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Newly isolated yeasts from Tunisian
microhabitats: Lipid accumulation
and fatty acid composition

Newly isolated yeasts from different Tunisian microhabitats, such as soil, milk, olive
brine, vinegar, and from olive mill wastewater-contaminated biotopes were exten-
sively studied for their biochemical arsenal and morphological features, i.e. cell, as-
cospore, and lipid body morphology. All strains were classified into the Ascomycota
phylum. However, they showed great functional diversity, including different mor-
phological and biochemical features, lipid production ability, and fatty acid profiles.
Accordingly, the strains were placed in three different groups: Group I, which in-
cludes Candida species; Group II (Pichia and related); and Group III (Kluyveromyces
marxianus strain CC1). Group I and II were characterized by a high percentage of
oleic acid (41.6–65.3% of total lipids) while in Group III, linoleic acid was the major
fatty acid (37.2%). Members of Group I and II were further grouped into subgroups
according to their fatty acid composition. Among the newly isolated strains, Pichia
etchellsii BM1 was able to accumulate around 25% wt/wt lipid per dry cell mass and
thus characterized as oleaginous. Some other strains, such as Candida metapsilosis
strain EL2, C. parapsilosis strain LV2, C. pararugosa strain BM24, and K. marxianus
strain CC1, which are able to produce extracellular lipases, may be of interest for
specific environmental applications and/or for the production of novel lipases.
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1 Introduction

Microbial lipids or single cell oils (SCOs) have drawn much
attention in the last decades due to their significant applica-
tions in food and chemical industries. With few exceptions (i.e.
some obligate pathogens), the microorganisms are able to syn-
thesize fatty acids but only few of them accumulate storage lipids
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tional School of Engineers of Sfax, University of Sfax, BP 1173, 3038
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Abbreviations: ITS, internal transcribed spacer; LB, lipid body; NLM,
nitrogen-limiting medium; OMW, olive mill wastewater; SCO, single
cell oil

mostly consisting of triacylglycerols. Storage lipids are synthe-
sized under stress conditions (i.e. nutrient limitation) and de-
posited within special cytoplasmic organelles known as lipid par-
ticles, lipid bodies (LBs), or oil bodies [1–3]. In yeast, these lipid
particles constitute up to 70% of the total lipid content of the
cell [4].

SCOs may serve as a renewable source of edible oil that
could replace some expensive and rare oils/fats such as co-
coa butter [5, 6] or fish oil containing polyunsaturated fatty
acids of nutritional and pharmaceutical importance [1, 7, 8].
Furthermore, several researchers have focused on the produc-
tion of renewable oleochemicals from microbial oils, for in-
stance, fuels, soaps, rubber, textiles, paints, plastics, detergents,
surfactants, lubricants, cosmetics, and many other chemicals
[9–11].
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Among heterotrophic microorganisms, oleaginous yeasts
are considered as the most appropriate organisms for lipid
production [8, 12]. Although several yeast species namely
Rhodotorula, Rhodosporidium, Yarrowia, Candida, Cryptococcus,
and Lipomyces are known as oleaginous [12–15], the research
for new yeast strains possessing specific biochemical features is
of high biotechnological interest. Evolution guides the organ-
isms toward optimal exploitation of their natural microhabi-
tats and therefore particular microhabitats may accommodate
exceptional strains.

The aim of this investigation was to isolate new yeast strains
from specific Tunisian microhabitats and to study their biochem-
ical behavior emphasizing on their ability to accumulate lipids.
The newly isolated strains were identified according to their in-
ternal transcribed spacer (ITS) sequence similarities and their
biochemical features. Vegetative cell and ascospore morphology
were studied after specific staining. Extensive studies regarding
LB formation and features, as well as lipid accumulation abili-
ties and fatty acid composition were performed, concluding that
some new isolates (i.e. Pichia etchellsii) were able of producing
significant amounts of lipids rich in oleic acid.

2 Materials and methods

2.1 Samples collection

Samples were collected from different Tunisian microhabitats.
Specifically, two soil samples from 5–10 cm depth were collected
from fields in Sfax and oasis of Tozeur southern Tunisia and
two samples of soil contaminated with olive mill wastewater
(OMW; i.e. soil received OMW, sludge from OMW evaporating
ponds) were obtained. A fresh OMW sample was collected from
a traditional olive mill located in Sfax. Samples from home-made
vinegar, brine of naturally fermented black olives, and three milk
types i.e. colostrum, goat milk, and cow milk were collected
from small farms located in Sfax. Prior to use, milk samples were
incubated for 2 days at room temperature to initiate spontaneous
fermentation by indigenous microorganisms. All samples were
stored at 4°C for a short time period or −20°C for longer time
period.

