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Abstract

With the aim of preparation of diagnostic antigens for Candida albicans, three types of Candida subcellular components were extracted by mechanical and enzymatic extractions. Different methods of extraction were frequently used to release proteins from the intact cells of Candida albicans. Extracts were obtained from intact cells by (i) sonication, (ii) treatment with Zymolyase and Trichoderma lysing enzymes (TLE), and (iii) sonication after enzymatic treatment then separated with SDS- polyacrylamide gel electrophoresis. The antigenicity and the cross reactivity of these fractions were analyzed by using the ELISA technique. The results revealed that the three fractions were antigenic. The whole cell and the cell wall fractions were more antigenic than that of the membrane fraction. Cross reactivity were detected between these fractions. Moreover, the specificity of these antigens was examined. The results revealed that these antigens were highly specific to C. albicans. The presented results in this study could be considered as a step for development of diagnostic and immunotherapeutic products for detection and controlling the Candida albicans infections among animals.  
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Introduction

Members of Candida spp. are ubiquitous dimorphic fungi that normally inhabit the alimentary, upper respiratory and genital mucosa of mammals. (Brown et al., 2005). Prolonged immunosupression, cytotoxic chemotherapy causing neutropenia, diabetes mellitus, long-term glucocorticoid therapy, and prolonged antimicrobial therapy have resulted in an increased incidence of both localized and disseminated candidia microorganisms. Candida albicans is part of the microbial flora that colonizes the mucocutaneous surfaces of the oral cavity and gastrointestinal tract of many mammals (Rogers and Balish, 1980). Superficial fungal skin infections in dogs include candidiasis, important for zoonotic implications, more commonly recognized at the present time (Scott et al., 2001).

 Candida albicans has a distinct predilection for mucosal surfaces and mucocutaneous junctions of warm-blooded animals where it resides as commensal. Its site is the digestive system (where it is present as a minor member of the microbial flora), but under particular conditions, Candida albicans becomes an opportunistic micro-organism which may produce serious local infection and/or systemic invasion of the internal organs such as kidney, liver, lungs, meninges or heart (Gheorghiu et al., 1996; Holoymoen et al., 1982 and Kim et al., 1998). Genetic (phagocytosis and T lymphocyte deficits), physiological (age, pregnancy), nutritional (vitamin deficiencies, severe malnutrition), pathological (endocrinopathies, immunodeficiency states), and iatrogenic (antibiotic, cortisonic, cytotoxic, immunosuppressor treatments) factors, operating individually or in combination, can predispose the passage from its commensal state to a pathogenic role. 

Candida albicans has been associated with clinical cases in dogs with involvement of different sites: external ear (Azmi et al., 1990 and Mc Kellar et al., 1990), the perineum, the nail folds, oral mucosa, cornea (Kushida, 1994), and the urinary tract (Brian, 1993). Although the yeast rarely causes infections in healthy humans and animals without predisposing factors, immunocompromised patients can suffer from mucosal, cutaneous, or systemic candidiasis (Mizutani et al., 2000). Candida albicans displays a variety of virulence factors that aid colonization and resistance in the body (Agabain et al., 1994). Candida albicans can exist in two morphologically distinct forms, budding blastospores or hyphae (Agabain et al., 1994 and Odds, 1994), and can interconvert between each however; it is usually seen in both morphological forms (Kretschmar et al., 1999) in tissue samples. 

A rational approach to the development of a vaccine against Candida albicans is problematic because the specific immune system mechanisms responsible for protective immunity have not been defined clearly. Moreover, candidiasis is a multifaceted disease which may manifest itself at multiple levels, including mucocutaneous tissue and internal organs (Lucia et al., 1999). 

Since life-threatening forms of candidiasis occur at the systemic level, and since the precise virulence factors and protective mechanisms at that level are ill defined, the development of immunotherapeutic agents for this disease must be empirical. Moreover, to our knowledge, the nature of the immunogen(s) that stimulates protective responses is largely unknown. Therefore, as the first step for development of a protective immunotherapeutic agent against C. albicans, three different C. albicans components were prepared by different methods. The antigenicity and cross reactivity of these antigenic components were analyzed by SDS-PAGE and ELISA techniques.   

