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ABSTRACT 
 

Background: Candida albicans is a fungus that alters into a pathogenic organism under 
appropriate conditions and results in fungal infection. Secreted aspartic proteinase (Sap) activity is 
considered an important virulence factor in such infections. We examined the in vitro effect of 
Sap2 Candida albicans on NO production by murine peritoneal macrophages.  
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). In this 
study, Sap2 was produced as a high-level expression and active recombinant enzyme without any 
post-translation change. Then, the effect of the produced protein on macrophage activity (ingestion, 
Nitric oxide release) was evaluated against blastoconidia in Balb/c macrophages. In order to 
examine the effect of Sap2 on macrophage ingestion, 106 log-phase candida blastoconidia were 
added to 2×105 mouse peritoneal macrophages. To swallowing assessment, the supernatant from 
macrophage lysate inoculated on SCC medium and colonies were counted. 
Results: The result of candida colony number showed that the ingestion of macrophage 
treatment with Sap2 was 68٪ less than that of the negative control (group untreated with Sap2). 
We examined the in vitro effect of Candida albicans Sap2 on NO production by macrophages. 
Nitric oxide assay was also performed using the grass method. Sap2 of Candida albicans also 
inhibited NO production.  
Discussion: Our results suggest that Sap2 may evade host defense mechanism(s) through NO 
production suppression—mediated mechanism of stimulated macrophages.The present work 
assessed the ability of Sap2 to inhibit the macrophage in response to the ingestion and NO 
production of C.albicans blastoconidial. 
KEY WORDS: Candida albicans, cloning, Sap2, Macrophage, ingestion, No production. 

 
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 (1). 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 (2, 3).  

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 (4,5) and secretary immunoglobulin A (IgA) (6). Among 
yeasts of the genus Candida, those in the species C. albicans show the highest number of genes (10 genes) of 
the SAP family (7). 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 (8). 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 
(9–11). 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/over expression 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 (12) or HIV infection (13) was significantly higher than that of isolates from 
asymptomatic carriers. Fungal antigens may stimulate specific cell mediated and humoral immune responses. It 
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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. Phagocyte cells such as neutrophils and macrophages are potential components of the 
immune defense that protects mammals against C. albicans infection (14). Investigations have demonstrated that 
IFN-γ-activated macrophages required reactive nitrogen intermediates to exhibit effective fungicidal activity 
against yeast and hyphal forms of C. albicans (15). 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 homologues 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 (16). 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) (17). 
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 dialyzed against a 100-fold volume of 10 mM citric acid/NaOH pH 6.8(18). 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 gradient 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 (19). 
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 (20). 
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Western blotting  

Sodium dodecyl sulfate- polyacryl amide gel electrophoresis (SDS-PAGE) of purified Sap2 performed 
in 12% polyacryl amide. Following electrophoresis, proteins were transferred onto nitrocellulose membranes. 
Membranes were blocked with 2% (w/v) skim milk in Tris-buffered saline (TBS: 10 mM Tris / HCl, pH 7.5, 
150 mM NaCl) and washed between steps with TBS containing 0.1% Tween 20 (TBST). Membranes were 
incubated for 1h with mouse anti-Sap2p mAb, (Takara/Japan). All of serum samples diluted by 1:100 and 1:200. 
Bounded proteins on the nitrocellulose reacted with anti-Sap2p mAb. The bound antibody was detected by react 
the blots with alkaline phosphate-conjugated goat anti-mouse IgG and visualizing by di aminobenzidine (DAB) 
as a substrate (21). 
Macrophage culture and stimulation 

Female inbred Balb/c mice (8 to 10 weeks old) were purchased from Pasteur Institute (Tehran, Iran). 
They were kept in animal house of Tarbiat Modares University, given sterilized water and autoclaved standard 
mouse pellet throughout the study. The animal study was approved by a local Ethics Committee. 

Mouse peritoneal macrophages were recovered by rinsing with 10 ml of phosphate- buffered saline 
(PBS). The cells were washed twice in cold PBS, resuspended in cell culture medium (RPMI) supplemented 
with 10% FCS (fetal calf serum) and added to 96-well micro plates at a concentration of 2×105cells, Followed 
by  incubation at 37°C for 2hr under 5% CO2. During the course of this incubation, the macrophage was 
sticking to the cover slip. The non sticking cells were then removed by washing with PBS. More than 95% of 
adherent cells were macrophages. Then, the adherents macrophage were incubated for 5hr (37°C, 5٪CO2) with 
Sap2 protein at two concentration of 3µg to 12μl with pH 6.9.   
Ingestion assay  

