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strain that accumulated the highest levels of saponifiable 
lipids (42 %).
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Introduction

Extremely cold environments (i.e., Arctic and Antarctic 
regions and European glaciers) can be successfully colo-
nized by a group of extremophilic microorganisms known 
as psychrophiles. This group of microorganisms is defined 
by an optimum growth temperature of 15 °C, a maximum 
growth temperature below 20 °C, and a minimum growth 
temperature equal to or below 0  °C (Morita 1975). How-
ever, in those extreme environments, psychrotrophic or 
psychrotolerant microorganisms, which are cold-adapted 
mesophiles, also exist, and compete well for resources 
(Mohamed Hatha et al. 2013). Such microorganisms have 
developed strategies to protect themselves against environ-
mental and nutritional stress of extremely cold regions and 
to resist seasonal climate changes which sometimes consti-
tute an advantage over obligate psychrophiles.

Psychrotolerant yeasts are increasingly attracting atten-
tion for their enormous biotechnological potential (Buzzini 
and Margesin 2014), including the production of cold-
active enzymes, such as amylases, cellulases, invertases, 
inulinases, proteases, lipases which are currently broadly 
used in food, biofuel and detergent industries (Margesin 
and Miteva 2011). Such enzymes could also be produced 
by obligate psychrophiles. However, since psychrophilic 
yeasts require refrigerated conditions to grow, costs asso-
ciated to their production would be higher than those 
involved in the culture of psychrotrophes, especially in 
large scale producing processes.

Abstract  Various microbial groups are well known to pro-
duce a range of extracellular enzymes and other secondary 
metabolites. However, the occurrence and importance of 
investment in such activities have received relatively lim-
ited attention in studies of Antarctic soil microbiota. Sixty-
one yeasts strains were isolated from King George Island, 
Antarctica which were characterized physiologically and 
identified at the molecular level using the D1/D2 region of 
rDNA. Fifty-eight yeasts (belonging to the genera Crypto-
coccus, Leucosporidiella, Rhodotorula, Guehomyces, Can-
dida, Metschnikowia and Debaryomyces) were screened 
for extracellular amylolytic, proteolytic, esterasic, pecti-
nolytic, inulolytic xylanolytic and cellulolytic activities at 
low and moderate temperatures. Esterase activity was the 
most common enzymatic activity expressed by the yeast 
isolates regardless the assay temperature and inulinase 
was the second most common enzymatic activity. No cel-
lulolytic activity was detected. One yeast identified as Gue-
homyces pullulans (8E) showed significant activity across 
six of seven enzymes types tested. Twenty-eight yeast iso-
lates were classified as oleaginous, being the isolate 8E the 
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Psychrotrophic yeasts have also been explored as ole-
aginous microorganisms to be used as a source of lipids 
for biodiesel production (Rossi et al. 2009). In recent years 
there has been a significant amount of work on oleaginous 
yeasts (Pereyra et al. 2014; Sitepu et al. 2014; Garay et al. 
2016; Zhang et  al. 2015) which have the ability to accu-
mulate at least 20 % oil as a percentage of cell dry weight 
in appropriate culture conditions (Ratledge and Hall 1979). 
Intracellular lipids of oleaginous yeasts are mainly stored 
in the form of triglycerides which can be extracted and 
transformed in biodiesel after a transesterification process 
(Sitepu et al. 2014). It has been demonstrated that varying 
growth temperature changed the fatty acid composition of 
those stored lipids and, increased the content of unsaturated 
acids (Amaretti et  al. 2010). In that context, oleaginous 
yeasts that could grow at low and moderate temperatures, 
such as psychrotrophic yeasts, would be good candidates 
to produce different types of biodiesel that could be used at 
different temperatures.

Although the first report of Antarctic yeasts was pub-
lished 50 years ago (Di Menna 1966) current reports have 
mainly focused on cold-tolerant Bacteria and Archaea. Two 
extensive reviews about Antarctic yeast biodiversity and 
biotechnological applications have been published (Vish-
niac 2006b; Shivaji and Prasad 2009). However, Connell 
et al. (2010) reported that approximately 43 % of the Ant-
arctic yeasts isolated by them were assigned to undescribed 
species, reflecting the lack of knowledge about cultivable 
yeasts that colonize Antarctic soils. King George Island is 

the largest island within the South Shetland Islands archi-
pelago. As typical of this region of Antarctica, the island 
hosts a variety of terrestrial ecosystems and soil habitats, 
including pristine soils and vegetation, vertebrate-influ-
enced habitats and sites under human impact (Tin et  al. 
2009).