2.2 Isolation of yeast strains

Sample fractions were suspended in sterilized Ringer solution
(NaCl 0.9%, w/v in water), incubated at 30°C, under agitation
at 150 rpm for 2 h and aliquots of 1 mL were withdrawn and
serially diluted in sterilized Ringer solution. A volume of 100 μL
from each dilution was plated out on Sabouraud-agar medium
containing (in g L−1) peptone (Accumix, Verna, India), 5; glu-
cose (Merck, Darmstadt, Germany), 20; agar (Chemipharma,
Tunis, Tunisia), 20; and chloramphenicol (Sigma, Steinheim,
Germany), 0.05. pH was adjusted to 5.5 before autoclaving. The
plates were incubated for 48 h at 30°C. Colonies with distinct
morphological features such as color, shape, and size were picked
and purified by repeatable streaking on yeast peptone glucose
(YPG) agar medium containing (in g L−1) yeast extract (Conda,
Madrid, Spain), 5; peptone, 5; glucose (Merck), 10; and agar
(Chemipharma), 20. The pH was adjusted to 5.5. The purified

isolates were stored on YPG agar plates at 4°C. For long-term
preservation, the strains were stored in 20% glycerol at −80°C.

2.3 Strain identification

The isolates were identified based on their ITS sequences. The ITS
rDNA regions were PCR-amplified using ITS1 and ITS4 primers
(Forward ITS 1–5′ TCC GTA GGT GAA CCT GCG G 3′ and
Reverse ITS 4- 5′ TCC TCC GCT TAT TGA TAT GC 3′) and were
directly sequenced [16]. The generated sequences were compared
for their similarity with those of reference yeast strains (BLAST
search). The phylogenetic tree was inferred using the Neighbor-
Joining method excluding positions with gaps [17]. The optimal
tree with the sum of branch length = 1.77803902 was shown.
Evolutionary analyses were constructed with MEGA6 using the
Maximum Composite Likelihood method [18].

2.4 Biochemical and physiological characterization

The ability of the newly isolated strains to assimilate different
carbon and nitrogen compounds were determined according to
Van der Walt and Yarrow [19], while their ability to ferment
glucose, fructose, sucrose, galactose, xylose, maltose, and lactose
was tested using the method described by Wickerham [20]. The
lipolytic activity of the isolates was determined following the
method of Kouker and Jaeger [21] with slight modifications.
Briefly, plates containing Rhodamine-B agar medium (consisted
of YPG agar supplemented with olive oil and Rhodamine B
[Sigma] both at 1‰) were inoculated and incubated for 72 h at
30°C. The lipolytic activity was detected by irradiating the plates
with UV light. Positive strains gave an orange fluorescent zone
around the colonies.

The production of pseudomycelia or true mycelia was re-
vealed using slides covered with a thin layer of PDA (Conda) and
inoculated with a streak of yeast cells. Slides were then covered
by a sterile coverslip, placed onto rods inside sterile Petri dishes,
and incubated for 48 h. Microscopic observations of undisturbed
colonies held at magnification 400x [22]. Ascospore formation
by the yeasts was investigated by culturing the strains in two dif-
ferent sporulation media containing potassium acetate (Sigma)
or ethanol (Scharlau, Barcelona, Spain) as carbon sources [23].

2.5 Staining and microscopy

The isolated strains were screened for their lipogenic abili-
ties using Sudan Black B staining technique [24]. The cul-
tures were performed in test tubes containing 5 mL of a
nitrogen-limiting medium (NLM) having the following compo-
sition (in g L−1): glucose, 30; (NH4)2SO4 (Carlo Erba, Rodano,
Italy), 0.5; yeast extract, 0.5; KH2PO4 (Fluka, Steinheim, Ger-
many), 12; Na2HPO4 (Fluka), 12; MgSO4.7H2O (Fluka), 1.5;
CaCl2.2H2O (Carlo Erba), 0.1; MnSO4.5H2O (Fluka), 0.0001;
CuSO4.5H2O (BDH, Poole, England), 0.0001; Co(NO3)3.3H2O
(Merck), 0.0001; ZnSO4.7H2O (Merck), 0.001. The initial pH
of the medium was 6 ± 0.1 after autoclaving. The tubes were
inoculated with 100 μL of a midexponential preculture on
Potato Dextrose Broth-PDB (Conda) medium and incubated in a
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 Candida parapsilosis strain BKR1(KC462059.1)

 Candida metapsilosis strain WM 04.554(KP131738.1)

 Candida metapsilosis strain EL2 (KP895602)

 Candida parapsilosis strain LV2 (KP895597)

 Schwanniomyces etchellsii strain M2 (KP895587)

 Wickerhamomyces anomalus strain EC28 (KP895595)

 Pichia anomala (AB331898.1)

 Kluyveromyces marxianus strain WM 03.237 (KP132326)

 Kluyveromyces marxianus strain CC1 (KP895598)

 Candida boidinii strain EL1(KP895610)

 Candida boidinii strain ATCC 62809(FJ914929.1)

 Pichia membrenifaciens strain LC1R (KP895607)

 Pichia manshurica strain V6 (KP895599)

 Pichia manshurica strain EP2 (KP895600)

 Pichia sp. SN-2013 strain KL-2(KF699346.1)

