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ABSTRACT

Antarctica is characterized by extreme cold, isolated, and unique ecosystems. Nevertheless, Antarctica harbors
diverse species of microorganisms, particularly in its ice-covered lakes and subglacial environments. These
microorganisms have special adaptations to extreme cold and low-nutrient conditions. Some extremophiles, like
psychrophiles can thrive in these harsh environments. Phenoliferia glacialis USM-PSY62, previously identified
as Rhodotorula sp. USM-PSY62 is a psychrophilic yeast isolated from the ice brine of Antarctica. However, there
is very little information on this psychrophilic yeast. This study aims to characterize the P. glacialis USM-PSY62
through the identification of the optimum growth parameters in different media (Yeast Peptone Dextrose, YPD &
Yeast Malt, YM), temperature (4°C, 15°C, 20°C) and pH (6, 7, 8, 9) as well as their ability in carbon assimilation
and extracellular enzyme production. It has an optimal growth in YPD compared to YM broth media. P. glacialis
USM-PSY62 grows optimally at 15°C and pH 7.0. This Antarctic yeast enters the stationary phase on day six
of incubation under optimum conditions. It appeared mainly as elongated-shape and oval-shaped with budding
formation and was found to produce extracellular enzymes such as protease and amylase in the presence of
2% glucose concentration in YM media. P. glacialis USM-PSY62 also can assimilate various types of carbon
sources including raffinose, arabinose, and maltose. Interestingly, the psychrophilic yeast presented growth in
media supplemented with Persistent Organic Pollutants (POPs) such as dichlorophenyldichloroethylene (DDE) and
polychlorinated biphenyl (PCB). These preliminary findings suggest that P. glacialis USM-PSY62 has tremendous
potential for bioremediation application in polluted cold regions, as well as deepening our knowledge of its optimal
growth conditions.

Key words: Antarctica, cold environment, pollutants, psychrotolerant, yeast

Article History INTRODUCTION
Accepted: 1 September 2024 . . . .
First version online: 27 October 2024 Antarctica, a region that is mostly covered by ice and

snow harbors various unique cold-adapted species.

Cite This Article: Microorganisms living in the cold environments of Antarctica

Azman, AN.A., Kamaruddin, S., Xia, D.Q.H.,

Bakar, F.D.A., Hashim, N.H.F., Murad, AMA. & face a variety of environmental stressors such as low to
Bharudin, |. 2024. Profiling the growth conditions freezing temperatures, limited bioavailability of nutrients,
and persistent organic pollutants (POPS) tolerance .. . . )
of Phenoliferia glacialis USM-PSY62 Malaysian extreme pH, and salinity (Margesin & Miteva, 2011; Yusof et
Applied _ Biology,  53(4): 103-113.  https://doi. al., 2021a; Yusof et al., 2022). Antarctica offers a valuable
org/10.55230/mabjournal.v53i4.3118 . .
opportunity to study the taxonomy and ecology of various
Copyright cold-loving inhabitants including many species of bacteria,

© 2024 Malaysian Society of Applied Biology fungi plants and animals

In Antarctica, yeast can be isolated from soil (Tsuji,
2018), ice, permafrost (Touchette et al., 2022), snow (de
Menezes et al., 2019), water (Perini et al., 2019) and plant
(Ferreira et al., 2019). The genera that have been discovered
from Antarctica include Rhodotorula sp., Candida sp.,
Mrakia sp., Cryptococcus sp., Leucosporidium sp., and
Phenoliferia sp. (Baeza et al., 2022). Research was done to
identify the diversity of yeast in Antarctica through sampling
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and amplification of internal space transcriber (ITS) regions as well as large and small subunit RNA
regions. There are also other methods for identifying the species of yeast in Antarctica such as through
biochemical properties, and assimilation tests using aromatic compound, carbon, and nitrogen (Wang
et al., 2015a).

Rhodotorula sp. is recognized for its ability to break down phenol and use it as a carbon source
in a broad range of temperatures, including low temperatures. As a result, the classification of the
Rhodotorula genus is determined by the characterization of high metabolic versatility in the utilization
of several phenol-related monoaromatic compounds as the primary source of carbon at 10°C and the
ability to grow in the presence of high concentrations of these compounds (Margesin et al., 2007).

