American Journal of BioScience

2014; 2(6): 251-257

Published online January 12, 2015 (http://www.soegrublishinggroup.com/j/ajbio)
doi: 10.11648/j.ajbio.20140206.20

ISSN: 2330-0159 (Print); ISSN: 2330-0167 (Online)

otlenecePl

Science Publishing Group

Oleaginous yeasts form Uruguay and Antarctica as
renewable raw material for biodiesel production

Virginia Pereyra’, Adalgisa Martinez', Caterina Rufo?, Silvana Vero™”

Catedra de Microbiologia, Departamento de Biocien&iasultad de Quimica, Universidad de la Repubiiral Flores 2124, Montevideo,
Uruguay
?Instituto Polo Tecnoldgico, Facultad de Quimicaivdrsidad de la Republica, By Pass Ruta 8 s/n, Pamwelones, Uruguay

Email address:
vipereyra@gmail.com (V. Pereyra), adalgisamar@gowit (A. Martinez), crufo@fq.edu.uy (C. Rufo), svefg@du.uy (S. Vero)

Tocitethisarticle:
Virginia Pereyra, Adalgisa Martinez, Caterina Rufityé&ha Vero. Oleaginous Yeasts form Uruguay andafatica as Renewable Raw
Material for Biodiesel Productiodmerican Journal of BioScienceol. 2, No. 6, 2014, pp. 251-257. doi: 10.1164#3ja20140206.20

Abstract: In the present study a screening of oleaginoustydesm different habitats nearby Montevideo, Uraguwas
carried out. Four yeast strains previously isoldtedh soil from Fildes Peninsula, in the Antaratigion, were also included
in the study. More than 75% of the obtained isalatere characterized as oleaginous though only déthem (two from
Antarctica and two from Uruguay) were able to acuolate lipids to levels exceeding the 40% of cell dieight. One of the
selected strains was identified Rsodotorula graminiswhich has been already recognized as an oleagjispecies. However,
the other three isolates belong to species, whicke mot been reported as oleaginous before. Thik sanstitutes the first
report of Cryptococcus phenolicuLystofilobasidium infirmominiatunand Leucosporidium scottins oleaginous species.
Three of the selected isolates were able to graw gliycerol as carbon source. According to lipiddguction in presence of
glycerol, one isolate was selected for further isteildThe ability to grow and accumulate intraceltuipids in presence of
crude glycerol was assessed for the selected straguch conditions, a maximum concentration 8f& L™ of lipids with a
suitable fatty acid profile according to the reguments established in our country for the raw netesed in the production

of biodiesel, was obtained.
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1. Introduction

The depletion of fossil fuel reserves alongsidernenease
in energy demand calls for a greater supply ofsfifebm
renewable resources. As a result, the productiobiaffiels
like bioethanol or biodiesel has increased worlénmitliring
the last decade. Biodiesel consists of the alkigresof fatty
acids that are typically produced from a combinatiof
triglycerides (e.g. vegetable oils) and an alcoltelg.,
methanol) in the presence of either a base orcatalyst. In
the production process, glycerol is also formegresenting
10% of the product output [1]. The dramatic growththe
biodiesel industry has created a surplus of glycexmdich
has resulted in an important decrease in crudeeghyprices
over the last few years and generated environmeatalerns
associated with contaminated glycerol disposal [Phe
crude glycerol obtained from biodiesel productios
typically contaminated with unreacted methanol,itsmust
be refined to recover the alcohol. That procesgelea crude

glycerol at about 80%, which also contains saltb residues
of methanol of about 3%, so further refining is de to
obtain pure glycerol. Purifying it is costly andngeally out
of the range of economic feasibility for the smallmedium
sized plants [3]. Therefore, it is very importaat tind

alternative fates to this low-grade glycerol, adllerude
glycerol to further defray the cost of biodiesebguction in
the growing global market.