Material and Methods

Organism and culture conditions:

Candida albicans (JCM 1542) was obtained from the Institute of Physical and Chemical Research (Saitama, Japan). Stock culture was maintained in 50% glycerol at - 80°C. Yeast cells were spread onto YPD (yeast extract, 1%; polypeptone, 2%; and dextrose, 2%) agar plate and cultured for 48 hr at 37°C. Yeast cells from a single colony were inoculate into YPD broth and cultured for 24 hr at 37°C under aeration by reciprocal shaking at 100 rpm. Cells sedements were harvested by centrifugation for 10 min at 3,000x g at 4°C, washed twice with sterile 50 mM potassium phosphate buffer (pH 7.5) containing 1 M NaCl as a stabilizer. The cell density was adjusted to 5x109 cells/ml in sterile 50 mM potassium phosphate buffer (pH 7.5) containing 1 M NaCl.   

Preparation of subcellular fractions:

1. Whole cell fraction (WCF)

The whole cell fraction was prepared as follows. Candida albicans was harvested, washed and suspended in sterile 50 mM potassium phosphate buffer (pH 7.5) containing 1 M NaCl at a concentration 5 x109 cells/ml as described above. The cells then lysed using a Vibra-Cell sonicator (Fisher, Montreal, Canada) set at 30-s bursts for 10 min in an ice bath. The sonicated cell debris was removed by centrifuging the suspension at 15,000 rpm for 10 min at 4°C. The supernatant was collected as the whole cell fraction (WCF) (Fig. 1). The supernatant and the sediment were tested for the disruption of the cells not only microscopically, but also by determining the number of colonies in YPD agar medium containing 0.8 M sorbitol. The total protein of the extract was determined by the method of Lowry (Lowry et al., 1953).
2. Cell wall fraction (CWF)

The cell wall fraction was prepared according to (Mizutani et al., 2000) with some modifications. Briefly, C. albicans was harvested, washed and suspended in sterile 50 mM potassium phosphate buffer (pH 7.5) containing 1 M NaCl at a concentration 5 x109 cells/ml as described above. Then, the suspension was treated with 0.3 mg/ml Zymolyase-20T (Seikagaku Corporation, Tokyo, Japan) and 1mg/ml Trichoderma lysing enzymes (Sigma, St. Louis, Mo). The cell suspension was incubated for 24 hr at 37°C with orbital shaking at 100 rpm. Thereafter, the cell suspension was centrifuged for 10 min at 15,000 rpm at 4°C. The supernatant was collected as the cell wall fraction (CWF) (Fig. 1). The supernatant and the sediment were tested for the digestion of cell wall as described above. The total protein of the extract was determined by the method of Lowry (Lowry et al., 1953).

3. Membrane and cytoplasm fraction (MF)

We prepared the membrane fraction as previously described (Tansho et al., 2002). Briefly, C. albicans was cultured, harvested, washed, treated with Zymolyase-20T and Trichoderma lysing enzymes, and then examined for growth as described above.

The obtained candida protoplasts were carefully washed three times with sterile 50 mM potassium phosphate buffer (pH 7.5) containing 1 M NaCl, then suspended in sterile saline for osmotic lysing. The lysate was centrifuged low at low speed (10,000 x g) and separated into precipitate and supernatant. The precipitate was washed, suspended in saline, boiled in water for 15 min, and resuspend to form a uniform homogenate with the use of a Vibra-Cell sonicator, yielding a purified preparation of membrane fraction (Fig. 1). The total protein of the extract was determined by the method of Lowry (Lowry et al., 1953). 

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis

SDS-PAGE was performed in the Minigel electrophoresis apparatus (BIO-RAD, Japan) using buffer system of Laemmli (Laemmli, 1970) with the modification of Angiolella (Angiolella et al., 2002). Protein samples (6 µg) were solubilized in 0.125 M Tris hydrochloride (Tris HCl) (pH 6.8) sample buffer containing 4.6% SDS, 20% glycerol, 10% β-mercaptoethanol, and 0.1% bromophenol blue. The samples were then boiled for 2 min to denature the protein. Twenty µl were loaded in each lane of 10% (wt/vol) polyacrylamide gels for electrophoresis. Standard protein marker (BIO-RAD, Japan) was used for the determination of the molecular weights. A mini vertical gel apparatus was used (BIO-RAD), and the samples were run at a constant voltage of 200 V and 15 mA for 50 min at room temperature. After electrophoresis, the gels were stained with Coomassie brilliant blue to detect the protein bands.  