This research aims to identify the species of the Antarctic yeast obtained from the Universiti Sains
Malaysia research group, which was isolated from Casey Research Station, Antarctica. Based on the
previous reports on its performance in degrading phenol-related compounds, the versatility of the yeast
was also tested in this study through the ability to utilize persistent organic pollutants (POPs) such as
dichlorodiphenyldichloroethylene (DDE) and polychlorinated biphenyl (PCB). This is the first report on
the ability of indigenous Antarctic yeast species to degrade DDE and PCB, pollutants that are also
detected in the Antarctic environment (Corsolini & Sara 2017; Terajima et al., 2022; Xie et al., 2022).

MATERIALS AND METHODS

Yeast isolation and molecular identification

P. glacialis USM-PSY62 was routinely grown in yeast peptone dextrose (YPD) agar at 15°C and
kept in 20% glycerol stock at -80°C for long-term storage.

P. glacialis USM-PSY62 was cultured in YPD broth culture for seven days at 15°C. Then, the culture
was observed under a compound microscope to determine the cell morphology. P. glacialis strain
USM-PSY62 was identified based on internal transcribed spacer (ITS) and large ribosomal subunit
(LSU) sequences alignment against other related sequences in the National Centre for Biotechnology
Information (NCBI) Genbank.

The extraction of genomic DNA was performed using Wizard® Genomic DNA Purification Kit (USA).
The internal transcribes spacer region was amplified using primer pair ITS1F (5-GTAACAAGG TTTCCG
T-3')and ITS4 (5-TCC TCC GCT TAT TGATAT GC-3’) meanwhile, the large subunit region was amplified
using primer pair LROR (5’-ACCCGCTGAACTTAAGC-3’) and LR6 (5-CGCCAGTTCTGCTTACC-3’).
Protocol for polymerase chain reaction was performed with DreamTag PCR Master Mix (Thermo
Scientific), according to the manufacturer's protocol. The sequence was subjected to an NCBI blast
search. Sequence alignment of homologous sequences of closely related species of basidiomycetes and
ascomycetes retrieved from GenBank was performed using the ClustalW option in MEGA-X software.
Phylogenetic analysis based on the ITS and LSU sequences was performed using the MEGA-X program
(Tamura et al., 2021). Phylogenetic trees were constructed using Maximum Likelihood (ML) with 1000
bootstrap replications. Evolutionary distance data were calculated using the Tamura three-parameter
mode (Tamura et al., 2021). Further characterization of the P. glacialis USM-PSY62 was done through
a growth optimum study, carbon assimilation, and extracellular enzyme production test.

Optimum growth study

The three conditions for yeast growth were tested. For media, YPD and yeast malt (YM) agar were
used to grow P. glacialis USM-PSY62 at 4°C. Then, the optimum temperature was tested at 4°C, 15°C,
and 20°C at 180 rpm. Eventually, the optimum pH was tested from pH 6 to pH 9. Triplicates of each type
of condition were prepared. P. glacialis USM-PSY62 was grown in 50 mL YPD broth supplemented with
50 mg/mL kanamycin and 50 mg/mL ampicillin for 8 to 9 days. The optical density of each culture at the
600 nm absorbance was measured every 24 hr. A growth curve was plotted based on the average of
the OD,,, reading of the replicates for every day.

Extracellular enzyme activity assay

Extracellular enzyme activities were performed using the yeast malt agar (YMA) media containing
2% of glucose (Carrasco et al., 2012). Each of these media was supplemented with different carbon
sources, 2.5% hydrolysate chitin, 0.5% carboxymethyl cellulose (CMC), 0.2% soluble starch, and 2%
casein. 1 pL of yeast cell suspension grown to mid-log phase was inoculated onto the agar medium and
incubated at 4°C for 14 days. The colonies were washed off from the agar medium with distilled water.
The identification of enzyme activities followed the method by Hankin and Anagnostakis (1975). To
identify cellulase activity, the medium was stained with 1 mg/mL of congo red solution for 15 min and de-
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stained with 1 M sodium chloride (NaCl) for 15 min. A halo zone on the agar medium indicated that the
substrate had been degraded (Carrasco et al., 2012). For soluble starch, the plates were flooded with
1 mL of iodine solution and the appearance of a clear halo around the colony indicated positive activity
of amylase. Protease activity was defined by the white precipitate around the fungal colony in media
supplemented with casein (Hankin & Anagnostakis, 1975). The activity of chitinase was presented
directly by the presence of a clear halo region around the colony, indicating the utilization of chitin.

