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Abstract

In Colombia, knowledge of the yeast and yeast-like fungi community is limited because most studies
have focused on species with clinical importance. Sediments and water represent important habitats
for the study of yeast diversity, especially for yeast species with industrial, biotechnological, and
bioremediation potential. The main purpose of this study was to identify and compare the diversity of
yeast species associated with sediment and water samples from two artificial lakes in Universidad del
Valle (Cali-Colombia). Yeast samplings were performed from fifteen sediment samples and ten wa-
ter samples. Grouping of similar isolates was initially based on colony and cell morphology, which
was then complemented by micro/mini satellite primed PCR banding pattern analysis by using GTGs
as single primer. A representative isolate for each group established was chosen for D1/D2 domain
sequencing and identification. In general, the following yeast species were identified: Candida
albicans, Candida diversa, Candida glabrata, Candida pseudolambica, Cryptococcus podzolicus,
Cryptococcus rajasthanensis, Cryptococcus laurentii, Williopsis saturnus, Hanseniaspora
thailandica, Hanseniaspora uvarum, Rhodotorula mucilaginosa, Saccharomyces cerevisiae,
Torulaspora delbrueckii, Torulaspora pretoriensis, Tricosporon jirovecii, Trichosporon laibachii
and Yarrowia lypolitica. Two possible new species were also found, belonging to the Issatchenkia sp.
and Bullera sp. genera. In conclusion, the lakes at the Universidad del Valle campus have significant
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differences in yeast diversity and species composition between them.
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Introduction

Unlike other fungi, yeasts and yeast-like organisms
can be potentially found everywhere in an aquatic ecosys-
tem. They present an ecological flexibility that allows them
to tolerate a wide range of salinity, environmental tempera-
tures, oxygen saturation, and acidity in the surrounding me-
dium (Boguslawska-Was and Dabrowski, 2001). They
have been isolated from lake and sea sediments (Bogus-
lawska-Was and Dabrowski, 2001; MacGillivray and Shia-
ris, 1993) and from all the levels of the water column
(Wurzbacher et al., 2010).

A wide variety of yeasts have been isolated from
lakes with different organic loads. They have been found in

oligotrophic lakes in Patagonia, Argentina (Brandao et al.,
2011), mesotrophic lakes in the United States (van Uden
and Ahearn, 1963), in lakes receiving sewage discharges
(Meyers et al., 1970), and lakes for recreational tourism in
Brazil (Medeiros ef al., 2008). In most cases, the predomi-
nant species found belonged to the Rhodotorula, Candida,
and Cryptococcus genera. Pathogenic species of these gen-
era were found in lakes contaminated by human activities
and can be used as biological indicators to establish the
contamination levels of these water bodies (Hagler, 2006).

Besides their function as water quality indicators, the
diversity and identification of yeast species can be useful as
a first approach to evaluate potential characteristics useful
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in industry, biotechnology, or bioremediation; a potential
that comes from the ability of yeasts and yeast-like fungi to
live in variable environments, which is not only due to their
quick growth but also to the adaptation of their enzymatic
apparatus to unpredictable food sources (Boguslawska-
Was and Dabrowski, 2001). For these reasons, the purpose
of this research was to isolate, identify, and compare the di-
versity of the yeasts species between the lakes at Uni-
versidad del Valle in Cali, Colombia, by employing
Mini/Micro-satellite primed-PCR fingerprinting (MSP-
PCR) and sequencing of D1/D2 domains.

Materials and Methods

Sampling sites

Yeast samplings were collected from two artificial
lakes located inside the main campus of the Universidad del
Valle (Figure 1). These lakes were built approximately
30 years ago and are nourished by the Rio Melendez’s wa-
ters which enter first to Central Lake and overflows through
a water pipeline to Estacion Lake. Both lakes have an aver-
age depth of 3 m at their centers and are completely sur-
rounded by 3-15 m trees. Central Lake mainly has fruiting
trees like Mango (Mangifera indica) and Pomarroso
(Syzygium malaccense) and Estacion Lake is predomi-
nantly surrounded by ornamental trees like Saman
(Samanea saman) and Chiminango (Pithecellobium dulce).