Generation of polyclonal antisera (PAb) against C. albicans fractions

The different separated protein fraction preparations were injected separately into adult female New Zealand White rabbits, in order to generate the different antisera. The immunization protocol was as follows. Rabbits were initially immunized by subcutaneous injection of 0.5 mg protein/rabbit of the antigens mixed with complete Freud’s adjuvant (Difco). After 4 weeks from the first immunization, rabbits were boostered by 2 mg protein/rabbit of the antigens mixed with incomplete Freud’s adjuvant. Serum samples were collected once a week starting from 0 week till 14 weeks post-immunization. Antibodies present in sera were partially purified by precipitation with 40% ammonium sulfate. The precipitates were recovered by centrifugation, resuspended in 10 mM Tris-HCl buffer, pH 7.4, and then dialyzed against the same buffer containing 2 mM sodium azide. Titrations of antibodies were monitored by enzyme-linked immunosorbent assay (ELISA). 

Preparation of ELISA antigens


Three types of ELISA antigens were prepared according the method of (Mizutani et al., 2000). Briefly; the previously prepared fraction components were subjected to high speed centrifuge (100,000 rpm) for 30 min., the water soluble proteins were then used as ELISA antigens.  

Enzyme-linked immunosorbent assay (ELISA)


In order to examine the antigenicity and the cross reactivity of these fractions, antibodies against WCF, CWF, and MF were determined by ELISA as follows. Polystyrene microtiter plates (Nunc) were coated with the different antigens at 4 °C overnight. The wells were then washed with PBS-T and blocked with skim milk for 1 hr at 37 °C. After washing, appropriate serial dilutions of the serum samples were added to the wells and incubated at 37 °C for 1 hr. After washing, the bound antibodies were revealed by incubation with of horseradish peroxidase-labelled polyclonal chicken anti rabbit IgG (HRP-Rabbit-Anti chicken-IgG “H+L” Zymed Laboratories, Inc., San Francisco) as a second antibody for 1 hr at 37 °C. O-Phenylenediamine (Sigma) and H2O2 were used to develop the reaction at 25 °C for 20 min. The reaction was then stopped by addition of 3N H2SO4. The colorimetric change was measured with a Biotek Chromoscan at 630 nm. The ELISA antibody titers were expressed as the reciprocal of the highest dilution giving an A630 value of 0.1 above the control negative.   

ELISA specificity


In order to determine the specificity of the ELISA antigens and anti C. albicans antibodies, ELISA plate were coated with C. albicans antigens and tested with anti parvovirus and anti E. coli antibodies. Moreover, ELISA plates were coated with parvovirus and E. coli antigens and tested with C. albicans antibodies. 
Results

Extraction of soluble protein components


To examine the components involved in the C. albicans antigenicity, we fractioned the C. albicans cells into three fractions. Three primary procedures were chosen to obtain extracts of C. albicans cell components (Fig.1). The first method used is the mechanical disruption of the intact cells using the sonication. The second one is the enzymatic release of the cell wall components. The third one is combination of both enzymatic and mechanical release of membrane components. The total protein content from totally 3 litters of C. albicans original culture for each method is shown in (Table 1).   

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis

C. albicans extracts examined by SDS-PAGE contained at least 21 bands, with those of 18, 29, 32, 47, 52, 58, 65, and 69 KDa being the most prominent (Casanova et al., 1992 and Weller et al., 1990). The results showed that the bands of size 26-, 32-, and 40-kDa were existed in WCF and MF and absent in the CWF, which indicated that it is one of the membrane protein components. On the other hand, the band of 29-, 52-, 58-, and 65-kDa sizes were existed in the WCF and CWF and were absent in MF, which indicated that it is one of the cell wall components. Moreover, the results showed that both of CWF and MF shared of some bands, which indicated that some membrane fraction recognizes antigens that are present in both cell wall and plasma membrane (Fig. 2).  

Analyzing the antigenicity and cross reactivity of the antibodies by ELISA


To determine the antigenicity and the cross reactivity of the individual fraction, we inoculated these fractions twice 4- weeks apart into three groups of rabbits. The serum samples were collected every week post inoculation. The antibody titers were examined using ELISA techniques. The results revealed that, three fractions were antigenic and produced antibody in rabbit.