This work describes the isolation of yeasts from ter-
restrial and maritime habitats of this island. Yeast isolates 
were characterized physiologically and identified at the 
molecular level by the analysis of the D1/D2 sequences. 
In addition, the biotechnological potential of the isolates 
through the ability to produce extracellular cold-adapted 
enzymes and intracellular lipids was evaluated. Characteri-
zation of the enzyme activities and the fatty acid composi-
tion of stored lipids may contribute to enhance the potential 
of the yeasts in industrial applications.

Materials and methods

Sampling sites

Psychrotrophic yeasts were isolated from soil and terres-
trial and marine waters from different sites on the Fildes 
peninsula, King George Island (Lat 62°11′04S; Long 
58°54″W), situated 120  km off the coast of the Antarc-
tic Peninsula in the Southern Ocean. Samples were col-
lected in January 2012 and March 2013 during expeditions 
organized by the Instituto Antartico Uruguayo. Sampling 

Fig. 1   Sample site locations on King George Island. 1 Collins Bay, 2 Uruguay Lake, 3 Norme Cove, 4 Ardley Cove, 5 Ardley Island, 6 Sur-
rounding Collins glacier and 7 Drake Bay
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sites are indicated in Fig. 1. Different numbers of samples 
(indicated in brackets) were taken from soil, sediments 
and water in the surroundings of Collins Bay (12), Norme 
Cove (11), Ardley Island (16), Ardley Cove (3), Uruguay 
Lake (10), Drake Bay (14) and Collins Glacier (4). A total 
of 70 samples were collected in both years. In each case, 
geographical coordinates and temperature were registered. 
Samples were collected in sterile tubes of 50 ml and kept at 
0 °C until they were processed.

Sample processing and yeast isolation

To isolate cold-adapted yeasts, 10 g of soil samples were 
suspended in 90  ml of sterile water and 100  µl of the 
obtained suspension and 1/10 and 1/100 dilutions were 
spread onto the surface of Dichloran Rose Bengala Chlo-
ramphenicol Agar (DRBCA) (Merk, Darmstadt, Ger-
many) plates. In case of water samples, 100 µl of the sam-
ple and the corresponding dilutions were spread onto the 
same medium. Plates were incubated at 25 °C for 7 days. 
When no yeasts were recovered from a sample, an enrich-
ment procedure was used. Briefly, ten grams or milliliters 
of each sample was inoculated in 90 ml of Yeast Nitrogen 
Base (YNB) (Difco, Sparks, USA) supplemented with 2 % 
glucose and chloramphenicol (100 μg/ml) and incubated 
for 7 days at 25 °C in an orbital shaker at 150 rpm. Yeasts 
obtained from those enrichment cultures were isolated on 
DRBCA plates. Yeast colonies obtained in all cases were 
examined macro and microscopically. Those showing a 
different morphotype were selected from each sample and 
purified by streaking them on Potato Dextrose Agar (PDA) 
(Oxoid, Hampshire, UK) plates at 25 °C. Additionally, the 
presence of obligate psychrophilic yeasts was evaluated 
in each sample by streaking 100 µl of liquid samples and 
soil suspensions onto DRBCA and incubated at 4  °C for 
15 days. All different colonies were transferred to DRBCA 
plates and incubated at 25 °C for days. Those isolates that 
could grow at 4 °C but not at 25 °C were considered psy-
chrophilic and kept to be identified. All isolates were pre-
served in 20 % glycerol at −70 °C.

Yeast identification

All isolates were identified at species level by sequence 
analysis of the D1/D2 variable domains at the 5′ end of 
the large subunit rRNA gene. DNA extraction was carried 
out as described by Schena et  al. (1999). PCR fragments 
were generated using primers ITS1 and D2R covering both 
the ITS1–ITS2 and D1/D2 region. The thermal profile was 
96 °C 2 min, followed by 35 cycles of 96 °C 30 s, 51 °C 
45 s, 72 °C 120 s, and a final extension step at 72 °C for 
7  min. Nucleotide sequences of the PCR products were 
determined in both directions at Macrogen (Macrogen Inc., 

Seoul, Korea). Sequences were aligned with MEGA ver-
sion 5, visually corrected and compared to NCBI databases 
using BLAST. Phylogenetic analyses of D1/D2 sequences 
of the selected isolates were conducted using MEGA ver-
sion 5. DNA sequences were aligned with sequences of 
homologous regions of closely related strains retrieved 
from GenBank. Two phylogenetic trees were constructed, 
one with ascomycetous and another with basidiomycetous 
species. In both cases, evolutionary distances were com-
puted using the Jukes–Cantor method, and phylogenetic 
trees were obtained by neighbor-joining. All positions 
containing alignment gaps and missing data were elimi-
nated in pairwise sequence comparisons (pairwise deletion 
option). Stability of clades was assessed with 1000 boot-
strap replications.

Culturable yeast diversity

Diversity, richness and dominance of culturable yeasts, 
were quantified using Shannon, Margalef’s and Simpson’s 
indices, respectively, with the aid of the software PAST, 
version 3.11 (Hammer et al. 2001). Dominance was calcu-
lated as 1-Simpson index.

