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Effects of Various Environmental Conditions
on Pulcherrimin Production and Extracellular
Enzyme Profiles of Metschnikowia pulcherrima
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Abstract —The aim of the present study was to
determine the effect of various stress conditions on
pulcherrimin pigment secretion and extracellular
enzyme profiles of isolated Metschnikowia pulcherrima
yeast strains. In order to analyse the effects of heat
stress and osmotic stress on pulcherrimin pigment
synthesis, different temperatures and NaCl
concentrations were used, respectively. The enzymatic
profiles of M. pulcherrima yeast strains were
determined by API-ZYM. The results indicated that
the amount of pigment synthesis and the localization
were changed depending on the growth conditions. All
yeast strains showed a high leucine arylamidase, valine
arylamidase, alpha-glucosidase and beta-glucosidase
activities.

Keywords — Grape, Heat stress, Osmotic stress,
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1. Introduction

Grapes are considered to be a primary source of
microorganisms in the wine and winery ecosystems.
In recent years, there have been significant studies on
the origin of wine yeasts, and the importance of the
grapes as a source of these organisms. The number of
yeasts on the grape berry, just before the harvest, is
between 10° and 10°, depending on the geographical
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situation of the vineyard, climatic conditions during
maturation, the sanitary state of the harvest, and
pesticide treatments applied to the vineyard. Yeasts
associated with grape / wine ecosystem are usually
classified in 15 different yeast genera: Brettanomyces
| Dekkera, Hanseniaspora / Kloeckera, Candida,
Schizosaccharomyces, Cryptococcus, Debaryomyces,
Kluyveromyces, Metschnikowia, Saccharomyces,
Saccharomycodes, Pichia, Rhodotorula  and
Zygosaccharomyces. The most abundant yeast
populations are obtained in warm climatic conditions
(lower latitudes, elevated temperatures).

Metschnikowia pulcherrima is common on wine
grapes at the time of harvest and in grape must
during the early stages of wine fermentation [1], [2],
[3], [4]. Metschnikowia strains can be effective in
protecting fruits against some postharvest pathogens
such as Botrytis cinerea [5], [6], [7], [8], [9]. M.
pulcherrima produces a red pigment, pulcherrimin
that is accumulated in the growth medium around the
colonies and within the yeast cells [10]. Pulcherrimin
is a large complex formed non-enzymatically from a
dibasic acid, pulcherrimic acid, and ferric ions [11],
[12].

The aim of the present study was to determine the
effect of heat stress and osmotic stress on
pulcherrimin pigment secretion and localization, and
to determine the extracellular enzyme profiles of M.
pulcherrima yeast strains isolated from grape berries.

2. Methods

The grape samples were aseptically collected from
different vineyards in Canakkale, Turkey. In order to
isolate yeast populations, 10 g of grape berries were
mildly homogenized in sterile distilled water. 100 uL.
from the resulting mixture were spread on YGC agar
(5 g/l yeast extract, 20 g/L glucose, 0.1 g/L
chloramphenicol, 14.9 g/L agar) plates supplemented
with 0.1% sodium propionate and incubated at 30 °C
for 3 days. Randomly selected yeast strains were
cultivated in YP medium (10 g/L yeast extract, 20
g/L peptone) supplemented with glucose (20 g/L
glucose) or sucrose (20 g/L sucrose) and preserved at
-80 °C for further identification.
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Species identification of the isolated yeasts was
done with the API ID32C yeast identification system
(Bio Meérieux, Lyon, France) following the
manufacturer’s suggestions. For  molecular
identification, the genomic DNA of isolated yeast
strains was extracted according to protocol described
elsewhere and stored at -20 °C until further use [13].
The DNA amplifications were performed in BIO-
RAD Thermal Cycler. The PCR reactions were
carried out in a 25 pL reaction volume containing
Master Mix of PCR Amplification kit (Fermentas,
KO0171). For amplification of 5.8S-ITS rDNA region
ITS1 (5-TCCGTAGGTGAACCTGCGG-3') and
ITS4 (5'-TCCTCCGCTTATTGATATGC-3")
primers were used [14]. Gel-Pro Analyser was used
for estimating fragment lengths corresponding to the
bands of lane. PCR amplicons were purified using
GenelJet PCR Purification Kit (Thermo Scientific —
K0702) and then were digested with Haelll, Hinfl,
Mspl, Hhal and Alul restriction endonucleases
according to supplier’s instructions. The restriction
fragments were analysed by electrophoresis in 3%
agarose gel and photographed. The length of
restriction fragments was calculated by using Gel-Pro
Analyser v4.0 software.

