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Abstract: Background:Candida albicans secrete aspartyl proteinases (Sap), which are of particular 
interest as virulence factors and had prominent role in Candida adherence, invasion, and 
pathogenecity. Methods: The methylotrophic yeast Pichia pastoris was chosen as an expression system 
for preparing substantial amounts of Sap2 isoenzyme (the most important Sap in pathogeneses). The 
expression protein was purified by Ni-NTA affinity chromatography column. Sap2 was produced as 
high-level expression and active recombinant enzyme and don’t need any post translation change. At 
the next step, Produced protein was added to Balb/C macrophage in In-vitro. In order to examine the 
effect of Sap2 on macrophage ingestion, 106 log-phase candida blastoconidia were added to 2×105 
mouse peritoneal macrophages. For investigation of ingestion, supernatant from macrophage lysate 
inoculated on SCC medium and colony were counted. Results: The result of candida colony number 
showed, macrophage treatment with Sap2 had ingestion 68٪ less than the negative control (group 
untreated with Sap2). Discussion: The present work assessed the ability of Sap2 to inhibition of 
macrophage in response to ingestion of C. albicans blastoconidial. 
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INTRODUCTION 

 
Candida albicans is the most frequently isolated fungal pathogen in humans. The fungus C. albicans 

behaves as a common as well as a true pathogen of areas such as skin and mucosal surfaces. This organism 
forms part of the normal micro flora in the gastrointestinal tract and vagina even in individuals who do not have 
an apparent immunological dysfunction (Anassie, E.J., 2003). In general, superficial mucocutaneous candidiasis 
is frequent in patients with T-cell deficiencies, such as AIDS patients. The more serious, life threatening, deep-
seated or disseminated candidiasis is normally found in a spectrum of severely immunocompromised patients 
(De Melo, AC., 2007; De Repentigny, L., 2000).  

Sap2 is known to degrade many human proteins, including mucin, extracellular matrix proteins, numerous 
immune system molecules, endothelial cell proteins, and coagulation and clotting factors including molecules 
that protect mucosal surfaces such as mucin (Naglik, R., 2008; Schaller, M., 2000) and secretory 
immunoglobulin A (IgA) (Ray, T. and C.D. Payne, 1988). Among yeasts of the genus Candida, those in the 
species C. albicans show the highest number of genes (10 genes) of the SAP family (Kalkanci, A., 2005). This 
high number of genes may be related to the frequency of clinic isolates, but could also be associated with a 
higher capacity of colonization and consequent pathogenic potential of the species (Monod, M., 2004). Saps are 
differentially regulated during distinct stages of the infection process. Sap1–3 appears to play a role in the 
adherence and tissue damage of localized infection, whereas Sap4–6 maybe of importance in systemic disease 
(Smolenski, G., 1997; Dabas, N. and J. Morschhauser, 2008; White, T. and N. Agabian, 1995). The different 
roles of the Sap1–3 and Sap4–6 isoenzyme subgroups are explained by variations in amino acid sequences as 
well as by different enzymatic characteristics, such as the optimum pH and the net charge. Selective 
expression/overexpression of genes encoding putative virulence attributes is an attractive strategy to overcome 
redundancy problems and clarify the contribution of each isoenzyme to virulence. The rationale for this 
approach is based on clinical studies which have shown that the Sap activity of C. albicans isolates from 
patients with vaginitis (De Bernardis, F., 1995) or HIV infection (Borelli, C., 2007) was significantly higher 
than that of isolates from asymptomatic carriers. Fungal antigens may stimulate specific cell mediated and 
humoral immune responses. It has been well documented that the host defense mechanism against mucosal 
infection with C.albicans is mediated mainly by cellular immunity and most invasive fungal infection occur in 
patients with defective cellular immunity. Phagocytic cells such as neutrophils and macrophages are potential 
components of the immune defense that protects mammals against C. albicans infection (Marcil, A., 2002). 
Investigations have demonstrated that IFN-γ-activated macrophages required reactive nitrogen intermediates to 
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exhibit effective fungicidal activity against yeast and hyphal forms of C. albicans (Vinanola, M., 2004). Using 
Pichia pastoris as a high expression system, we produce high amount of active recombinant Sap2. Also we 
show here that Sap2 can reduce of macrophage membrane in Candida blastoconidial ingestion. 
 