Determination of carbon source assimilation

Assimilation of different carbon sources was carried out according to protocols in “Preparation
of Yeast Media” (2003). In yeast, nitrogen base (YNB) media, 2% of raffinose, maltose, arabinose,
glucose, and galactose were added. From a single colony, P glacialis USM-PSY62 was streaked on the
media and after 10 days of incubation, the growth of P. glacialis USM-PSY62 was observed.

Growth of P. glacialis in the presence of POPs

P. glacialis USM-PSY62 was cultured in YPD media supplemented with 1 ppm, 5 ppm, 10 ppm, 20
ppm, and 30 ppm DDE. PCB, at a concentration of 0.01 ug/mL was also being supplemented in the
media and was conducted in duplicate. YPD with no addition of POPs served as control. The incubation
time was seven days at 15°C.

RESULTS

Identification of P. glacialis

The yeast previously called Rhodotorula sp. USM-PSY62, was subjected to sequencing and BLAST
search. However, the top BLAST search showed that Phenoliferia sp.has the highest percent identity
(>90%) to the subjected sequence with a low e-value of 0 for the ITS sequence. The ITS and LSU
sequences of other psychrophilic Rhodotorula sp. were used for multiple sequence alignment before
generating a phylogenetic tree to support the claim of the BLAST result. In Figure 1, the phylogenetic
trees were built to observe the phylogenetic relation between Rhodotorula sp. and Phenoliferia sp. The
Antarctic yeast used in the study is located in the same clade as other Phenoliferia sp while the rest of
Rhodotorula sp. accumulate in different clades for both phylogenetic trees. Apaperin 2007 mentioned that
Phenoliferia sp. was initially known as Rhodotorula, specifically for Rhodotorula glacialis, Rhodotorula
psychrophila, and Rhodotorula psychrophenolica (Margesin et al., 2007). Regarding that, an article
published in 2015, reported phylogenetic analysis revision including genera within Pucciniomycotina
which include both Rhodotorula (the revised genera) and Phenoliferia (the proposed genera) (Wang
et al., 2015b). Table 1 summarises the relation between Rhodotorula sp. and Phenoliferia sp. It is
very important to be updated with the common name used by the species as well as its latest name
as this can influence the database search engines. Furthermore, Phenolifera was given to describe
the metabolic performance of utilize several phenol-related monoaromatic compounds as the primary
source of carbon (Margesin et al., 2007).

Growth performance in different temperatures, media, and pH

Phenoliferia glacialis shows the appearance of creamy-white colonies on the YPD agar. Figure 2
shows the morphology of P. glacialis on agar culture. Colonies are round and there was no hyphae
or pseudomycelium formation. The cell morphology under microscope showed the cells can occur in
singly or in small chains and the budding is polar (Margesin et al., 2007). Figure 3 shows the cell shape.
of P, glacialis USM-PSY62.

The growth curve of nine days revealed that P. glacialis USM-PSY62 grew optimally in YPD and
YM agar media. Nevertheless, the YPD medium supported better cell growth than YM given that the
doubling time in YPD media (15.7 hr) is shorter compared to in YM media (17.9 hours). P. glacialis
USM-PSY62 has a shorter doubling time at 15°C (9.4 hr) compared with at 4°C (14.5 hr) and 20°C (18.5
hr). Figure 4, 5 and 6 show the growth curve of P. glacialis USM-PSY62 in different media, temperature,
and pH respectively.
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Fig. 1. (A)The phylogenetic tree showing the relationship between ITS region from Phenoliferia glacialis USM-PSY62, Phenoliferia
sp, Rhodotorula sp, and other psychrophilic and psychrotolerant basidiomycetes. (B) The phylogenetic tree shows the relationship
between LSU regions of Phenoliferia glacialis USM-PSY62 and other basidiomycetes. The species used in this study is indicated
with a dark arrow. Pygoscelis antarctic was included as the outlier.
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Table 1. The difference of order between Rhodotorula sp. and Phenoliferia sp. (Wang, et al., 2015a)

Taxonomic rank Rhodotorula sp. Phenoliferia sp.
Subkingdom Dikarya
Phylum Basidiomycota
Subphylum Pucciniomycotina
Class Microbotryomycetes
Order Sporidiobolales Kriegeriales
Family Sporidiobolaceae Kriegeriaceae
Genus Rhodotorula Phenoliferia

ked 4C D12

Fig. 2. Growth of Phenoliferia glacialis USM-PSY62 on YPD agar medium at 15°C after seven days.
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Fig. 3. Cell shape of P. glacialis USM-PSY62 (a) The morphology of P. glacialis under 400x magnification after seven days
incubation at 15°C, (b) Line drawing of Rhodotorula glacialis described by Margesin et al. (2007).

