization after 3 days
of culturing (25°C) on a rotary shaker (150 rpm).

To assess spore germination, fungal spores were suspended in 50 ml of PDB.
CHDA was added as a DMF solution at a concentration of 0.15 mg/ml. DMF
alone (0.5%) served as a control. Percent spore germination was determined
after a 24-h incubation period at 25°C. One hundred spores were assayed for
germination. Spores were considered to have germinated when the length of the
germ tube equaled or exceeded that of the spore itself.

Extraction of lipids. Total lipid extraction was carried out via a modified Bligh
and Dyer method (6). Lyophilized fungal cells from the above-described exper-
iment were suspended in chloroform-methanol-water (100:100:50 ml/g of dry
weight) and homogenized with a Polytron (Kinematica; Brinkman Instruments,
Ontario, Canada) for 1 min on ice. The homogenized solution was protected
from light and extracted for 3 h on a rotary shaker (150 rpm) at 25°C. Solvents
were separated from fungal biomass by filtration (Whatman paper no. 1), and the
extraction procedure was repeated with chloroform-methanol-water (200:100:50
ml/g of dry weight) overnight. The combined extracts were diluted with chloro-
form and water (1:1 by volume), thus partitioning the water-soluble contami-
nants into the aqueous phase. Trace amounts of water were removed by dilution
with benzene. The organic phase was evaporated on a rotary evaporator and
taken to dryness under a stream of nitrogen. The resulting residue constituted
total lipids.

Analysis of lipids. Neutral and polar lipids were separated by acetone precip-
itation as described by Kates (21). Lipid fractions were separated by thin-layer
chromatography on Silica Gel 60 (0.25 mm) using hexane-diethyl ether-acetic
acid (78:20:4 by volume) for neutral lipids and chloroform-acetone-methanol-
acetic acid-water (10:4:2:2:1 by volume) for polar lipids. Neutral lipid classes and
individual polar lipids were visualized by iodine staining and were identified by
comparing R values with authentic standards (Sigma, St. Louis, Mo.).

Fatty acid methyl esters (FAME) were prepared directly from phospholipids
by transesterification using BF;-methanol (14%) for 60 min at 70°C. Individual
FAME were quantified by a gas chromatograph (Model 5890 series IT; Hewlett-
Packard, Mississauga, Ontario, Canada) coupled to a flame-ionization detector
(FID), using a 30-m DB-225 capillary column (J&W Scientific, Rancho Cordova,
Calif.). Peaks were integrated with an HP integrator, model 3392A. The oven
temperature program was as follows: 100°C, 20°C/min to 200°C, held 5 min,
10°C/min to 240°C, held 5 min. H, injector and FID temperatures were 230 and
250°C, respectively. FAME were identified by comparing retention times with
those of authentic standards (Chromatographic Specialties, Brockville, Ontario,
Canada) and quantified by calibration curves of individual compounds. Methyl-
heptadecanoate (17:0) was used as an internal standard. The degree of unsat-
uration (A/mol) was determined as previously described (31), where A/mol =
[%18:1 + 2(% 18:2) + 3(% 18:3)]/100.

Sterols were obtained by alkaline hydrolysis of neutral lipids using 1 ml of
KOH (33% wt/vol) in 10 ml of ethanol (95%) for 2 h at 90°C (5). The unsa-
ponifiable fraction containing sterols was obtained by washing the hydrolysate

with hexane. The hydrolysate was then brought to pH 1 to 2 with HCI (6 M), and
the saponifiable fraction, containing the free fatty acids, was obtained by washing
with hexane.

Total sterols were quantified by gas chromatography using a method proposed
by Rangel et al. (28), with the following modifications. The oven temperature
program was 100°C, held 2 min, 20°C/min to 200°C, held 1 min, 10°C/min to
300°C, held 5 min. He injector and detector temperatures were 290 and 300°C,
respectively. Peaks were integrated with ChemStation software (Hewlett-Pack-
ard). Using this method, it was possible to separate C,;, C,g, and C,g sterols. C,,
and C,g sterols were identified by analyzing mass spectrum data and comparing
retention times with those for cholesterol and ergosterol, respectively. Sterol
classes were quantified using calibration curves of cholesterol and ergosterol. 5,
24[28]-stigmastadien-3p-ol (C,y) was used as an internal standard and was not
present in any of the fungi. The sterol/phospholipid (S/P) molar ratio was de-
termined using an average molecular weight of 725 for phospholipids (P), 386 for
cholestane (C,,) derivatives, and 396 for ergostane (C,g) derivatives as follows:
S/P molar ratio = (C,,/386 + C,5/396)/(P/725).