Experimental Procedures: 
Strains and Plasmids: 

Escherichia coli XL1 Blue was used for transformation with competent cells and propagation of the 
recombinant plasmid. The Ecoli-P.pastoris shuttle vector pGAPZαA (3100bp) was provided from invitrogen. In 
this plasmid BamH1 site is flanked for linearization of the vector before transformation into P.pastoris genom. 
Zeocin gene was a selective factor. Monoclonal Antibody was used for western blotting provided of Takara 
Company (Japan). P.pastoris Gs115 His- Mut+ used as a host for homologus recombinant and Candida 
albicans strain was obtained of the Persian type culther collection (PTCC). 
 
Cloning of Sap2 in pGAPZαA: 

PCR was performed using homologus primers derived from DNA sequences of the Sap2 gene including the 
regions which encode their pro-peptide. Pairs of PCR primers employed were provided by Bioneer. 

Forward:   5΄-CACGAATTCACTCCAACAACAACCAAAA-3΄ 
Reverse:    5΄-CATCCGCGGAGGTCAAGGTCAAGGCAGAAATACA-3΄ 
The PCR was carried out in thermal cycler (with a initial denaturation of 2 min at 94° C, followed by 25 

cycles of Annealing at 48°C for 1΄:20˝ and Elongation at 72° C for 2 min. Second Denaturation at 94° C for 30 
s. PCR was completed by a final elongation step at 72° C for 10 min.  

The PCR product was purified using a PCR purification kit (Bioneer). Subsequently purified PCR was 
digested by SacІІ and EcoRІ (Takara 15U/μl) restriction enzymes designed previously at the 5΄of forward and 
Reverse of primers respectively. PCR product with cloning sites SacІІ and EcoRІ was inserted in pGAPZaA 
vector. Reaction performed by ration 5/1 of pGAPZαA concentration 50 ng/μl and PCR product 10 ng/μl using 
DNAT4 Ligase (fermentase 5unit/ μl) in 16° C for 12hr. 

Reaction products transformed into E.coli XL1 Blue and grown in LB medium contain zeocin, 100mg/ml. 
The cloned fragment was sequenced. The sequenced result was confirmed the absence of PCR-induced errors. 

P.pastoris GS115 was transformed with 10μg of BspH1-linearized pGAPZaA+Sap2 vector by the Litium 
acetate/ ssDNA/PEG method (Sambrook, J., 2001). Sap2 gene was accomplished by homologous recombination 
into yeast genome. Transforming colonies was screened on YPD agar containing yeast extract at 1% (w/v), 
peptone at 1% (w/v), and dextrose at 2% (w/v) with zeocin as a selective antibiotic containing 100 mg/μl zeocin 
in 30° C for 72h. The selected transforming colonies were grown in 2ml of YPD without zeocin at 30°C.  After 
2 days incubation, 10μl of supernatant was loaded on SDS-PAGE gels to identify colonies expressing Sap2. 
Also for confirm of true homologous recombination, the true transforming colonies was screened for insertion 
of the construct at the AOX1 site by PCR (according to the recommendation of the manufacture- invitrogene) 
(Kurtzman, D., 2001). Transforming Pichia genome was used as DNA template for the PCR reaction. 

Forward:    pGAP 5΄- GTCCCTATTTCAATCAATTGAA-3΄ 
Reverse:     AOX1 5΄- GCAAATGGCATTCTGACATCC-3΄ 
Difference between sizes of bands confirmed insertion of sap2 in Pichia genom. 
Purification of recombinant protein  
One selected colony was grown in 10 ml YPD at 30° for 48h. After incubation for desalting, the culture 

supernatant was dialysed against a 100-fold volume of 10 mM citric acid/NaOH pH 6.8 (Cereghinho, L., 1999). 
Dialyzed solution was concentrated to 5 mL using an Amicon concentrating cell (10 kDa MWCO). Produced 
Sap2 was purified by Ni-NTA (Nikle His- select, Amersham Pharmacia Biotech) affinity chromatography 
column with flow rate of 1ml/min. The recombinant Sap2 isoenzyme was eluted with gradiant imidazol 
concentration. Optimal Elution buffer was 250 mM imidazole buffer pH 7.0. 10 μl of eluted solution was loaded 
on SDS_PAGE gel 12% stained with coomassie brilliant blue (Bio-Rad). Protein concentration was measured 
by the method of Bradford (Invitrogen, 2008). 
 
