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Abstract

Yeasts are distributed in all environments and have been reported as potential biocontrol agents
against various phytopathogenic fungi. To investigate their enzymatic and biological activities, 32
yeasts were isolated from 15 date vinegar samples. Evaluation of the antagonistic activities of isolated
yeasts against the plant pathogens Fusarium oxysporium, Sclerotinia sclerotiorum, and Macrophomina
phaseolina indicated that there are two yeasts had the highest inhibitory effect against plant pathogens,
these yeasts identified as Kluyveromyces marxianus and Torulaspora delbrueckii using traditional and
molecular methods. These yeast isolates were tested for fungal cell wall degrading enzymes (in vitro),
and results indicated that the yeasts had strong protease and amylase enzyme activity and moderate
chitinase and cellulase enzyme activity. The antagonistic activities of each yeast were evaluated using
a dual culture technique. The results showed that K. marxianus inhibited the mycelial growth of F.
oxysporium, S. sclerotiorum, and M. phaseolina by 70.5, 57.5, and 75.5%, respectively, whereas T.
delbrueckii inhibited mycelial growth of F. oxysporum, S. sclerotiorum, and M. phaseolina by 55.3%,
66.2%, and 31.11%, respectively. The biofilm production assay indicated that the tested yeast could
form biofilms as a mechanism of antagonistic activity against phytopathogenic fungi.
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INTRODUCTION

Yeasts are widespread organisms in
nature and are often isolated from sugar-rich food;
yeasts can be found on fruit surfaces (berries,
grapes, apples, and peaches), in plant secretions
such as Aloe vera, in the soil, as many of them
are associated with different insects, and are also
found in pickles?. Yeasts distributed in different
environments have been identified as potent
antagonists with inhibitory activity against various
microbial pathogens infecting plants. To prevent
and control plant fungal diseases, chemical
fungicides are widely used, although prolonged
use can lead to the development of resistance to
fungicides by the fungal pathogens?. Yeasts have
been studied as biocides or biocontrol agents,
primarily controlling and inhibiting the growth
of molds that cause fruit rot in the post-harvest
period, as they are excellent competitors for
nutrients and space for growth*>. Several yeast
strains, including Debaryomyces, Pichia, Candida,
Metschnikowia, , Saccharomyces, Kluyveromyces,
Rhodotorula, Torulaspora, and Rhodosporidium®’
have been identified and characterized for
controlling different phytopathogenic molds.
The biological control of plant fungal diseases by
yeasts has been an important area of study due
to the several antagonist characteristics displayed
by yeasts towards fruit and beverage spoilage
microorganisms, with which they compete for
nutrients and space®®. Yeasts secrete enzymes such
as B-glucosidase, cellulase, amylase, protease, and
chitinase that degrade the cellular components
of harmful microorganisms, a common feature
in several types of host-pathogen interactions
and regularly reported in antagonistic yeasts
and implicated in their biocontrol activity!*2.
Some yeasts display host resistance to fungal
pathogens®** and the production of volatile
secondary metabolites (e.g., ethyl acetate, ethanol,
and CO2)%. Other antagonistic mechanisms can be
attributed to decreasing germ tube elongation,
preventing mycelial growth, and suppressing
conidial germination by rapidly colonizing the
plant tissue'®. Species of Torulaspora delbrueckii
are non-Saccharomyces yeasts, often found
in plants, soils, wine, and fermented food¥. T.
delbrueckii is possibly the most appropriate
yeast for winemaking because it has ideal
fermentation characteristics compared with

other winemaking non-Saccharomyces yeasts®®.
Controlled inoculation with T. delbrueckii is widely
recommended to develop the complication and
increase some characteristics of wines®. The
antagonistic activity and production of lethal toxins
by T. delbrueckii isolated from spontaneously
fermenting grape musts and fruits against some
fungal pathogens have been reported in previous
studies®®*?, Kluyveromyces marxianus, obtained
from beer wort and grapes, was first classified as
an yeast belonging to the genus Saccharomyces
and was named Saccharomyces marxianus,
but it has since been transferred to the genus
Kluyveromyces. Since then, approximately 45
species have been classified into this genus. K.
marxianus is well known because it is used in
traditional dairy products, such as fermented
cheese, yogurt kefir, and milk*?>. The biocontrol
efficacy of K. marxianus against Penicillium
digitatum, causing green mold of citrus fruit,
has been reported. The antagonistic activity
of K. marxianus was enhanced by adding 2%
sodium bicarbonate. K. marxianus has been
reported to produce some lethal toxins against
plant pathogens?®. Unfortunately, there are few
studies on the potential antifungal activity of K.
marxianus against plant diseases affecting fruits
and vegetables?. In a previous study, K. marxianus
was identified on the surface of papaya fruit®®. The
present study aimed to evaluate the antagonistic
activity of K. marxianus and T. delbrueckii isolated
from Iraqgi date vinegar against some fungal
pathogens.

