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Abstract- Killer yeast possesses a wide range of anti-microbial virtues and secretes a glycoprotein called
mycocin. They are commercially used as starters in fermentation, as anti-fungal in the agriculture sector and
as therapeutic mycocin syrups for combating pathogenic microorganisms. A killer strain of Kodamaea ohmeri
(C3isolate) was isolated from Citrus aurantifolia and characterized by traditional and molecular means. The
strain does not produce a germ tube and doesn’t exhibit ureolytic activity. The C3 isolate demonstrated
aggregation (4545 % in 5 h), co-aggregation with Candida albicans (71.96+1.68 % in 24 h) and Escherichia coli
(32.78+0.54 % in 24 h). The killer strain is tolerant to gastric and intestinal juices which are made of lytic
enzymes at extreme pH environments. K. ohmeri also showed in vitro antagonism against the phytopathogen
P. citrinum. Altogether the isolated killer yeast Kodamaea ohmeri is safe to use as a probiotic after the

conduction of clinical trials.

INTRODUCTION

The break through innovation of toxin secretion
from Saccharomyces cerevisiae in the early 1960s
(Bevan and Makower, 1963) led to the uncovering of
killer yeasts and their broad-spectrum biocontrol
properties. Killer yeasts secrete a proteinaceous
substance called ‘killer toxin” or ‘mycocin’. The killer
yeasts and mycocins are generally used as food
spoilage protectants, starter culture in winemaking,
agricultural fungicides and biocontrol agents
(Zagorc et al., 2001; Mannazzu et al., 2019; Schaffrath
et al., 2018). Unlike antibiotics, mycocins do not
develop resistance, which makes them an attractive
alternative.

In the present study, the killer yeast is isolated
from Citrus aurantifolia, a tropical fruit grown in the
Middle East and southern parts of Asia. Karnataka
is the third largest exporter of fresh fruits of C.
aurantifolia along with other species of lemon and
their value-added products (Action Plan/Report for
Lemon - Karnataka, 2019). The fruits are used in

local cuisines to prepare pickles, juices, flavored rice
etc and are known to possess therapeutic properties.
Therefore, we aptly chose it to isolate killer yeasts.

This is the first report on the isolation of killer
yeasts from Citrus aurantifolia. The isolated killer
yeast was identified as Kodamaea ohmeri, an
ascomycete belonging to Debaryomycetaceae
(Lachance and Kurtzman, 2011). It is a commonly
used yeast in wineries and distilleries for
fermentation. In the present study, the killer yeast
Kodamaea ohmeri was characterized with
microscopic, morphologic, biochemical and
molecular examinations. The important probiotic
attributes such as aggregation, co-aggregation,
gastrointestinal tolerance, stability at physiological
temperature, and antimicrobial activity (Binda et al.,
2020) were explored.

MATERIALS AND METHODS
Media, chemicals and strains

The culture media ingredients and dextrose were
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procured from Himedia Laboratories Pvt. Limited,
India. The killer sensitive (MTCC 473) strain of
Saccharomyces cerevisiae (MTCC 183) and Penicillium
citrinum (MTCC 2547) was procured from Microbial
type culture collection (MTCC), Institute of
Microbial Technology (IMTECH), Chandigarh,
India. Primers were purchased from Integrated
DNA Technologies (IDT), Singapore. The
carbohydrate-impregnated circular rings were
purchased from Micro Express, India. The Taq
polymerase and DNA ladder were procured from
Takara, India. All other media and chemicals were
purchased from Himedia Laboratories Pvt. Limited,
India unless specifically mentioned.