In order to determine the effect of heat stress on
pigment synthesis and secretion, yeast cells were
grown in YPD medium until the early logarithmic
stage (ODgp:0.7-0.8). After serial dilutions, same
amount of yeast cells was spotted either on YPD or
YPS plates and incubated at 15 °C, 25 °C, 30 °C, 37
°C and 45 °C for 3 days. Similarly, for determining
the effect of hyperosmotic stress on pigment
production, same amount of logarithmically grown
yeast cells were spotted either on YPD or YPS plates
supplemented with 0.2 M NaCl, 0.4 M NacCl, 0.8 M
NaCl, 1.0 M NaCl, 1.2 M NaCl and1.0 M KCI. The
plates of yeast strains were incubated at 30 °C for
three days. The level of pigment synthesis was
evaluated according to localization of pigment and
intensity of red colour around the yeast colonies.

The enzymatic activity of the strains tested was
assessed by the APIZYM (Bio Mérieux) method. The
APIZYM stripes consist of 20 microprobes which
enable contact between enzymes and non-soluble
substrates. API-ZYM is utilized for screening 19
different enzyme activities: Alkaline phosphatase,
Esterase (C 4), Esterase Lipase (C 8), Lipase (C 14),
Leucine arylamidase, Valine arylamidase, Cysteine
arylamidase, Trypsin, a-chymotrypsin, Acid
phosphatase, Naphthol-AS-Bl-phosphohydrolase, o-
galactosidase, B-galactosidase, B-glucuronidase, o-
glucosidase, B-glucosidase, N-acetyl-B3-
glucosaminidase, a-mannosidase, a-fucosidase. The
activity of the enzymes was expressed in nanomoles
of hydrolysed substrate — according to the intensity
of the colour reaction on a 5 step scale: 0 means no
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reaction, 1 means 5 nmol, 2 means 10 nmol, 3 means
20 nmol, 4 means 30 nmol, 5 means 40 nmol and
more.

3. Results

Grape is mostly preferred habitat for the yeasts and
the natural yeast biota on the grape berries affect the
wine production. In our study we specifically isolated
the most common yeast species, M. pulcherrima, on
grape berries and vine fermentation process. Total
yeast population on whole grape berries were
changed from 10” to 10° CFU/ml. Totally sixty-seven
yeast strains were isolated according to red pigment
production on glucose or sucrose supplied medium.

All isolated yeast strains were identified by using
API ID32C yeast identification system as M.
pulcherrima. In addition, all genomic DNA of
isolated yeast strains were extracted and used for
PCR-RFLP analysis. ITS1-5.8S-ITS2 gene region of
yeast strains was amplified and cleaved by using
Hinfl, Haelll, Mspl, Alul and Hhal restriction
enzymes. ITS1-5.8S-ITS2 rDNA gene regions of all
yeast strains were nearly 400bp in PCR amplicon
length. The PCR amplification results of randomly
selected 5 yeast strains (MP1, MP4, MP25, MP34
and MP45) were given in Figure 1. The amplified
ITS1-5.8S-ITS2 rDNA gene region of yeast strains
was cleaved with five enzymes and gave the same
restriction profile, except Alul. Therefore, only the
PCR-RFLP result of randomly selected yeast strain
(MP4) was given in Figure 2. Haelll and Hinfl
digestions gave two restriction fragments 290/108 bp
and 195/195 bp in length, respectively. Hhal and
Mspl enzyme digestions gave three restriction
fragments 215/95/90 bp and 215/120/50 bp in length,
respectively. Alul enzyme has no restriction site in
amplified ITS1-5.8S-ITS2 rDNA gene region of all
yeast strains. The Hhal, Haelll and Hinfl restriction
profiles of M. pulcherrima yeast strains was similar
to previous results of researches [15], [16], [17], [18],
[19]. Therefore, the isolated 67 seven yeast strains
were identified as M. pulcherrima.

