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ABSTRACT                        Candida albicans (Ca) is the most common species isolated from invasive candidi-
asis. It has been shown that secreted lipases of Ca contribute to the virulence of the fungus 
during infection. In this study, we generated heterozygous and homozygous lipase 5 (LIP5) 
mutants in Ca by the caSAT1-flipper technique. Notably, the Southern-hybridization results 
indicated a yet unknown allelic heterozygosity in LIP5 in our laboratory strain. Quantitative 
reverse transcription-PCR experiments demonstrated the absence of LIP5 expression in the 
homozygous knockout mutants. However, the knock out mutants showed no alteration in the 
rate of fungal growth, cell and colony morphology under temperature, pH or osmotic stress in 
comparison to wild type cells. In vitro infection studies using the J774.2 murine macrophage-
like cell line revealed no alteration in the virulence of mutant cells. Thus, we conclude that the 
deletion of LIP5, somewhat surprisingly, has no effect on the physiology or virulence of Ca in 
our experimental setting. Acta Biol Szeged 57(1):25-30 (2013)

KEY WORDS

Candida
lipases
virulence
gene deletion

Materials and Methods

Strains and growth conditions



Generation of disruption construct pSFS2Lip5

 

Ca transformation and generation of 
heterozygous and homozygous LIP5 deletion 
mutants from SC5314 strain

DNA isolation and Southern blot analysis

Growth tests

Detection of hypha production

Phagocytosis assay

LDH (lactate dehydrogenase) assay

Killing assay



Quantitative Real-Time PCR (qRT-PCR)
Results

Disruption of the LIP5 gene in Ca

Figure 1. Deletion of LIP5 in C. albicans SC5314. (A) Southern blot hybridization analysis of genomic DNA (HindIII, BamHI double digested) iso-
lated from WT C. albicans (lane 1), the heterozygous mutant CaLIP5-1/ calip5-2:SAT1-FLP before FLP activation (heterozygous resistant strain, 
lane 2), the heterozygous mutant CaLIP5-1/ calip5-2:FRT (HE) after excision of SAT1 fl ipper cassette (heterozygous sensitive strain, lane 3), the 
homozygous mutant calip5-2:FRT/ calip5-1:SAT1-FLP before FLP activation (homozygous resistant strain, lane 4), the homozygous mutant 

calip5-2:FRT/ calip5-1:FRT (KO) after excision of SAT1 fl ipper cassette (homozygous sensitive strain, lane 5). Diagrams of the structures and size 
of the hybridization fragments are shown at right. (B) Expression of LIP5 in WT, heterozygous and homozygous LIP5 mutant C. albicans. Strains 
were incubated in YPD + olive oil or YNB + olive oil medium for 6 hours before total RNA isolation. Relative gene expression was determined 
by qRT-PCR. Actin (ACT1) was used as an endogenous control; relative gene expression was calculated by the CT method. Wt, wild type; LIP5/

lip5, hererozygous mutant; lip5/ lip5, homozygous mutant; nd, not detected.
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Figure 2. Growth capabilities of LIP5 mutant Ca strains in liquid me-
dium. Ca strains were incubated in liquid YPD medium and growth 
rates were determined by measuring the optical density of cultures 
at 620 nm after 6, 12, 24 and 40 hours. Wt, wild type; LIP5/ lip5, 
hererozygous mutant; lip5/ lip5, homozygous mutant. 

Figure 3. Growth abilities of WT and LIP5 mutants on different media. Ca strains were cultured on different media: BSA, FBS, S4D agar, Spider 
medium, Lee’s medium, YNB, olive oil or Tween 80 (see materials and methods for details). Wt, wild type; LIP5/ lip5, hererozygous mutant; 

lip5/ lip5, homozygous mutant.
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Figure 4. Interactions of LIP5 mutant Ca strains with J774.2 macrophages. A: Killing of LIP5 mutant Ca strains by J774.2 macrophages. Co-
cultures were incubated for 3 hours and the killing efficiency was calculated by CFU-determinations. Experiments were performed in triplicate. 
Data represent killing efficiency in % ± SEM. B: Host-cell damaging capacity of LIP5 mutant Ca strains. J774.2 cells were co-incubated with LIP5 
mutant Ca strains for 24 hours, and the activity of LDH was measured in cell culture supernatants. Data represent relative LDH activity (relative 
to the LDH activity released by the J774.2 cells infected with wt cells in %) ± SEM. Wt, wild type; LIP5/ lip5, hererozygous mutant; lip5/ lip5, 
homozygous mutant. 

Figure 5. Expression of LIP8 in LIP5 mutant Ca strains. Strains were 
incubated in medium with or without J774.2 macrophages for 3 
hours and relative LIP8 expression was determined by qRT-PCR using 
Actin (ACT1) as an endogenous control. Data represent relative gene 
expression (relative to the „medium alone” control, calculated by the 

CT method) ± SEM. Wt, wild type; LIP5/ lip5, hererozygous mutant; 
lip5/ lip5, homozygous mutant. 
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