After incubation of macrophage with Sap2, supernatant were removed again and washed with PBS. In 
next step the macrophage cells were treated with 106 Candida blastoconidia in 1ml of RPMI1640. The ratio of 
yeasts to macrophages was 2:1. Culture plates were then centrifuged to facilitate contact between yeasts and 
phagocytes and were incubated for 3hr (37°C, 5٪CO2). After this time, sterile water contain 1% BSA and 1% 
tween20 was added to macrophage cells and lysates were placed on sabouraud glucose agar. After incubation of 
the plates at 37° C for 24 h, the number of colony-forming units (CFU) was determined as a measure of the 
number of ingested Candida cells present. The assay was compared with samples of yeast with macrophage 
without Sap2 under the same assay condition.  
NO Assay 

NO is unstable and rapidly converts to nitrite and nitrate. Accordingly, we estimated the level of NO 
synthesis by macrophages via measuring the amount of nitrite accumulating in the cultures using the method of 
Stuehr & Nathan [22]. Briefly, 100 ml of supernatants were mixed with the same volume of Griess reagent, and 
absorbance was read at 550 nm using an automated microplate reader. The concentration of nitrite was 
estimated from a NaNO2 standard curve. 
Statistical analysis 

The significance of a difference between two groups was calculated using student's t-test with P < 0.05 
used as the significant level. Each experiment was replicated three times. 
 

RESULTS 
 
Cloning of sap2 in Pichia Pastoris  

PCR product with 1200bp (is coordinated in NCBI) encoding Sap2 protein was cloned into the 
downstream of pGAP signal peptide sequence of pGAPZαA vector (Fig1). Construct was confirmed by 
digestion with two restriction enzymes of EcoR1 and Sac11 which were used for cloning (Fig2). The result of 
multiplied sequencing of product has no mutation on active site and binding site. P.pastoris GS115 was used as 
a host for transformation with BamH1 linerized DNA. Sap2-pGAP construct insert into P.pastoris genome via 
homologues recombination at the pGAP site. After transformation of vector into the yeast, colonies of yeast that 
were resistance against Zeocin selected and screened for Sap2 proteinase production. Also PCR of Pichia of 
selected colonies were done to confirm of homologues recombination (Fig 3). 

 

 
Fig 1. Map of plasmid pGAPZαA; Zeo, zeocin antibiotic gen;  PGAP, galactose promotor. 5 AOX1, p.pastoris alchol oxidase; CYC (TT) 

cyctein   terminator gene. 
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Fig 2.Double digestion of pGAPZαA+Sap2 construct by EcolR1 and Sac11 Double digestion of pGAPZαA+Sap2 construct by EcolR1 and 

Sac11 loaded on 1٪gel agarose. DNA marker 100-10000bp (5µg/µl). 
 

 
 

Fig 3: PCR of pGAP, AOX1 primer was used for confirm of insert of construct in p. pasturis. 
 
Sap2 Protein Purification  
              Sap2 from culture supernatant was purified with Ni-NTA. The efficiency of purification was analyzed 
by SDS-PAGE / Comassi blue staining.  Western blotting showed one band at 48kDa. This protein secreted as a 
single proteinas (Fig4a, b). Sap2 concentration was obtained a yield of 75 ± 0.1μg /ml of culture supernatant 
calculated by the method of Bradford. The analysis of activity assays data showed that Sap2 had high activity 
compared to control group and also had a pH optimum at 3.5 (Fig5). This protainase was inhibited by pepstatin, 
the classical aspartyl proteinase inhibitor. 

                              
 
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. 
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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. 

 
Macrophage Ingestion assay  

In order to examine the effect of Sap2 on macrophage ingestion, 106 log-phase blastoconidia were 
added to 2×105 mouse peritoneal macrophages, which adhered to cover slips and already treated with different 
concentration of Sap2 isoenzyme. The ratio of infection was five blastoconidia per macrophage. Test was 
performed for 3hr that was enough to almost all blastoconidia ingested by the phagocytes. Because only 
ingestion was important, after this time immediately reaction was stopped with lyses of macrophage. At the end 
of the phagocytosis period, samples were plated onto sabouraud glucose agar. Negative control samples of yeast 
with peritoneal macrophage without effect of Sap2 were done in the same way. The fungal colonies were 
counted after 24hr of growth. A clear different in colony count was found between groups of test and control. 
The results illustrated in Table 1 indicated that number of C.albicans colony isolated from the lyses macrophage 
treated with Sap2 were significantly (P < 0.001) lower than those of control groups(Fig6). Also, these results 
revealed that Sap2 in 12μg/ml concentration had more effect on macrophage inhibition and reduce of ingestion 
in compared with 3μg/ml Sap2. The experiment was repeated three times, and similar results were obtained. 
Table1. 