 Pichia manshurica strain PMM10-206L (KP132515.1)

 Pichia membranifaciens strain CBS 189(DQ104712.1)

 Pichia membrenifaciens strain O2 (KP895606)

 Pichia membranifaciens strain PMM10-1753L (KP132516)

 Candida pararugosa strain BM24 (KP895591)

 Debaryomyces etchellsii strain BM1 (KP699722)

 Candida ethanolica strain M1 (KP895586)

 Pichia sp. strain M31 (KP895588)

 Pichia sp. strain M3 (KP895590)74
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Figure 1. Phylogenic tree show-
ing the relationships among
the newly isolated yeast strains
and related sequences collected
from the Gene Bank.

rotary shaker at 180 rpm and 28°C. After 72 h of incubation, Su-
dan Black stained smears from each culture were observed under
optical microscopy on oil immersion (1000x) for the presence
of blue-colored globules within the cell. Yeast strains showing
intracellular blue oily globules were selected for further quanti-
tative analysis. Detailed morphological features of yeast LBs and
ascospores were studied after staining with Nile red fluorescence
dye (Sigma) as described by Arous et al. [3].

2.6 Comprehensive evaluation of the lipogenic ability
of selected strains

2.6.1 Culture conditions
Selected yeast strains were cultivated in duplicate in 250 mL Er-
lenmeyer flasks containing 50 mL of the above-described NLM.
The initial pH of the medium was 6 ± 0.1 after autoclaving.
After sterilization (at 121°C for 20 min), the flasks were inocu-
lated with 1 mL of a midexponential preculture on PDB medium
containing 4 × 108 cells. The cultures were incubated in a rotary
shaker at 180 rpm and 28°C for 96 h.

2.6.2 Analytical methods
Flasks were periodically withdrawn from the incubator and cell
mass was harvested by centrifugation at 15 000 rpm for 15 min,
washed with distilled water, and dried in an oven at 80°C to a
constant weight. Reducing sugars concentrations in the growth
medium were determined by the DNS method according to

Miller [25]. pH was measured during growth by using a selective
electrode. pH values remained in the range of 6.0–6.5 during all
growth steps.

Total cell lipids were extracted according to Folch et al. [26]
using chloroform:methanol 2:1 v/v as a solvent. Transesterifi-
cation of lipids was performed according to the AFNOR [27]
method. Fatty acid methyl esters were analyzed as described by
Arous et al. [3].

2.7 Statistical analysis of data

Data were subjected to one-way analysis of variance followed by
a Bonferroni post hoc test using IBM SPSS Statistics 21 software
package. The null hypothesis was rejected at significance level of
p � 0.05.

3 Results and discussion

3.1 Isolation and identification of yeast strains

Twenty-seven yeast strains were isolated, i.e. 11 strains from fresh
OMW and different OMW contaminated samples, four strains
from milk samples, six strains from olive brine, two strains from
vinegar, and four strains from soil samples. Among them, 14
strains (namely BM1, M1, M3, M31, EL1, EL2, EC28, V6, LV2,
CC1, EP2, BM24, O2, and LC1R) were identified as potential
oleaginous strains according to the Sudan Black B staining tech-
nique. Supporting information Fig. S1 shows photomicrographs
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(1000×) of smears of yeast strains that gave positive test results
with the above-mentioned staining technique.

Selected strains were identified on the basis of their ITS se-
quences, which were compared for their similarities with ref-
erence yeast strains by a BLAST search. From the phylogenetic
analysis shown in Fig. 1, it was possible to discriminate three
different groups namely Group I, which encompass Candida
species; Group II, encompassing Pichia species; and Group III,
which encompass a strain belonging to Kluyveromyces sp.

3.2 Morphological and biochemical characterization
of the new isolates

Morphological and biochemical features of the yeast isolates are
shown in Table 1. Although all isolated strains were members of
the Ascomycota phylum, only strains of Group II and III were able
to sporulate. Concerning dimorphism, the standard procedure
for mycelial growth on slide medium has long been used for taxo-
nomic classification of yeasts. Morphological transition is of high
importance in biotechnological applications, as single cells are
easily manipulated in submerged cultures, while mycelial forms
are preferred in solid-state fermentation. Yeast-mycelial dimor-
phism was already observed in a variety of yeasts including the
genera Candida, Endomyces, Pichia, Saccharomyces, and Yarrowia
in response to environmental conditions [28]. In the case of
Y. lipolytica, it has been reported that morphological transition
from single cells to mycelia depends on several factors, such as the
nature of the carbon and nitrogen sources, the presence of citrate
or serum, the temperature and pH of culture media, as well as the
dissolved oxygen concentration [22,29,30]. In the present study,
several Pichia strains were able to change between unicellular and
filamentous growth. Yeast mycelia transition was also observed
in some Candida species while Kluyveromyces marxianus strain
CC1 was unable to produce hyphal or pseudohyphal forms.

