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The in vitro anti-fungal activity of hydroxylated fatty acids obtained from microbial conversion by
Psuedomonas aeruginosa PR3 using ricinoleic acid (RA), eicosadienoic acid (EDA) and conjugated
linoleic acid (CLA) as substrates, was investigated. Bioconverted hydroxylated fatty acids showed
different anti-fungal activities potentials against the range of phytopathogenic fungi such as Borrytis
cinerea, Rhizoctonia solani, Fusarium oxysporum, Sclerotonia sclerotiorum, Colletotricum capsici, Fusarium
solani and Phytophthora capsici. RA and EDA showed up to 50% fungal mycelial inhibition at the
concentration of 5/ m/". RA, EDA and CLA also exhibited anti-fungal activities with minimum
inhibitory concentration (MIC), ranging from 500 to 1000 g m/™, Screening was also carried out using
varied concentrations of bioconverted RA and EDA for determining the anti-fungal effect on the spore
germination of different fungi. Bioconverted RA and EDA showed a considerable degree of spore
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germination inhibition.
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Hydroxy fatty acids are known to be produced in nature
mainly from plant systems. The hydroxyl group on fatty acid
is well known to give some kinds of special properties, such
as higher viscosity and reactivity compared with other normal
fatty acids; hence, the hydroxy fatty acids are used in a wide
range of industrial products.” These products include resins,
waxes, nylons, plastics, lubricants, cosmetics, and additives in
coatings and paintings.” Among those, unsaturated fatty acids
used for the microbial production of hydroxy fatty acids such
as oleic, linoleic and linolenic acids were well studied as
substrates to produce mono-, di-, and tri-hydrorxy fatty acids.

The bioconversion reactions by Pseudomonas aeruginosa
PR3 have been cited extensively among the microbial systems
that produce mono-, di- and tri-hydroxy fatty acid derivatives
from unsaturated fatty acids.”® Strain PR3, isolated from a
wastewater stream on a pig farm in Morton, Illinois, was
found to convert oleic acid to a novel compound, 7,10-
dihydroxy-8(£)-octadecenoic acid and to convert ricinoleic
acid to a novel compound, 7,10,12-trihydroxy-8(£)-octadecenoic
acid. Conjugated linoleic acid is a group of polyunsaturated
fatty acids found in ruminant fats and is said to be composed
of at least of eight kinds of isomers.*'” Eicosadienoic acid is a
newly invented group of polyunsaturated fatty acids. Ricinoleic
acid is readily available from castor oil and would be a
practical substrate for microbial conjugated linoleic acid
production.'’
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In this paper, we report the anti-fungal activity and industrial
potential of hydroxylated ricinoleic acid, eicosadienoic acid and
conjugated linoleic acid produced by P. aeruginosa PR3 strain
by determining mycelia inhibition, minimum inhibitory
concentration values and the effect of spore germination
against the range of plant pathogenic fungi.

Materials and Methods

Chemicals. Ricinoleic acid, conjugated linoleic acid and
eicosadienoic acid were purchased from Cayman Chemical
Co. (Denver, CO, USA). The purity of substrate fatty acids
was over 95%.

Microorganisms. Pseudomonas aeruginosa PR3, kindly
provided by Dr. Hou from USDA/ARS/NCAUR, was grown
at 28°C aerobically at 200 rpm on screening medium (SM)
containing per liter 4 g dextrose, 2 g K,HPO,, 2 g (NH,),HPO,,
1 g NH,NO,, 0.5 g yeast extract, 0.014 g ZnSO,, 0.01 g FeSO,
- 7H,0 and 0.01 g MnSO, - 7H,0.

The fungi tested were obtained from the Korean Agricultural
Culture Collection (KACC) (Suwon, Korea). Cultures of each
fungal species were maintained on potato-dextrose-agar
(PDA) slants and stored at 4. The fungal species used in the
experiment were Botrytis cinerea (KACC40573), Rhizoctonia
solani (KACCA40111), Fusarium oxysporum (KACC41083),
Sclerotonia  sclerotiorum (KACC41065), Colletotricum
capsici (KACC410978), Fusarium solani (KACC41092) and
Phytophthora capsici (KACC40157).

Bioconversion. Bioconversion reactions were carried out in
50 m/ of standard medium containing (per /) 4 g dextrose, 2 g
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K,HPO,, 2 g (NH,),HPO,, 1 g NH,NO,, 0.5 g yeast extract,
0.014 g ZnSO,, 0.01 g FeSO, - 7H,0 and 0.01 g MnSO, -
7H,0."” Ricinoleic acid, conjugated linoleic acid and
eicosadienoic acid (0.5 g) as substrates were each added to a
24 h old cultures, followed by continued incubation for an
additional 72 h, and subsequently shaken continuously at
200 rpm in a Psycro Therm controlled environment shaker
(New Brunswick Scientific, Edison, NJ) for specified
temperature and duration. Bioconversion was allowed to
occur. The culture broths were acidified with 6 N HCI to pH
2.0 followed by immediate extraction twice with an equal
volume of ethyl acetate and diethyl ether (1:1, v/v). The
solvents were evaporated from the combined extract with a
rotary evaporator and the oil extracts of RA, EDA and CLA
were obtained with the yield of 95%.

