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Abstract  
Yeast lipases present a growing interest for the synthesis of novel compounds and development of 

technologies with biotechnological applications. A new yeast strain CMGB-CR6 isolated from oil-
polluted soil was identified as belonging to Candida rugosa using morphological observations, the API 
20C AUX and Biolog Microbial ID systems and PCR-RFLP of the 5.8S rRNA-ITS and 18S rDNA-ITS. 
The analysis of eight RAPD profiles showed that the primer OPA03 is optimal for the discriminatory 
characterization of C. rugosa CMGB-CR6 compared to strains belonging to other Candida species and 
yeast genera. High lipolytic activity was determined even at low concentrations of Tween 80. Lipase 
production was induced by 1 % olive oil in combination with yeast extract, respectively, by 2.5 % 
Tween 80 in YNB medium, the nitrogen substrate representing a limitative factor. According to our 
observations, the dimorphic transition is a strain-specific process in Candida species. The correlation 
of present results with previous studies suggests that lipases from C. rugosa CMGB-CR6 could be 
related to its ability of assimilating n-alkanes and to synthesis of biosurfactants. This could represent 
an interesting basis for the development of methodologies that use hydrocarbons for lipase production 
in yeast cells. 
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1. Introduction
Candida rugosa is one of the yeast species extensively studied for its high lipolytic 

activity, being able to produce lipases (triacylglycerol acylhydrolase, EC 3.1.1.3), a large 
family of enzymes responsible mainly for catalyzing the hydrolysis of triglycerides and 
producing mono- or diglycerides, glycerol and fatty acids. There are seven LIP genes (LIP1 – 
LIP7) in C. rugosa encoding for lipase isoforms with different stabilities and substrate 
specificities. Until present, the genes LIP1 to LIP5 have been fully characterized and lipase 
isoforms have been isolated: Lip1 with two isoforms CEL1 and CEL3 (encoded by LIP1), 
Lip2 or CEL2 (encoded by LIP2), Lip3 (LipA) and a mixture of other 4 isoforms (LipB) 
(FERRER & al. [1]; LOPEZ & al. [2]). The presence of the isoforms and the production of 
lipases are strongly influenced by the environmental conditions, especially by the carbon 
source from the growth media. Thus, the lipase genes from C. rugosa are generally induced 
by the presence of vegetable oils, especially olive oil. On the contrary, carbon sources such as 
glucose and sucrose act as inhibitors of lipase production, but can be used for obtaining 



ORTANSA CSUTAK, ILEANA STOICA, TATIANA VASSU  

Romanian Biotechnological Letters, Vol. 20, No. 3, 2015  10548

augmented quantity of yeast biomass during the first step of industrial two-steps fermentation 
processes (LAKSHMI & al. [3]; FADILOGLU & ERKMEN [4]; VAKHLU & KOUR [5]). 

Lipases have a wide range of applications in industry (food, cosmetics, detergents, leather, 
pharmaceutics), in biomedicine and in bioremediation of environments polluted with spills 
containing hydrocarbons, wastes from oil manufacturing or food processing (vegetable oils or 
animal fat from house wastes or restaurants). C. rugosa lipases are commercialized by a number 
of companies and can be used in bioremediation both as purified lipases, as well as by growing 
cells on media using various wastes as substrates (FERRER & al. [1]; VAKHLU & KOUR [5]; 
BENJAMIN & PANDAY [6]). Lipases are active to the oil-water interface where they break 
the ester bonds from triglycerides. Moreover, lipases from strains isolated from oil-polluted area 
can be used for testing hydrocarbon degradation in soil (KARIGAR & RAO [7]).  

 The increasing number of practical applications of yeast lipases raised the problem of 
isolation and taxonomical classification of new yeast species and strains with lipolytic 
activity, the preliminary morpho-physiological examinations being followed by studies 
concerning the structure of the genetic material. Besides sequencing and analysis of the 
D1/D2 region of 26S rDNA, the analysis of the 5.8S and 18S rDNA and their neighbouring 
regions (ITS1, ITS2) and the random amplification of polymorphic DNA (RAPD) represent 
some of the most extensively used approaches in yeast molecular taxonomy (LEHMANN & 
al. [8]; WILLIAMS & al. [9]; ESTEVE-ZARZOSO & al. [10]; BAUTISTA-MUÑOZ & al. 
[11]; CIRAK & al. [12]; SENSES-ERGUL & al. [13]).  