Extracellular enzyme activity assay
Phenoliferia glacialis USM-PSY62 exhibited amylase and protease activities by the formation of

halos in starch-containing media and the formation of white precipitate around the colony in casein-
containing media respectively (Table 2). However, cellulase and chitinase activity was not detected in
the CMC-containing media and chitin-containing media, respectively.
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Fig. 6. The growth curve of pH optimization at pH 6, 7, 8 and 9.
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Table 2. Summary of the chitinase, cellulase, amylase, and protease activity of P. glacialis

Polysaccharides Chitin CMC Starch Casein
Enzyme activity 0
/4
.
- + +

#+, with activity; -, no activity

Determination of carbon source assimilation

According to Wang et al. (2015b), the proposed genera (Phenoliferia) shows the inability to grow
on maltose but not on raffinose. Conversely, the P. glacialis USM-PSY62 in this study was able to grow
in the presence of maltose as well as other carbon sources tested including raffinose, galactose, and
arabinose. Table 3 describes the findings of the carbon assimilation test. A study reported by Margesin
et al. (2007) also mentioned the inability of R. glacialis to grow on maltose, galactose, and arabinose.
Phenoliferia glacialis USM-PSY62 in this study might have adapted new characteristics to be able to
use various types of carbon sources. Table 4 summarises the findings on P. glacialis characterization
while comparing with previously reported data on P. glacialis or R. glacialis.

Table 3. Summary of the assimilation of different carbon sources of P. glacialis

Carbon source Raffinose Maltose Arabinose Galactose

Growth

#+, with activity; -, no activity

Growth of P. glacialis USM-PSY62 in the presence of DDE and PCB

Phenoliferia glacialis USM-PSY62 was cultured in YPD media supplemented with specific
concentrations of DDE and PCB. They were incubated for seven days at 15°C. Interestingly, P. glacialis
USM-PSY62 demonstrated growth, indicating its resilience and adaptive capacity in environments
contaminated with POPs such as DDE and PCB. Figure 7 shows the growth of P, glacialis USM-PSY62
in the screening of POPs.

DISCUSSION

The optimum growth condition for microbes can be determined through medium, pH, and temperature
optimization. P. glacialis USM-PSY62 has an optimum growth temperature of 15°C and can grow at a
maximum temperature of 20°C (Halim et al., 2023). In the current study, P. glacialis USM-PSY62 has
optimum growth temperature at 15°C while slow growth at 20°C can be observed. The yeast has the
least doubling time at 15°C compared to growth at 4°C and 20°C. YPD, PDA, and YM medium are
examples of suitable media for the growth of yeast (Kurtzman et al., 2011). P. glacialis USM-PSY62 in
this study favored YPD over YM media while both contained yeast extract and bacto-peptone that are
richer in nutrient contents when compared to potato dextrose (PDA) medium ingredients (Peng et al.,
2020). Cold-adapted yeast or fungi tend to survive a wide range of pH despite some being unable to
grow at lower pH such as at pH 4 and below (Hankin & Anagnostakis, 1975; Berry & Foegeding, 1997).
In this study, P. glacialis USM-PSY62 showed growth across all pH tests. Overall, YPD and 15°C are the
best growth conditions for P. glacialis USM-PSY62. This condition was used in subsequent identification
experiments such as the optimum condition to grow P. glacialis USM-PSY62.
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Table 4. Comparison of phenotypic characteristics of P. glacialis in this study with previously reported P. glacialis

e P. glacialis in this Rh. glacialis P. glacialis (Carrasco P. glacialis (Martorell
Characteristics .
study (Margesin et al., 2007) etal., 2012) etal., 2017)
Temperature
4°C + N/A N/A
15°C + + N/A
20°C + + N/A
25°C - - N/A -
30°C - N/A N/A -
Extracellular Enzyme
Chitinase - N/A - N/A
Cellulase - N/A - -
Amylase + N/A
Protease + N/A -
Carbon assimilation
Raffinose + + N/A N/A
Maltose + - N/A N/A
Galactose + - N/A N/A
Arabinose + - N/A N/A
pH
6 + N/A N/A N/A
7 + N/A N/A N/A
8 + N/A N/A N/A
9 + N/A N/A N/A
Salinity
5% + N/A N/A N/A
10% - - N/A N/A
15% - N/A N/A N/A

Fig. 7. The growth of Pglacialis USM-PSY62 with the presence of DDE and PCB. (a) Control with no addition of DDE and PCB,
(b) 1 ppm DDE, (c) 5 ppm DDE, (d) 10 ppm DDE, (e) 20 ppm DDE, (f) 30 ppm DDE, (g) 0.01 pg/L PCB, (h) 0.01 pg/L PCB.