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

* Significant differences with control group (P < 0.001) 
 

 
 

 
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. 
 

 
Fig7. Sap2 C.alb has an inhibitory effect on NO produce 
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Reduction of NO Production by Sap2 in MQ 
We initially stimulated murine peritoneal macrophages by Sap2 (3 µg/ml and 12 µg/ml) for 5 hours. To 

examine the effect of Candida albicans on NO production, a variable number of Candida albicans was added to 
macrophage cultures. Then measured nitrite content in the culture supernatant. As shown in Fig7 and Table 2, 
Candida albicans showed a dose-dependent inhibition of NO production and caused an almost complete 
inhibition at 12µg/ml concentration of Sap2. NO production was strongly inhibited when Sap2 activated 
peritoneal macrophages were cultured with Candida albicans. In contrast, in the same chamber, when these 
cells were cultured separately in the absence of Sap2, no inhibition was noticed from NO production.  
Table 2: Treatment with Sap2 

.  
 

DISCUSSION 
 

Although Candida albicans is the most frequently isolated yeast associated with human infection, 
changing patterns of the Candida species detected among clinical isolates in the last decade are evident. Therefore, 
rapid and reliable identification of Candida species producing certain virulence factors is important in routine 
clinical microbiology practice (23). Some of the most important virulence factors associated with invasive 
candidiasis, are extracellular acid proteinases, as well as hydrolytic enzymes produced by Candida (24) which 
allow the proteolytic invasion of tissues by these yeasts and interfere with the host cell membrane integrity leading 
to dysfunctions in their normal activities (25). The acid proteinase seems to facilitate the adherence, colonization, 
growth, and invasion of these microorganisms on the skin and mucosa (26). Consequently, the production of 
extracellular proteolytic enzymes may serve as a pathogenicity marker for these microorganisms (27). In this study, 
we described the cloning and the over expression of the Sap2 gene in P. pastoris, that led 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’s lower (28). 
The produced Sap2 was highly active compared to the control group and had also a pH optimum at 3.5. Western 
blotting analyses of the Sap2 detect Sap2 proteinase as a single band on 48kD. After the treatment of Sap2 on 
macrophage, this organism had less ability to ingest Candida blastoconidial.  

C. albicans represent mechanisms of immune evasion that contribute to the virulence (29). 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 (30). 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(31) 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 (32). Another possibility is that it could also affect some key enzymes 
of the macrophage oxidative metabolism which is important for an optimal microbicidal activity (33). Also, the 
phagosome-lysosome fusion enhances the activity of potential phagogenic factors as observed previously for 
T.cruzi or M.Tuberculosis (34). Howere, the activity of Sap2 enzyme would be enhanced by the change in pH 
that occurs during the phagosome-lysosome fusion. After 4 hours of ingestion of Candida by macrophage, the 
phagocytosed blastoconidia started to resist their phagocytes by forming germ tubes (35). Moreover, this 
organism elicited a weaker respiratory burst. We also examined the in-vitro effect of Candida albicans Sap2 on 
NO production by macrophages. Sap2 also inhibited NO production. The reduction in the production of NO was 
not due to the cytolysis effect of the culture supernatant, because the number of viable macrophages, estimated 
by trypan blue exclusion method, was not significantly different at the end of cultures (percentage of viable cells 
80·263·5%). Since NO-mediated mechanisms play a central role in macrophage-mediated killing of Candida 
albicans [36], it may be possible that the effects of Candida albicans described in the present study represent 
putative mechanisms for the evasion of the host defence systems and multiplication of the fungus in host tissues. 
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It has recently been demonstrated that Cryptococcus neoformans, another fungal pathogen, also inhibits NO 
production by macrophages [37]. However, based on the results of double-chamber experiments, Cryptococcus 
neoformans-induced suppression of NO production was mediated to a large extent by a direct contact of the 
organism with macrophages rather than by a soluble factor. 

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 (38). Our results also confirm this idea and 
showed that Sap2 isoenzyme is an important factor that can contribute to the inhibition of the macrophage and 
influence the pathogenesis of invasive Candidiasis. According to the findings of the present study, sap2 alters 
the ingestion blastoconidial by macrophages. Based on this information, it may be suggested that the reduction 
of Candida ingestion is due to protein alteration and probably the reduction of receptor expression in the 
macrophage cell membrane. The results also indicate that Sap2 plays a clear role in the inhibition of the 
immunity system and may constitute a novel target immunotherapy that is important for the production and 
improvement of new drugs.  
 