Determination of the effect of temperature on growth 
of yeast isolates

All the isolates were tested for the ability to grow at dif-
ferent temperatures (4, 20, and 28 °C) on PDA plates. The 
plates were inoculated with yeast cells grown for 24–48 h, 
and incubated at different temperatures. Growth was moni-
tored visually on a daily basis for a week, except for the 
Petri dishes incubated at 4  °C, which were monitored for 
2  weeks. Colony growth was assessed qualitatively (De 
García et al. 2007).

Production of hydrolytic enzymes

24–48 h cultures of the yeasts grown at 25 °C on PDA were 
used to inoculate Petri dishes containing the substrates 
selected. The inoculated dishes were incubated at low 
(8 °C) and room temperature (20 °C) and the expressions 
of extracellular enzymes were analyzed after 7 days. A full 
description of the protocols is provided above; they were 
carried out according Buzzini and Martini (2002).

The ability to degrade long-chain esters (esterasic activ-
ity) was detected using sorbitan monooleate (Tween 80). 
Tween 80 medium agar consisted of 10 g/l peptone, 5 g/l 
NaCl, 0.1 g/l CaCl2·2H2O, 20 g/l agar (pH 7.0). The forma-
tion of a clear zone around a colony due to complete degra-
dation of the substrate indicates esterasic activity.

Proteolytic activity was assessed using skim milk agar 
medium consisting of 10 g/l skim milk and 20 g/l agar (pH 
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6.6). After incubation, a positive reaction was detected as a 
clear zone around the colony in the opaque medium.

The ability to degrade long-chain esters (esterasic activ-
ity) was detected using sorbitan monooleate (Tween 80). 
Tween 80 medium agar consisted of 10 g/l peptone, 5 g/l 
NaCl, 0.1 g/l CaCl2·2H2O, 20 g/l agar (pH 7.0). The forma-
tion of a clear zone around a colony due to complete degra-
dation of the substrate indicates esterasic activity.

Proteolytic activity was assessed using skim milk agar 
medium consisting of 10 g/l skim milk and 20 g/l agar (pH 
6.6). After incubation, a positive reaction was detected as a 
clear zone around the colony in the opaque medium.

The ability to degrade starch (amylolytic activity) and 
inulin (inulinase activity) was evaluated using starch or 
inulin agar, which consisted of 10 g/l soluble starch or inu-
lin, 2 g/l yeast extract, 5 g/l peptone, 0.5 g/l MgSO4, 0.5 g/l 
NaCl, 0.15 g/l CaCl2 and 20 g/l agar (pH 6.0). After incu-
bation, the plates were flooded with Lugol’s iodine solu-
tion. A pale yellow zone around the colony indicates starch 
or inulin degradation.

To detect pectinases enzymes, a selective medium con-
taining 10  g/l pectin, 1.4  g/l NH4SO4, 2.0  g/l K2HPO4, 
0.2  g/l MgSO4·7H2O, 1  ml sol. A (5  mg/l FeSO4·H2O, 
1.6 mg/l MnSO4·H20, 2 mg/l CoCl2) and 20 g/l agar was 
used. Pectinase producing colonies was screened and 
selected by flooding the solid media plates with Lugol’s 
iodine solution.

Screening of cellulase activity was done on CMC 
agar medium containing 2.0  g/l NaNO3, 1.0  g/l K2HPO4, 
0.5 g/l MgSO4, 0.5 g/l KCl, 2.0 g/l carboxymethylcellulose 
(CMC) sodium salt, 0.2 g/l peptone and 17 g/l agar. Detec-
tion of cellulose activity was done by Congo Red solution 
(0.1 %) and destained with NaCl 1 M.

To detect xylanases, xylan agar medium contain-
ing 10 g/l xylan, 5.0 g/l yeast extract, 5 g/l peptone, 1 g/l 
K2HPO4, 0.2  g/l MgSO4·7H2O and 20  g/l agar was used. 
Xylanase producing colonies was screened and selected by 
flooding the solid media plates with Congo Red solution 
(0.1 %) and destained with NaCl 1 M.

Screening of oleaginous yeasts

Each yeast strain was grown at 20  °C in a rotary shaker 
at 150  rpm in 250  ml Erlenmeyer flasks containing 
50  ml of a liquid nitrogen-limited medium developed by 
Thakur et  al. (1989) for intracellular lipid accumulation. 
The medium consisted of (g  1−1): glucose, 40; KH2PO4, 
0.75; yeast extract, 1.5; NH4NO3, 0.285; CaCI2·2H20, 
0.4; MgSO4·7H20, 0.4 (Thakur et  al. 1989). The pH of 
the medium was initially adjusted to 5.0. Each flask was 
inoculated with five ml of a yeast suspension (turbid-
ity = McFarland 1) prepared in sterile distilled water from 
a 48 h culture at 25 °C. After 5 days of incubation, cultures 

were centrifuged and pellets were washed and then resus-
pended in sterile distilled water to obtain a cell suspension 
with a concentration that, when it was diluted 40 times, had 
an OD 600  nm =  0.6. A strain of Saccharomyces cerevi-
siae obtained from an active dry yeast commercial product 
(Fleischman®) was included in the assay as non-oleaginous 
yeast (Vorapreeda et al. 2012).