MATERIALS AND METHODS
Culturing and fungal isolation

Fifteen samples of Iragi date vinegar were
collected from local markets in Baghdad, Iraq,
from October 1 to November 1, 2018, and the
yeasts were isolated from these samples by direct
isolation using a series of dilution techniques,
according to?. A volume of 0.1 mL of each dilution
was cultured on GPY medium (20 g/L glucose, 10
g/Lyeast extract, and 20 g/L peptone). The pH was
adjusted to 6.0 using 1 M HCl and sterilized via
autoclaving. Solid medium was prepared by adding
15 g/L agar. A pure culture of yeast isolates was
obtained by spreading the growth using a sterile
cotton swab, and then all the Petri dishes were
incubated at 25°C for 72 h. The pure isolates were
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maintained on solid culture medium GPY agar
slants and stored at 4°C for further processing.
Identification of yeast isolates:

Macroscopic and microscopic identification

Microscopic identification of growing
yeast isolates was primarily based on colony
and morphological characteristics. The isolates
were examined under a microscope to observe
their form, ensuring that the growing colonies
were yeasts and not any other microorganisms.
The antagonistic activity test was performed for
all isolated and purified yeasts against fungal
pathogens to identify species with the most
inhibitory and antagonistic activity using molecular
techniques.

Molecular Identification

Molecular identification of the yeasts
was based on the sequencing of the internal
transcribed spacer (ITS1-ITS4) region by the
conserved 5.8S rRNA gene®.

Isolation of genomic DNA from yeast

DNA was extracted from two pure yeast
isolates, displaying antagonist activity when
cultured on YEPD medium, using a Wizard Genomic
DNA Purification kit (Promega Madison, WI, USA)
according to the manufacturer's instructions.
The yeast isolates were cultured on a solid YEPD
medium for 20 h at a temperature of 28°C, and 1
mL of YEPD liquid media was inoculated with yeast
cells in sterile centrifuge tubes and centrifuged at
16,000 x g for 2 min.

Polymerase chain reaction (PCR)

After DNA extraction from yeast cells,
species identification was conducted by amplifying
the 5.8S region using the following primers
according to3%.

ITS1 (5TCCGTAGGTGAACCTGCGG'3), ITS4
(5'TCCTCCGCT TATTGATATGC'3)

The PCR process was performed with a
25ul reaction mixture consisting of 12.5uL of a
Green Master Mix (Promega), 1 uL of 10 pmol/

Table 1. Thermal circulation conditions of the
polymerase chain reaction technique

Time Temperature Stage

4 min 95°C Denaturation
30 sec 55°C Primers annealing
10 min 57°C Extension

pL of each primer, and 2 pL of DNA template.
Then, the volume was completed to 25 pL using
nuclease-free water.

The thermocycling conditions are shown
in Table 1.

The final Elongation cycle is at the same
temperature for 10 min. Then the program will run
at4°C.

Preparation of agarose gel and electrophoresis

The agarose gel was prepared by
dissolving 1 g of agar in 100 mL of TAE solution and
placing it in an electric oven at 100°C, after which
it was left to cool at 55-65°C. Subsequently, 1 uL
of 10 mg/mL, ethidium bromide dye was added
to an electrophoresis tank, the comb was placed
gently and left for cooling and solidification for 30
min. Then, the comb was carefully pulled, and the
tank was the attached to electrophoresis device,
where a buffer was added until the gel in the tank
was covered. Aliquots of five microliters of the
PCR product and the 100-bp DNA Ladder (100-
1500-bp) (Promega-USA) were loaded onto 1.5%
agarose gel, the run with 1x (TAE) Tris-acetate-
EDTA buffer. The device was then covered, turned
on, and ran for 90 min at 100 volt/50 mAmp, and
the gel was subsequently photographed using UV
transilluminator system.