At present, biodiesel is mainly produced from vabédt
oils, which are not economically competitive witbtywleum-
based fuel because of the relatively high costh& oil
feedstock. In fact, the cost of source accounts@+85% of
the entire production cost. Moreover, this kindpodduction
competes for agricultural land that can be useteaus for
food production. Microbial oils produced by “oleagus”
microorganisms, including bacteria, yeasts, molus @gae,
are now believed to be a promising potential soufare
biodiesel production. It was demonstrated that &gieous”
microorganisms can accumulate intracellular trighdes
(more than 20% of biomass weight), with a fattydaci
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composition very similar to that of vegetable di§. The

culture of oleaginous microorganisms involves fewests
than oil crop production, is affected neither bgssms nor by
climates, and is environmentally friendly since pesticide
applications are needed. Moreover, production cyale far
shorter, involving days instead of months in thesecaf

vegetable crops.

This work aims to select an oleaginous yeast sttahis
able to accumulate intracellular saponifiable lgpisuitable
for biodiesel production when grown with crude @gga as
carbon source.

2. Materialsand M ethods
2.1. Source of Yeasts

Yeasts used in this work were isolated from soihgles
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2.3. Determination of Fatty Acid Profiles

Fatty acids obtained as described above were fesdenith
methanol under acidic conditions as described byjaBat
al.[9]. Fatty acid methyl esters (FAMES) were amaty by gas
chromatography using a Shimadzu GC 2014 equipp#d awi
Carbowax 20 (30 m, 0.25 mm ID, 0.25 um) column and
flame ionization detector. Operation conditions eveiN,
carrier gas 40 ml mih injection port temperature 230 °C,
oven temperature 190 °C and the detector temperats 230
°C. FAMEs identity was determined by comparison of
retention times with those obtained with known dtads
(GLC 10 FAME mix, Sigma-Aldrich 1891). Quantitatiovas
carried out using peak area integrals expressadoascentage
of the total of all integrals. The methyl esterattivere not
present in the standard mixture were identifiedhgyretention
time and the fragmentation pattern data of GC-M8lyais

nearby Montevideo, Uruguay and from the surface dfSiNg & QP-2010 Shimadzu, with a column AT-5msr(8&

different fruits from local orchards. Ten gramssofl or fruit
peel were homogenized in 100 ml of sterile wateen T
microliters of the obtained suspensions were st@abnto
Dichloran Bengal Rose chloramphenicol Agar (Difbetroit,
MI, USA) plates and incubated 6 days at 28 °C. ofliek
corresponding to yeasts were streaked onto Potatdr@e
Agar (PDA) (Difco) plates to obtain pure cultur€sve yeast
strains [eucosporidium scottihtl7, Cryptococcus gastricus
At4, Rhodotorula mucilaginosat7, Rhodotorula laryngis
Atl16, Cystofilobasidium infirmominiatunPL1) from the
Microbiology Department of Facultad de Quimica crét
collection were also included in this study. Theurfdirst
strains were isolated from Antarctic soil samplgs[Bhile
the fifth was isolated from lemon surface and ctiaréized
as a good biocontrol agent of blue mold of orarfgjes|

2.2. Screening for Oleaginous Yeasts

Lipid accumulation capacity of yeast isolates wsseased
using the Sudan Black B lipid staining techniqug FBach
yeast strain was grown at 28 °C in a rotary shak&b60 rpm
in 250 mL Erlenmeyer flasks containing 50 mL ofiguid
nitrogen-limited medium defined by Thakur et al. [Xfter 5
days of incubation, Sudan Black-stained smears feaiwh
culture were observed under optical microscopy ilogKor
the presence of intracellular blue oil globules abhiare
characteristic of oleaginous yeasts. Non oleaginpeast
(Saccharomyces cerevis)agias used as a negative control
[8]. For the oleaginous isolates, intracellular teot of
saponifiable lipids was quantified as describedhbyja et al.
[9] with modifications. At the same time, biomass
concentration was determined gravimetrically as wejyght
and percentage of lipid accumulation in cell biomagas
calculated for each isolate. All experiments weepeated
twice. Data was analyzed by one-way ANOVA, and mea
separations were performed by LSD tests. Differenae
P<0.05 were considered significant. Those isolatgsch
accumulated significantly higher amounts of inttader
lipids, were selected.