The intracellular lipid content was estimated as 
described by Sitepu et  al. (2012) with some modifica-
tions. In each case, 160 μl of yeast suspension, prepared 
as described above, was added to 800 μl of DMSO (dime-
thyl sulfoxide) dissolved in 2240 μl of distilled water. A 
volume of 14.72 μl of 0.1  mg/ml solution of Nile red in 
acetone was added to the mixture and after 2  min in the 
dark, fluorescence was determined in a Shimadzu—RF-
5301PC spectrophotometer. Excitation wavelength was of 
488 nm and fluorescence of the sample was determined as 
the maximum value obtained in an emission wavelength 
spectra from 400 to 700 nm (Kimura et al. 2004).

The content of saponifiable lipids, of some strains, was 
quantified as described by Pereyra et  al. (2014) by gravi-
metric determination after chemical extraction. Briefly, 
biomass from 40 ml of each culture was washed with dis-
tilled water and then treated with 5 ml of KOH 30 % and 
5  ml of ethanol 95  %. The mixture was incubated over-
night at 70 °C and then unsaponifiable matter was removed 
with hexane. The pH of the remaining aqueous phase was 
adjusted to 1 with HCl, and then fatty acids were extracted 
twice with 10  ml of hexane. After hexane evaporation 
under reduced pressure, the solid residue obtained was 
weighed. At the same time, in each case, biomass of yeasts 
was determined as dry weight of the cells contained in 2 ml 
of culture. Amounts of intracellular saponifiable lipids were 
expressed as percentage of dry mass corresponding to the 
fatty acids obtained as described above. The levels of intra-
cellular saponifiable lipids were determined for the strain 
that showed the highest level of fluorescence, for Saccha-
romyces cerevisiae commercial strain as non-oleaginous 
yeast and for a strain which produced an intermediate 
amount of fluorescence (C. sake 41E).

Two replicates per treatment were performed. Data were 
subjected to analysis of variance and where the F ratio was 
significant (P ≤ 0.05), differences among treatment means 
were separated using Fischer’s least significant difference 
using Infostat (Di Rienzo et al. 2009).

Results

Yeast occurrence

Two-thirds (n  =  43) of all samples collected during the 
Antarctic expeditions were solid samples from soil or 
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sediments, while the rest (n  =  27) were from terrestrial 
and marine waters. Temperatures of sampling sites var-
ied from −0.4 to 11  °C. Psychrotrophic yeasts could not 
be isolated from all the samples. Moreover, in most cases 
(64  %) yeasts could not be recovered directly from sam-
ples, without a previous enrichment, showing that in those 
cases yeast concentration was lower than 10  cfu  g−1 or 
1 cfu ml−1 in solid and water samples, respectively. After 
an enrichment of 10  g or 10  ml of samples, yeasts could 
be recovered only from 60  % of the processed samples, 
which means that in 18 samples the concentration of cul-
turable psychrotolerant yeasts was lower than 1 cfu in 10 g 
or 10  ml. In fact, yeast counts in all samples were low, 
being 5 × 104 cfu g−1 the highest concentration detected, 
which corresponded to a soil sample from Ardley Island 
(S62°12′45″; W58°55′16.9″). Obligate psychrophilic yeasts 
were isolated only from 3 samples of water collected at 
Collins Cove (F2), Ardley Island (F11) and Drake Bay 
(A13), as in shown in Table 1.

Yeast identification

Sixty-one yeast isolates were obtained. All of them could 
be identified to species level by molecular analysis, since in 
all cases, D1/D2 sequences showed more than 99 % homol-
ogy with the corresponding to type strains of unique spe-
cies. Relatedness of sequences of all isolates and those cor-
responding to the most closely related type strains retrieved 
from GenBank, is presented in the phylogenetic trees 
shown in Fig. 2.