Isolation of yeasts from Citrus aurantifolia

The key lime fruit or Citrus aurantifolia locally called
‘Heralekai/ Kanchigai’ was purchased from the local
bazaars at Davangere, Karnataka, India. The cut
fruits of key lime (approx. 25g) were added into
sterile flasks containing 200 ml of 5%, 10% and 15%
sodium chloride solution respectively. The flasks
were maintained for ten days at 28 °C without
shaking. After incubation, the samples from the
respective flasks were aliquoted and serially diluted
for 10*and 10° times. Each of the serially diluted
samples was plated on a YPD agar medium
consisting of 1% Yeast extract, 2% peptone, 2%
dextrose and 1.5% agar. The growth of yeast
colonies on YPD plates was analyzed after two days
of incubation at 28 °C.

Killer activity determination of the key lime
isolates

The killer activity of the key lime isolates was
checked using an agar diffusion assay as mentioned
in the killer-zone experiment (Waema et al., 2009).
Sterile plates of YPD agar containing 0.0025%
methylene blue (pH 4.5 adjusted with citrate-
phosphate buffer) were prepared. The plates were
swabbed with killer-sensitive S. cerevisinze (MTCC 473)
and under sterile conditions. Each of the key lime
isolates was spotted on the plate, air-dried and
incubated at 28 °C for 48-72 h. The plates were
observed for the presence of a killer zone surrounding
the key lime isolates.

Identification of the killer yeast

The selected Kkiller yeast was characterized using
microscopic, morphologic, biochemical and
molecular analyses.

Morphological and microscopic attributes of the
killer yeast

The selected killer yeast was inoculated to YPD
broth and agar. The cultures were grown for 24 h at
28 °C. The morphological characteristics were
observed and recorded. Microscopic characteristics
of the selected isolate were recorded using a Zeiss
Primo Star 3 bright field microscope attached to a
camera. The isolate was examined for hyphae
formation by Dalmau plate test (Beena, 2020) and
ascosporeforations on Malt extract agar (MEA)
plates (Suh et al., 2008).

The germ tube formation was assessed by the
standard procedure provided in the Indian Council
of Medical Research (ICMR) guidelines on fungal
identification. The freshly grown C3 killer isolate
was washed with sterile water and resuspended in
sterile saline to achieve 0.5 OD/ ml. A freshly drawn
human blood sample is centrifuged at 1500 rpm to
separate serum. To 1 ml of the serum, 0.1 ml of the
earlier prepared C3 killer yeast cells were mixed and
placed in a water bath set to 37 °C for 3 h. A drop of
this suspension was then observed through the
microscope for germ tube formation.

Biochemical tests for the isolates

The biochemical tests were performed to verify the
assimilation of different nitrogen and carbon
sources. To test the nitrogen assimilation, yeast
carbon base (YCB) media was blended with
corresponding nitrogen sources. Briefly, the killer
yeast was cultured in YPD broth for a day at 28 °C.
An aliquot of cells (1 OD/ ml) was washed with
sterile water resuspended in 1 mL of saline and
incubated for 3 h at 28 °C. These starved cells (50 ul)
were spotted on the agar plates of YCB containing
the respective nitrogen source. The plates were
incubated at 28 °C for 48 h and the results were
recorded.

To test the assimilation and fermentation of
carbon source, the 24 h grown killer yeast isolate
was subjected to starvation for 3 h and later 0.1 OD
of cells were inoculated to sterile peptone water plus
0.01 % phenol red containing respective
carbohydrate discs (dextrose, galactose, maltose,
lactose, trehalose, cellobiose and raffinose). The
Durham tubes were inserted to check the
fermentation ability of the yeast. A control was
maintained with no carbohydrate discs added to it.
The tubes were incubated at 28 °C for 7 days and the
results were recorded.
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The killer yeast isolate was also checked for the
presence of urease enzyme. The test isolate was
inoculated to Stuart’s broth (Yeast extract - 0.01 %;
Potassium phosphate, monobasic - 0.91 %;
Potassium phosphate, dibasic - 0.95 %; urea - 2 %;
phenol red - 0.01 %) and placed in the incubator for
4 h at 37 °C and the colour change was observed.
Candida albicans (MTCC 183) was used as a positive
control and sterile Stuart’s broth was used as a
negative control for the assay.