In this paper, the yeast strain CMGB-CR6 previously isolated from oil-polluted 
environment is characterized and identified using morpho-physiological and molecular 
approaches as belonging to C. rugosa. Preliminary studies showed that the strain C. rugosa 
CMGB-CR6 has the ability of growing on n-alkanes producing biosurfactants (CSUTAK & 
al. [14]). The particular metabolic characteristics of the strain C. rugosa CMGB-CR6 are 
further analyzed in order to determine its lipolytic activity in the presence of different 
substrates and to investigate the mechanisms that correlate the lipase production and the 
characteristics of the yeast culture. 

 
 

2. Materials and Methods 
2. 1.  Yeast strains and media 
The yeast strain CMGB-CR6 was isolated from oil-polluted soil from Ploiesti area, 

Romania and maintained at -70 oC on Yeast Peptone Glucose (YPG) medium (0.5 % yeast 
extract, 1 % peptone, 0.2 % glucose) supplemented with 20 % glycerol in the Collection of 
Microorganisms of the Department of Genetics (CMGB) from the Faculty of Biology, 
University of Bucharest, Romania. The reference yeast strains used in this study were: Candida 
krusei CMGB94, Candida parapsilosis CBS604 and Saccharomyces cerevisiae ATCC201583.   

2. 2. Morpho-physiological tests 
The strain CMGB-CR6 was grown in Petri dishes on YPGA medium (YPG medium with 

2 % agar) and the colony type was observed after 24 and 48 hours. The shape of the cells and 
the budding type were examined using an optical microscope (MICROS, Austria). 

Physiological identification was performed using the API 20C AUX kit (bioMérieux) and 
the Biolog Microbial ID System. The yeast inoculum was prepared according the 
manufacturers’  indications and the results were recorded after 48 hours for the API 20C 
AUX strips, respectively, after 48 and 72 hours for the YT MicroPlates.  
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2. 3. Genomic DNA isolation and purification 
An overnight culture of CMGB-CR6 cells on YPG medium was centrifuged, the cell 

pellet was resuspended in 375 L TEG (Tris 25 mM, EDTA 10 mM, glucose 50 mM, pH = 
8.0) and the spheroplasts were obtained by incubation at 37 oC for 30 min with 5 L -
mercaptoethanol and for another 60 min with 0.4 mg mL-1  Yeast Lytic Enzymes (MP 
Biomedicals, Inc.). Total cell lysate obtained after treatment with 300 L TEG and 33 L 
SDS 10 % was treated with proteinase K (final concentration 200 g mL-1) and RNase A 
(final concentration 100 g mL-1). The genomic DNA was precipitated with isopropilic 
alcohol at room temperature, centrifuged for 15 min at 14000 rpm and resuspended in 30 L 
TE (Tris 10 mM, EDTA 1 mM, pH = 8.0). The DNA extract was stored at 4 oC. 

2. 4. PCR-RFLP analysis of the ITS1-5,8S rDNA-ITS2 region 
All the PCR reactions were performed using a PTC150-MiniCyclerTMMJ RESEARCH. For 

the reaction, 6 ng genomic DNA, 1.2 M of primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-
3’) and ITS4 (5’-TCCTCCGCTTATTGATATG-3’) (Integrated DNA Technologies), 5U Taq 
polymerase (SIGMA) and 0.2 mM of each dNTP were mixed in a total volume of 50 l. The 
amplification program was: initial denaturation 3 min at 95 oC, 35 cycles of: 1 min at 95 oC, 2 min 
at 50oC, 1 min at 72 oC, and a final extension for 10 min at 72 oC.    

The PCR products were digested with the endonucleases Cfo I (5'-GCG/C-3'), Dde I (5'-
C/TNAG-3'), Hae III (5'-GG/CC-3'), Hinf I (5'-G/ANTC-3') and Msp I (5'-C/CGG-3') (10U/l, 
PROMEGA). The amplicons and restriction fragments were separated by gel electrophoresis 
using 2 % agarose and Tris-Borate-EDTA (TBE) 0.5X. The electrophoretic bands were visualized 
under UV light (UV-VIS Spectrophotometer) and digitalized. The size of the amplicons and 
restriction fragments were determined using the Quantity One program (Bio-Rad).  