Evolution of phospholipid unsaturation. . bolleyi and P. aphanidermatum
were subjected to further analyses of phospholipid unsaturation in the presence
and absence of CHDA. Two agar disks (15 mm each) of fungal mycelia were
suspended in 100 ml of PDB. CHDA was amended to the broth at a final
concentration of 0.15 mg/ml in 0.5% DMF. DMF alone (0.5%) was added to the
culture media to serve as a control. Growth was quantified daily over a 7-day
culture period (25°C) on a rotary shaker (150 rpm) by dry-weight measurement
following lyophilization. Growth curves were plotted, and phospholipid unsat-
uration of some samples was analyzed based on their growth stage (early and
mid-logarithmic, early stationary, and stationary growth phases). A/mol values of
fungi were calculated as described above.

Analysis of CHDA. Following incubation of fungi with CHDA and extraction
of lipids from both the fungal mass and the culture medium, free fatty acids and
phospholipid fatty acids were analyzed for the presence of CHDA. FAME were
prepared from both fatty acid fractions with BF;-methanol (14%) and were gas
chromatographed as described above. CHDA methyl ester was identified by
comparing the retention time with the synthetic standard and quantified by
calibration curve.

Statistical analysis. All experiments consisted of two replicates of each fungus
and were repeated three times. Analysis of variance was performed, and Fisher’s
protected least significant difference (LSD) was used as a mean separation test.

RESULTS

General effects of CHDA on fungi. CHDA exhibited activity
against all tested fungi, although the degree of sensitivity var-
ied considerably. For the concentration used in this study (0.15
mg/ml), growth inhibition was significantly higher for P. infes-
tans and P. aphanidermatum than for the other fungi (Table 1).
Mycelial growth was significantly more inhibited for B. cinerea
and C. cucumerinum than for I. bolleyi. P. rugulosa had only
minimal growth inhibition. Inhibition of conidial germination
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was nearly complete for S. fuliginea, elevated for B. cinerea and
C. cucumerinum, and minimal for I. bolleyi and P. rugulosa
(Table 1).

Total lipid composition. Quantitative analysis of total lipids
indicated that I. bolleyi and P. rugulosa had a significantly
higher intrinsic lipid content than did the other five fungi
(Table 1). P. infestans, P. aphanidermatum, and S. fuliginea had
comparable lipid content, whereas C. cucumerinum had lower
levels of total lipids. B. cinerea had the lowest lipid content of
all fungi tested. I bolleyi and P. rugulosa also had the highest
proportion of total sterols, whereas B. cinerea, C. cucumeri-
num, and S. fuliginea had statistically similar content (Table 1).
P. infestans and P. aphanidermatum contained no sterols. Thin-
layer chromatography analysis revealed that phospholipids
were the most abundant polar lipids in all fungi. Phospholipid
contents varied twofold between the highest (S. fuliginea) and
lowest (C. cucumerinum) values of tested fungi. The S/P molar
ratio was significantly higher in 1. bolleyi and P. rugulosa than in
B. cinerea, C. cucumerinum and S. fuliginea. Because sterols
were not detected in P. infestans and P. aphanidermatum, the
S/P molar ratio was 0.0 (Table 1).

Phospholipid fatty acid composition. For all tested fungal
controls, palmitic acid (16:0) was the most prevalent saturated
phospholipid fatty acid. The most quantitatively important un-
saturated fatty acids were oleic acid (18:1) for P. infestans and
P. rugulosa, linoleic acid (18:2) for B. cinerea, C. cucumerinum,
L bolleyi, and P. aphanidermatum, and linolenic acid (18:3) for
S. fuliginea. Overall, B. cinerea, I. bolleyi, and S. fuliginea had a
significantly higher degree of fatty acid unsaturation due to
their high proportions of linoleic or linolenic acids. C. cucume-
rinum had an intermediately high A/mol value, whereas P.
infestans, P. rugulosa, and P. aphanidermatum had lower values
(Table 1). Among fungi treated with CHDA, the A/mol value
remained unchanged for I. bolleyi and P. rugulosa but was
significantly higher than that for the controls (P = 0.05) for B.
cinerea (1.9 versus 1.6), C. cucumerinum (1.5 versus 1.1), P.
infestans (1.2 versus 0.9), and P. aphanidermatum (0.9 versus
0.8). Only for S. fuliginea was the A/mol value significantly
lower (1.3 versus 1.7) than for the controls (P = 0.05).