Molecular tests for the isolated killer yeast

The killer yeast was subjected to genomic DNA
extraction and purification (Heintz and Gong, 2020).
The commercially available NS1 (5'-
GTAGTCATATGCTTGTCTC-3") and NS4 (5'-
CTTCCGTCAATTCCTTTAAG-3') primers which
amplify nuclear ribosomal small subunit 18s rDNA
were used for PCR amplification with Ampliqon
master mix. The PCR parameters were set at 94 °C
for 8 min, followed by 30 repetitions of denaturation
at 94 °C for 0.5 min, annealing at 56 °C for 0.5 min
and extension at 72 °C for 1 min. The final extension
was at 72 °C for 10 min. The amplified product was
run on 1 % agarose gel, excised and subjected to
Sanger sequencing (Men et al., 2008; Malapelle et al.,
2012). The obtained results were aligned to the
homologous sequences of the standard databases
using the Basic Local Alignment Search Tool
(BLAST) algorithm from the National Centre for
Biotechnology Information (NCBI). The obtained
result from BLAST was substantiated by multiple
sequence alignment and phylogenetic tree
reconstruction. The homologous sequences obtained
from BLAST were collected and subjected to
multiple sequence alignment using Clustal W
hosted by Kyoto University Bioinformatics Center.
The phylogenetic tree of the multiple sequence
alignments by the neighbour-joining method was
reconstructed using MEGA X software. The
confirmed sequence of the Kkiller isolate was then
deposited into NCBI Genbank.

Extraction of mycocin and killer activity
determination

The culture of isolated killer yeast from Citrus
aurantifolia was added into 10 ml of YPD broth and
incubated at 25 °C overnight with 160 rpm agitation.
This pre-inoculum was inoculated into 100 ml of
killer toxin production (KTP) media (Bajaj et al.,
2013) consisting of 1% yeast extract, 1% peptone, 1%
dextrose, 2% sodium chloride and 5% glycerol. The

culture flask was placed in the shaker incubator set
to 25 °C and 140 rpm agitation for 72h. The fully
grown culture was centrifuged at 5000 rpm for 25
min and 5 °C. The separated culture broth was
filtered using a 0.22-micron sterile filter and
proceeded with ammonium sulphate precipitation
(50%). The obtained precipitate was dialyzed against
0.05 M citrate—phosphate buffer (pH 4.4) containing
5% glycerol and used as a crude extract in the
determination of killer activity as mentioned in the
earlier section.

Characterization of probiotic traits in the isolated
killer yeast

Growth assessment of C3 killer yeast at
physiological temperature

The C3 killer yeast was streaked on YPD agar plates
and incubated at 28 °C and 37 °C for 48 h. The
growth at 37 °C, which is the physiological
temperature of the human body was compared with
the growth at 28 °C which is the ambient
temperature for yeast growth.

Auto-aggregation and Co-aggregation capabilities
of the killer yeast

Auto aggregation capabilities of the killer yeast were
assayed using some modifications to the method
mentioned by Wulan et al. (2021). The killer yeast
isolate was grown in liquid YPD media at 25 °C in an
incubator agitating at 100 rpm for 24 h. The freshly
grown culture was pelleted at 4500 rpm for 10 min
at 25 °C. The cell pellet was rinsed twice and
resuspended in equal volume of Phosphate Buffered
Saline (PBS), pH 7.4. The tubes were then placed in
an incubator set to 37 °C for 24 h. The supernatant
was carefully aliquoted at 0, 5, and 24 h of
incubation. The absorbance of the supernatant was
measured at A600 nm and the percentage of auto-
aggregation was calculated as follows:
'At
Y Aggregation = [1 - (A_)] * 100
o

Where A is the OD of 600nm at time t (5 and 24
h incubation), A is the OD of 600 nm at time 0 h.