DNA Sequencing

After DNA purity was confirmed and
a sufficient quantity obtained, the product was
sent to (Macrogene Company, South Korea) for
ITS1-ITS4 sequencing (reading the nitrogenous
base sequence making up the DNA) using a 3730xI
DNA analyzer (Thermo Fisher Scientific, Waltham,
MA, USA). The nitrogenous base sequence
obtained was aligned using existing sequences
of isolates and strains of yeast that have been
incorporated into the Global Gene Bank using the
National Center for Biotechnology Information
(NCBI-BLAST) to identify the date vinegar yeast
isolates and determine their similarity with existing
isolates in the World Bank for Genetic Information.
Mega 10 neighbor-joining method was used for
constructing the evolutionary tree of the two yeast
isolates for comparison with those in the NCBI
database.

Fungal Isolates

The antagonistic effect of the isolated

yeasts towards some fungal pathogens was

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Al-Qaysi et al. | J Pure Appl Microbiol | 15(1):300-311 | March 2021 | https://doi.org/10.22207/JPAM.15.1.23

determined for Fusarium oxysporium, Sclerotinia
sclerotiorum, and Macrophomina phaseolina,
identified and classified at the microbiology
laboratories of the University of Baghdad, College
of Science for Women, Department of Biology.
Determination of extracellular enzymatic
activities

The ability of K. marxianus and T.
delbrueckii to produce extracellular hydrolytic
enzymes, essential for biocontrol activity, was
determined by agar plate experiments. In all cases,

10 uL of yeast suspension was inoculated onto
the surface of the center of agar plates containing
media supplemented with specific substrates for
enzymatic activity. A non-inoculated plate was
used as a negative control. All the inoculated
plates were incubated at 25°C, and after 7-10
days of incubation, the expression of extracellular
enzymes was determined.
Cellulase

A specific medium consisting of 5.0 g
carboxymethylcellulose sodium salt (CMC), 10 g

A MT136533.1 Kluyveromyces marxianus isolate OM3

MT136534.1 Kluyveromyces marxianus isolate OM5

MT136538.1 Kluyveromyces marxianus isolate ML9
MT136537.1 Kluyveromyces marxianus isolate ML8
MW131636. 1 Kluyveromyces marxianus (Iraqi Isolates)
MT187614.1 Kluyveromyces marxianus strain Cbm1

MNS85331.1 Kluyveromyces marxianus strain A2

‘ LR738883.1 Kluyveromyces marxianus strain Kw2163/1

‘ LR738882.1 Kluyveromyces marxianus strain Kw1075/18

LR738881.1 Kluyveromyces marxianus strain Kw3169/17

0.50

MW131635. 1 Torulaspora delbrueckii (Iraqi Isolates)

—-‘— MK384138.1 Torulaspora delbrueckii strain CBS 1146

MK267813.1 Torulaspora delbrueckii isolate R96686 ITS

MK268002 1 Torulaspora delbrueckii isolate R96821 ITS

MK267718.1 Torulaspora delbrueckii isolate E22002 ITS

MK268140.1 Torulaspora delbrueckii isolate R97210 ITS

MK267645.1 Torulaspora delbrueckii isolate E21095 ITS

LR723633.1 Torulaspora delbrueckii isolate 5

|
0.00050

LR723629.1 Torulaspora delbrueckii isolate 1

MK268139.1 Torulaspora delbrueckii isolate R97209 ITS

MK267690.1 Torulaspora delbrueckii isolate E21574 ITS

Fig. 1. Phylogenetic tree showing the position of A- K. marxianus among related species of K. marxianus B- T.
delbrueckii among related species of T. delbrueckii from NCBI, as represented by the bootstrap consensus tree
inferred with the neighbor-joining method from 1000 replicates derived from the analysis of 26S rDNA by sequencing
the region ITS1-ITS4. The trees are drawn in scale, with branch length in the same units as those of evolutionary
distance used to infer the phylogenetic tree using MEGA 10.
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yeast extract, 20 g peptone, and 15 g agar was used
to determine cellulase production. The mixture
was dissolved in 1 L of distilled water at pH 5 and
sterilized for 20 min at a temperature of 121°C
using a centrifuge system. The yeast was cultured
at the center of the Petri dish, and after the
incubation period, it was treated with 0.2% (w/v)
Congo red solution. The dye was removed using
distilled water, and the plates were decolorized by
several treatments with 1 M NaCl. The inhibition
zone around the yeast colony in the middle of the
Petri dish indicates the yeast's ability to produce
cellulose®?.
Amylase activity