Evolution of phospholipid fatty acid unsaturation. For L
bolleyi and P. aphanidermatum, the degree of fatty acid unsat-
uration evolved as a function of the growth stage (Table 2). For
1. bolleyi, both mycelial controls and mycelia treated with
CHDA entered different growth phases after equivalent cul-
ture periods. For I. bolleyi, there was no difference in the A/mol
value between treatments at any growth phase. However, in
the presence of CHDA, growth of P. aphanidermatum lagged
behind that of the control. Thus, after 3 days of incubation, the
P. aphanidermatum control had entered early stationary
growth phase, whereas the CHDA-treated mycelia were in
mid-logarithmic phase. At day 4, the CHDA-treated fungus
was in early stationary phase when the control was well into its
stationary growth phase. The A/mol value varied accordingly
with the growth phase of P. aphanidermatum. A/mol was higher
in mid-logarithmic phase than in early stationary growth
phases at day 3. Also, the stationary growth phase was associ-
ated with a lower A/mol value than the early stationary phase
at day 4.

Analysis of CHDA. CHDA was not detected in the culture
medium or in the phospholipids of any fungus. However,
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TABLE 2. Evolution of growth phase and phospholipid fatty acid
unsaturation of selected fungi in the absence (control) and presence
(treated) of a sublethal dose of CHDA

Growth period  Treatment  Growth

Fungus (days) group phase” Afmol<
L bolleyi 2 Control EL 1.7
Treated EL 1.7
3 Control ML 1.6
Treated ML 1.7
4 Control ML 1.6
Treated ML 1.7
6 Control ES 1.6
Treated ES 1.6
P. aphanidermatum 2 Control EL 0.9
Treated EL 0.9
3 Control ES 0.8
Treated ML 1.0
4 Control S 0.8
Treated ES 0.9
7 Control S 0.8
Treated S 0.9

“ EL, early logarithmic phase; ML, mid-logarithmic phase; ES, early stationary
phase; S, stationary phase.

> A/mol = [% 18:1 + 2(% 18:2) + 3(% 18:3)]/100.

¢ Within control and treated fungi at the same growth period, * = significantly
different at P = 0.05; #+ = significantly different at P = 0.01.

CHDA was found in the free fatty acids in quantities consistent
with the dose of application (P = 0.05) for all fungi.

DISCUSSION

P. flocculosa produces antifungal fatty acids known to affect
the mycelial growth and conidial germination of fungi (2, 5,
17). Thus, understanding the mode and site of action of these
antifungal fatty acids is of major importance in the develop-
ment of P. flocculosa as a biocontrol agent. The sensitivity of
fungi to these antifungal fatty acids was recently hypothesized
to be linked to low sterol content and a high degree of phos-
pholipid fatty acid unsaturation, factors which contribute to an
elevated membrane fluidity (5). Here, we have tested a range
of fungi differing in their specific lipid composition and their
sensitivity to the antifungal fatty acids and have monitored
CHDA, one of the antifungal fatty acids, in fungal membranes.
This has allowed us to present new evidence on the relative
sensitivities of fungi to this compound and provide insight into
its specific mode of action.

L bolleyi and P. rugulosa, the fungi most resistant to CHDA,
had markedly higher sterol content than all the other fungi,
while both P. infestans and P. aphanidermatum, the most sen-
sitive fungi, lacked sterols altogether. These data support the
concept (5) that a low proportion of sterols is linked to higher
sensitivity to P. flocculosa antifungal fatty acids. These results
were expected because sterols are known to buffer stress-in-
duced modifications in membrane fluidity (7), thus protecting
the fungus in the presence of potentially disruptive toxic fatty
acids. This is of particular importance in the context of the use
of P. flocculosa as a biocontrol agent for S. fuliginea, the patho-
gen that causes powdery mildew of cucumber. Indeed, the low
sterol content in S. fuliginea relates well not only to its CHDA
sensitivity but also to the effective biocontrol of cucumber
powdery mildew by P. flocculosa.
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FIG 1. Proposed model of activity of CHDA, an antifungal com-
pound produced by P. flocculosa. (A) Susceptible fungi. CHDA par-
titions into the hydrophobic region of fungal membranes, producing
significant changes in the packing of lipid molecules by inducing dis-
order in neighboring acyl chains due to its high motional freedom. The
resulting change in membrane dynamics would affect the activity of
membrane-bound proteins. These effects result in alteration of mem-
brane potentials which leads to its collapse, as reported for susceptible
fungi exposed to P. flocculosa (17). (B) Resistant fungi. Sterols buffer
stress-induced fluctuations in membrane fluidity by ordering fatty acyl
chains. This would maintain more optimal activity of membrane-bound
enzymes and proteins by minimizing the impact of the CHDA-induced
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The degree of phospholipid unsaturation did not correlate
with the sensitivity of the fungi to CHDA. These results sug-
gest that an elevated degree of phospholipid unsaturation is
not as closely involved in sensitivity as was suggested previously
(5). To address more deeply the involvement of phospholipid
fatty acid unsaturation in CHDA-mediated events, untreated
fungi were compared with those cultured in the presence of
CHDA. For the most CHDA-resistant fungi, P. rugulosa and I.
bolleyi, there was no change in the degree of unsaturation
between treated and control mycelia, but sensitive fungi, with
the exception of S. fuliginea, demonstrated a surprising eleva-
tion in the A/mol value. When a stress-induced elevation in
membrane fluidity occurs, cells are expected to compensate by
lowering their phospholipid unsaturation to maintain optimal
membrane fluidity for growth (25). Results from I bolleyi and
P. aphanidermatum revealed that this elevation in the degree of
phospholipid fatty acid unsaturation does not seem to be an
adaptive response to the toxic effect of CHDA but rather a
consequence of growth lag in sensitive fungi. Indeed, slower
growth of sensitive fungi in the CHDA treatment led to sam-
pling of these fungi in their most active phase (log phase),
where a higher degree of fluidity is necessary. Other results
(23, 30, 31) have demonstrated conclusively that cells need a
higher degree of fluidity for such biological processes as ger-
mination and growth. This also explains why S. fuliginea spores
treated with CHDA, which did not germinate, had a lower
level of phospholipid fatty acid unsaturation than the germi-
nated spores in the untreated controls.