Psychrotrophic isolates could be classified into eight 
genera (Cryptococcus, Leucosporidiella, Rhodotorula, 
Guehomyces, Candida, Metschnikowia, Cystofilobasidium, 
and Debaryomyces). Most of the isolates were identified as 

Table 1   Identification, source and growth temperature range of yeast 
isolates

Strain Source 4 °C 20 °C 28 °C Yeast identification

4E Soil + + + Cryptococcus aerius

4BE Soil + + − Cryptococcus keelungensis

4CE Soil + + + Cryptococcus aerius

5E Soil + + − Leucosporidiella fragaria

7AE Soil + + + Rhodotorula laryngis

7BE Soil − + − Candida davisiana

8E Soil + + + Guehomyces pullulans

10E Soil + + + Cryptococcus victoriae

12R Soil + + + Candida glaebosa

12D Soil + + + Candida glaebosa

13R Soil + + − Leucosporidiella fragaria

14E Water + + + Cryptococcus victoriae

14BE Water + + + Candida glaebosa

15E Soil + + + Candida glaebosa

17E Soil + + + Candida glaebosa

19R Soil + + − Cryptococcus victoriae

19DA Soil + + + Cryptococcus victoriae

19DB Soil + + + Leucosporidiella fragaria

20E Water + + − Metschnikowia australis

21R Soil + + + Candida glaebosa

22AE Soil + + + Cryptococcus gastricus

22BE Soil + + − Cryptococcus gilvescens

24E Soil + + + Candida glaebosa

29AE Water + + + Rhodotorula mucilaginosa

29BE Water + + + Debaryomyces hansenii

32R Soil + + − Metschnikowia australis

33AE Water + + + Rhodotorula laryngis

35E Water + + + Debaryomyces hansenii

36E Soil + + + Cryptococcus albidosimilis

37E Water + + + Cryptococcus tephrensis

37BE Water + + + Metschnikowia australis

39E Water − + − Metschnikowia australis

41E Soil + + + Candida sake

A3 Water + − − Mrakia frigida

F2 Water + − − Phenoliferia psychrophenolica

F3A Soil + + − Candida davisiana

F3B Soil + + + Rhodotorula laryngis

F3C Soil + + − Candida davisiana

F3E Soil − + + Rhodotorula minuta

F4A Soil + + + Rhodotorula laryngis

F6E Soil + + + Debaryomyces hansenii

F7A Soil + + + Debaryomyces hansenii

F9D Soil + + + Debaryomyces hansenii

F11 Water + − − Glaciozyma antarctica

F9H Soil + + + Debaryomyces hansenii

F12B Soil + + + Debaryomyces hansenii

F12C Soil + + − Leucosporidiella fragaria

F12D Soil + + + Rhodotorula laryngis

Table 1   continued

Strain Source 4 °C 20 °C 28 °C Yeast identification

F13D Water + + + Debaryomyces hansenii

F13E Water + + + Cystofilobasidium infirmomin-
iatum

F18A Water + + + Debaryomyces hansenii

F20A Soil + + − Leucosporidiella muscorum

F22B Water + + + Candida zeylanoides

F24A Water + + + Debaryomyces macquariensis

F26A Soil + + + Rhodotorula laryngis

F26D Soil + + + Cryptococcus victoriae

F27A Soil + + − Metschnikowia australis

F32A Soil + + + Debaryomyces hansenii

F33B Water + + + Rhodotorula laryngis

F36A Water + + + Candida sake

F39A Soil + + + Debaryomyces hansenii
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basidiomycetous anamorphs, being Cryptococcus (12) and 
Rhodotorula (9) the most represented genera. Among phy-
lum Ascomycota, yeasts isolates were affiliated to genera 
Candida, Metschnikowia and Debaryomyces. A total of 11 
yeasts species were identified and Debaryomyces hanse-
nii was the most abundant specie found (Fig.  2, phyloge-
netic analysis). The nucleotide sequences corresponding 
to the D1/D2 region of all the isolates have been deposited 
in GenBank under the accession numbers KU659485–
KU659542. Psychrophilic isolates were identified as 
Glaciozyma antarctica (F11), Phenoliferia psychrophe-
nolica (synonymy of Rhodotorula psychrophenolic) (F2) 
and Mrakia frigida (A13) and their sequences were also 
deposited in GenBank (Accession numbers KU883220, 
KU883219, KU883218, respectively).

Culturable yeast diversity

In general, the fungal community showed moderate 
diversity (Shannon index  =  2.78) high richness (Mar-
galef = 5.59) and low dominance (Simpson = 0.915, Dom-
inance = 0.085) indices.

Effect of temperature on yeasts growth

All the yeast strains were able to grow at 20  °C. 
Three strains identified as Candida davisiana (7BE), 
Metschnikowia australis (39E) and Rhodotorula minuta 
(F3E) did not grow at 4 °C. On the other hand almost 76 % 
of the isolates could grow at 28 °C (Table 1).