The co-aggregation assay was performedby co-
culturing Candida albicans (MTCC 183) and
Escherichia coli (MTCC 739) as per the protocol
mentioned in Ladha and Jeevaratnam (2018). The
killer yeast isolates C3 and C. albicans were cultured
in liquid YPD media for 24 h at 25 °C. E. coli was
grown in a liquid nutrient broth medium for 24 h at
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37 °C. All the cultures were centrifuged in separate
falcon tubesat 4500 rpm for 10 min at 25 °C. The
pelleted cells were rinsed two times in PBS, pH 7.4
and resuspended in the same solution. Each culture
was aliquoted (4 ml) into a fresh tube and incubated
at 37 °C. To co-culture the pathogens with C3 killer
yeast, 2 ml of pathogen (C. albicans/ E. coli) was
mixed with 2 ml of C3 isolate suspension. All the
cell suspensions were placed in the bench top
incubator set to 37 °C. The absorbance value at 600
nm was measured at 0, 5 and 24 h for all the
supernatants aliquoted from each tube. The co-
aggregation percentage is calculated using the
following formula.

2(A i) ] « 100

% Coaggregation = [‘q'pﬂt + Aysast) —m
pat yeast

where A is the absorbance of the pathogen at
600 nm, Aymt is the absorbance of the killer yeast
isolate at 600 nm and A is the absorbance of the
mixed culture at 600 nm.

Gastrointestinal tolerance of the killer yeast

The foremost requirement for probiotic organisms
for use in the health sector is their sustenance in the
GI tract environment. To check this, the killer yeast
was subjected to a sequential gastrointestinal
tolerance study using an in vitro method (Lara-
Hidalgo et al., 2018). The killer yeast culture grown
in YPD broth for 24 h was harvested by
centrifugation. The cell pellet was washed with 0.9
% saline and mixed with simulated gastric juice
(Pepsin 3g/1in PBS, pH adjusted to pH 2 with HCI).
The suspension was incubated at 37 °C, 100 rpm for
1.5 h. An aliquot of this incubated cell suspension
was serially diluted to 10° times and plated on YPD
agar.

The remaining cell suspension treated with
simulated gastric juice was again washed with 0.9%
saline and resuspended in simulated intestinal juice
(Pancreatin 1g/1 and bile 3g/l were dissolved in PBS
and adjusted to pH 8 with 1IN NaOH). The
incubation was continued at 37 °C, 100 rpm for 2.5 h.
Cells were then serially diluted 10° times and plated
on YPD agar. The percentage of cell viability was
calculated as

CFU, /mL
CFU./mL

Where CFU, is the final colony-forming unit
obtained after treatment with simulated gastric or

Cell viability = ¥ 100

simulated intestinal juice, and CFU, is the colony-
forming unit obtained initially before any treatment
of cells.

Antifungal activity of the killer yeast in vitro

The antifungal activity of the isolated killer yeast
was performed by dual culture assay. The fungus
Penicillium citrinum (MTCC 2547) was revived on
potato dextrose agar (PDA). The mycelia (1 sq. mm)
from a freshly grown plate of P. citrinum were
picked and placed on PDA plates marked as test
and control. The killer yeast was grown for 72 h at
25 °C in KTP medium and 0.5 OD cells from this
culture were streaked on either side, equidistant
from the mycelial inoculation in the plates labeled as
test. Both the plates were placed in the incubator set
to 28 °C for 5-7 days and observed for antagonism.

RESULTS AND DISCUSSION

Citrus aurantifolia is a remunerative fruit grown in
tropical and sub-tropical terrains of India. In this
study, we have isolated a killer yeast from the whole
fruit of Citrus aurantifolia available in local bazaars of
Davangere district, Karnataka, India. The isolated
killer yeast was characterized using morphological,
biochemical and molecular tests. The killer yeast
was also tested for in vitro antifungal activity.
Further, the probiotic characteristic of the killer
yeast was explored by verifying its aggregation — co-
aggregation capabilities and gastrointestinal
tolerance using in vitro assays. The details are
described in the below paragraphs.