Activity Assays: 

30μl (2.25μg/ml) of Sap2 purified was mixed with 270μl 1% BSA (w/v) in 50mM KCl, pH 3.5. After 1 h 
incubation at 37 °C, reactions were stopped by adding 700μl 10% TCA (w/v) (Tri chloride Acetic Acid). 
Samples were cooled in an ice bath for10 min and precipitated proteins were removed by centrifugation at 5000 
g for 5 min. in this assay undigested BSA precipitated by centrifuge. The absorbance of the supernatant was 
measured in OD of A280. For practical purpose, one unit of enzyme activity was defined as the amount of enzyme 
causing a ΔA280 of 0.1 in 1 h (Simpson, R., 2008). 
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Sap2 gene in P. pastoris, that allowed to high-level expression with a yield of 75 ± 0.1 μg /ml. In contrast the 
yield of Sap2 produced in Ecoli was about 100 time lower (Smolenski, G., 1997). Sap2 produced had high 
activity in compared to control group and also had a pH optimum at 3.5. Western bloting analyses of the Sap2 
detect Sap2 proteinase as a single band on 48kD. After treatment of Sap2 on macrophage, this organism had less 
ability in ingestion of Candida blastoconidial. 

 
 
 
 
 
 
 

  
 
 
 
 
 
 
Fig. 4a: protein profile of the culture supernatant of P.pastoris producing Sap2.The protein in 10 µl of 

supernatant was loaded onto 12٪ SDS-PAGE. The gel was stained with comassie brilliant blue. 
Protein marker: 116, 66.2,45,35,25,18.4,14.4KD).(Fermentase#RD0431). Single band were seen with 
250mM imidazol buffer. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig 4b: Western blotting of the monoclonal Anti Sap2 with proteinase antigen Sap2 expressed in P.pastoris.0.5 

μgml-1proteinase antigen was reacted with Sap2 mAb. Single band in 48kD visualized by DAP. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Activity assay of C.albicans Sap2 with BSA in KCL buffer. One unit of enzyme activity was defined as 

the amount of enzyme causing a ΔA280 of 0.1 in 1 h. The activity is depicted as a percentage (٪) of 
activity at the optimum pH.  

 
Table 1:  

groups Mean number of colony ٪ 
Treatment with Sap2  297 ± 5.5* 
Control group  684 ± 3 

* Significant differences with control group (P < 0.001).  
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Fig. 6: The results of colony number of blastoconidial after ingestion by peritoneal macrophage in test group 
and negative control. The percentage of the colony was measured in a CFU assay. The fungal colonies 
were  counted after at least 24h of growth.  

  
C. albicans represent mechanisms of immune evasion that contributes to the virulence (Taylor, B., 2005). 

Killed C. albicans could inhibit IFN-γ release by murine natural killer cells. IFN-γ production activates 
phagocyte cells, and up-regulates the fungicidal activity of these cells (Murciano, C., 2006). The uptake of 
invading microorganisms by phagocytes is followed by the fusion of cellular lysosomes containing hydrolytic 
enzymes with the phagosome containing microorganisms to form the microbicidal phagolysosomes. The pH 
within phagolysosomes, of the order of PH 4.7-4.8 (Ohkuma, S., 1978) favors the activity of the host acid 
lysosomal hydrolyses However, it is also optimal for the enzyme activity of Sap2 as shown in this study.  

A possibility of Sap2 activity is that Sap isoenzymes could act as cytolysins, as described for Trypanosome 
cruzi, Listeria and Shigella (Andrews, N., DA, 1994) other possibility is that it could also affect some key 
enzymes of the macrophage oxidative metabolism which is important for optimal microbicidal activity (Miller, 
R.A., 1997). Also the phagosome-lysosome fusion enhances the activity of potential phagogenic factors as 
observed previously for T.cruzi or M.Tuberculosis (Tradieux, I., 1992). Howere, the activity of Sap2 enzyme 
would be enhanced by the change in pH that occurs during the phagosome-lysosome fusion. After 4hr of 
ingestion of Candida by macrophage, the phagocytosed blastoconidia started to resist their phagocytes by 
forming germ tubes (Russel, D.G., 1995). Also this organism elicited a weaker respiratory burst. These results 
could be explained by the existence of fungal factors that are able to influence the oxidative metabolism of the 
phagocyte defense system negatively (Sasada, M., 1980). Our results also confirm this idea and showed that 
Sap2 isoenzyme is an important factor that could contribute to the inhibition of the macrophage and influence 
the pathogenesis of invasive Candidiasis. The results of this study show that sap2 alters ingestion blastoconidial 
by macrophages. Based on this information it may be suggested that reduction of Candida ingestion is due to 
protein alteration and probably reduce of receptor expression in the macrophage cell membrane. The results also 
indicate that Sap2 play a clear role in inhibition of immunity system and may constitute a novel target 
immunotherapy that is important for improvement and production of new drugs. 
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