Screening of enzymes activities at low and moderate 
temperatures

The ability of yeast isolates to produce hydrolytic enzymes 
was studied at 8 and 20  °C and the results are presented 
in Table 2. Fifty-two percent of the strains showed at least 
one extracellular enzyme activity at either 8 or 20  °C. 15 
isolates exhibited 2–4 enzyme activities, being an excep-
tional isolated that exhibited 6 enzyme activities: Gueho-
myces pullulans. This yeast expressed different enzymatic 
profile when it was incubated at 8 or 20 °C. At 8 °C exhib-
ited proteolytic, esterasic, amylolytic, pectinolytic and 
inulolytic activities while at 20  °C exhibited proteolytic, 
amylolytic, inulolytic, pectinolytic and xylanolytic activi-
ties. The most common enzymatic activity in the yeast iso-
lates were esterase, regardless of the temperature at which 
it was tested. The second most common activity found was 
inulinase; 12 isolates were positive for this trait at 20 °C, 
while 7 isolates retained this activity at 8 °C. Amylolytic, 
xylanolytic and pectinolytic activities were less frequent, 
and were expressed in about 6–10 % of the strains. None of 
the strains was able to produce cellulose activity at either of 

the assessed temperatures. In some cases enzymatic activi-
ties were strain specific. Four isolates molecularly identi-
fied as Metschniskowia australis (20E, 32R, 37E and 39E) 
showed differences in their enzyme activity profile, as was 
also observed for the isolates identified as C. victoriae (4E, 
10E, 14BE, 19R and 19DA) (Table 2). Candida sake, Can-
dida zeylanoides, Cryptococcus albidosimilis, Debaryomy-
ces macquariensis, Rhodotorula minuta and Rhodotorula 
mucilaginosa were not able to hydrolyze any of the com-
pounds tested. Differences in the expression of extracellu-
lar enzymatic activities at 8 and 20 °C were observed. Two 
of seven tested activities showed a higher number of posi-
tive strains at 8 °C than at 20 °C. The biggest differences 
were observed for proteolytic activity; 18 strains were able 
to hydrolyze skim milk at 8  °C, whereas only 6 strains 
retain this activity at 20 °C.

Screening of oleaginous yeasts

The Saccharomyces cerevisiae strain used in this study 
accumulated saponifiable lipids representing 17  % of its 
dry biomass, as determined by gravimetry after chemical 
extraction, and exhibited 335.5 fluorescence units when 
exposed to Nile Red. Twenty-eight isolates showed not 
different or significantly lower levels of fluorescence than 
the S. cerevisiae strain, therefore they were considered as 
non-oleaginous yeasts. The strain 41E identified as Can-
dida sake, which showed intermediate level of fluores-
cence, accumulated saponifiable lipids that represented the 
24 % of its dry biomass and so it could be considered as an 
oleaginous strain. Thirty strains showed fluorescence val-
ues equal to or higher than this strain and could be consid-
ered as oleaginous microorganisms. Guehomyces pullulans 
(8E) showed the highest fluorescence values, which corre-
sponded to an accumulation of 42 % of saponifiable lipids 
in its dry biomass (Fig. 3). Figure 3 shows the units of fluo-
rescence when oleaginous yeasts (30) were exposed to Nile 
red in comparison to Saccharomyces cerevisiae and three 
yeast strains classified as non-oleaginous. The remain-
ing yeast isolates showed fluorescence values significantly 
lower than Saccharomyces cerevisiae (data not shown)

Discussion

In this work, cold-adapted yeasts were isolated from ter-
restrial and marine samples from King George Island, in 
the sub-antarctic region. Both psychrotrophic and psychro-
philic yeasts were found, being psychrotrophes markedly 
prevalent. Many previous reports about mycoflora from 
Antarctica also confirmed the prevalence of psychrotoler-
ant yeasts and molds over obligate psychrophiles. Accord-
ing to Ruisi et  al. (2007) psychrotolerant yeasts would 
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be well adapted to survive in unstable environments with 
fluctuating temperatures, such as Antarctica ice-free micro-
habitats. The culturable yeast community found in the pre-
sent work showed moderate diversity and low dominance 
of species. In fact, sixty-one yeast isolates were distrib-
uted in 24 species, of which Rhodotorula laryngis, Can-
dida glaebosa and Debaryomyces hansenii were the most 
widely represented. When the culturable yeast diversity 
obtained in this work was compared with that from other 
cold environments like European glaciers and Arctic envi-
ronments, and also with previously reports of Antarctica, it 
can be seen a notable resemblance. In fact, most of the spe-
cies, both psychrotrophic and psychrophilic, found in this 
work have been previously reported from different Antarc-
tic and subantarctic zones. However, this is the first report 

on the occurrence of Cryptococcus aerius and Cryptococ-
cus keelungensis in those environments.

Cryptococcus species have been frequently found in a 
variety of Antarctic sites and substrates, and many are psy-
chrophilic (Vishniac 2006a). Cryptococcus species may be 
able to utilize available nutrients in oligotrophic systems 
and are heterogeneous in terms of their nutritional abilities 
(Connell et al. 2006).