Isolation of yeasts from Citrus aurantifolia

Citrus aurantifolia is a sub-tropical fruit usually used
in pickles and juices. It is found to possess anti-
inflammatory, antibacterial, antifungal, anti-
helminthic, and analgesic value (Chaudhari et al.,
2016). The fruits from the local bazaar were used to
isolate the killer yeast. The saline suspensions of 5%,
10% and 15% with C. aurantifolia showed 25 = 10°
CFU/ml colony counts altogether. The colonies
having unique morphologies were identified and
twenty-four different colonies were saved on the
YPD agar plate to screen for the killer activity.

Killer zone assay for the determination of killer
activity

The twenty-four isolates sourced from C. aurantifolia
were subjected to killer zone assay. Of all the
isolates, the C3 isolate was noted to inhibit the
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sensitive S. cerevisiae. The inhibition was evident by
an inhibition zone surrounding the C3 isolate and
also the sensitive strain surrounding it was turned to
blue because of the uptake of methylene blue dye
present in the media (Fig. 1). The cationic dye
methylene blue is reduced in the live cells, the dye
colours only the dead cells (Kwolek-Mirek et al.,
2014). Accordingly, the cells of the sensitive S.
cerevisiae surrounding the C3 isolate were observed
to be turned blue indicating the death of cells
whereas in the control plate where no test isolate
was spotted, the cells were seen to have a profuse
growth. Therefore, C3 killer yeast was taken ahead
for all further characterization.

Identification of the killer yeast

Morphological and microscopic attributes of the
killer yeast

The colony characteristics of the C3 killer yeast on
YPD agar were observed and documented (Fig. 2a).
The cells appeared to be spherical, entire with raised
elevation and butyrous texture. The microscopic

(@) (b)
Fig. 1. Killer-zone assay (a) C3 isolate showing killer
zone around it (b) Control where the sensitive
strain of S. cerevisiae has grown profusely.

observation of the C3 killer yeast culture showed
oval-shaped cells through a 40 X objective lens (Fig.
2b). They sometimes appeared in aggregates. The
aggregate formation capability helps yeasts in
colonization, sexual reproduction and pathogenesis
(Vallejo et al., 2013).

The killer yeast cells were streaked on MEA
plates to allow the formation of ascospores. By
definition, the phylum Ascomycota forms
ascospores in the haploid phase, by meiotic cell
division (Neiman, 2005). The microscopic
observation demonstrates deliquescent ascospores
seen 1-2 in number within the cells (Fig. 2d). The
shapes are not recognized though, given the
magnification and resolution of the bright field
microscope are limited.

To test the formation of hyphae, the Dalmau
method was followed wherein, the culture was
inoculated on the YPD agar and a coverslip was
introduced on the streak to create a local anaerobic
environment (Mosch, 2002). The C3 isolate showed
pseudo hyphae formation when observed through
the microscope (Fig. 2e). This dimorphic nature of
yeasts where it can form pseudo hypha or take yeast
form is a key morphologic test in systematic yeast
identification protocol. The dimorphic switching of
the yeast also indicates the capability of invasiveness
and adaptability to its surroundings (Mosch, 2002;
Boyce and Andrianopoulos, 2015).

The formation of germ tube after incubation in
human serum for 4 h at 37 °C indicates the presence
of Candida albicans, a human pathogen. Germ tube
test is an affordable presumptive assay for the
distinction of C. albicans from other yeasts (Sheppard
et al., 2008; Silva et al., 2012). Favourably, the C3
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Fig. 2. Morphologic and microscopic observations (400x magnification) of C3 killer yeast isolate (a) Morphology of
C3 on YPD plate (b) Microscopic field showing cells grown in YPD broth (c) Microscopic field showing
ascospores (d) Microscopic field showing pseudohyphae formation (e) Microscopic field showing cells after

treatment with human serum at 37 °C for 4 h.
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killer yeast did not produce any germ tube (Fig. 2e)
and therefore, it is C. albicans (a human pathogen)
was ruled out. Nonetheless, necessary precautions
were followed while handling the isolate.