2. 5. PCR-RFLP analysis of the 18S rDNA-ITS1 region 
The amplicon of the 18S rDNA and the neighboring ITS1 region was obtained by using the 

primers NS1 (5’-GTAGTCATATGCTTGTCTC-3’) and ITS2 (5’-
TCCGTAGGTGAACCTGCGG-3’) (Integrated DNA Technologies) and the amplification 
program described by SMOLE MOŽINA & al. [15]. Eight ng of target DNA were mixed in 20 
L reaction volume with Go Taq Green Master Mix 2X (Promega) and 1.2 M of each primer. 
The amplicons were digested directly for two hours with 2U of Hae III and Msp I endonucleases 
(after TRITLE [16]). For the electrophoresis we used 1.2 % agarose and TBE 0.5X buffer. 

2. 6. RAPD assay 
RAPD analyses were performed using eight primers (Biosearch Technologies, Inc.): OPA01 

(5’-CAGGCCCTTC-3’), OPA03 (5’-AGTCAGCCAC-3’), OPA10 (5’-GTGATCGCAG-3’), 
OPB17 (5’-AGGGAACGAG-3’), OPH15 (5’-AATGGCGCAG-3’), SOY (5’-AGGTCACTGA-
3’), RP4-2 (5’-CACATGCTTC-3’) and M13 (5’-GAGGGTGGCGGTTCT-3’). The amplifica-
tion reaction was done in l volume containing 6 ng genomic DNA, 4 M primer, 1U Taq 
polymerase (SIGMA) and 0.4 mM of each dNTP. The amplification program was: initial 
denaturation 3 min at 94 oC, 45 cycles of: 1 min at 94 oC, 1 min at 36 oC, 2 min at 72 oC and a 
final extension of 7 min at 72 oC. The RAPD amplicons were analyzed in 1.2 % agarose gels in 
TBE 0.5X.  

2. 7. Screening for the lipolytic activity  
Lipase production was tested on solid media as follows: the yeast strain CMGB-CR6 was 

cultivated for 18 hours on YPGA medium, then a single colony was prelevated and spotted on 
Petri plates with six different media: S (1 % BactoPeptone, 0.5 % NaCl, 0.01 % CaCl2, 2 % 
agar-agar, 0.5 % Tween 80), S w/o Ca (S medium without CaCl2), S-0.4Ca (S medium with 
0.04 % CaCl2), S-1T (S medium with 0.1 % Tween 80), S-8T (S medium with 0.8 % Tween 80) 
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and S-10T (S medium with 1 % Tween 80). The plates were incubated at 28 oC and observed 
for 7 days. The results were considered positive if a halo consisting of a white precipitate of 
calcium salts was observed surrounding the CMGB-CR6 colonies (SLIFKIN [17]). 

2. 8. Induction of lipase production 
The tests for induction of lipase production were performed in liquid media using a 

method adapted after TSUBOI & al. [18] and DARVISHI & al. [19]. An overnight culture of 
the strain CMGB-CR6 was used for preparing the inoculum (2 x 107 cells/ml) which was then 
cultivated in a proportion of 1 % in three media: T20 (0.7 % YNB, 2.5 % Tween 20), T80 
(0.7 % YNB, 2.5% Tween 80) and D (1 % olive oil, 0.2 % yeast extract, 0.05 % KH2PO4, 
0.05 % K2HPO4, 0.05 % MgSO4 x 7 H2O, 0.01 % CaCl2, 0.01 % NaCl). The ability of the 
strain CMGB-CR6 to produce lipase for hydrolyzing Tween 20, Tween 80 and olive oil was 
estimated by monitoring cell counts on Thoma counting chamber after 24, 48 and 72 hours. 

2. 9. Carbon substrate influence on pseudohyphae formation 
Samples from the CMGB-CR6 cultures from lipase induction experiments were 

prelevated after 24, 48 and 72 hours and microscopically analyzed by recording the aspect of 
the cells and formation of pseudohyphae. 