Phenoliferia glacialis USM-PSY62 enters the log phase after two days of incubation at its optimum
temperature and stays in the log phase for two days before entering the stationary phase. Psychrophiles
take a longer time to grow compared to mesophiles. By growing slowly, psychrophiles can compensate
for the limited nutrient availability, prevent the rapid exhaustion that causes starvation, and eventually
lead to maximized cellular fitness (Bharudin ef al., 2018; Gonzalez & Aranda, 2023). Besides affecting
growth, temperature also influences microbial activities such as in producing cold-adapted enzymes
which is valuable in the field of biotechnology using psychrophiles for the production of cold-active
compounds (Margesin, 2009; Yusof et al., 2021b; Kamaruddin et al., 2022).
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Phenoliferia glacialis USM-PSY62 is isolated from Antarctica, an environment with limited nutrient
and carbon sources. Phenoliferia glacialis USM-PSY62 presented the ability to produce several
hydrolytic enzymes that enable the cells to utilize several complicated substrate types other than
glucose as the major source of carbon for its growth and energy. Consequently, an organism with
the capacity to utilize a variety of carbon sources will have an advantage to survive in a nutrient-poor
environment. Besides, the results from the characterization study were compared with other reported
characterizations of P. glacialis USM-PSY62 (Table 3). There were newly discovered characteristics
such as the growth of P. glacialis observed in the presence of maltose, arabinose, and galactose while
previously it was reported that the yeast presented no growth when those carbon sources were added
into the media. Additionally, there are differences between several published studies in terms of the
extracellular enzymes produced. These differences in observation could be influenced by the location
and the type of samples of isolation.

Margesin et al. (2007) reported remarkable phenol degradation activities by Phenoliferia sp. at low
temperatures. In this study, surprisingly, P. glacialis can survive up to 30 ppm of DDE and 0.01 ug/mL
supplemented in the growth media. There is still scarce reported degradation performance of DDE
and PCB by cold-adapted yeast especially the indigenous species of Antarctica. However, there was a
study reported that while some Antarctic isolates presented no growth when phenol and heavy metals
salts were added into the rich culture media, several Antarctic isolates presented abundant growth with
the presence of those compounds. (Fernandez et al., 2017). The resistance towards organic pollutants
and heavy metals allows the surviving strain to be a promising environment treatment in extremely
cold regions. A study regarding the ability of cold-adapted yeast to degrade compounds such as lignin
monomers and polycyclic aromatic hydrocarbon (PAH) (Martinez-Avila et al., 2021; Margesin et al.,
2022).

Therefore, based on the ability of P. glacialis USM-PSY62 to grow in the presence of PCB and
DDE, P. glacialis USM-PSY62 might as well have the potential to degrade the pollutants. The microbial
response towards xenobiotic compounds like PCB and DDE was reported to induce the degradation
and detoxification response by the microbial cells (Murinova et al., 2014; Martinez-Avila et al., 2021).
While the microbial response is highly dependent on the species and the type of xenobiotics compound,
it will be fortunate if the response of P. glacialis USM-PSY62 to both PCB and DDE can be revealed in
future studies. This preliminary study will pave the way for deeper insight into studying cold-adapted
yeast as one of the bioremediation strategies, not only in temperate regions but also in polluted extreme
polar regions.

CONCLUSION

In this study, previously reported Rhodotorula sp. was identified as Phenoliferia glacialis USM-PSY62.
This yeast shared some of the traits of other reported P. glacialis while also having some distinctive
traits of its own such as the ability to assimilate wider types of carbon source. These characteristics may
explain the success in adapting in various low-nutrient settings, including Antarctica. Currently, there
is no information concerning DDE and PCB degradation by P. glacialis USM-PSY62 was detected,
however, several Phenoliferia species have been reported to degrade phenol. Thus, this is the first
report on P. glacialis ability to potentially be utilized in the bioremediation of POPs especially towards
DDE and PCB.
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