MP-25

MP-34 MP-45

Figure 1. PCR amplification of ITS1-5.8S-1TS2 rDNA
gene region. The results of representative MP1, MP4,
MP25, MP34 and MP45 yeast strains were given.
M: Marker

The pulcherrimin pigment secretion profiles of
yeast strains changed depending on the carbon
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sources such as glucose and sucrose. The
pulcherrimin synthesis was mainly intracellular in
MP1, MP5-7, MP9, MP11, MP15, MP21, MP24-26,
MP28-31, MP35-36, MP41, MP46 and MP61 yeast
strains when they were grown either in glucose or
sucrose. The pigment synthesis was completely
intracellular in yeast strains (MP12-13, MP16-19,
MP33 and MP67) when they were grown in glucose.
Interestingly, in these yeast strains pulcherrimin
synthesis was completely abolished when the yeast
strains were grown in sucrose. The pigment synthesis
in thirty-nine yeast strains (MP2-4, MP8, MP10,
MP14, MP20, MP22-23, MP27, MP32, MP34,
MP37-40, MP42-45, MP47-60, MP62-65 and MP66)
became extracellular when yeast cells were grown in
sucrose. The randomly selected two yeast strains
from each pigment synthesis and secretion profile
were given in Figure 3. These results showed that, in
M. pulcherrima yeast strains, the level of pigment
synthesis and its localization were changed
depending on the carbon source.

M Heell M Hinfl Hhal M

Mpl M Alul

Figure 2. PCR-RFLP result of ITS1-5.85-ITS2 rDNA gene
region. The result of MP4 yeast strain is presented as an
example to restriction profile. M: Marker, Haelll: 290/108
bp, Hinfl: 195/195 bp; Hhal: 215/95/90 bp,

Mspl: 215/120/50 bp, Alul: no cut

For analysing the effect of heat stress on pigment
synthesis and secretion, all yeast strains were grown
at different temperatures. When the yeast cells
incubated at 15 °C, no pigment synthesis was
observed in all yeast strains even if the presence of
well growth. In addition, the yeast cells cannot show
any growth at 45 °C. Therefore, these results were
not included in Figure 4. Three yeast strains (MP25,
MP26 and MP29) synthesized pulcherrimin pigment
at 30 °C but not at 37 °C. Interestingly, MP34 yeast
strain cannot grow at 37 °C. The pigment synthesis of
twenty-six yeast strains (MP3, MP10-11, MP20-24,
MP28, MP30-32, MP38, MP42-43, MP46-48, MP51-
55, MP59, MP63 and MP64) was mainly
extracellular at 30 °C and 37 °C. The pigment
synthesis of other yeast strains (MP1-2, MP4-9,
MP12-19, MP27, MP33, MP35-37, MP3941, MP44-
45, MP49-50, MP56-58, MP60-62, MP65-66 and
MP67) was intracellular at 37 °C. These results
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indicated that pigment synthesis and localization was
changed depending on the growth temperature of M.
pulcherrima yeast strains.