 
 

3. Results and Discussions 
3.1. Morpho-physiological and molecular identification 
The complex identification of yeast strains starts with a general description of their 

morphological and biochemical characteristics including the fermentation and assimilation of 
various carbon and nitrogen substrates or the production of specific compounds. These tests 
represent the basis for the majority of commercialized rapid identification systems or kits. 

The macroscopical examination of the strain CMGB-CR6 grown on YPGA plates 
revealed white rough-surface wrinkled colonies of approximately 2 mm in size. The 
microscopical observations showed elongated cells with multilateral budding and simple or 
elaborate pseudohyphae (Figure 1).  

 

 
Figure 1. Microscopical appearance of the CMGB-CR6 cells (scale bar is 10 �m) 

 
The interpretation of the API 20C AUX tests after 48 hours of incubation using the 

apiwebTM software indicated that our strain belongs to C. rugosa with a probability of 98.3%. 
According to the API 20C AUX tests the strain CMGB-CR6 was able to assimilate D-
glucose, glycerol, D-xilose, D-galactose and N-acetylglucosamine. The correlation of these 
results and morphological observations with those described by BARNETT & al. [20] and 
KURTZMAN & al. [21] for other C. rugosa strains allowed the preliminary identification of 
our strain as belonging to C. rugosa species. 

The identification was confirmed using the Biolog Microbial ID System that revealed a 
high similarity between the strain CMGB-CR6 (MicroPlate: c6, Figure 2) and the reference 
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strain C. rugosa A: 88% after 48 hours of incubation (Figure 2), respectively, 99% after 72 
hours. In conclusion, the reading of the biochemical characteristics from the YT MicroPlate 
placed the strain CMGB-CR6 close to the strain C. rugosa A from the total of 267 yeast 
species used by the YeastDataBase of the Biolog Microbial ID System.  

 
 

Figure 2. The dendrogram obtained using the BIOLOG Microbial ID System showing 
the phylogenetic position of the strain CMGB-CR6 after 48 hours of incubation 

 
For a more accurate classification we decided to perform PCR-RFLP analyses on two 

different regions comprising rDNA genes: ITS1-5.8S rRNA-ITS2 and 18S rDNA-ITS1.  
For the PCR-RFLP analysis of the ITS1-5.8S rRNA-ITS2 region the genomic DNA 

isolated from CMGB-CR6 was amplified with the ITS1 and ITS4 primers. The PCR product 
had 415 bp and was further digested with five endonucleases (Table 1).  

 
Table 1. Analysis of the size of the ITS1-5.8S rDNA-ITS2 amplicon, the size and number of the restriction 

fragments for the strain CMGB-CR6 and similar studies 
 

C. rugosa 
strain 

Amplicon 
(bp) 

Cfo 
I 

Dde 
I 

Hae 
III 

Hinf 
I 

Msp 
I 

Reference 

CR6 415 
215, 
120 

310, 
90 

405 
215, 
185 

400 this study 

CECT1447 420 
195, 
185 

- 410 
180, 
150 

- 
GUILLAMON 

& al. [22] 

CECT60109 
CECT60117 

425 
250, 
170 

- 430 
210, 
195 

- 
BOCKELMANN 

& al. [23] 

CECT11.889T 

 
400 

210, 
190 

- 400 

180, 
150, 
60, 
30 

- 
DE LANOS 

FRUTOS & al. 
[24] 

CBS613 399 
208, 
191 

- 399 

179, 
144, 
68, 
8 

- PHAM & al. [25] 

CECT - Spanish Type Culture Collection, University of Valencia, Spain 
 

No restriction site was observed for the enzymes Hae III and Msp I, while for Cfo I , Dde 
I and Hinf I we obtained two fragments of 215 bp and 120 bp, 310 and 90 bp, respectively, 
215 bp and 185 bp.  The size of the amplicon and the restriction profiles obtained with the 
endonuclease Hinf I were close to those reported by other studies (Table 1). The variations of 
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the number and size of the digestion fragments are most probably due to the intraspecific 
variability derived from the wide range of strains used during the experiments. 

The amplicon obtained for the 18S rDNA gene and its neighboring domain ITS1 was 
incubated with two endonucleases: Hae III and Msp I. After the electrophoresis four bands of 
620, 370, 275 and 195 bp were separated corresponding to the fragments resulted from the 
Hae III reaction and in the case of Msp I three bands of 1245, 358 and 270 bp were obtained.  