REFERENCES 
 

1-  Anassie EJ, MacGinnid MR, Pfaller MA. Candida virulence factors. In: Anassie EJ. Clinical Mycology. 
Churchil Livingstone Elsivier UK, New York, 2003; p:203-24. 
2-  De Melo AC, Dornelase-Riberio M, De Souza EP, Macrae A, Fracalalanzza SE, Vermelho AB. Peptidase 
profiles from non-albicans Candida spp isolated from the blood of a patient with chronic myeloid leukemia and 
another with sickle cell disease. FEMS Yeast Res 2007; 7(6):1004 – 12.  
3-  De Repentigny L, Aumont F, Bernard K, Belhumeur P. Characterization of binding of Candida albicans to 
small intestinal mucin and its role in adherence to mucosal epithelial cells. Infect Immun 2000; 68: 3172-9. 
4-   Naglik R, Moyes D, Makwana J, Kanzaria P, Tsichlaki E, Weindl G, Tappuni  AR,  Rodgers CA,  Woodman 
AJ, Challacombe SJ, Schaller M, Hube B. Quantitative expression of the Candida albicans secreted aspartyl 
proteinase gene family in human oral and vaginal candidiasis. Microbiol 2008; 154(Pt 11): 3266-80.  
5-  Schaller M, Schackert C, Korting HC, Januschke E, Hube B. Invasion of Candida albicans correlates with 
expression of secreted aspartic proteinases during experimental infection of human epidermis. Invest Dermatol 
2000; 114:712–717. 
6-  Ray TL, Payne CD. Scanning electron microscopy of epidermal adherence and cavitation in murine 
candidiasis: a role for Candida acid proteinase. Infect Immun 1988; 56:1942–9. 
7-   Kalkanci A, Bozdayi G, Biri A, Kustimur S. Distribution of secreted aspartyl proteinases using a polymerase 
chain reaction assay with SAP specific primers in Candida albicans isolates. Folia Microbiol (Praha) 2005; 
50(5):409-13. 
8-  Monod M, Togni G, Hube B, Sanglard D, Multiplicity of genes encoding secreted aspartic proteinases in 
Candida species. Mol. Microbiol 2004; 13(2): 357-68. 
9-  Smolenski G, Sullivan PA, Cutfield SM, Cutfield JF. Analysis of Secreted aspartic proteinases from Candida 
albicans: purification and characterization of   and Sap3 isoenzymes. Microbiol 1997; 143(Pt 2):349–56. 
10-  Dabas N, Morschhauser J. A Transcription factor regulatory cascade controls secreted aspartic protease 
expression in Candida albicans. Mol Microbiol 2008; 69(3): 586-602.  
11-  White TC, Agabian N. Candida albicans secreted aspartyl proteinases: Isoenzyme pattern is determined by 
cell type, and levels are determined by environmental factors.  J Bacteriol 1995; 177(18):5215-21. 
12-  De Bernardis F, Cassone A, Sturtevant J, Calderone R. Expression of Candida albicans SAP1 and SAP2 in 
experimental vaginitis. Infect and Immun1995; 63(5): 1887–92 . 
13- Borelli C, Ruge E, Schaller M,  Monod M, Korting H, Huber R, Maskos K .The crystal structure of the 
secreted aspartic proteinase 3 from Candida albicans and its complex with pepstatin.  A Proteinse 2007; 
68(3):738 –48. 
14- Marcil A, Harcus D, Thomas DY, Whiteway M. Candida albicans Killing by RAW 264.7. Mouse 
Macrophage Cells: Effects of Candida Genotype, Infection Ratios, and Gamma Interferon Treatment. Infec 
Immun 2002; 70:6319-6329. 
15-   Vinanola M, Texira L, Caramalho I, Toorrado E, Marques A, Ribeiro A. Protection against systemic 
candidiasis in mice immunized with secreted asparted proteinase2. Immunol 2004; 111:334-42.   
16-  Sambrook J, Russell D, Molecular cloning.3thed, CSHL. New York, 2001; 1145-7. 
17- Kurtzman D. Method for producing proteins in transformed Pichia. http://www.Patent Stronous/site. Patent 
issued july10 2001. 
18-  Cereghinho L, Cergg JM. Applications of yeast in Biotechnology: protein production and genetic analysis. 
Curr Opine Biotechnol 1999; 10(5): 422-7. 
19-   Invitrogen. Pichia expression vectors for constitutive expression and purification of recombinant proteins. 
http://www.invitrogen.com/site 2008; Cat. V200 20 and V205 20, 11th edition. 