Yeast sampling

From March to May 2011, five independent 100 g
sediment samples per month were collected from each arti-
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ficial lake with a lab-manufactured scoop consisting of a
metal glass attached to a 3 m extendable pole stick. The
samples were deposited in sterile screw-capped glass bot-
tles. The sampling site locations are shown in Figure 1. Five
samples of water, from the same sampling sites in each
lake, were collected in June at a depth of c. 30 cm using
sterile screw-capped glass bottles. All the samples were im-
mediately processed in the “Laboratorio de Biologia Mo-
lecular de Microorganismos” form the Universidad del
Valle.

Samplings were performed at midday (12:00-
14:00 h), water temperature, dissolved oxygen and conduc-
tivity were recorded in situ with an YSI model 85; pH was
measured in the laboratory using a Cole-Parmer 5800 pH-
meter.

Yeast isolation

Three serial dilutions in peptone water were per-
formed from each sediment sample (10", 107, and 107).
Equal volumes (200 uL) from each dilution were spread
over the surface of glucose-peptone-yeast extract agar
plates (GPY, glucose 2%, peptone 2%, yeast extract 1%,
agar 2%) supplemented with 25 mg/L of penicillin and
chloramphenicol. A total of 500 uL of each water sample,
without dilution, were spread over the same media and all
the plates were incubated for three days at room tempera-
ture (c. 25 °C).

The yeasts were chosen for isolation based on colony
morphology. Yeast CFUs were registered for quantitative
analysis of yeast occurrence during the third day of incuba-
tion. All the isolates were preserved in GPY broth supple-

Figure 1 - Satellite image of the lakes and location of the sampling sites. Central Lake (A); Estacion Lake (B). (Image obtained from Google Maps).
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mented with 30% glycerol at -20 °C in the Universidad del
Valle’s culture collection.

All yeasts were preliminarily grouped based on their
cultural morphology. The groups were confirmed geneti-
cally by PCR fingerprinting, using MSP-PCR (Silva-Filho
et al., 2005).

DNA Extraction

The DNA extraction was performed according to
Osorio-Cadavid et al. (2009). DNA quantization and purity
was performed spectophotometrically at a 260-nm wave-
length and with the spectophotometric relation
260/280 nm, respectively, using a NanoDrop 2000 (v. 1.0,
Termo Scientific, United States).

PCR Fingerprinting

The synthetic oligonucleotide (GTG)s was used in
MSP-PCR experiments. The PCR reactions were per-
formed according to Silva-Filho ef al. (2005). Yeast strains
with 80% or more similar DNA banding patterns were
grouped and initially considered as belonging to the same
species as stated by Silva-Filho ef al. (2005). At least one
representative strain from each MSP-PCR group was sub-
jected to sequence analysis of the D1/D2 domains of the
large subunit of the rRNA gene, as described ahead.

Yeast molecular identification

The D1/D2 variable domains of the large subunit of
the rRNA gene were amplified as described previously by
Lopez et al (2010) by using the NL-I
(5-GCATATCAATAAGCGGAGGAAAAG-3) and NL-4
(5-GGTCCGTGTTTCAAGACGG-3)  primers.  Se-
quencing of the D1/D2 domains was performed directly
from PCR products. The sequences obtained were com-
pared to those included in the GenBank database by using
the Basic Local Alignment Search Tool (BLAST at
http://www.ncbi.nlm.nih.gov). Identification of the strains
to species level was carried out according to Kurtzman et
al. (2011).

Statistical analysis

Species diversity was measured in terms of the rich-
ness, evenness, and dominance given by three indexes:
Shannon H, Simpson’s index, and Dominance. All results
were obtained with 95% confidence, and bootstrap values
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were calculated from 1000 iterations. Species richness re-
fers to the number of species in a community, and species
dominance refers to the contribution of individuals. The in-
dex calculations, Nonmetric Multi-Dimensional Scaling
(N-MDS) and one-way similarity analysis (ANOSIM)
were performed by using the PAST computer program, ver-
sion 2.14 (Hammer et al., 2001).

The physicochemical data were processed in an Excel
(2004) spreadsheet and a t test was performed to analyze
the differences between both lakes, based on the statistical
hypothesis that no significant differences exist between
them.