The assimilation and fermentation patterns of the isolates are
discussed subsequently. In general, the strains did not ferment
xylose while few of them were able to ferment maltose. In detail,
concerning Group I, all strains were able to ferment glucose and
fructose, but only C. pararugosa strain BM24 and C. parapsilosis
strain LV2 were able to ferment galactose while C. boidinii strain
EL1 and Candida metapsilosis strain EL2 were able to ferment
sucrose. All strains, except for C. parapsilosis strain LV2, were
able to assimilate glucose, fructose, sucrose, galactose, lactose,
and maltose. Candida ethanolica strain M1 and C. parapsilosis
strain LV2 failed to assimilate arabinose and mannitol. All strains
were able to use KNO3, yeast extract, and (NH4)2SO4 as nitro-
gen sources. Candida metapsilosis strain EL2 was the only one
able to utilize urea and l-Lysine. Candida metapsilosis EL2, C.
parapsilosis LV2, and C. pararugosa BM24 were the only strains
possessing a strong lipolytic activity.

In Group II, the strains Pichia membranifaciens O2 and LC1R,
and P. manshurica EP2 failed to ferment all tested carbon sources.
However, these strains were able to grow in a range of carbon and
nitrogen sources. Pichia sp. strain M31 was the most versatile
to ferment and assimilate a variety of carbon sources such as
sucrose, lactose, fructose, maltose, glucose, and arabinose, but
was unable to assimilate urea and l-lysine. Isolates P. etchellsii
BM1 and P. anomala EC28 were able to ferment glucose and

fructose and to assimilate a large variety of carbon sources, but,
similarly to M31, were unable to assimilate urea and l-lysine.
Lipolytic activity was absent or weak in Pichia strains.

Kluyveromyces marxianus strain CC1, the only one of the
Group III, was the most versatile to ferment and to assimilate a
wide range of carbon sources and all the tested nitrogen sources.
A strong lipolytic activity was observed in this strain.

Strains displaying an active lipase system are able to grow on
fats, to accumulate and at the same time to modify the fatty acid
profile of the initial substrate employed. Hence, lipase-producing
species could be used in the valorization of fatty materials in or-
der to enhance their value [1]. Additionally, it is of interest to
assess the possibilities of manufacturing novel lipases by these
strains that could be used in many branches of industry, such as
dairy and fat industry as triglyceride modifiers, paper industry, as
well as detergent enzyme [31]. The above-mentioned character-
istics for the new isolates are rather similar to those of reference
strains of Candida, Pichia, and Kluyveromyces [32–34].

3.3 LBs morphology of isolated strains

In eukaryotes, lipids are stored in the form of LBs, which can
be easily visualized using Nile red staining technique. LBs’ num-
ber, shape, and localization have been determined from images
at different focuses. Photomicrographs of Nile red stained cells
of the 14 isolates during lipogenic phase (approximately at 72–
96 h of growth) are presented in Fig. 2. It can be seen that LBs
vary considerably in their morphology among genera and even
among closely related species. Specifically, in strains of Group I,
the number and the size of lipid droplets significantly varied be-
tween Candida species. The presence of one or two small LBs, one
at each pole of the cell, was observed in C. ethanolica strain M1
(Fig. 2B) and C. boidinii strain EL1 (Fig. 2A). Nevertheless, many
irregular LBs within the cytoplasm appeared in C. parapsilosis
strain LV2 (Fig. 2D) and C. pararugosa strain BM24 (Fig. 2E),
while C. metapsilosis strain EL2 (Fig. 2C) produced only one vo-
luminous spherical LB close to the cell membrane. In strains of
Group II, (Pichia species) cells exhibited lipid droplets compara-
ble in shape, number, and localization since one or two spherical
lipid droplets of different sizes were visualized at one of the two
cell poles (Fig. 2F–M). Finally, cells of K. marxianus strain CC1
(Fig. 2N; Group III) produced an uncountable number of small
LBs concentrated at one pole.

Nile red staining technique has been proven to be an excel-
lent probe for visualizing lipid droplets of microorganisms [35].
Nevertheless, it was hard to compare the correlation between
lipid quantity and fluorescence signal by visual determination of
the LBs size inside cells and the ratio of cells containing LBs [36].
Thus, flow cytometry and lipophilic fluorescent probes should
be combined in order to monitor lipid content within individual
cells [37].

3.4 Ascospore morphology

Pichia species and K. marxianus strain CC1 were able to be
reproduced both sexually (by sporulation) and asexually (by
budding). Ascus formation occurs by conjugation between
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Figure 2. Morphological characteristics of yeasts LBs and ascospores during the lipogenic phase (72–96 h). Left panels: Transmitted light
micrographs (1000x), right panels: fluorescence images of LBs and ascospores (AS) labeled with Nile red. Group I: (A) Candida boidinii EL1;
(B) Candida ethanolica M1; (C) Candida metapsilosis EL2; (D) Candida parapsilosis LV2; (E) Candida pararugosa BM24; Group II: (F) Pichia sp.
M3; (G) Pichia sp. M31; (H) Pichia manshurica EP2; (I) Pichia membranifaciens O2; (J) Pichia membranifaciens LC1R; (K) Pichia manshurica
V6; (L) Pichia etchellsii BM1; (M) Pichia anomala EC28; Group III: (N) Kluyveromyces marxianus CC1. Culture conditions: growth on 250-mL
flasks in 50 mL of NLM; agitation rate 180 rpm; temperature 28 ± 1°C; initial glucose concentration 30 g L−1; initial pH 6 ± 0.1.