Our results clearly indicate that sterols are not the targets of
CHDA, since P. infestans and P. aphanidermatum, which do
not contain or produce sterols, were very sensitive to CHDA.
If sterols were the active sites of CHDA, these fungi would be
unaffected by the treatment.

At the dose used in this study, CHDA was not retrieved from
the media in which fungi had been cultured, indicating its
uptake or insertion into fungal cells. When fungal lipid frac-
tions were analyzed, CHDA was never present in the fatty acyl
chains of phospholipids. This indicates that modification or
utilization of CHDA in fungi is not involved in its toxicity.
Moreover, CHDA was completely recovered from the free
fatty acid fraction of fungi, indicating that CHDA is present in
free form in fungal membranes. As described previously (22,
27), fatty acids, in general, are known to freely partition into
membranes. Previous reports indicate that cis-unsaturated
fatty acids induce disorder in neighboring acyl chains due to
their bulkiness caused by the high motional freedom at a cer-
tain distance from the carboxyl group (24, 29). The cis double
bond produces a fixed kink or bend in the fatty acid. Rotation
of the molecule causes disorder in the neighboring membrane
acyl chains, thus causing an elevation in membrane fluidity (9).
Nonspecific changes in physical characteristics of the bilayer

disordering effect. Minimal membrane alterations are induced, and
resistant fungi can overcome this stress, as observed with 1. bolleyi (2).
This model is consistent with the activity of the other related antifungal
fatty acids produced by P. flocculosa, namely 6-methyl-9-heptadece-
noic acid, whereby its methyl branch would cause an even greater
disturbance in the lipid environment which would explain its greater
activity in vitro (1, 5).



960 AVIS AND BELANGER

could therefore induce conformational changes in membrane
proteins and thereby alter their normal function (12, 13).
These results also explain the higher levels of activity of other
P. flocculosa antifungal fatty acids (4) which possess additional
methyl branch structures capable of disrupting membrane
chain packing by occupying a larger cross-sectional area in the
membrane bilayer (24).

Overall, our data and those of previous reports (5, 17) are
best explained by a model in which the lipid bilayers of fungal
membranes are the primary target of the action of CHDA and
the other closely related fatty acids produced by P. flocculosa
(Fig. 1). At the molecular level, current data suggest that a
sublethal dose of CHDA would readily partition into fungal
membranes. It is not modified or otherwise utilized but causes
an elevation in membrane fluidity in its free form. Fungi with
a high sterol content can buffer the stress-induced elevation in
fluidity and can grow at their maximal rate (7). By contrast,
fungi containing little or no sterol cannot deal as well with the
presence of CHDA, and the ensuing loss of membrane integ-
rity retards their growth rate. At higher doses of CHDA, the
greater elevation in fluidity (higher disorganization) (5) would
cause changes in membrane permeability. This would cause
the release of intracellular electrolytes and of proteins (17)
and, eventually, cytoplasmic disintegration (16) of mycelia and
spores.

This study, in which living fungal cells were used as model
membranes, is the first, to our knowledge, to propose a specific
mode of action for unusual fatty acids and the molecular events
involved in their toxicity. This is of great relevance in under-
standing the basis of the antagonistic effect of P. flocculosa on
S. fuliginea, one of the targeted pathogens for use of the bio-
control agent. This study gives greater insight into the means
by which P. flocculosa protects its habitat on the leaf surface
and thus how it is able to exert its biocontrol activity against
powdery mildew fungi, such as S. fuliginea, with which it shares
its ecological niche.
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