Preparation of spore suspension and test samples. The
spore suspension of B. cinerea, F. oxysporum, S. sclerotiorum,
C. capsici, F solani, and P. capsici were obtained from their
respective 10 days old cultures and mixed with sterile distilled
water to obtain a homogenous spore suspension of 1 x 10°
spore m/ ™.

Bioconverted RA, EDA and CLA were dissolved in 5%
DMSO separately to prepare the stock solution, which was
further diluted to prepare test samples where the final
concentration of DMSO was 0.5% (v/v).

Anti-fungal activity. Petri dishes of 9cm in diameter
containing 20 m/ of PDA medium were used for anti-fungal
activity assay, which was performed in solid media by disc

diffusion method."” Sterile Whatman paper discs of 6 mm

diameter were pierced in the agar plates, equidistant and near
the border, where 5 p/ m/™' oil extracts of RA, EDA and CLA
were used respectively. A disc of fungal inoculum 6 mm in
diameter was removed from a previous culture of B. cinerea,
R. solani, F oxysporum, S. scleritiorum, F. solani, P. capsici,
and C. capsici and placed upside down in the center of the
petri dishes. The plates were incubated at 25 for 5-7 days, the
time period by which the growth of control would have
reached the edges of the plates. Growth of inhibition was
calculated as the percentage of inhibition of radial growth
relative to the control along with anti-fungal effect on fungal
mycelium. The plates were used in three replicates for each

treatment.

Anti-fungal susceptibility test. The minimum inhibitory
concentration (MIC) of bioconverted oil extracts of RA, EDA
and CLA was determined by twofold dilution method against
B. cinerea, F. oxysporum, S. scleritiorum, F. solani, P. capsici
and C. capsici'® Oil samples were dissolved in 5%
dimethylsulfoxide (DMSO). These solutions were serially
diluted with 5% DMSO and were added to PDA to final
concentrations of 0, 62.5, 125, 250, 500, and 1,000 ug m/",
respectively. The spore suspensions of test strains were
inoculated in the test tubes in PDA medium and incubated for
2-7 days at 25°C. The minimum concentration at which no
visible growth was observed was defined as the MIC, which
was expressed in pg m/™'.

Spore germination assay. Five concentrations of each
bioconverted RA and EDA (100, 200, 300, 400 and 500 pg
m/™') and one control 0.5% DMSO with sterile distilled water
were separately tested for spore germination of different
fungi. Aliquots of 10 p/ fixed with lactophenol-cotton blue,
from each mixed with fungal spore obtained from 10 days old
cultures of test fungi, were placed on both chambers of
hemocytometer by carefully touching the edges of cover slip
with the pipette tip, allowed capillary action to fill the
counting chambers in triplicate and observed under the
microscope for spore germination. About 200 spores were
counted and percent spore germination was calculated.

Results and Discussion

The anti-fungal activity of the bioconverted ricinoleic acid,
eicosadienoic acid and conjugated linoleic acid against the
tested plant pathogenic fungi was investigated by disc
diffusion method, minimum inhibitory concentration and
spore germination assay. The crude extracts of bioconverted
ricinoleic, eicosadienoic and conjugated linoleic acids showed
different anti-fungal activity potentials against the tested
fungal strains as shown in Table 1. In solid media,
bioconverted ricinoleic acid exhibited strong anti-fungal effect
against F oxysporum (55%), P. capsici (53%) and F solani
(49%) whereas, bioconverted eicosadienoic acid showed
inhibition against P capsici (49%), B. cinerea (46%) and C.

Table 1. Mycelia growth inhibition of various hydroxylated fatty acids against phytopathogenic fungi

Myecelia growth (mm)

Growth inhibition (%)

Fungal strain

RA*® EDA" CLA® RA*® EDA® CLA®
C. capsici (KACC410978) 23£1.5 22+1.5 44 £0.0 47% 49% nd
F oxysporum (KACC41083) 19+£2.0 23+1.5 44+ 0.0 55% 44% nd
S. sclerotiorum (KACC41065) 44 +0.0 44 +£0.0 44+0.0 nd® nd nd
B. cinerea (KACC40573) 24+£2.0 2320 32+£2.0 44% 46% 25%
R. solani (KACC40111) 44 £0.0 44 £ 0.0 44+£0.0 nd nd nd
F solani (KACC41092) 2+£15 25£1.5 44 £ 0.0 49% 42% nd
P capsici (KACC40157) 20£1.5 22+1.0 24£2.0 53% 49% 44%

*RA, Ricinoleic acid; "EDA, Eicosadienoic acid; ‘CLA, Conjugated linoleic acid

nd means no detection of anti-fungal activity
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Fig. 1. Effect of various concentrations of bioconverted RA
on spore germination of different fungi.
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Fig. 2. Effect of various concentrations of bioconverted EDA
on spore germination of different fungi.

capsici (49%) at the concentration of 5 p/ m/™. Bioconverted
conjugated linoleic acid was found to be slightly susceptible
against two plant pathogenic fungi B. cinerea (25%) and P.
capsici (44%) at 5 w/ ml™' (Table 1).