Results

Yeast sampling

An average of the physicochemical data obtained dur-
ing samplings is displayed in Table 1. The statistical analy-
sis performed presented significant differences (p < 0.05)
between both lakes in all the parameters. The Central Lake
has higher temperature and dissolved oxygen but lower pH
and conductivity than Lake Estacion.

Yeast isolation

A total of 138 isolates were obtained: 74 from the
Central Lake and 64 from Lake Estacion. The average yeast
count for the sediment of the Central Lake was 1300 cells/g
and 1100 cells/g for Lake Estacion. In water, the average
yeast counts were 8.5 x 10* cells/I for Central Lake and
7.5x 10* cells/1 for Estacion Lake. Based on colony and cell
morphology, 16 groups were formed: 14 with several simi-
lar isolates and two with unique isolates.

MSP-PCR Fingerprinting

The average DNA concentration obtained from the
isolates was 1200 ng/uL, with a purity of 2.14. By using
GTG;s as single primer to determine the genetic profiles of
the groups made from morphological characteristics, one to
10 DNA bands per isolate were visualized with a molecular
weight ranging from 200 to 2200 bp.

Characterization via MSP-PCR fingerprinting al-
lowed the formation of seven groups with similar DNA
banding patterns and the discrimination of unique isolates
(data not shown).

Table 1 - Average of physicochemical parameters analyzed in the Central Lake and Lake Estacion

Parameter Lake Estacion Central Lake p-value

Water Sediment Water Sediment Water Sediment
D. Ox. (mg/L) 4.92 - - 4.75E-04 -
Temperature (°C) 252 235 25.8 22.9 5.95E-04 5.37E-05
Conductivity 60.8 - 52.8 - 7.24E-06 -
pH 6.8 6.8 5.5 3.23E-03 4.26E-03
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Sequencing analysis

Some unique isolates and several isolates from each
major group were chosen for molecular identification. The
isolates identified their accession number from GenBank,
the species they matched and the percentage of identity
they presented with the type of strain sequence of each spe-
cies is shown in Tables 2 and 3 for each lake.

A total of nineteen species were identified. The spe-
cies obtained and their numbers of isolates for each lake are
presented in Figure 1. Twenty-two isolates belonging to six
groups could not be sequenced and were transiently classi-
fied as Pichia sp. or Candida sp.

Statistical analysis

The Shannon, Simpson, and Dominance indexes and
their p-values are shown in Table 4. These values (p <0.05)
indicate significant differences between the diversities of
the lakes.

The similarity analysis, ANOSIM, reported R =0.642
with a p-value < 0.05. The N-MDS analysis shown in Fig-
ure 2 also displays significant differences between the com-
munities of the lakes.

Discussion

The count of yeast cells per liter showed that the
abundance of yeast in the water of the lakes at Universidad
del Valle is high and consistent with a eutrophic ecosystem,
by being above 1000 cells/L (Hagler, 2006). This high
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count in water indicates that the isolation method used was
efficient, considering that only a small fraction of known
organisms can be cultivated on artificial media and under
laboratory conditions.

The analysis of the D1/D2 region sequences proved a
very efficient technique to identify yeast species. It allowed
identifying to species level with 99% or more percentage of
identity for all isolates tested, when compared with se-
quences stored in GenBank and subsequently with se-
quences of the type of strains of each of their species.
Several isolates coincided with species that have not yet
been officially described by the researchers who discovered
them (Issatchenkia sp. and Bullera sp.) and we expect to
contribute with some data to the taxonomic description of
these species.

The diversity of species in each lake showed signifi-
cant differences according to the Shannon index (p <0.05).
This index reveals that both lakes have low diversities be-
cause they are between 0 and 3, but that they are not equal
because of the higher number of species found in the Cen-
tral Lake (18 species). Possibly, the significant differences
found in the physicochemical parameters between these
two environments allow each lake to provide the resources
and conditions necessary to sustain the same yeast species
richness but not the same diversity of species.

Although the ecological flexibility of yeast allows
them to occupy all aquatic habitats because of their ability
to tolerate wide ranges of salinity, temperature, and acidity
in the surrounding medium (Boguslawska-Was and Da-

Table 2 - Sequence analysis with BLAST algorithm for the 19 isolates sequenced.