20, 0,
Yeast Strain 2% 2%
Dextrose Sucrose
MP5 |
\

" &
MP13
MP18
MP10 IO
MP23 O

Figure 3. Effect of carbon source on pulcherrimin pigment
synthesis and localization

Yeast Strain 30°C 37°C

MP20

Figure 4. Effect of temperature on pulcherrimin pigment
synthesis and localization

In order to determine the effect of hyperosmotic
stress on pigment synthesis and secretion, M.
pulcherrima yeast strains were spotted on plates
including various concentrations of NaCl, and
incubated at 30 °C for 3 days. All yeast strains began
to accumulate pigment within the cell after 0.4 M
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NaCl concentrations (Figure 5). Only two yeast
strains, MP20 and MP32, did not produce
pulcherrimin pigment in 1.2 M NaCl concentration.
Other yeast strains synthesized pulcherrimin pigment
in all NaCl concentrations. These results indicated
that, hyperosmotic stress triggers the accumulation of
pulcherrimin pigment with in the yeast cells, and the
pigment synthesis in some yeast cells was inhibited
at higher concentration of salt (above 1.4 M NaCl,
data not given).

Salt Yeast Strains

Concentration MP20 MP45

0.2 M NaCl

0.4 M NaCl

0.8 M NaCl

1.0 M NaCl

1.2MNacl |

1.0 M KClI

Figure 5. Effect of hyperosmotic stress on pulcherrimin
pigment synthesis and localization

The extracellular enzyme activities of M.
pulcherrima yeast strains were detected by using
semi-quantitative test system, API-ZYM, which
utilizes for screening 19 different enzyme activities.
The extracellular enzyme profiles of all sixty-seven
M. pulcherrima yeast strains were tested and grouped
in five different profiles. According to API-ZYM test
results, the yeast strains were grouped in five
different enzyme profiles and the list of yeast strains
were given in Table 1. The results of five yeast
strains representing each enzyme profile were given
in Figure 6. All of the yeast strains showed good
enzymatic activity for leucine arylamidase, valine
arylamidase, alpha-glucosidase and beta-glucosidase.
In contrast, no enzymatic activity was detected for
trypsin, alpha-chymotrypsin, alpha-galactosidase,
beta- galactosidase, beta-glucuronidase, N-acetyl—
beta-glucosaminidase, alpha-mannosidase and alpha-
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fucosidase. The occurrence of lipase (C14), esterase
lipase  (C8), cystine arylamidase, alkaline
phosphatase and naphthol-ASBI-phosphohydrolase
was low and the enzyme activities ranged from 10 to
30 nmol between the strains. All tested M.
pulcherrima yeast strains had leucine arylamidase
(50 nmol) and valine arylamidase (between 40 to 50
nmol) activity (Figure 6).

Table 1. Extracellular enzyme profile of M. pulcherrima
yeast strains

Enzyme Profile Yeast Strains
Groups
MP1, MP5, MP6, MP7, MP9,
MP11, MP15, MP24, MP25, MP29,
MP35, MP36, MP41

MP2, MP4, MP14, MP21, MP22,
MP26, MP27, MP28, MP 30, MP31,
MP32, MP34, MP37, MP39, MP40,
MP61, MP62

MP3, MP8, MP10, MP20, MP23,
MP38, MP42, MP43, MP44, MP45,
MP47, MP48, MP49, MP50, MP51,
MP52, MP53, MP54, MP55, MP56,
MP57, MP58, MP59, MP60, MP63,
MP64, MP65, MP66

MP12, MP33, MP67

MP13, MP16, MP17, MP18, MP19

Group |

Group 11

Group III

Group IV
Group V

4. Conclusion

Among the various fruits, the grape berry surfaces
provide an optimal and nutrient-rich environment for
M. pulcherrima yeast species. M. pulcherrima is a
potential biological control agent because of its
ability to produce insoluble red pigment. The
pulcherrimin pigment exhibits strong antifungal
activity against post-harvest plant pathogenic fungi
such as Botrytis cinerea. When the pigment
synthesized, the colonies become a more intense
brownish  colour, indicator of intracellular
pulcherrimin production, and sometimes the colonies
surrounded with a pinkish halo, indicator of
extracellular pigment production. The antifungal
activity of M. pulcherrima yeast species is related to
the production of pulcherrimin pigment [20], [21],
[22].