Biochemical tests for the killer yeast

Biochemical tests provide a conventional means of
yeast identification where the carbon and nitrogen
assimilation are tested. In our study, we used three
sources of nitrogen namely ammonium sulphate,
potassium nitrate and sodium nitrite. The C3 killer
yeast showed weak growth on media containing
potassium nitrate and sodium nitrite. However,
there was a luxurious growth on ammonium
sulphate supplemented minimal media (Fig. 3a).

The carbohydrate assimilation and fermentation
tests conducted for the C3 killer isolate showed both
assimilation and fermentation capability for
dextrose. The other carbohydrates could not be
assimilated or fermented (Fig. 3b). The results of
morphological and microscopic tests were
correlated with molecular tests to identify the C3
killer yeast.

Urease is an important therapeutic drug target as
there is no counterpart found in the human body.
However, many pathogenic organisms contain
urease enzyme, which functions to break down urea
into ammonia and carbamic acid. This creates a local
acidic environment which affects the host’s
physiological processes. Urease is also a known
immune-elicitor and anti-urease antibodies are
diagnosed in a few auto-immune diseases like
rheumatoid arthritis, Heliobacter pylori infections,
and atherosclerosis (Konieczna et al., 2012;
Rutherford, 2014). Therefore, it is an important test
to exclude pathogenicity in probiotic
microorganisms. In the present study, the C3 isolate
did not demonstrate any colour change indicating
there is no breakdown of urease and decrease in pH

(a) - (C
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b) o o L : L

to cause acidity (Fig. 6b). Hene C3 killer yeast can
be regarded as urease-negative and avirulent

Killer yeast identification by molecular analysis

The molecular tools available for organism
identification have enhanced the magnitude of
sequence databases to a large extent in recent years.
In our study, Sanger sequencing of the conserved
regions of 18s ribosomal DNA was performed for
the killer yeast identification (Raja et al., 2017). The
extracted genomic DNA from the C3 isolate was run
on 0.8% agarose gel. The band was intact indicating
good-quality genomic DNA (Fig. 4a, Lane 1). The
PCR amplification with NS1 and NS4 primers
demonstrated a 1200 bp product (Fig. 4a, Lane 2).
The PCR product was gel purified and sequenced by
Sanger’s protocol.

The obtained sequence of C3 was analysed using
a blastn suite from NCBI, which demonstrated 100
% homology to partial sequences of 18s rDNA from
Kodamaea ohmeri strains. A similar result was
substantiated by the phylogenetic reconstruction
using the neighbor-joining method (Fig. 4b). The
neighbor-joining tree showed a nearer homology
and a taxonomic relationship to the 18s rDNA
sequences of Kodamaea ohmeri strains than to the
uncultured marine fungus sequences deposited in
the NCBI databank. The results correlated with
morphologic and biochemical tests. They showcased
that the obtained killer isolate C3 is Kodamaea ohmeri.
Thus, the obtained sequence for the 18s rDNA
region of Kodamaea ohmeri was deposited in the
NCBI Genbank database with the accession number
0OP592257.1

Killer activity determination of the C3mycocin
extracted from Kodamaea ohmeri

The killer zone assay performed with the crude
extract of Kodamaea ohmeri mycocin (C3 mycocin)

M s (c) c:s

Fig. 3. Pictures showing results of biochemical tests (a) C3 killer yeast inoculated on
minimal medium containing corresponding nitrogen source. A — Ammonium
sulfate, P — Potassium nitrate, C — No nitrogen source, S — Sodium nitrite (b) C3
culture tubes showing assimilation and fermentation of the mentioned
carbohydrate source (c) Results of urease test.
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C3 killer isolate