compatible cells, i.e. of a cell and its bud or between two in-
dependent cells. According to the literature, ascospores vary in
number present in the ASCI, in morphology and in size depend-
ing on environmental and hereditary factors [23]. In the present
study, considerable variations in ascospore shape and number
within species of the genus Pichia were revealed (Fig. 2F–M).
Specifically, Pichia species produced one to four hat-shaped to
spherical ascospores within ASCI that tended to agglutinate af-
ter being released at maturity. Kluyveromyces marxianus strain
CC1 (Fig. 2N) formed one to many globose to crescent-shaped
ascospores.

Many factors, including the nature of carbon and nitrogen
source and the induction of the sporulation in buffers such
as MES, piperazine-N,N’-bis 2-ethanesulfonic acid, and MOPS,
have been found to affect the process of sporulation and the
number of spores per ascus [23]. Ascosporogenesis has been
studied in detail in the model yeast Saccharomyces cerevisiae.
The complete absence of nitrogen and the presence of acetate,
which is a nonfermentable carbon source, in the medium were
shown to inhibit the budding process and to induce meiosis (as-
cosporogenesis stage) [38, 39]. The sporulation of S. cerevisiae
was accompanied by an extensive increase in dry weight due to
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Table 2. Characterization of the newly isolated yeast strains cultivated in flasks

Groups Species Fermentation
time (h)

x (g L−1) YL/x(%, wt/wt) S (g L−1) Yx/S

I: Candida C. ethanolica M1 72 5.6 ± 0.1 12.3 ± 0.5 8.6 ± 0.2 0.26
96 6.0 ± 0.5 12.9 ± 0.4 2.0 ± 0.1 0.21

C. boidinii EL1 72 7.5 ± 0.2 8.5 ± 0.0 0.8 ± 0.2 0.26
96 8.6 ± 0.9 9.5 ± 1.7 0.2 ± 0.0 0.29

C. metapsilosis EL2 72 8.5 ± 0.2 10.9 ± 0.9 9.8 ± 0.5 0.42
96 8.9 ± 0.3 12.9 ± 1.0 8.0 ± 0.1 0.40

C. parapsilosis LV2 72 7.6 ± 0.5 8.6 ± 0.4 13.6 ± 0.1 0.46
96 7.7 ± 0.3 11.4 ± 2.0 13.1 ± 0.5 0.46

C. pararugosa BM24 72 4.6 ± 0.1 9.4 ± 0.2 22.1 ± 0.4 0.58
96 5.2 ± 0.4 9.2 ± 0.3 20.0 ± 0.3 0.52

II:Pichia Strain M3 72 4.5 ± 0.2 16.1 ± 0.3 14.3 ± 0.4 0.28
96 4.3 ± 0.3 13.8 ± 0.9 9.6 ± 0.2 0.21

Strain M31 72 4.3 ± 0.2 15.3 ± 0.7 10.5 ± 0.0 0.22
96 4.0 ± 0.2 13.1 ± 0.4 6.4 ± 0.8 0.17

P. membranifaciens O2 72 5.2 ± 0.3 11.0 ± 1.5 11.3 ± 0.8 0.28
96 5.4 ± 0.3 11.8 ± 1.6 6.5 ± 0.3 0.23

P. membranifaciens LC1R 72 5.1 ± 0.3 14.6 ± 0.2 11.5 ± 0.1 0.28
96 5.3 ± 0.3 11.9 ± 0.4 7.4 ± 0.3 0.24

P. manshurica EP2 72 4.9 ± 0.2 11.8 ± 0.8 9.9 ± 0.4 0.25
96 5.1 ± 0.3 10.9 ± 0.5 3.7 ± 1.0 0.19

P. manshurica V6 72 3.8 ± 0.1 15.4 ± 0.6 13.2 ± 0.8 0.23
96 3.6 ± 0.3 14.8 ± 0.7 9.1 ± 0.3 0.17

P. anomala EC28 72 8.1 ± 0.2 16.1 ± 1.0 0.2 ± 0.0 0.27
96 8.3 ± 0.3 13.4 ± 0.9 0.2 ± 0.0 0.28

P. etchellsii BM1 72 4.9 ± 0.1 25.1 ± 0.2 15.3 ± 0.7 0.33
96 4.9 ± 0.2 23.1 ± 0.5 11.4 ± 0.3 0.26

II: Kluyveromyces K. marxianus CC1 72 6.0 ± 0.3 12.7 ± 1.0 0.3 ± 0.0 0.20
96 5.7 ± 0.3 10.4 ± 1.3 0.3 ± 0.0 0.19