Isolate Accession Species % identity Type strain accession
JQ672604 Rhodotorula mucilaginosa 99% AF070432
JQ672605 Candida glabrata 99% U44808
JQ672606 Torulaspora delbrueckii 99% U72156
JQ672607 Issatchenkia sp. 99% AB247501
JQ672608 Candida diversa 99% U71064
JQ672609 Saccharomyces cerevisiae 99% AY048154
JQ672610 Torulaspora pretoriensis 100% U72157
JQ672615 Candida pseudolambica 99% U71063
JQ672617 Cryptococcus podzolicus 99% AF075481
JQ672619 Hanseniaspora uvarum 99% U84229
JQ672588 Yarrowia lipolytica 99% U40080
JQ672589 Trichosporon jirovecii 100% AF105398
JQ672590 Williopsis saturnus 99% U75958
JQ672591 Candida albicans 99% AY497682
JQ672594 Hanseniaspora thailandica 99% DQ404527
JQ672597 Trichosporon laibachii 99% AF075514
JQ672598 Bullera sp. 94% AF363660
JQ672599 Cryptococcus laurentii 99% AB35042
JQ672600 Cryptococcus rajasthanensis 100% AM262324
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Table 3 - Species and number of isolates per species found in Central and Estacion lakes.

Species Lakes Species Lakes
Central Estacion Central Estacion
Y. lipolytica 2 0 H. uvarum 0 11
W. saturnus 8 0 C. rajasthanensis 6 6
T. laibachii 1 0 C. podzolicus 0 5
T. jirovecii 3 0 C. laurentii 7 0
T. pretoriensis 0 3 Candida sp. 7 2 1
T. delbrueckii 5 1 Candida sp. 16 1 0
S. cerevisiae 3 1 Candida sp. 13 4 0
R. muscilaginosa 0 3 C. pseudolambica 0 5
Pichia sp. 9 3 1 C. glabrata 0 4
Pichia sp. 11 2 C. diversa 16 2
Pichia sp. 10 3 C. albicans 3 0
Issatchenkia sp. 0 17 Bullera sp. 3 0
H. thailandica 2 0 Total 74 64
Tablg,4 - Statistical analysis of yeast diversity between Central and /———\\\
Estacion lakes. 032 LG
Index Central Lake Lake Estacion p-value o Mac
Taxa 18 14 - e ( MBLC
# of Individuals 74 67 - e \/1
Shannon H 2.625 232 0.036 0 e MALE
Simpson 0.91 0.87 0.038 2008 | Pl |
Dominance 0.095 0.13 0.038 016!
024 M, :
M3LE
browski, 2001), some may be more sensitive to these o
changes. Possible examples of yeast with high ecological py MILE
flexibility can be the ones isolated from both lakes. Species 0403 020 0 010203040

composition was similar between the lakes by 23%, sharing
the C. diversa, C. rajasthanensis, T. delbrueckii species and
three that were not possible to identify to species level, be-
longing to the Pichia and Candida genera. One possible
cause of the presence of these species in both lakes could be
the fact that there is a flow of water from Central Lake to
Lake Estacion, which can serve as a means of transport, es-
pecially for species found in water.

It is important to note that the vast majority of species
shared was in greater abundance in the Central Lake and
that not all species found in the Central Lake water were
found in Lake Estacion (Table 3). This implies that the sig-
nificant differences obtained in the physicochemical pa-
rameters of water, plus the ecological flexibility inherent to
certain species, may also be selecting the species that man-
age to move to Lake Estacion. These differences in water
conditions can explain the result of N-MDS analysis (Fig-
ure 2), where a separate group for each lake was formed and
was statistically validated by the ANOSIM, revealing that
there are significant differences in the composition of yeast
species between the lakes.

Figure 2 - N-MDS analysis. The circled group represents Central Lake
(LC). M1, M2 and M3 are the sediment samples from Central Lake and
Estacion Lake (LE). M4 are the water samples from each lake.

The groups formed in the N-MDS analysis also match
the results obtained for Simpson and Dominance indexes
(Table 4), where different species are predominant in each
lake. The most predominant species are Issatchenkia sp. for
Lake Estacion and C. diversa for the Central Lake. In sec-
ond place of dominance is H. uvarum for Lake Estacién and
W. saturnus for the Central Lake, followed by unique spe-
cies for each lake found in lower abundance.