[EF413018.1 1-1041 Kodamaea ohmeri strain zhuan 15
[EF406088.1 3-1042 Kodamaea ohmeri strain zhuan191
[EF428130.1 1-1040 Kodamaea ohmeri strain zhuan9
[EF428131.11-1037 Kod: hmeri strain zhuan202
[EF428120.1 1-1038 Kod: hmeri strain 14
[EF375553.1 1-1049 Kodamaea ohmeri strain Zhuan14
[KC556820.1 14-1063 Kodamaea ohmeri isolate A-10
DQ438178.1 4-1054 Kodamaea sp. BG-3

HQ412607.1 1-1045 Kod: g
[EF374094.11-1045 Kod:

AY520231.1 2-1048 Kod: i strain BG98-8-14-1-3-1

AY520221.1 2-1048 Kod: BG02-7-21-001A-1-1

NG 061102.1 6-1057 Kod: TYPE material

'MN268772.1 37-1088 Kod: hmeri strain

GU072569.1 33-1084 Uncuhured fungus clone FAS 70

GU072562.1 17-1069 Uncuhured fungus clone FAS 63
| — GQ120116.1 36-1087 Uncultured marine fungus clone FAS 2

7 |_|: GU072560.1 17-1068 Uncultured fungus clone FAS 61
23 GQ120105.1 16-1067 Uncuhured marine fungus clone FAS 1

GU072549.19-1060 lone FAS 50

Fig. 4. Pictures showing results of molecular identification of C3 isolate (a) Agarose gel electrophoresis, Lane M — 100
bp DNA ladder, Lane 1 — Genomic DNA of C3 isolate, Lane 2 - PCR amplified product of NS1 and NS4 primers
(b) Phylogenetic tree reconstructed for C3 isolate and its homologs by Neighbour-joining method using MEGA

X.

demonstrated aninhibition zone of 8 mm (Fig. 5).
The sterile media used as control did not show any
activity. This is the first report of extraction of
mycocinand Kkiller activity from Kodamaea species.
The killer yeasts Pichia membranifaciens (Santos et al.,
2009), Pichia kudriavzevii RY55 (Bajaj et al., 2012),
Debaryomyces hansenii DSMZ70238 (Al-Qaysi et al.,
2017), Wickerhamomyces anomalus (Comitini ef al.,
2021) are some of the mentions of mycocin
extraction and killer activity.

| - P - |
Fig. 5. Killer activity determination (a) Killer zone
obtained from the activity of C3 mycocin (b) No
inhibition zone seen in sterile media used as
control.

Characterization of probiotic traits in the isolated
killer yeast

Killer yeasts mainly find applications in biocontrol
of food spoilage, starters in winemaking, antifungals
and biotyping (Lowes et al., 2000; Meinhardt and
Klassen, 2009; Nascimento et al., 2020). Though
yeasts are heterogeneous and majorly dwell in
fermented foods and fruits, only Saccharomyces
cerevisiae is recognized as probiotic yeast (Gil-
Rodriguez et al., 2015). As killer yeasts are mostly
used in food and agriculture applications, it is a
need of the hour for the killer yeasts to be
characterized for their probiotic properties.

One of the expected traits of a probiotic organism
is the ability to survive at the physiological
temperature (37 °C). The isolated Kodamaea ohmeri
killer yeast showed profuse growth at both ambient
(28 °C) and physiological temperatures (37 °C) (Fig.
6).

Incubation at 28 °C Incubation at 37 °C

Fig. 6. Growth of C3 killer yeast plates after incubation
at different temperatures for 48 h.

Aggregation and co-aggregation capabilities of the
killer yeast

Adhesion and colonization are primary
requirements in probiotic organisms. Auto-
aggregation ability is suggestive of the adhering
capacity of the organism to the epithelial cells in the
physiological environment. The co-aggregation
ability indicates that the probiotic organism will be
able to de-colonize the pathogenic organism
(Blagoeva et al., 2014; Tuo et al., 2013). Concerning
the C3 killer isolate, the auto aggregation ability
increased significantly with incubation time.
However, after 24 h of evaluation, the aggregation
ability was approximately 95-98% and no significant
statistical difference was observed.