To investigate the yeasts' ability to
degrade starch, a culture medium (starch agar) was
prepared from the following materials: 2 g yeast
extract, 5 g peptone, 10 g starch, 0.5 g NaCl, 0.5
g Mgs0,, 0.15 g CaCl,, and 20 g agar. The mixture
was dissolved in 1 L of distilled water and sterilized
as described above. After culturing the yeast in
the middle of the Petri dish and incubating it for
two days, the Petri dish was covered with Lugol's
solution (iodine-potassium iodide solution). The
appearance of an inhibition zone around the yeast
colony indicated a positive result®.
Protease activity

The culture medium for the protease
activity assay was prepared using 1 g of yeast
extract, 10 g of skimmed milk, 4 g of peptone,
and 10 g of agar, which were dissolved in 1 L
distilled water and sterilized as described above.
The appearance of an inhibition zone around the
growing yeast colony after two days indicated a
positive result®.
Chitinase activity

A test medium was prepared using 2 g
of NaNO3, 1 g of K.HPO,, 5.0 g of MgSO,, 0.5 g of
KCL, 2 g of peptone, 10 g of colloidal chitin, and 15
g of agar), which were dissolved in 1 L of distilled
water and sterilized as described above. The plates
were incubated for 48 h, and then the plates were
covered with Lugol's solution for three minutes.
The purple area that formed around the colony
indicated a positive result®.
Biocontrol potential of K. marxianus and T.
delbrueckii against some phytopathogenic fungi

In this experiment, K. marxianus and T.
delbrueckii were assessed as biological control
agents in vitro through the dual culture method,

according to®¢. The dual culture method included
the inoculation of the solid PDA medium with
K. marxianus and T. delbrueckii on one side of
a 9-cm Petri dish by streaking the yeast. The
Petri dishes were left for 48 h in an incubator at
25°C. Five-millimeter discs of pathogenic fungal
colonies of . oxysporium, M. phaseolina, and S.
sclerotiorum were placed on the opposite side of
the Petri dish. The Petri dishes were incubated
at 25°C for a period ranging from 7-10 days. The
control treatment consisted of placing a disk of
each type of fungus used in the study in a Petri
dish containing sterile solid PDA medium and
incubated under the conditions described above.
The control treatment was used for comparison
purposes. After incubation, the diameter of fungal
growth was measured for both treatments, this
experiment was conducted in triplicate, and the
rate of growth inhibition was calculated using the
following equation:

Percent growth inhibition (PGI) = KR - RI/
KR x 100 Percentage of inhibition

Where KR represents the distance from
the point of inoculation to the fungal colony
margin in the control treatment, Rl represents the
distance of fungal colony diameter from the point
of inoculation to the yeast colony margin on the
treated Petri dishes.
Biofilm formation assay

To determine the tested yeasts' ability to
form biofilms, the method of Vero et al. 37 was
adopted, with some modifications. K. marxianus
and T. delbrueckii were grown for 24 h at 25°Cin
YEPD medium. Biofilm formation was observed
in pre-sterilized polystyrene, flat-bottom 96-well
microtiter plates (Nunclon, Roskilde, Denmark).
All wells, containing 900 pL YEPD medium, were
inoculated with 100 pL of the grown yeast (108 cells
mL?). Afterward, the well plates were incubated
at 25°C for 48 h with agitation at 100 rpm. A line
of wells was used as the control treatment and
prepared without the yeast inoculum. Each well
was then washed three times with 250 pL of sterile
normal saline (0.9%). The biofilm formed was fixed
by adding 200 pL of methanol for 20 min. The
plates were dried at room temperature. A crystal
violet solution (1% w/v) was used to stain the
adherent biofilm layer at room temperature for
20 min, and the dye was removed from each well
using 95% ethanol. The absorbance was measured
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at 620 nm. Formation was considered positive
when the absorbance mean was higher than that
of the control treatment (negative treatment). The
biofilm formation assay was conducted in six wells
and repeated in triplicate.
Statistical analysis