Representation of biomass (x, g L−1), remaining substrate (glucose- S, g L−1), lipid in dry biomass (L/x, %, w/w), and cell mass yield (g biomass/g
substrate, Yx/S). Data are presented as mean values from duplicate experiments.
Culture conditions as in Fig. 2.

the accumulation of intracellular carbohydrates [40]. Similarly,
in the present study, ascosporogenesis of Pichia species and K.
marxianus strain CC1 proceeded after complete depletion of the
nitrogen source in the growth medium (i.e. approx. in 72 h).
However, the sexual reproductive stage was accompanied by the
conversion of the carbon source into storage lipids that were
accumulated mainly in ascospores. This phenomenon has been
studied in detail by Arous et al. [3] for the oleaginous yeast De-
baryomyces etchellsii (also known as P. etchellsii) grown in both
batch and continuous cultures under nitrogen-limiting condi-
tions. The accumulated lipids may be used as energy reserve for
ascospores germination as well as for surviving under unfavor-
able conditions.

Stained with Nile red, the growing and mature ascospores
were surrounded by a thin fluorescent layer (Fig. 2F–N), sug-
gesting the presence of 3–OH oxylipins. These compounds re-
sult from the conversion of certain lipids via incomplete β-
oxidation and may act as an adhesive responsible for the re-
lease and orderly reassembly of the ascospores [41, 42]. The
association of these oxylipins with ascospore aggregation may
be similar to that observed in the yeast Dipodascus uninucleata
[43].

3.5 Lipid accumulation

Growth kinetics of the selected strains were performed in NLM
(containing 30 g L−1 glucose) and several parameters including
cell mass yield, glucose consumption, and lipid content were es-
timated (Table 2). In all cases, growth of yeast strains was not
accompanied by the production of organic acids, as insignificant
pH changes were observed during all growth steps. Strains of
Group I, especially Candida boidinii strain EL1, C. metapsilosis
strain EL2, and C. parapsilosis strain LV2, yielded satisfactory
biomass production. Percentage of lipids inside the yeast cells
(YL/x) ranged from 8.5–12.9%, wt/wt. It seems, therefore, that
under these culture conditions Candida strains accumulated low
lipid quantities. Nevertheless, much higher lipid content has
been previously reported for various Candida species [44, 45].
Aggelis et al. [45] demonstrated that, in chemostat culture, Can-
dida sp. accumulated about 40% of lipids. Similar results were
obtained in a strain of C. curvata when grown in both batch
and continuous cultures with xylose as carbon source. Lipid ac-
cumulation occurred in batch and continuous cultures when it
reached a level of 49 and 37% of the biomass, respectively [46].
Candida orthopsilosis and C. oleophila accumulated lipids up to
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Table 3. Fatty acid composition (%, wt/wt) of total lipids produced by the newly isolated yeast strains

Relative fatty acid composition (% wt/wt)a)

Groups Subgroups Species C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 Othersb)

I: Candida 1 C. pararugosa
BM24

13.3 ± 0.2b1 14.6 ± 0.0b2 4.9 ± 0.1a3, b3 63.0 ± 0.1a4 1.7 ± 0.3c5 0.4 ± 0.1c6 2.2 ± 0.2

C. metapsilosis
EL2

18.1 ± 0.1a1 2.3 ± 1.1C2 9.0 ± 0.0a3 63.5 ± 0.7a4 3.9 ± 0.0b5 2.4 ± 0.1b6 0.8 ± 0.0

C. parapsilosis
LV2

18.3 ± 0.1a1 5.6 ± 0.0C2 5.1 ± 0.0 a3, b3 65.3 ± 0.0a4 3.8 ± 0.1b5 0.9 ± 0.0c6 0.9 ± 0.1

2 C. ethanolica M1 9.8 ± 0.2c1 19.2 ± 0.3a2 2.2 ± 0.5b3 45.7 ± 0.2b4 14.7 ± 0.3a5 5.1 ± 0.1a6 3.3 ± 0.2
C. boidinii EL1 17.5 ± 0.7a1 12.7 ± 1.3b2 6.4 ± 1.0a3 43.7 ± 0.0C4 17.6 ± 0.8a5 0.3 ± 0.1c6 1.8 ± 0.2

II: Pichia 1 P. membranifa-
ciens O2

11.1 ± 0.2f1 14.3 ± 0.2e2 2.2 ± 0.3e3, f3, g3 46.0 ± 0.1f4 19.4 ± 0.1f5 4.8 ± 0.2e6 11.1 ± 0.2

P. membranifa-
ciens LC1R

12.0 ± 0.3f1 11.3 ± 0.2g2 4.2 ± 0.1e3 44.7 ± 0.3f4 19.7 ± 0.0e5 5.4 ± 0.0d6 2.6 ± 0.0