Cryptococcus aerius, in particular, has been previously 
isolated from Arctic and European glaciers (Branda et  al. 
2010; Vishniac 2006a) and also from soils, sand and plant 
leaves from milder regions (Fonseca et  al. 2000; Renker 
et al. 2004). On the other hand, Cryptococcus keelungensis 
was isolated for the first time by Chang et al. (2008) from 
a sea-surface microlayer at Keelung on the north-east coast 

Fig. 2   a Phylogenetic tree based on the sequences of D1/D2 region 
from ascomycetous yeast isolates from King George Island, Antarc-
tica. The tree was constructed using the Neighbor-Joining method. 
Bootstrap values (1000 tree interactions) are indicated at the nodes. 

b Phylogenetic tree based on the sequences of D1/D2 region from 
basidiomycetous yeast isolates from King George Island, Antarctica. 
The tree was constructed using the Neighbor-Joining method. Boot-
strap values (1000 tree interactions) are indicated at the nodes
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Table 2   Extracellular enzymatic activity of yeasts from King George Island

PrA proteolytic activity, EsA esterasic activity on Tween 80 agar, AmA amylolytic activity, InA inulolytic activity, PecA pectinolytic activity, XilA 
xilanolytic activity, CelA cellulolytic activity

Yeast species Number 
strains

Pr A Es A (Tween 80) Am A In A Pec A Xil A

8 °C 20 °C 8 °C 20 °C 8 °C 20 °C 8 °C 20 °C 8 °C 20 °C 8 °C 20 °C

Candida glaebosa 7 1

C. sake 2

C. davisiana 3 3 2 3 1 1 1 2 1

C. zeylanoides 1

Cystofilobasidium  
infirmominiatum

1 1 1

Cryptococcus aerius 2 1 1 1

C. albidosimilis 1

C. gastricus 1 1

C. gilvescens 1 1 1

C. tephrensis 1 1 1 1 1 1 1 1

C. victoriae 5 1 3 5 3 4 1 1 1

C. keelungensis 1 1 1 1 1 1 1

Debaryomyces hansenii 11 1 1 1

D. macquariensis 1

Guehomyces pullulans 1 1 1 1 1 1 1 1 1 1 1

Leucosporidiella fragaria 4 3 1 3 4 1 1

L. muscorum 1 1 1 1

Metschnikowia australis 5 1 2 2 1 1 3 2 1 1 1

Rhodotorula laryngis 7 1 2 6

R. minuta 1

R. mucilaginosa 1

Total no. of strains 58

Total no. of positive strains 12 4 16 22 7 4 7 12 8 5 5 6

% of total strains positive 21 7 28 38 12 7 12 21 14 9 9 10

Fig. 3   Fluorescence of the yeast strain, the experimental data were 
analyzed for statistical significance using a one-way ANOVA, with 
comparison using the Fisher’s LSD (least significant difference) test 
to determine the specific differences. Differences were considered 

significant at the level of P < 0.05. Significant differences as revealed 
by the Fisher LSD test are indicated by different letters above the 
bars
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of Taiwan, and up to now all the reports of this species have 
been circumscribed to that location (Chang et  al. 2016). 
Sea-surface microlayer is the interface of the sea and the 
atmosphere and it is considered an extreme environment 
due to its harsh conditions with high levels of visible and 
UV radiation and high concentration of pollutants. In this 
work the strain identified as Cryptococcus keelungensis 
was isolated from soil on the top of a hill close to Collins 
glacier. Since levels of UV radiation have increased world-
wide but especially in Antarctica (Quesada and Vincent 
1997) the presence of a yeast species with resistance to UV 
radiation was not surprising.

Only three of the yeast strains isolated in this work could 
be defined as obligate psychrophiles. They were identified 
as Glaciozyma antarctica, Phenoliferia psychrophenolica 
and Mrakia frigida. Glaciozyma antarctica and Mrakia 
frigida have already been isolated from Antarctic regions 
(Fell 2011; Turchetti et al. 2011), being this the first report 
of Phenolipheria psychrophenolica, as an Antarctic yeast. 
This species, previously named Rhodotorula psychrophe-
nolica, is a true psychrophilic microorganism unable to 
grow at temperatures above 20 °C. It has been previously 
isolated from mud in the thawing zone of the Stubier gla-
cier in Austria and the Etendard Glacier in France by Mar-
gesin et al. (2007). However, until now this species has not 
been recovered from Antarctica. It has been demonstrated 
that this species could degrade aromatic substrates like 
phenol, catechol, resorcinol, hydroquinone or benzoate 
(Margesin et al. 2007), so it could be of much help in biore-
mediation processes in cold environments.