The data were analyzed using one-way
analysis of variance (ANOVA) in SPSS statistics
software version 22 for windows. For experiments
that had paired comparisons, the unpaired t-test
was used. Significance was set at P < 0.0.5, and

Table 2. The enzymatic activity produced by the yeast
of K. marxianus and T. delbrueckii on solid media
containing the substrate for each enzyme

The enzymatic activity of produced enzymes by yeasts

Protease Chitinase Cellulase Amylase Yeasts

K. marxianus
T. delbrueckii

+++ + + ++
++ + + +

results were expressed as mean +SD of triplicate
measurements.

RESULTS

In the present study, 32 yeast isolates
were obtained from the date vinegar samples.
The antagonistic activity of all isolates was tested
against selected phytopathogenic fungi. The
most effective antagonistic isolates inhibiting
phytopathogenic fungi growth were selected
for molecular identification by sequencing the
5.8S region (ITS1-I1TS4). Two yeast isolates, K.
marxianus and T. delbrueckii, were selected among
the initial 32 isolates using molecular techniques.
After alignment between the ITS1-1TS4 region of
the isolates with those in the NCBI database, the
first isolate had 99% similarity with K. marxianus.
The ITS1-ITS4 sequence for this isolate was
deposited in the NCBI database under accession
number MW131636. Fig. 1A shows the genetic
evolutionary tree of these isolates and similar

A

Fig. 2. lllustrates the ability of T. delbrueckii yeast to produce the enzymes that considered biological control. This
was done by culturing the yeast on the growth medium that contains the substrate that stimulates the production

of the enzyme, which is

A- Production of amylase enzyme by culturing yeast on a medium containing starch as a substance

B- Production of chitinase enzyme by culturing yeast on a medium containing colloidal chitin as the substrate
C- Production of cellulase enzyme by culturing yeast on a medium containing CMC as a substrate.

D- Protease enzyme production by culturing yeast on growth media containing casein.
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isolates of the same genus and species registered
in the NCBI database. The second isolate, identified
as T. delbrueckii, had 99% similarity with the yeast
isolates recorded on the same NCBI position.
The ITS1-ITS4 sequence for this isolate was
deposited in the NCBI database under accession
number MW131635. Fig. 1B shows the genetic
evolutionary tree of this yeast and similar yeasts
registered within this position.
Enzymatic Activity Analysis of K. marxianus and
T. delbrueckii

This experiment was conducted to
determine the ability of K. marxianus and T.
delbrueckii to produce enzymes that degrade the
substances (cellulose, starch, protein, and chitin),
as well as their ability to produce enzymes such
as amylase, chitinase, protease, and cellulose.
Results indicated the ability of K. marxianus and
T. delbrueckii to produce these enzymes on solid
media containing the substance material, as
shown in Table 2. The yeast isolates demonstrated

different levels of enzymatic activity. The K.
marxianus and T. delbrueckii isolates displayed the
ability to produce chitinase enzymes after adding
the selected isolates to the culture medium,
indicated by a color change of the medium from
yellow to purple (Fig. 1). The color change is a
consequence of ketone catabolism to N-acetyl
glucosamine and the concomitant change in pH.
In addition, lysis of the milk protein was observed
within the yeast colony's inhibition zone, indicating
the yeasts' ability to produce protease enzymes.
During the experiment, there was an inhibition
zone around the colony growing in the middle of
the Petri dish containing CMCase. The biological
control mechanisms of yeasts (e.g., oomycetes)
against phytopathogenic fungi take advantage of
the fungi's cell wall constituents such as chitin,
glucan, and glycoproteins as well as cellulosic
materials, which, according to several studies,
they degrade using enzymes such as cellulase®®*,
Fig. 2 shows the yeast production of enzymes that

Table 3. The diameters of the pathogenic fungal colonies and control treatment, as well as the percentage of
inhibition (%) for using K. marxianus yeast as a biological control agent.