P. etchellsii BM1 17.4 ± 0.1e1 7.2 ± 0.1i2 4.6 ± 0.2e3 41.6 ± 0.0g4 26.8 ± 0.1d5 0.1 ± 0.1g6 17.4 ± 0.1
2 sp.M3 9.5 ± 0.1g1 12.8 ± 0.3f2 3.6 ± 0.3e3 49.2 ± 0.4e4 16.7 ± 0.2g5 5.7 ± 0.0d6 2.5 ± 0.2

sp.M31 10.8 ± 0.2f1 16.0 ± 0.2d2 3.4 ± 0.1e3, f3 49.0 ± 0.3e4 12.2 ± 0.1h5 5.5 ± 0.0d6 3.1 ± 0.1
P. manshurica

EP2
9.9 ± 0.1g1 8.9 ± 0.1h2 7.5 ± 0.0d3 50.0 ± 0.0d4 13.2 ± 0.0g5, h5 5.4 ± 0.1d6 9.9 ± 0.1

P. manshurica V6 11.6 ± 0.2 f1 16.8 ± 0.3d2 3.0 ± 0.1e3, f3 50.4 ± 0.5d4 10.8 ± 0.0i5 4.8 ± 0.0e6 2.6 ± 0.1
P. anomala EC28 23.2 ± 0.1d1 4.1 ± 0.2j2 6.6 ± 0.2d3 48.8 ± 0.1e4 14.7 ± 0.4g5 1.5 ± 0.2f6 1.1 ± 0.1

III. Kluyveromyces K. marxianus
CC1

20.1 ± 0.2 14.2 ± 0.2 3.9 ± 0.1 22.0 ± 0.5 37.2 ± 0.5 0.0 ± 0.1 2.6 ± 0.1

Culture conditions as described in Fig. 2. Each experimental point is the mean value of at least two independent determinations. Letters refer to comparisons
at vertical reading for each yeast species within the same group; numbers followed by different letters indicate statistically significant differences at p �
0.05. The experimental data were treated according to Bonferroni post hoc test.
a)When maximum percentage of cellular lipids per dry cell mass was achieved.
b)Others: C10:0, C12:0, C14:0, C14:1. Additionally, in the case of P. etchellsii, a long-chain fatty acid probably �4,7,10,13,16,19C22:6.

42.8 and 15.3% wt/wt, respectively [47, 48]. On the other hand,
some Candida species (such as C. pulcherrima) did not virtu-
ally accumulate lipids [47]. It seems, hence, that Candida spp.
compromises a heterogeneous group showing a considerable
variation in lipid content among species. Higher lipid quanti-
ties were accumulated by most Pichia strains (YL/x up to 25.1%,
wt/wt). The strain Wickerhamomyces anomalus EC28 formerly
P. anomala showed remarkable biomass and lipid production
(i.e. 8.1 g L−1 and 16.1%, wt/wt, respectively) after 72 h of
fermentation and therefore is a candidate of interest for fur-
ther studies. The strain BM1that was identified as P. etchellsii
(also known as D. etchellsii) accumulated the highest levels of
intracellular lipids (i.e. 25.1%, wt/wt). Similar results were re-
ported for P. etchellsii in Arous et al. [3] working in both flask
and bioreactor batch and continuous cultures. The other Pichia
strains accumulated lipids in the range of 11.8–16.1% and pro-
duced low biomass. Similar results concerning lipid synthesis
have been reported for P. membranifaciens LFMB8 and P. sego-
biensis DQ4091661 that were capable of producing around 15
and 24.6% of lipids per dry cell mass, respectively, when cul-
tivated in nitrogen-limited media [47, 49]. However, in other
reports, Pichia spp. has been shown to be able of producing
much higher lipid quantities [50]. Kluyveromyces marxianus
strain CC1 (Group III) produced 6 g L−1 of biomass contain-
ing 12.9% wt/wt lipids. This amount is significantly higher than
that determined by Fonseca et al. [51] in K. marxianus CBS
6556 (5.2% wt/wt lipids). These differences in lipid produc-
tion abilities may be attributed to the specific physiological be-

havior of each microorganism or to the differences in culture
conditions.

The total lipid content of yeasts varies widely among species of
the same genera and even among strains belonging to the same
species. According to the literature, the majority of the yeasts
contain lipids around 7–15% of biomass dry weight, while few
strains have the ability to accumulate more than 20% lipids of
their dry weight.

3.6 Fatty acid composition of selected yeasts

Analysis of lipids synthesized during growth of all isolated
strains showed that the most common and abundant fatty acids
produced were palmitic (C16:0), palmitoleic (�9C16:1), stearic
(C18:0), oleic (�9 C18:1), and linoleic (�9,12C18:2) acid, while
medium chain (e.g. C12 and C14) or long-chain (e.g. C20 and
C22) fatty acids were produced in small quantities (Table 3).
These results are in accordance with Kurtzman and Fell [28]
and Chatzifragkou et al. [47], who noticed the predominance
of C16 and C18 fatty acids and especially oleic acid in yeasts.
This fatty acid composition is similar to that of oleaginous
plants and could be perfectly used for biodiesel production
[10, 52].