WCF coated plate 


The WCF reacted strongly with anti-WCF, anti-CWF, and anti-MF sera. The peak titer of the antibodies was 409,600 that achieved from 9 weeks to 13 weeks post inoculation with the anti-WCF serum. In the case of anti-CWF serum the peak titer was 204,800 that achieved from 10 weeks to13 weeks post inoculation. In the case of anti-MF serum the peak titer was 10,2400 that achieved from 10 weeks to 11 weeks post inoculation (Table 2, Fig. 3).

CWF coated plate


The peak titer of the antibodies was 204,800 that achieved from 9 weeks to13 weeks post inoculation with the anti-CWF and ant-WCF sera. In the case of anti-MF serum the peak titer was 25,600 that achieved from 10 weeks to 11 weeks post inoculation (Table 3, Fig. 3). 

MF coated plate

The peak titer of the antibodies was 51,200 that achieved from 10 weeks to13 weeks post inoculation with the anti-MF serum. In the case of anti-WCF serum the peak titer was 25,600 that achieved only at 10 weeks post inoculation. In the case of anti-CWF serum the peak titer was 12,800 that achieved from 10 weeks to12 weeks post inoculation (Table 4, Fig. 3).  

ELISA specificity


No antibody titers were detected in the plates coated with C. albicans antigens and tested with anti parvovirus and anti E. coli antibodies. In the same time, No antibody titers were detected in the plates coated with parvovirus and E. coli antigens and tested with C. albicans antibodies. 
Discussion

The identification of C. albicans antigens may be of importance from the concept that different antigens may be associated with induction of protective or pathogenic immune responses in Candida infections. In general, SDS-PAGE and Western-blotting techniques have been used to show a high degree of complexity in the protein composition of this fungus (Casanova and Chaffin, 1991; Ponton and Jones, 1986). Any information leading to identification and characterization of Candida antigens is important in order to achieve a better understanding of the biological role played by these structures. 
The protein components of three types of C. albicans antigenic fractions, each antigen was separated and analyzed using the SDS-PAGE technique. SDS-PGE results revealed that C. albicans extracts contained at least 21 bands, with those of 18, 29, 32, 47, 52, 58, 65, and 69 KDa being the most prominent of the intact cells and whole cell fraction (WCF). Out of these bands only thirteen bands corresponding to approximate molecular masses ranging from 18 to 69 KDa are immunogenic (Casanova et al., 1992 and Weller et al., 1990). In the WCF, all bands representing cell wall; membrane and plasma proteins were existed. On the other hand, in CWF and MF some bands were absent which represent the other fraction.     

ELISA results revealed that, the rabbit serum reacted strongly with the three antigens. However, the anti-WCF and anti-CWF titers were higher than the anti- MF antibody. Moreover, there were high degree of cross reactivity between WCF and CWF. The antibody titer and the cross reactivity with MF were of low intensity. These results indicated that the antigenic dominate of C. albicans is mainly locating in the cell wall fraction. Our results were agreed with the results obtained by (Mizutani et al.2000), which indicated that the most predominant antigens include cell wall and cytosol-soluble proteins. Cell wall fraction prepared by digestion with cell wall lysing enzymes was recognized by lymphocytes of immunized mice and conferred strong resistance to systemic infection (Mizutani et al., 2000). Ohno stated that, the protein of Candida cell wall is covalently linked with Mannan (mannoprotein: 40%), which is the most antigenic portion of the cell wall and plays an important role in the immunogenicity (Ohno 2003). Moreover, antigens that include resistance to systemic candidiasis include cell wall components and cytosol-soluble proteins (Levy et al., 1991; Mencacci et al., 1994; Segal et al., 1985).

In contrast, the active ingredient of MF differs from those of CWF and is derived from plasma membranes and cytosol organelles. MF induced antibody responses differed from those induced by WCF and CWF. The cross reactivity between the CWF and MF suggest that a common ingredient or active determinant that contributes to responses among these antigen preparations. Monoclonal antibodies prepared from sera of mice immunized with a membrane fraction recognizes antigens that are present in both cell wall and plasma membrane (Li and Cutler, 1991). 
In summary, we have generated three types of Candida albicans antigens by mechanical and enzymatic extraction. The antigenicity of the WCF and CWF was higher than that of MF. On the other hand, neither parvovirus antigens nor antibodies gave detectable responses with C. albicans antigens and antibodies. The same results were obtained using E. coli antigens and antibodies. These results indicated that ELISA test using three generated Candida albicans antigens is sensitive and accurate for detection of C. albicans antibodies.     

In conclusion, Candida albicans have three generated fractions including, whole cell wall and membrane fractions. Those fractions could be used as diagnostic and specific antigens for Candida albicans infection in animals and humans. 