0.25 mm, 0.1um). Oven temperature was programmed from
150 °C to 215 °C at 1.25 °C mijrand then to 230 °C at 25 °C
min™, the flow rate of carrier gas was set at 31 mI'm@ther
settings were as follows: 300 °C of interface terapee, 250
°C of injection temperature, and electron impagization (EI)

at 70 eV. Cetane number (CN) of fatty acid methsters
obtained for each isolate was calculated empiyidallowing

the procedure of Azam et al. [10].

2.4. I dentification and Characterization of the Selected
Oleaginous Yeast Strains

Selected oleaginous strains were identified by secgel
analysis of the D1/D2 variable domains at the & ehthe
large subunit rRNA gene (D1/D2) and the internal
transcribed spacers, ITS 1 and 2, including thé& FIBNA
sequence. DNA extraction was carried out as desttrity
Schena et al. (1999) [11]. PCR fragments were geéeer
using primers ITS1[12] and D2R covering both the&S1¥
ITS2 and D1/D2 regions [13]. The thermal profilesn@6°C
2 min, followed by 35 cycles of 96 °C 30 s, 51 ®&s4 72 °C
120 s, and a final extension step at 72 °C for h.mi
Nucleotide sequences of the PCR products were rdieted
in both directions at Macrogen (Macrogen Inc., $eou
Korea). Sequences were aligned with MEGA 5 [14uslly
corrected and compared to NCBI databases using BLAS
Phylogenetic analyses of D1/D2 and ITS1-ITS2 seceeiof
the selected isolates were conducted using MEGAivers
[14]. DNA sequences were aligned with sequences of
homologous regions of closely related strains ee&d from
GenBank. Evolutionary distances were computed uttieg
Jukes—Cantor method [15], and phylogenetic treese we
obtained by neighbor-joining[16]. All positions daming
alignment gaps and missing data were eliminatguhirwise
gequence comparisons (pairwise deletion optiompiliy of
clades was assessed with 1000 bootstrap replisgtlam.

2.5. Intracellular Lipid Accumulation in Presence of
Glycerol

The ability to use glycerol as an only carbon seun@s
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assessed for the selected strains, according tizidan and growth conditions ase described above. Biomassdrys
Fell [18]. Yeast isolates capable of growing in tsuc weight, and the content of intracellular saponitalipids at
conditions were selected and cultivated in lipiduanulating the fifth day was determined. The experiment waseated
conditions as described above [11], but substigutiflucose twice. Biomass and lipid data were analyzed by wag-
for glycerol. Intracellular content of saponifiadipids and ANOVA, and mean separations were performed by L&ibst
fatty acid profiles of those lipids were determirsdhe fifth  (P<0.05)

day of culture, as described above. All experimenmtse

repeated three times. Data corresponding to theuatmof 3 Results

fatty acids from saponifiable lipids expressed ascentage

of dry biomass and concentration of lipids per ifit#r of  3.1. Isolation and Screening for Oleaginous Yeasts

culture medium were analyzed by one-way ANOVA, and

mean separations were performed by LSD tests (B%0.0 ﬁmx : & | | 1000 . | 1000 '\'
The strain which accumulated significantly highenoaints o 8‘ i ’.‘Ql‘“ L%

of intracellular lipids was selected. For the stdd strain, B p <
biomass (as dry weight), ammonia, nitrate and gblce ‘... 8 3 .
concentration were determined at different timeseraf 4 , 'Y g ' Qe
inoculation (0, 20, 44, 67, 90, 114 and 138 hours). | & R o |
Intracellular saponifiable lipids were evaluatedydkom the !;m% . "rm,,,t + @ _®_F oox | =TT PN
second to the sixth day. Ammonia was determinedgutie dn ¥ ™ s - .??‘ f 6 |
commercial kit UREA/BUN-COLOR (Biosystems COD ¢~ & ° - -_'t.' " :’,' o Q*'
11536) and nitrate was analyzed by HPLC with a &k © o 0% F :b.'.' . © o2
Anion column(Waters) maintained at 40 °C, using phosphate & '; 1_- T L. 2..