2876 

 



Elaheh et al., 2011 

20-  Simpson R, Adams P,  Golemis E. Basic Methods in Protein Purification and Analysis. Cold Spring 
Laboratory Press, New York, 2008; 45: 400-5. 
21- Saeedinia A, Shamsara M, Bahrami A, Zeinoddini M. Heterologous of Human Granulocyte-Colony 
Stimulating Factor in Pichia pastoris. Biotechnology, Asian Network for Scientific Information 2008; 7(3):569-
573.  
22- Bonavida B, Khineche S, Hunerta- Yepez S, Garban H. Therapeutic potential of nitric oxide in cancer 
Drug Resist Updates 2006;9:157-173.  
23-   Jochen D, Donna R. high-level expression and purification of His-tagged proteins. Mulecular diagno infect 
disease. 2ed Ed., Humana Press, Cliftion, New York 2003; p: 179-90.  
24-   Schaller M, Januschke E, Schackert C, Woerle B, Korting HC. Different isoforms of secreted aspartyl 
proteinases (Sap) are expressed by Candida albicans during oral and cutaneous candidosis in vivo. Med 
Microbiol 2001; 50:743–747. 
25-  Morrow B, Srikantha T, Soll DR. Transcription of the gene for a pepsinogen, PEP1, is regulated by white-
opaque switching in Candida albicans.  Mol Cell Biol 2006; 12(7):2997–3005. 
26-  Chen KW,Lo HJ, Lin YH, Li SY. Comparison of four Molecular typing methods to assess genetic 
relatedness of Candida albicans clinical isolated in Taiwan. J Med   Microbiol 2005; 54(Pt 3):249-58. 
27-   Staib P, Lermann U, Warmuth J, Degel B, Würzner R, Monod M, Schirmeister T, Morschhauser J. 
Tetracycline-Inducible Expression of Individual Secreted Aspartic Proteases in Candida albicans Allows 
Isoenzyme-Specific Inhibitor Screening. Antimicrob Agents Chemotherapy 2008; 52(1):146-56. 
28-  Smolenski G, Sullivan PA, Cutfield SM, Cutfield JF. Analysis of secreted aspartic proteinases from 
Candida albicans: purification and characterization of individual Sap1, Sap2, Sap3 isoenzymes. Microbiol 1997; 
143:349-456. 
29- Taylor B, Hannemann H, Sehnal M, Biesemeier A, Schweizer A. Induction of SAP7 Correlates with 
Virulence in an Intravenous Infection Model of Candidiasis but Not in a Vaginal Infection Model in Mice. 
Infection and Immunity 2005: 7061–7063. 
30-  Murciano C, Villamon E, Connor JE, Gozalbo D, Luisa MG. Killed Candida albicans Yeasts and Hyphae 
Inhibit Gamma Interferon Release by Murine Natural Killer Cells. Infect Immun 2006; 74: 1403–1406. 
31-  Ohkuma S, Poole B. Fluorescence probe measurement of the intralysosomal pH in living cells and the 
perturbation of pH by various agents. Proc Nalt Acad Sci USA 1978; 75:3327-31. 
32-  Andrews NW, Portnoy DA. Cytolysins from intracellular pathogens. Trends Microbiol 1994; 2:261-3. 
33-  Miller RA, Britigan BE. Role of oxidants in microbial pathophysiology. Clin Microbiol Rev 1997; 10:1-18. 
34-  Tradieux I, Webster P, Ravesloot J, Boron W, Lunn JA, Heuser JE. Lysosome recruitment and fusion are 
early events required for trypanosome invasion of mammalian cells. Cell 1992; 71:1117-30.  
35-  Russel DG, Of microbes and macrophages:entry,survival and persistence. Curr Opin Immunol 1995; 7:479-
84. 
36- Yang X, Guo D, Zhang J, Wu M. Characterization and antitumor activity of pollen polysaccharide. Int 
Immunopharmaco 2007; 7: 427-438. 
37- Hayun M, Naor YW. Merav, Albeck M, Peled, Jeremy A D, Haran-Ghera N, Sredni B. The 
immunomodulator AS101 induces growth arrest and apoptosis in Multiple Myeloma: Association with the 
Akt/Survivin pathway. Biochem Pharmaco 2006; 72: 1423-1431. 
38- Sasada M, Johnston RB. Macrophage microbicidal activity. J Exp Med 1980 152:85-98. 
 
 
 
 
 
 
 
 
 
 

2877 

 