Minimum inhibitory concentration values against the tested
fungal strains were found to be between the range of 500~
1,000 pg m!™' for bioconverted ricinoleic, eicosadienoic and
conjugated linoleic acids. In liquid medium, bioconverted
ricinoleic acid exhibited strong anti-fungal activity against C.
capsici, P. capsici, S. sclevotiorum and F. solani as compared
to B. cinerea and F. oxysporum. Bioconverted eicosadienoic
acid showed potent inhibitory effect as a minimum inhibitory
concentration (MIC) against S. sclerotiorum (500 pg ml™)
whereas conjugated linoleic acid was found to be less effective
against all the fungal strains tested. These results are broadly
similar to those reported by others for essential oils against
plant pathogenic fungi as Mishra and Dubey reported that the
essential oil of bael leaves exhibited wide range of anti-fungal
activity against certain plant pathogenic fungi at concentrations
ranging from 1000~3000 ppm.'**" Essential oils from different

Table 2. Minimum inhibitory concentrations (MICs) of RA,
EDA and CLA

. MIC (pg ml™)
Fungal strain
RA® EDA®” CLA°
C. capsici (KACC410978) 500 1000 1000

F oxysporum (KACC41083) 1000 1000 1000
S. sclerotiorum (KACC41065) 500 500 1000

B. cinerea (KACC40573) 1000 1000 1000
E solani (KACC41092) 500 1000 1000
P capsici (KACC40157) 500 1000 1000

“RA, Ricinoleic acid; *EDA, Eicosadienoic acid; “CLA, Conjugated
linoleic acid.

sources have been found to exhibit narrow as well as wide
ranges of activities. The results obtained for bioconverted RA
and EDA from the spore germination assay of the test fungi
are shown in Fig. 1 and 2, respectively. A separate control run
simultaneously in the presence of DMSO (0.5% v/v) as it used
in the present study showed that it did not inhibit spore
germination. There was a significant inhibition of fungal spore
germination by different concentrations of bioconverted RA
and EDA. A 100% fungal spore inhibition was observed
against 8. sclerotiorum and P capsici for bioconverted RA
and against the B. cinerea and P. capsici for bioconverted
EDA at the concentration of 500 ug m/™', whereas the rest of
the fungi showed a considerable degree of inhibition in the
range of 45% to 90%.

In this study, we found that there was a potential for anti-
fungal effects of different hydroxylated fatty acids against
different fungal strains in solid media. However, in liquid
media, bioconverted ricinoleic and eicosadienoic acids were
found to be more effective against the tested fungal strains as
compared to bioconverted conjugated linoleic acid (Table 2).
Thus, these are results on the in virro anti-fungal properties of
bioconverted crude extracts using various hydroxylated fatty
acids such as ricinoleic, eicosadienoic and conjugated linoleic
acid produced by a bacterial strain P. aeruginosa PR3 agaist
the tested phytopathogens.

In conclusion, especially, the bioconverted ricinoleic and
eicosadienoic acids can be considered as leading factors in a
wide range of activities against many phytopathogenic fungi,

" causing severe destruction to the agriculture industry in pre-

and post-harvest such as B. cinerea (grey mold rot), F
oxysporum (vascular wilt), S. sclerotiorum (water soaked
spot), F. solani (fruit rot) and P. capsici (fruit rot). As a result,
work on alternative approaches to controlling such pathogens
is important. In view of the continuing need for new,
environmentally benign approaches to disease control, this
research will be valuable. Bioconverted ricinoleic and
eicosadienoic acids may be the alternatives to the currently
used fungicides in controlling plant pathogenic fungi.
Possessing rich sources of bioactive substances, they could
lead to the development of new classes of possibly safer
disease control agents as microbial conversions of fatty acids
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have yielded diverse range of products that are useful
potentially as value added products.” In order to produce the
bioconverted oil extracts of ricinoleic and eicosadienoic acids
in large quantity and to render the bioprocess feasible and
practical, further improvement in the production yield and
process cost is needed. Attempts are being made to isolate the
bioactive novel compounds from these bioconverted
hydroxylated fatty acids responsible for this anti-fungal effect.
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