buffer (0,01 M, pH 6,8) as mobile phase at a flix @ mL b ."l-‘: ® = o

mint and a UV detector (Shimadzu SPD-10AV UV-VIS
Detector) at 210 nm. G|ycer0| was determined by aPL Fig. 1. Optical microscopy photographs of yeast isolatesied with Sudan

. . _ . Black B. Lipid globules stained in bluish-gray ambserved in the
using an Aminex HPX-87C (Bio-Rad), 250 x 4 mm cofum oleaginous yeast (a), (b), (c), (e) and (f). Sacchgces cerevisiae (d)

at 67 °C with water as mobile phase and a RID-108eviously identified as not oleaginous yeast weedias a negative control.

Shimadzu detector. a) Strain S31; b) Strain AT17; c) Strain S12R; d)c&revisiae strain; e)
Strain AT7; f) Strain PL1

2.6. Growth of the Selected Strain in the Presence of Crude

Glycerol 60

Growth in the presence of pure and crude glycerat w _*°
compared for the selected strain. Lipid accumutatio 5"
day was also determined in each case. Medium cdtigpos
and growth conditions were the same used in theique
experiments. Crude glycerol (purity 80%) containing
methanol (3%); water (3%) and organic matter ngteylol
(13%) as impurities, was provided by ALUR, a Urugam
biodiesel producing industry. The culture mediumswa
prepared to reach a glycerol concentration of 40 §ince 0
turbidity of the medium containing crude glycercasvhigh,
in this case, growth was evaluated by direct mmwpg
counting of yeast cells in a Neubauer chamber #¢rdit
times (0, 12, 22, 46, and 67 hours). Growth wagesqed as
the In (Xi/X0) being Xi the yeast concentrationeaich time
and XO the initial concentration. The experimentswa Thirteen isolates were recovered from soil sampled
repeated three times. Data of yeast growth in pncecrude twelve were obtained from fruit surfaces. In tothlrty yeast
glycerol at each time point were compared by ong-waisolates (including the strains from our culturelextion)
ANOVA, and mean separations were performed by L&flst were screened to determine their capacity to actateu
Differences at P<0.05 were considered significant. intracellular lipids by the Sudan Black B stainingethod.
Twenty-four isolates were identified as potentiapid
producers while six isolates, which did not showirstd fat
droplets inside the cells, were classified as nteaginous

The selected strain was grown in presence of eiffier and discarded. Figure 1 shows a microscopic viédX{D0)
concentrations of crude glycerol representing m,m) and of smears of four different strains stained wittd&u Black

100 g I* of glycerol in the culture medium, in the sameB. In three of them, stained internal oil droplemn be
observed. Intracellular content of saponifiableidigp was

N w IS
S} S S

Lipid content (% of dry biomass)

-
5]

D

DRI S\ o N
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Fig. 2. Lipid content of 24 potential oleaginous yeastisis, after a 6-day

culture at 150 rpm and 28 °C. Data are mean * stadddeviation (error

bars) of two independent experimentsd.05)

2.7. Effect of Crude Glycerol Concentrations on Yeast
Growth and Lipid Accumulation
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determined for the potential oleaginous isolatég. (E). As a
result, the isolates PL, S12R, Atl7 and S31 wetects
since they showed significantly higher lipid corit€A3.2,
44.1, 47.1 and 50.5%; p<0.0001).

3.2. Determination of Fatty Acid Profiles

The fatty acids profiles of lipids extracted frotmetfour
selected strains are shown in Table 1. Similarile®fvere
obtained for the four strains. Saturated acids siscyristic
(14:0), palmitic (16:0) and stearic (18:0) wererfdun lipids
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from all strains. Behenic acid (22:0) was producety by
Atl7 and PL1 strains. The unsaturated acids weneesented

by palmitoleic (16:1), oleic (18:1), linoleic (1§:2and
linolenic (18:3) acids. In all cases, palmitic abliéic acids
were the two major components. Moreover, linoleaad
was found in low concentrations (less than 3%}yfatids
with  more than four double bounds were absent and
calculated cetane numbers were above 45 in also@sdble

1). Palmitoleic (M 268) and behenic (M354) acids were
identified by GC-MS.