Most of fungi found in Antarctica are cosmopolitan (God-
inho et  al. 2015) which is in accordance with our results. 
None of the yeast species found in this work are endemic of 
Antarctica, since they have been previously reported from 
other cold environments like Arctic region, European glaciers 
or even milder habitats. In this regard, Frisvad (2008) stated 
that most Antarctica fungal species have been introduced via 
humans, animals or wind dispersal and have developed adap-
tation strategies to survive in such cold and oligotrophic habi-
tats (Vincent 2000). Thus, most of the yeast isolates studied 
in this work produced at least one of the tested extracellular 
enzymes when grown at low temperatures (8 °C).

Esterase activity was expressed by most of the yeasts 
in this work, consistent with a previous report from Car-
rasco et al. (2012). Inulinases were produced by 13 strains, 
mainly at 20 °C; however, in some cases activity was also 
expressed at 8  °C. This study constitutes the first report 
of the screening on inulinase activity carried out for yeast 
from Antarctica.

The least common extracellular enzymes were xylanase 
and amylase, observed only in 7 and 6  % of the isolates 
at 8  °C. Although cellulase activity has been previously 
described in cold-adapted yeast isolated from Antarctica 

(Carrasco et  al. 2012), no cellulase activity was observed 
here. Guehomyces pullulans expressed all the tested 
enzymes, except cellulase. This species was previously iso-
lated from Antarctic environments and studied for the capa-
bility to produce several enzymatic activities. Duarte et al. 
(2013) reported the production of proteases, xylanases and 
lipases by strains of this species. Moreover, the production 
of beta-galactosidases at 0 °C has also been documented by 
Nakagawa et  al. (2006). However, the present work con-
stitutes the first report of the production of extracellular 
amylases, inulinases, and xylanases by this species. Gue-
homyces pullulans has also been associated with transfor-
mation of some recalcitrant compounds which enhances its 
biotechnological potential (Sláviková et al. 2002).

It is worth to remind that all of the extracellular enzy-
matic activities analyzed in this work are of interest to 
industry: amylases and inulinases in food processing, fer-
mentation and pharmaceutical industries. Inulinases have 
important industrial application in the production of pure 
fructose. Cellulases and pectinases are interesting in tex-
tiles, biofuel processing and clarification of fruit juices; 
esterases in agro-food industries and proteases in detergent 
formulation, food and beverage industries and environmen-
tal bioremediation. Finally, xylanases can be applied as 
hydrolysis agent in biofuel and solvent industries (Aurilia 
et al. 2008; Pulicherla et al. 2012).

Another characteristic of the studied yeasts that could 
be exploited is their capacity to accumulate intracellular 
lipids for the production of the “third-generation” bio-
diesel (Sitepu et al. 2014). About half of the yeast strains 
in this study accumulated more than 20 % of lipids by dry 
weight, and so they could be characterized as oleaginous 
microorganisms. Oleaginous yeasts have the capability to 
synthesize and accumulate high levels of triacylglycerides 
within their cells, up to 70 % of the biomass weight (Sitepu 
et al. 2013). It was not surprising to find oleaginous yeasts 
in Antarctica since many oleaginous species occupy rela-
tively dry, oligotrophic habitats. It seems that storage lipids 
would presumably be more resilient to desiccating condi-
tions than storage carbohydrates (Sitepu et al. 2014). Gue-
homyces pullulans 8E was the strain that accumulated the 
highest levels of intracellular lipids. As far as we know, 
strains of this species have not been characterized as ole-
aginous before. The strain presented here could accumulate 
42  % of saponifiable lipids by dry weight. However, that 
value could be improved by the manipulation of culture 
conditions as demonstrated by Sitepu et  al. (2013). They 
obtained higher lipid accumulation by a strain of Rho-
dosporidium babjevae from 39 to 46 % by dry weight, by 
changing the culture medium. Our results showed that the 
psychrotolerant strain 8E appears as a good candidate to be 
a source of lipids for biodiesel production. The ability to 
grow at a wide range of temperatures increases its potential 
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since when cultured at different temperatures, the fatty acid 
composition of its internal lipids would change, and so 
biodiesel with different characteristics could be obtained. 
In agreement with our results about growth temperatures, 
enzymes production and lipid accumulation, the biotech-
nological potential of Guehomyces pullulans 8E should be 
further explored.

Conclusion

In agreement with previous reports of microorganisms iso-
lated from cold environments, the yeasts isolated in this 
work are predominantly psychrotolerant. The diversity of 
extracellular enzymes activities expressed by the yeasts iso-
lated, and hence the diversity of compounds that they can 
degrade or transform, reflects the importance of the yeast 
community in nutrient recycling in the Antarctic regions. 
The Antarctic yeast isolates may potentially contribute to 
industrial processes that require high enzymatic activity at 
low temperatures, including bread, baking, textile, food, 
biofuel and brewing industries.
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