The PCR-RFLP analysis of the 18S rDNA-ITS1 region is less often used for the 
taxonomical identification of the yeasts compared to the ITS1-5.8S rDNA-ITS2 due to the 
important variability of the number and, especially, the size of the restriction fragments 
corresponding to yeast strains belonging to the same species but originating from different 
environments (nature, various products, reference and laboratory strains) (VASDINYEI & 
DEÁK [26]; SENSES-ERGUL & al. [13]). This would explain also the slight differences 
between the results for our strain CMGB-CR6 and the C. rugosa strain isolated from cheese 
described by VASDINYEI & DEÁK [26]. 

The RAPD profiles of the strain CMGB-CR6 were obtained using eight primers. A 
reduced number of amplicons were obtained for the primers OPA01, RP4-2 and SOY. The 
primers OPA10 and M13 produced four, respectively, six bands (Figure 3a). In Figure 3b we 
can observe five bands separated from the amplification with OPB17 comparatively with only 
three for OPH15. Since the highest number of amplicons, eight, was obtained with OPA03 
(Figure 3a) we decided to use it further for studying the polymorphic bands for different 
strains belonging to Candida genus and to S. cerevisiae. The compared analysis of the 
profiles from Figure 4 showed that OPA03 yield a high degree of polymorphism not only 
between the strain CMGB-CR6 and C. parapsilosis CBS604 and C. krusei CMGB94, but also 
between these Candida strains and S. cerevisiae ATCC201583.  

 
1   2   3   4   5   6   71   2   3   4   5   6   7

 
(a) 

1   2    31   2    3

   (b)

1   2   3   41   2   3   4

(c) 

Figure 3. The RAPD profiles for CMGB-CR6 obtained 
with the primers: (a) 1-OPA01, 2-OPA03, 3-OPA10, 4-

SOY, 5-RP4-2, 6-M13, 7-100 bp DNA Ladder (Promega); 
(b) 1-OPB17, 2-OPH15, 3-BenchTop 1 kb DNA Ladder 

(Promega) 

Figure 4.  The RAPD profiles 
obtained with the primer OPA03 

for: 1- CMGB-CR6, 2-S. cerevisiae 
ATCC201583, 3-C. parapsilosis 
CBS604, 4-C. krusei CMGB94 

 
As a consequence, we consider that OPA03 could be successfully used for the 

discriminatory characterization of the strain CMGB-CR6 by RAPD.  
The morpho-physiological tests and molecular analyses allowed us to re-name our strain 

as C. rugosa CMGB-CR6. Therefore, we will use this name during further studies concerning 
the lipolytic activity.   
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3. 2. Determination of the lipolytic activity. The effect of carbon and nitrogen 
substrates  

The ability of the strain C. rugosa CMGB-CR6 to produce lipases was determined using 
six different media containing various concentrations of CaCl2 and Tween 80 (polyoxyethylene 
(20) sorbitan monooleate). The appearance of white opacity halos of calcium salts surrounding 
the C. rugosa CMGB-CR6 colonies was evaluated as a positive response. These halos are in 
fact insoluble crystals visible when the calcium forms a complex with the oleic acid liberated 
from Tween 80 under the hydrolyzing action of lipases. The Tween opacity test used for 
screening the lipolytic activity of the strain C. rugosa CMGB-CR6 has been previously proved 
as useful for the characterization of Candida species, bacterial strains isolated from soil and 
dermatophytes (SLIFKIN [17]; NIYONZIMA & MORE [27]). 

From Table 2 we can observe that the best results were obtained on S-0.4 Ca medium 
containing 0.5 % Tween 80 and 0.04 % CaCl2 even after the first three days of incubation. The 
data recorded after seven days were comparable with those obtained by growing the strain C. 
rugosa CMGB-CR6 on S-1T medium with 0.1 % Tween 80 and 0.01 % CaCl2. The main 
difference consists in the appearance of the halos: in the case of S-0.4 Ca medium, the higher 
concentration of calcium and Tween 80 in the medium lead to white halos of high opacity 
(Figure 5a), while for the S-1T medium, the crystals appeared as scattered white opacity points 
forming a wide halo surrounding the C. rugosa CMGB-CR6 colony (Figure 5b). There were no 
halos when CaCl2 was omitted from the media (S w/o Ca). Faint halos were obtained in the 
presence of Tween 80 in concentrations of 0.8 % (S-8T medium) and 1.0 % (S-10T medium) 
resembling to those observed for the standard medium S containing 0.5% Tween 80.  