Table 1. Fatty acid composition (%) and cetane number sélécted oleaginous yeast strains after a 5-dayilsing glucose as carbon source.

Strain C14:.0 C16:0 Ci6:1 C18:0 Ci8:1 C18:2 C18:3 C22.0 CN

Atl7 0.91 20.35 0.33 7.24 56.31 11.81 2.15 0.90 55.6
PL 0.79 19.39 0.22 6.22 60.37 10.76 1.53 0.72 55.6
S12R 1.50 17.00 5.80 ND 64.70 8.90 2.10 ND 53.7
S31 0.23 27.29 0.96 9.08 53.91 8.52 ND ND 58.4

CN: Cetane number ND: Not detected

3.3. Identification and Characterization of the Selected
Oleaginous Yeast Strains

58 Rhodotorula glutinis CBS 20
Rhodosporidium babjevae CBS 7808
1% |s12R
Rhodotorula graminis CBS 2826

4|——Rhodasporidfum kratochvilovae CBS 7436
&7 Rhodotorula araucariae CBS 6031

Rhodosporidium toruloides CBS 349

E———
0.005

Fig. 3. Phylogenetic tree of the D1/D2 region sequencegtrafn S12R and

related species. The tree was constructed usingléighbor-Joining method.

Bootstrap values (1000 tree interactions) are iatkd at the nodes

75 | Cryptococcus himalayensis CBS 6293
66 Cryptococcus terreus CBS 1895
% Cryptococcus elinovii CBS 7051
s3
4ﬂ| Cryptococcus phenolicus 1GC4684

4,7 Cryptococcus fuscescens CBS 7189

—
0.002

Cryptococcus aerius CBS 155

Fig. 4. Phylogenetic tree of the D1/D2 region sequenceS3df strain and

related species. The tree was constructed usingl#ighbor-Joining method.

Bootstrap values (1000 tree interactions) are itk at the nodes

Molecular analysis of the nucleotide sequences HDR
and ITS 1-5.85-ITS2
identification of the strains selected. Both seqasnfrom

S12R strain showed a 100% homology with the sam&
sequences dRhodotorula graminiCBS 2826 (type strain).

Relatedness of sequences of D1/D2 region obtaimed the
isolate S12R to those corresponding to other gjosslated
species retrieved from GenBank is presented
phylogenetic tree shown in Fig. 3. The tree obthity
analyzing ITS1-ITS2 domain is not shown since thens
relationships among species were assessed. Acgaalithe
obtained results strain S12R was identifiedRasgraminis

regions was performed for t

in t

The nucleotide sequences corresponding to the DXhimP
the ITS1-ITS2 domains of rDNA of S12R have been
deposited in GenBank under the following accession
numbers: KM207221 and KM207222 respectivélgr S31
strain, the molecular analysis showed that the Hienpbl
sequences were identical to those corresponding to
Cryptococcus  phenolicus (IGC4684) (type  strain),
Relatedness of sequences D1/D2 region obtained fham
isolate S31 to those corresponding to other closeligted
species retrieved from GenBank is presented in the
phylogenetic tree shown in Fig. 4. Only phylogendtiee
derived from analysis of 26S rDNA domain D1/D2 li®wn

as the tree obtained by analyzing ITS1-ITS2 dorshiowed
essentially the same relationships among isolatdspecies.
The nucleotide sequences corresponding to the D XhimP
the ITS1-ITS2 domains of rDNA of S31 have been dépd

in GenBank under the following accession numbers:
KM213395 and KM213396 respectively. The other two
selected strains (Atl7 and PLdere identified in previous
studies[5], ad_eucosporidium scottiand Cystofilobasidium
infirmominiatum respectively.