The co-aggregation of C3 killer yeast isolate
against C. albicans and E. coli was studied. C. albicans
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Fig. 7. Aggregation and co-aggregation capabilities of C3 killer yeast (a) Graph depicting the percentage of aggregation
in C3 isolate over period of 48 h. (b) Graph depicting the co-aggregation ability of C3 isolate in mixed culture

with Candida albicans and Escherichia coli.

is a commensal in the human gut, which acts as an
opportunistic pathogen causing primary infection.
The co-aggregation percentage was observed to be
highest with Candida albicans compared to
Escherichia coli. In E. coli, Type I fimbriae are a
virulence factor responsible for adhesion to mucosal
epithelia (Zalewska Piatek et al., 2019). Since the cell
wall of yeasts is rich in mannose, it helps in co-
aggregation of pathogenic microorganisms and
protect against colonization by pathogens.

Gastrointestinal tolerance assay

The bioactive compounds or probiotic organisms
will be fit for human usage (orally as a drug) only
when the molecule or the organism survives in the
harsh gastrointestinal environment (Blagoeva et al.,
2014). So, we examined the gastrointestinal
tolerance of the C3 killer isolate in vitro using
simulated gastric and pancreatic juices. As evident
from Table 1, C3 isolate was tolerant to the harsh pH
and enzymatic environment of gastro-intestinal
juices. Therefore, the killer isolate can be
successfully used as a probiotic.

Anti-fungal activity of the killer isolate

Killer yeasts generally show an increased inhibitory
activity against pathogenic fungi allowing them to
be used as fungicides. The mechanism of killer
activity is attributed to the presence of lytic enzymes
such as 3-glucosidases or chitinases which can
degrade the fungal cell wall components
(Chanchaichaovivat et al., 2007; da Cunha et al., 2018;
Diaz et al., 2020).

Table 1. Cell viability percentage after incubation in
simulated gastric and intestinal juices in vitro

% viability in simulated gastric juice 48.42 + 0.38
% viability in the simulated intestinal juice 81.67 + 0.52

Penicillium citrinum is a Phytopathogen which
causes post-harvest decay in citrus fruits such as
orange, lemon, etc. The C3 isolate was tested against
P. citrinum using a dual culture assay. In the presence
of C3 isolate, P. citrinum showed stunted growth
with morphological differences. The radius of P.
citrinum in the dual culture plate was estimated to be
12 mm whereas, in the control plate, the radius of
growth was found to be approximately 26 mm (Fig.
8). This demonstrated the presence of a mycocin
secreted to the media which acts upon cell wall
degradation of Penicillium citrinum.

Fig. 8. Antagonism assay (a) Plate showing Penicillium
citrinum (P.c) and C3 killer yeast isolate(b) Control
plate where the luxurious growth of Penicillium
citrinum can be visualized.

CONCLUSION

The rise of demand for natural antimicrobials in the
food industry and therapeutics has led to the
discovery of various biocontrol agents. Killer yeasts
and their mycocins cater to a wide range of
biological control from prokaryotes to eukaryotes,
and pathogens to pests. Here we isolated a killer
yeast, Kodamaea ohmeri from the tropical fruit Citrus
aurantifolia. K. ohmeri was characterized using
classical and molecular tools. The 18s rDNA partial
sequence was deposited to the NCBI Genbank
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database. The probiotic traits characterized revealed
that the strain is avirulent, and has aggregating and
co-aggregating properties. The killer yeast also
possesses in vitro anti-fungal activity against the
plant pathogen P. citrinum. Though K. ohmeri
infections occur in immuno compromised patients,
owing to the source of isolation, avirulent and
probiotic properties, the C3 killer isolate can be
regarded as a probiotic after human trials.
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