In our research we analysed the effects of various
conditions on pulcherrimin pigment production and
its localization. It is previously reported that M.
pulcherrima yeast strains can use different sugars
(glucose, sucrose, fructose, galactose and maltose) as
a carbon source except lactose [23]. In our research,
we showed that M. pulcherrima yeast strains can
grow on glucose and sucrose well, but the pigment
production and localization was different. Some
yeast strains can produce pigment in dextrose but not
in sucrose, or vice versa. Similarly, in some yeast
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cells pigment production is intracellular while in
others it is extracellular. Therefore, the pulcherrimin
pigment production and cellular localization was
changed depending on the carbon sources.

Yeast Strains

Tested Enzyme | Growpl  Group II Group Il Group IV Group V
MP41  MP30 MP51 MPI2 MPI6
[ G | 4 | |

Control

Esterase (C4)

Esterase lipase (C8) |

Lipase (C14)

Leucine arylamidase

Valine arylamidase

Cystine arylamidase

Trypsin

a-chymotrypsin

Acid phosphatase

Naphthol-AS-BI-
phosphohydrolase

u-galactosidase

p-galactosidase

p-glucuronidase

a-ghucosidase

B-glucosidase

N-acetyl- p-
glucosaminidase

u-mannosidase

a- fucosidase

- -

Figure 6. The extracellular enzyme activities of M.
pulcherrima yeast strains. Five yeast strains resembling
each enzyme profile were selected and given
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M. pulcherrima yeast strains can grow properly
under low temperatures (15-20-C) and pH conditions
(3—6) [24]. Similarly, all yeast strains can grow at 37
°C, but no pigment synthesis was recorded.
Previously reported that M. pulcherrima yeast strains
cannot grow in glucose supplied medium at 37 °C
[25]. But in our results all yeast cells, except MP34,
can grow at 37 °C both in glucose and sucrose. In
addition to these results, the localization of pigment
was changed depending on the growth temperature,
30 °C or 37 °C. Our results indicated that in of M.
pulcherrima yeast strains, the pigment production
and cellular localization were changed depending on
the growth temperature.

In the present study, we examined the effect of
osmotic stress on pigments synthesis by using
different salt concentrations. All yeast strains
synthesized pulcherrimin pigment in all salt
concentrations, except two yeast strains which were
not produce pigment at 1.2 M NaCl concentration.
These results indicated that, hyperosmotic stress
triggers the accumulation of pulcherrimin pigment
with in the yeast cells up to a certain concentration
(>1.2 M NaCl).

The extracellular enzyme activities of M.
pulcherrima yeast strains are important for
production of different esters and aroma during wine
production. The pectinase, protease, glucanase,
lichenase, B-glucosidase, cellulase, xylanase,
amylase, sulphite reductase and lipase and B-lyase
enzyme activities of M. pulcherrima yeast strains
were previously reported [26], [27], [28], [29]. In our
research we determine the extracellular enzyme
profile of M. pulcherrima yeast strains qualitatively
by using API-ZYM test. All yeast strains showed
good enzymatic activity for leucine arylamidase,
valine arylamidase, alpha-glucosidase and beta-
glucosidase. Leucine arylamidase (LAP) or leucine
aminopeptidase is a proteolytic enzyme that catalyses
the hydrolysis of peptides containing leucine. This
activity may be related with the pulcherrimin
pigment production and localization in M.
pulcherrima yeast strains. The different enzymatic
profiles may provide a wuseful and rapid
differentiation of species with in the genus.
Therefore, new studies have to be conducted by
using more isolates from the same species and
additional novel techniques have to be used for
confirmations.
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