3.4. Intracellular Lipid Accumulation in Presence of
Glycerol

he Strains Atl7, PL1 and S12R identified Bs scottii C.

infirmonimiatum and R. graminis were able to grow in
esence of glycerol as the only carbon sourcety Fatid
profiles obtained for each strain when grown inspree of
glucose or glycerol were very similar, resulting smilar
cetane numbers. However, in case of Atl7 and Piainst

h%rachidic acid (20:0) was produced in presencelyafegol,

but not in presence of glucose (Table 2). The peace of
internal lipids per gram of biomass, in both suusts was
significantly higher in the case of strains PL1 &1®PR, with
no differences between them. However, when analyttie
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concentration of microbial lipids obtained perditd culture
medium, the highest value corresponded to thensBakR.
According to this resulR. graminisS12R was selected for
further studies. Figure 5 shows the time coursea difatch
culture of the selected yeast growing in preseriagyzerol
as carbon and energy source. Lipid production vsasssed
after nitrogen depletion when glycerol still remednin the
culture medium. Biomass and lipid concentration was$
significantly different at time 114 h and 138 h, isothe
conditions used in this work, a five days culturasw
appropriate to get the maximum concentration afl§5.0 g
Iy which implies a lipid yield of 0.13 g of lipidsep g of
glycerol consumed.

Virginia Pereyr&t al. Oleaginous Yeasts form Uruguay and AntarcticReisewable Raw Material for Biodiesel Production
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Fig. 5. Time course of lipid concentration (open triangldiomass
concentration (filled triangle), nitrogen (filledgeare) and glycerol (open
diamond) consumption of R. graminis S12R in presenft glycerol as
carbon and energy source. Data are mean = standkegiation (error bars)
of three assays

Table 2. Lipid content (g/l; % according to total cell dryewght), fatty acid composition (%) and cetane nuntfeselected oleaginous yeast strains after a 5-

day culture using glycerol as carbon source.

Strain Lipids (%)* Lipids (gI™)* C14.0 Ci16:.0 Ci16:1 C18:0 Ci8:1 Ci8:2 Ci8:3 C20:0 C22:0 CN

Atl7 32+2 38+0.2 0.95 20.5 0.35 13.28 45.88 13.70 2.76 0.55 0.97 56.8
PL1 39+ 71 30+0.2 0.92 19.4 0.41 11.76 46.82 14.73 3.30 0.50 1.02 55.9
S12R 41.4+0.2 50+0.6 1.32 16.9 4.25 2.36 50.16 13.00 5.00 ND 0.48 55.5

CN: Cetane number. ND: Not detected. *Data are mestandard deviation of two assays.

abe ABCy;lues followed by the same letter do not diffatistically (P< 0.05).

3.5. Growth and Lipid Accumulation in Presence of Pure
and Crude Glycerol

Growth and lipid accumulation in the presence atpand
crude glycerol was compared for the selected st@inwth

profiles were very similar (Table 3). There were naesulted

significant differences in yeast growth obtainedath cases
throughout the experiment. On day 5 intracellulgoidl
concentration in yeasts grown in the presence ofier
glycerol was 5.3 g, which was not significantly different
from the lipid content obtained in the presence pofe
glycerol (5.0 gP).

Table 3. Growth of R. graminis S12R in the presence of @umé crude

glycerol expressed as the Irf%) being X the yeast concentration at each
time and Xthe initial concentration

IN(Xi/Xo)
Time (h)
Pure glycerol Crude gycerol
12 22+03 28+0.3
22 26+0.6 32+0.2
46 34+06 39+0.3
67 3,7+£0.6 39+0.2
120 3,7+£0.6 39+0.3

Values followed by the same letter are not stattiii different (P< 0.05)

3.6. Effect of Crude Glycerol Concentrations on Yeast
Growth

Biomass production at 40 or 60 §df crude glycerol was
not significantly different. However, higher contetions
in an inhibition of yeast growth (Table. 4)
Intracellular lipid concentration was determinedcultures
obtained at 40 or 60 g'lwhich resulted significantly
different, being higher (5.9 ) when a higher concentration
of glycerol was used (Table 4).

Table 4. Biomass and lipids production of R. graminis S12Rresence of
different concentrations of crude glycerol aftes-alay culture.