Kock and Botha [53] showed the heterogeneity of fatty acid
composition even within the same species of yeasts. Accord-
ingly, several researches dealt with the utilization of cellular fatty
acid data for identification purposes before ribosomal sequenc-
ing [54]. In the present study, remarkable differences in fatty
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acid profiles and unsaturated fatty acid index among the iso-
lates were noticed. Based on cellular fatty acids composition, it
was possible to discriminate different subgroups in the Groups
previously described. Specifically, strains of Group I could split
into two distinct Subgroups according to their lipid content in
both oleic and linoleic acids. Subgroup 1, including strains that
were characterized by a high percentage of oleic acid and the low
percentage of linoleic acid (C. pararugosa strain BM24, C. metap-
silosis strain EL2, and C. parapsilosis strain LV2) and Subgroup
2, with a low percentage of oleic acid and a high percentage
of linoleic acid in their lipids (C. ethanolica strain M1 and C.
boidinii strain EL1). The above-mentioned differences in fatty
acid composition between Subgroups 1 and 2 are indeed statis-
tically significant at p � 0.05. Additionally, C. ethanolica lipids
contained alpha linolenic acid (C18:3) in nonnegligible percent-
ages. Significant differences in fatty acid composition among
Candida species have been reported by Aggelis et al. [45] and
Viljoen et al. [55].

Similarly, strains of Group II belonging to Pichia species,
might be divided into two Subgroups on the basis of their lipid
content in both oleic and linoleic acids. Subgroup 1, which is
characterized by a low percentage of oleic acid and a high per-
centage of linoleic acid (p < 0.05), included P. membranifaciens
strain O2, P. membranifaciens strain LC1R, and P. etchellsii strain
BM1. Conversely, Subgroup 2 may include Pichia sp. strain M3,
Pichia sp. strain M31, P. manshurica strain EP2, P. manshurica
strain V6, and P. anomala strain EC28, having significantly higher
oleic acid and lower linoleic acid percentages (statistically sig-
nificant at p � 0.05) when compared to the other strains from
Group II. Lipids synthesized by P. anomala EC28 additionally
differed from those produced by the other strains of this sub-
group due to the significantly higher percentage in palmitic acid
and the lower percentage in palmitoleic acid (statistically signif-
icant at p � 0.05). Pichia manshurica strains synthesized lipids
with a comparable fatty acid composition, although lipids of
the strain V6 contained palmitoleic acid in a significantly higher
percentage whereas in those of the strain EP2 higher amount
of linoleic acid was found (p < 0.05). Both strains of Pichia
sp. M3 and M31 produced lipids having a quite similar fatty
acid composition characterized by a relatively high percentage
of oleic acid. Nevertheless, some differences were noticed, since
strain M3 produced lipids with a significantly higher percentage
of linoleic acid and lower percentage of palmitoleic acid than
those of strain M31. Finally, the lipids of K. marxianus strain
CC1 (Group III) were characterized by the presence of linoleic
acid in very high percentage and by the lowest percentage of oleic
acid (p < 0.05).

4 Concluding remarks

New yeast strains were isolated from various Tunisian microhab-
itats and characterized for their morphology and biochemical
abilities of both taxonomical and biotechnological interest, enri-
ching the biological material that is available in the Enzyme En-
gineering and Microbiology Laboratory of the University of Sfax.
The ability of some strains to grow well on a wide spectrum of ca-
rbon and nitrogen sources, together with their competence to sy-
nthesize nonnegligible quantities of reserve lipids of similar fatty

acid composition to that of vegetable oils currently used in the
biodiesel manufacture, make them an interesting material for
further studies. Specifically, P. etchellsii strain BM1 may offer
an alternative source for SCO production and therefore this or-
ganism should be studied in detail. Some strains, such as C.
metapsilosis strain EL2, C. parapsilosis strain LV2, C. pararugosa
strain BM24, and K. marxianus strain CC1, which are able to
produce extracellular lipases, may be of interest for specific en-
vironmental applications (i.e. in the treatment of fatty wastes)
and/or for the production of novel lipases possessing particular
properties.

Practical application

The study of new microbial strains, especially of those iso-
lated from unusual microhabitats, may reveal interesting
biological material for biotechnological applications. Here,
we studied several important biochemical and morphologi-
cal properties of both taxonomical and biotechnological in-
terest of newly isolated yeast strains from various Tunisian
microhabitats. The ability of some strains to grow on a
wide spectrum of carbon and nitrogen sources, together
with their competence to synthesize nonnegligible quanti-
ties of reserve lipids, makes them an interesting material
for further studies. Pichia etchellsii strain BM1 particularly
offers an alternative source for single cell oil production.
Some other strains, such as Candida metapsilosis strain EL2,
C. parapsilosis strain LV2, C. pararugosa strain BM24, and
Kluyveromyces marxianus strain CC1, which are able to pro-
duce extracellular lipases, may be of interest for specific
environmental applications and/or for the production of
novel lipases.
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