 
Table 2. Production of lipases by C. rugosa CMGB-CR6 strain on media with Tween 80 and CaCl2 

 

Growth 
media 

Days of incubation 
3 4 7 

S - - + 
S w/o Ca - - - 
S-0.4Ca ++ ++ +++ 

S-1T - - +++ 
S-8T - - + 
S-10T - - + 

(+) faint halo, (++) 6 – 8 mm halo, (+++) 8 – 12 mm halo; (-) no halo 
 

 
(a) 

  
(b) 

Figure 5. Halos formed after seven days of incubation of the strain C. rugosa CMGB-CR6 on  
(a) S-0.4Ca and (b) S-1T media 

 
Comparing our results with other studies (SLIFKIN [17]), lower concentrations of 0.1 % 

Tween 80 in S-1T medium with 0.01 % CaCl2  provided good conditions for identification of lipase 
production in C. rugosa CMGB-CR6, indicating an augmented lipolytic activity of our strain.   
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Lipase induction was evaluated using the cell growth curves reflecting the ability of the 
strain C. rugosa CMGB-CR6 to assimilate the oleic acid as main component of the olive oil 
(56 – 85 %) or formed after the lipase-mediated hydrolyses of Tween 80, respectively, the 
lauric acid resulted from the hydrolysis of Tween 20 (polyoxyethylene (20) sorbitan 
monolaurate). The best rates were recorded for the T80 (1.19 × 106 cells/ml) and D media 
(1.38 × 107 cells/ml) showing that the oleic acid represents the preferred carbon source for 
lipase synthesis in the strain C. rugosa CMGB-CR6 (Figure 6). It seems that the process is 
strongly modulated by the cellular uptake of the oleic acid through a mechanism also 
mentioned by ZAREVÚCKA [28]. 

The cultures from T80 and T20 media followed similar growth patterns with a maximum 
after 48 hours of incubation, 1.19 × 106 cells/ml respectively 0.934 × 106 cells/ml, and a slow 
descending period to 75 – 80% from the cell number afterwards:  0.9 × 106 cells/ml for T80 
medium and 0.75 × 106 cells/ml for T20 medium.  
 

0,1

1

10

100

0 24 48 72
Time (hours)

ce
lls

 x
10

6
 /

 m
l

T20 T80 D  
 

Figure 6. Cell growth of the strain C. rugosa CMGB-CR6 on media for lipase production 
 

From Figure 6 we can see that the cell number continued to grow on D medium even 
after 72 hours of incubation compared to the T80 medium. There are two possible 
explanations for this result. First, the olive oil contains besides the oleic acid, linoleic acid 
(3.5 – 20 %) and palmitic acid (7.5 – 20 %) also responsible for lipase synthesis (FERRER & 
al. [1]). Nevertheless, the fact that low concentrations (0.5%) of Tween 80 were sufficient for 
inducing lipase production during the screening assays, indicate that the linoleic and palmitic 
acids are less involved in production of lipases compared to the oleic acid. Therefore, the 
second explanation seems the most probable. According to this, since D and T20 media are 
based on oleic acid as carbon substrate for lipase production, the differences are most likely 
due to the nitrogen source from their composition, the yeast extract from the D medium being 
rich in amino acids and vitamins important for the cell growth. This would also justify the 
similarity between the profiles of the curves observed for T80 and T20 media, both based on 
YNB. It is thus obvious that nitrogen has an important impact on the lipolytic activity of C. 
rugosa CMGB-CR6 representing a limitative factor even in the presence of the oleic acid.  