The majority of yeasts isolated are usually found in
nature, mainly on the ground; the species with pathogenic
potential are often associated with animal feces and anthro-
pogenic pollution (Hagler, 2006). Among the species iden-
tified, several have been reported with biotechnological,
industrial, and bioremediation potential. This is the case of
W. saturnus found in the Central Lake. This is a species
with worldwide distribution, frequently isolated from soil,
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fresh water, and litter that has shown potential as a bio-
catalyst to oxidize secondary racemic alcohols, contribut-
ing to the development of models to understand the activity
of these microorganisms and to compare the substrate spec-
ificity requirements of the enzymes involved (Carballeira
et al.,2004).

From the Torulaspora genus, T. delbrueckii and T.
pretoriensis species were isolated. 7. delbrueckii is a glob-
ally distributed species that has been isolated from soil, tree
bark, fruits, and fermented foods (Kurtzman et al., 2011).
This species was also isolated from inflorescences of
Mango trees (Mangifera indica) (Gaviria, 2012), which is
the second-most abundant tree around the Central Lake. It
is possible that the abiotic conditions found in the Central
Lake allow this yeast species to remain and reproduce in the
water and sediment after falling with some inflorescences
or being washed from them with rain. For their ability to
ferment, their little loss of viability after long periods stored
at freezing temperatures, and the contribution of new fla-
vors and odors to wine, this species is interesting for bread,
pastry, and wine production industries (Alves-Aratijo et al.,
2004; Bely et al., 2008; Holm-Hansen et al., 2001). T.
pretoriensis has also been isolated from soil and some co-
coa fermentation, but needs further study (Kurtzman et al.,
2011).

Hanseniaspora uvarum has been isolated from soil,
insects, fruits, marine and freshwater and it is considered a
species with global distribution (Kurtzman ef al., 2011). It
was also specifically isolated from Pomarroso fruits
(Syzygium malaccense) (Usman 2012, unpublished data)
the most abundant tree species around the Central Lake.
However, this species was not present in isolates from this
lake, but it was isolated from Lake Estacion where this tree
is not present, leading to other possible sources of origin
different from the fruits of this tree. It is possible that this
and other species, previously isolated from soil, can live in
the sediment and suspended in the water column. Some
strains of this species have enological importance for the
production of enzymes responsible for releasing aromatic
compounds in wines (Kurtzman et al., 2011).

In addition to species with biotechnological potential,
potentially pathogenic species recognized as bioindicators
of water quality were also isolated. Candida sp.,
Rhodotorula sp., Cryptococcus sp., and Trichosporon sp.
are yeasts genera that can be used as bio-indicators, but
their presence should not only be limited to their analysis as
indicators (Hagler et al., 2006). Yeasts belonging to all
these genera were found in both lakes and it is feasible that
they come from the contaminated waters of the Meléndez
River or from the feces of the fauna associated with each
lake.

In the Central Lake, more potentially pathogenic spe-
cies such as C. albicans, C. laurentii, T. jirovecii, and T.
laibachii were found. All these species have been isolated
from clinical samples but are also common in nature, like
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C. albicans. This species is known worldwide for produc-
ing fungal infections in humans, especially candidiasis in
people with compromised immune systems (Cooper,
2011), but it has also been isolated from decaying litter
(Kurtzman et al., 2011) and Pomarroso fruits (Syzygium
malaccense) (Usman 2012, unpublished data), the most
abundant tree around the Central Lake.

In Lake Estacion, a pathogenic yeast belonging to the
genus Candida was also found. Candida glabrata is con-
sidered an emerging pathogen, common in nosocomial in-
fections from immune-compromised patients. It usually
affects the oral cavity, urogenital tract, and bloodstream
and has an innate resistance to ‘“azole” antifungals
(Kurtzman et al., 2011).

Other non-pathogenic species of Candida were also
found in the lakes. C. pseudolambica is regarded as a cos-
mopolitan species that has been isolated from soil and from
bivalves feeding from Mangrove trees (Rhizophora man-
gle) (Kurtzman et al., 2011). C. diversa has been isolated
from different grape musts and orange juices and it is
known for its inability to assimilate all carbohydrates ex-
cept standard glucose. These species have been poorly
studied and there is no information about their ecology or
their potential uses in biotechnology (Kurtzman et al.,
2011).