pathological The diameter of The diameter of a The percentage
fungi the pathogenic fungi  pathogenic fungi colony of
colony in the control in the presence of inhibition%+SD
treatment / mm yeast / mm
F. oxysporum 85 60 70.5+0.04°
M. phaseolina 80 46 57.5+0.024°
S. sclerotiorum 90 68 75.54£0.07°

Fig. 3. A- The diameter growth of M. Phaseolina with the presence of K. marxianus yeast as a biological control
agent. B- Shows the diameter growth of M. phaseolina without the presence of yeast (control treatment). The Petri
dishes were grown and incubated at 25+2°C using the PDA culture medium for seven days.
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degrade components of phytopathogenic fungi
cell walls. These enzymes are important for the
biological control characteristic of yeasts.

The inhibitory activity of yeasts differs
from one type to another depending on the
environmental conditions in which these yeasts
are present. Yeasts have various mechanisms that
enable them to inhibit similar types of pathogenic
yeasts and fungi, causing disease in humans or
plants, including capturing iron particles and
important nutrients in growth media, production
of lethal toxins, and lytic enzyme secretion.
These mechanisms constitute the yeast's defense
mechanisms and eliminate fungal pathogens;
therefore, yeasts are considered biological control
agents®,

The antagonistic activity of K. marxianus and T.
delbrueckii against some pathogenic plant fungi

The present study was conducted to
determine yeasts' antagonistic inhibitory effects

against three phytopathogenic fungi, F. oxysporum,
M. phaseolina, and S. sclerotiorum using the
dual culture method on solid PDA medium. It is
clear from the outcome that K. marxianus and
T. delbrueckii significantly inhibited the growth
diameter of phytopathogenic fungi. Table 3
shows the inhibitory effect of K. marxianus on the
diameter of fungal growth; the levels of inhibition
were significantly higher than the control (P <
0.05), with percentage of inhibition rates of 70.5,
57.5, and 75.5% for F. oxysporum, M. phaseolina,
and S. sclerotiorum, respectively. Fig. 3 shows the
antagonistic activity of K. marxianus against M.
phaseolina on the solid PDA medium as percentage
of inhibition of the diameter growth of the fungus.

For T. delbrueckii, a decent antagonistic
inhibitory effect against phytopathogenic fungi
was also observed. The rates of inhibition of the
growth diameter of phytopathogenic fungi were
significantly higher than those of the control

T. delbrueckii S. sclerotiorum S. sclerotiorum

Fig. 4. A- Shows the diameter growth of S. sclerotiorum in the presence of T. delbrueckii yeast as a biocontrol
control agent B- Shows the diameter growth of S. sclerotiorum without the presence of yeast (control treatment).
The Petri dishes were grown and incubated at 25+2°C using the PDA culture medium for seven days.

Table 4. The diameters of the pathogenic fungal colonies and control treatment, as well as the percentage of
inhibition (%) of using T. delbrueckii yeast as a biological control agent

pathological The diameter of the The diameter of a pathogenic  The percentage
fungi pathogenic fungi colony in fungi colony in the presence of
the control treatment/mm of yeast/mm inhibition%
F. oxysporum 85 47 55.3+0.25°
M. phaseolina 80 53 66.2+0.61°
S. sclerotiorum 90 62 31.11+0.9%®
Journal of Pure and Applied Microbiology 307 www.microbiologyjournal.org
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treatment (P < 0.05), reaching 31.11%, 66.2%,
and 55.3% for F. oxysporum, M. phaseolina, and
S. sclerotiorum, respectively (Table 4). Fig. 4 shows
the inhibitory action of T. delbrueckii on the growth
diameter of S. sclerotiorum at the center of the
solid PDA medium.

K. marxianus and T. delbrueckii showed
biofilm production (Table 5). The results obtained
showed an increase in absorbance after alcohol
elution, indicating that a biofilm was formed by
the action of K. marxianus and T. delbrueckii and
not the control. These results demonstrate that
the yeast species isolated from the Iraqgi date
vinegar can form biofilms and survive in adverse
environments.