Glycerol concentration (gl ™) Biomass (gl™) Lipids (g™
40 125+0.4 54+0.2
60 13.6 £ 0.4 5900
80 11.1+0.0 nd

100 10.6 £ 0.4 nd

The experiment was repeated twice. Biomass and4 ipata were analyzed
by one-way ANOVA, and mean separations were perdriry LSD tests:®
Differences at P<0.05 were considered significadt.not determined.

4. Discussion

In the present study a screening of oleaginoustydasn
different habitats nearby Montevideo, Uruguay, wasried
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out. More than 75% of the obtained
characterized as oleaginous according to Li eJ43). since
they were capable of yielding lipid content higltiean 20%
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isolates werether studies[25, 26]. However, the lipid produat@puld be

improved. In this regard, Lin et al. [27] desigreetivo-stage
fermentation process to obtain a lipid concentra8@.9 gt*

on their dry weight, These results confirm the widdrom the yeastipomyces starkeyiThe optimization of the

distribution of these microorganisms as stated bgsiket al.
[19]. Moreover, two of the psycrotrophic isolatesorfi
Antarctica resulted oleaginous.

This finding wast no

growing conditions forR. graminisS12R will be the next
step in order to obtain the maximum lipid yield.

surprising since the presence of oleaginous yeastanolds Acknowledgements

in extreme cold environments like the Tibetian @dat has
already been reported [20]. Although many of thalaites

The authors would like to extend their thanks te th

were characterized as oleaginous, only four iselatere Agencia Nacional de Investigacién e Innovacion (ANind
able to accumulate a significantly higher amount ofhe Organization for the Prohibition of Chemical aens

intracellular lipids, with levels exceeding the 4@¥xcell dry

weight. One of them, was identified Rhodotorula graminis
which has been already recognized as an oleagismeses
[21]. However, the other three isolates belong pecgs,
which have not been reported as oleaginous beforfact,

this work constitutes the first report ofryptococcus
phenolicus  Cystofilobasidium  infirmominiatum and

Leucosporidium scottas oleaginous species.

Biodiesel must meet certain requirements to be ased
fuel, some of which rely on the fatty acid mixtuused in
biodiesel production. In Uruguay, standards fordm@sel
indicate that cetane number must be higher tharad&,no
more than 12% of linolenic acid esters and 1% tdredrom
polyunsaturated acids (more than 4 double bond=)nstted
[22]. The fatty acid profiles obtained from the geaelected
in this paper met Uruguayan standards for biodiedstn
grown with different carbon sources,
glycerol. Thus, the use of that secondary prodinxtained
from biodiesel production appears as an option aairbon
source to produce oleaginous yeasts, in order dacee the
costs. It was demonstrated that a concentrationthef

substrate to achieve 60 §df glycerol could be incorporated

in the culture medium, without affecting yeast gtow
Moreover, a higher concentration of intracellulgids was
achieved in such conditions, which was probably tuea
higher C/N ratio in the culture medium. Last year,
Uruguay, 50000 ton of biodiesel were produced byURL
(National Supply Company) to be incorporated
proportion of 7% to diesel for locomotive use[2Bbwever,
the production cost of biodiesel
competitive with petroleum-based fuel
relatively high cost of the oil feedstock. Moreawitie use of
vegetable oils as raw material for biodiesel praiduc
competes with edible oils, thus leading to a s@paohfood
price. According to Duarte [24] about 600 kg of odn be
produced annually from 1 hectare of soybean, whih be
used for biodiesel production. Since a lipid prdorc of 5

gl was obtained fronR. graminisS12R growing in crude [0

glycerol, about 120 000 liters of such culture veblde
required for the production an amount of oil eqléna to
that obtained from 1 hectare of soybean. Even 00D
liters seems a very high volume, it should be a#rsid that
yeast culture for oil production takes only 5 daydile
soybean crop is annual. Lipid yield on glycerotadbed in
the present study showed similar results when coecpaith

(OPCW) for funding this work.

including a@ud [4]

is not economycall
because oé th
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