Cryptococcus laurentii is another potentially patho-
genic species that has been isolated from soil, seawater, de-
caying wood (Kurtzman ef al., 2011; Mussa et al., 2000),
and recently from Mango fruits (Mangifera indica) (Usman
2012, unpublished data), which occurs frequently around
the Central Lake. This species is also important in biotech-
nology because some isolates have presented potentially
desirable characteristics for yeast and fungal contaminant
control in various food processes and products (Filonow,
2001).

Species from the Trichosporon genus are in second
place of pathogenicity after the Candida species (Cha-
gas-Neto et al., 2008). In the Central Lake, the 7. jirovecii
and 7. laibachii species were found and both are considered
pathogenic because they are frequently isolated from clini-
cal and animal feces samples. The T. jirovecii species was
described from a strain isolated from human nails
(Kurtzman et al., 2011), indicating possible anthropogenic
contamination of the Melendez River water that feeds the
Central Lake. T. laibachii has been isolated from bat guano
(Sugita et al., 2005), mammals that are possibly abundant
around the Central Lake because of the amount of fruit trees
such as Mango and Pomarroso that exist on its banks.

Rhodotorula mucilaginosa is possibly the most ubiq-
uitous species of yeast. It has been found in all possible
habitats, the atmosphere (Kurtzman et al., 2011), and in
oligotrophic lakes (Branddo et al., 2011). It is also consid-
ered an indicator species for causing some human mycoses,
along with others from the genre whose main characteristic
is the production of carotenoid compounds that give them
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their distinctive pink color (Hagler, 2006). By being indica-
tor species and easy to distinguish based on their color, pink
colony count has been proposed as a rapid method for the
analysis of water quality (Hagler, 2006).

Besides being considered pathogenic, studies have
shown that species of the Cryptococcus and Trichosporon
genera may also play an important role in bioremediation of
polycyclic aromatic hydrocarbons and heavy metals, given
that they tend to incorporate them in their metabolism; thus,
extracting them from the environment (Botha, 2006;
MacGillivray and Shiaris, 1993). Isolates of C. podzolicus
were found able to withstand up to 500 ppm Copper (Cor-
nelissen et al., 2003) and several isolates have presented
production of epoxide hydrolases with promising charac-
teristics to obtain enantiopure epoxides and vicinal diols in
enantio-selective hydrolysis of racemic epoxides for the
preparation of biologically active compounds (Botes et al.,
2005).

Another species considered an emerging pathogen,
but with proven applications in bioremediation and bio-
technology is Yarrowia lipolytica (Kurtzman et al., 2011).
This species is predominantly found in marine environ-
ments (Hagler and Mendonga-Hagler, 1979) and it is con-
sidered an emerging pathogen because it has recently been
found associated with some human mycoses (Kurtzman et
al., 2011). Y. lipolytica is known to degrade fats and n-
paraffins (Peters and Nelson, 1948; Tsugawa et al., 1969),
desirable characteristics for bioremediation processes and
their presence is taken as a possible indicator of industrial
pollution of water and soil (Hagler, 2006). Some isolates of
this species have shown tolerance to high concentrations of
chromium (IIT) (Raspor and Zupan, 2006).

Hanseniaspora thailandica is a new species recently
described by Jindamorakot ef al. (2009). These researchers
isolated this species from various natural substrates like in-
sect feces, flowers of Sonneratia caseolaris, lichens, and
decomposed fruits of Psidium guajava. This species was
also isolated by Usman (2012, unpublished data) from
Mango (Mangifera indica) and Pomarroso fruits (Syzygium
malaccense), the two most-abundant tree species around
the Central Lake. This is the first report of this species in
sediments from an artificial lake.

Conclusions

The Central Lake and Lake Estacion have different
species composition despite their proximity and water flow
from the Central Lake to Lake Estacion. Probably, the sig-
nificant differences in the physicochemical parameters of
the lakes may be selecting the yeast species that inhabit
them. Similarly, the fauna and flora around the lakes and
the Rio Melendez’s water can influence the diversity of
yeast in them.

Two yeast strains isolated from the lakes were found
to be undescribed new species and the species identified
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have important potential uses in industry, biotechnology,
and bioremediation.
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