DISCUSSION

The biological control of plant
fungal pathogens using antagonistic yeasts
such as Debaryomyces, Hanseniaspora, Pichia,
Kluyveromyces, Williopsis, and Zygosaccharomyces
obtained from different habitats has been reported
and is among the best alternative strategies
for fungicide production”%*, The antagonistic
activities of yeasts vary according to environmental
conditions and antagonist type and are based
on different principles. In some yeast species,
the antagonistic effects have been attributed to
hydrolytic enzyme secretion or production of
volatile organic compounds. Lytic enzymes were
produced by yeasts isolated from plants such as
Rhodotorula mucilaginosa and C. famata and
used in the post-harvest control of anthracnose
in papaya fruit caused by Colletotrichum
gloeosporioides*. The cell wall-degrading enzymes
including proteases, chitinases, and glucanases are
the main lytic enzymes produced by biocontrol
yeasts®. These exo-enzymes attack and lyse the
cell wall of phytopathogenic fungi, leading to
death. Additionally, mycoparasitic fungi have
been assumed to involve the secretion of exo-
enzymes that play a significant role in degrading

Table 5. Biofilm formation on microtiter plates for K.
marxianus and T. delbrueckii

Treatment A620 (Means + SD)
K. marxianus 0.56%0.072°
T. delbrueckii 0.45+0.034°
Control 0.029+0.004°

the fungal cell wall. The antagonistic mechanismis
based on hydrolytic enzyme production, together
with competition for nutrients*. Zhang et al.*’®
reported the antifungal activities of exo-1,3-B-
glucanase produced by the antagonistic yeast
P. guilliermondii and alkaline serine protease
secreted by the biocontrol agent Aureobasidium
pullulans PL5. It has been established that enzyme
systems for fungal cell lysis are usually composed
of mixtures of different enzymes, including
one or more proteases, chitinases, 1,3-B- and
1,6-B-glucanase, and mannanases, all of which
act synergistically to attack and lyse the cell wall
of fungal cells®.

T. delbrueckii was applied by Author et
al.!as a biocontrol agent against the P. expansum,
alone and in combination with methyl jasmonate.
It was revealed that T. delbrueckii plays a significant
role in reducing the growth of pathogens
parasitizing apples better in combination with
methyl jasmonate. The ability of T. delbrueckii
to produce lethal toxins was studied by?* who
reported that T. delbrueckii produced a novel lethal
toxin (TdKT) with potential biocontrol efficiency
against some yeasts involved in wine spoilage. T.
delbrueckii produces volatile organic compounds
(VOCs) whose efficacy increases at low pH. These
VOCs have antagonistic potential against several
toxigenic and phytopathogenic fungi, including
Aspergillus, Penicillium, and Fusarium®°.

There are a few studies on K. marxianus as
a biological control agent against phytopathogenic
fungi. K. marxianus has been shown to reduce
the incidence of green mold in citrus fruits
caused by P. digitatum? and its biocontrol
efficiency was increased by supplementing the
growth medium with 2% sodium bicarbonate.
Although K. marxianus has been demonstrated
to be able to secrete some lytic and hydrolase
enzymes, attempts have been made to exert direct
antagonistic activities against phytopathogenic
fungi'2.

In addition to the biocontrol mechanisms
described above, yeast biofilm production could
be considered an antagonistic mechanism to
manage and control phytopathogenic fungi. In
the competition for growth space, yeasts typically
produce a polysaccharide layer known as a capsule
that can play a significant role in adhesion to
fruit surfaces, covering the entire wound area*?.
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The production of biofilms can contribute to
the biocontrol activity of yeasts®. In addition,
biofilm production may increase oxidative stress
resistance, considered an important attribute
required by yeasts to survive and maintain
biocontrol activity®.

CONCLUSION

In conclusion, the yeasts isolated
from Iraqgi date vinegar, K. marxianus, and T.
delbrueckii showed high protease and amylase
activities. Moreover, they can produce biofilms,
which play a significant role in the biocontrol
of phytopathogenic fungi by inhibiting mycelial
growth (in vitro). In particular, K. marxianus and
T. delbrueckii showed inhibitory effects against
selected plant pathogens using dual culture
methods. This work significantly enhances our
knowledge of the biocontrol of plant fungal
diseases using novel yeast isolates obtained from
food sources.
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