As shown previously (CSUTAK & al. [14]) the strain C. rugosa CMGB-CR6 isolated from 
oil-polluted soil has the ability of growing on alkanes as sole carbon source and to produce 
biosurfactants in the presence of n-hexadecane. In agreement with these data, the present study 
suggests an interesting fact: the lipolytic activity of C. rugosa CMGB-CR6 might be connected 
to the emulsification of the hydrocarbonate substrate, its assimilation in the cells and 
biosurfactant synthesis. The n-hexadecane and other hydrocarbons used for biosurfactant 
production are mentioned in different studies as possible inducers for lipases (ZAREVÚCKA 
[28]; ARAVIDAN & al. [29]; DE MARIA & al. [30]; SEKHON & al. [31]). On the other hand, 



Lipolytic activity of a new yeast strain Candida rugosa CMGB-CR6  isolated from oil-polluted soil  

Romanian Biotechnological Letters, Vol. 20, No. 3, 2015  10555

the tests using commercial C. rugosa lipase proved that they can modify the structure of 
synthetic sophorolipids (CARR & BISHT [32]), the class of biosurfactants produced by C. 
rugosa (CHANDRAN & DAS [33]). However, at present, few data are known C. rugosa 
strains able of degrading hydrocarbons and to produce biosurfactants and lipases.  

3. 3. Correlating lipase production to pseudohyphae formation 
C. rugosa is characterized by dimorphism and can exist both as yeast or pseudohyphae 

depending on the environmental conditions. BHUSHAN & HOONDAL [34] showed that 
lipase production in Candida cultures is associated with formation of pseudomycelia. Also, 
most of the lipase genes from Candida sp. are actively transcribed during yeast to 
pseudohyphal transition (VAKHLU & KOUR [5]).  

Microscopical analysis of the C. rugosa CMGB-CR6 samples revealed that the presence of 
Tween 80 induced the formation of numerous branched and simple pseudohyphae in T80 medium 
after the first 24 hours of incubation (Figure 7a). At the same time, the samples from the C. rugosa 
CMGB-CR6 culture grown in T20 medium showed only yeast type cells (Figure 7b). This is in 
agreement to our results from the lipase induction experiments suggesting an important impact of 
the oleic acid on pseudohyphal growth of C. rugosa CMGB-CR6 cells.  

However, the samples from the cultures grown in D medium showed a delayed 
appearance (after 72 hours) of psudohyphae compared to the T80 samples (Figure 7c). Since 
the olive oil is a mixture, we assume that the oleic acid could be less accessible for the C. 
rugosa CMGB-CR6 cells which need a longer period of time for consuming it developing 
pseudohyphae. As a consequence, the availability of the carbon source optimal for lipase 
induction seems to play a major role in dimorphic transition.  

NOVOTNÝ & al. [35] obtained good lipolytic activity for C. rugosa CBS613 grown on 
olive oil, but could not observe any pseudohyphae even after four days of incubation. During 
their studies on C. rugosa ATCC14830, LOTTI & al. [36] concluded that highest lipase 
production was associated with G1 phase cells but was independent on the growth conditions. 
Considering these data, we can affirm that the correlation between lipase production and 
pseudomycelium formation in C. rugosa species it is most likely strain-specific.  

 

 
(a) 

 (b) 

 (c) 
 

Figure 7. Appearance of the C. rugosa CMGB-CR6 cells after 24 hours of incubation in  
(a) T80 and (b) T20 media and (c) after 72 hours in D medium (scale bar is 10 m) 
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4. Conclusions 
The present study deals with the complex identification of a new yeast strain C. rugosa 

CMGB-CR6 isolated from oil-polluted soil. To our knowledge, this is the only reported result 
of the Dde I restriction pattern of the 5.8S-ITS amplicon from a C. rugosa strain and maybe 
one of the few concerning the Msp I digestion profile. The strain C. rugosa CMGB-CR6 
presented lipolytic activity at low concentrations of Tween 80, while high levels of lipase 
induction were determined by the presence of the oleic acid and required a complex nitrogen 
substrate. Our observations proved that dimorphic transition is a strain-specific process for the 
Candida cultures. Since up to now, a specific mechanism explaining the relation between 
biosurfactants and lipases has not been elucidated for C. rugosa strains with hydrocarbon 
assimilating abilities. The present work shows that it is likely that the lipases produced by C. 
rugosa CMGB-CR6 could be involved in the uptake of alkanes in the yeast cells and in the 
synthesis of biosurfactants. Therefore, our next endeavor will be to determine the lipolytic 
activity of the strain C. rugosa CMGB-CR6 using the growth conditions described as optimal 
for obtaining biosurfactants. 
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