Figures legend

Fig.1

Schematic diagram showing procedures used for the preparation of the C. albicans subcellular fractions. Three different components were obtained from the intact Candida albicans cells as described in Methods.

Fig. 2 

SDS-PAGE analysis of the protein components of C. albicans subcellular fractions.  Samples applied to each well were contained 6 µg protein of Whole cell fraction (lane 1), cell wall fraction (lane 2), membrane fraction (lane 3), and intact C. albicans cells (lane 6). Molecular masses (expressed in kilo Daltons: kDa) of standard proteins were applied in 2 wells (lane 4 and 5) as a marker.   

Fig. 3

Immune responses of rabbits inoculated with C. albicans subcellular fractions. The ELISA OD630 values of the rabbit sera inoculated with the homologous ELISA antigens were determined using the same dilution factor (X 2560). The OD of anti-WCF and anti-CWF antibodies showed almost the same values and the peak was at the 10th week post-immunization. In the other hand, the anti-MF antibodies were of lower values and the peak was at the 9th week post-immunization.      
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   Table 1. The total protein content in the different fractions of C. albicans
	Antigen*
	mg/ml**
	Total (mg) 

	Whole cell (WCF)
	15.4
	385

	Cell wall (CWF) 
	9.9
	247.5

	Membrane (MF)
	7.8
	195


* Each fraction was extracted from 3 litters of the original C. albicans culture. 

** Protein contents were determined by Lowry method.

Table 2. ELISA antibody titers of rabbit serum using WCF coated plates

	Antigen
	Weeks post-immunization

	　
	0*
	1
	2
	3
	4**
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	WCF
	<10
	<10
	<20
	<80
	<40
	<40
	80
	320
	1280
	5120
	5120
	5120
	5120
	5120
	2560

	CWF
	<10
	<10
	<20
	<80
	<40
	<40
	80
	160
	640
	1280
	2560
	2560
	2560
	2560
	1280

	MF
	<10
	<10
	<20
	<80
	<40
	<20
	80
	160
	640
	1280
	1280
	2560
	1280
	1280
	640

	Control
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10


* First immunization              ** Second immunization
Table 3. ELISA antibody titers of rabbit serum using CWF coated plates

	Antigen
	Weeks post-immunization

	　
	0*
	1
	2
	3
	4**
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	CWF
	<10
	<10
	<20
	<80
	<40
	<40
	80
	640
	1280
	5120
	5120
	5120
	5120
	5120
	2560

	WCF
	<10
	<10
	<20
	<80
	<40
	<20
	80
	320
	1280
	5120
	5120
	5120
	5120
	5120
	2560

	MF
	<10
	<10
	<20
	<80
	<40
	<20
	<40
	160
	640
	640
	1280
	1280
	640
	640
	320

	Control
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10


      * First immunization           ** Second immunization

Table 4. ELISA antibody titers of rabbit serum using MF coated plates

	Antigen
	Weeks post-immunization

	　
	0*
	1
	2
	3
	4**
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	MF
	<10
	<10
	<20
	<80
	<40
	<40
	80
	640
	1280
	2560
	5120
	5120
	5120
	5120
	2560

	WCF
	<10
	<10
	<20
	<80
	<40
	<20
	80
	320
	640
	2560
	5120
	2560
	1280
	1280
	640

	CWF
	<10
	<10
	<20
	<80
	<40
	<20
	<40
	160
	320
	640
	1280
	1280
	1280
	640
	320

	Control
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10


        * First immunization             ** Second immunization

الملخص العربى
المكونات الخلوية المناعية لخمائر الكانديدا ألبيكانس, المكون الكلى للخلية
والجدار الخلوى والغشاء  البلازمى

السيد مصطفى ابراهيم1, عبدالعزيز عبدالخالق مسعد2 , هانى يوسف حسن 3
1- قسم طب الحيوان (الأمراض المعدية) كلية الطب البيطرى بمشتهر- جامعة بنها

2- قسم طب الحيوان (الأمراض المعدية) كلية الطب البيطرى بمشتهر- جامعة بنها
3- قسم طب الحيوان - كلية الطب البيطرى بالسادات - جامعة المنوفية
     فى هذه الدراسة تم استخلاص ثلاثة انواع من الأنتيجينات من المكون الكلى والجدار الخلوى وكذلك من الغشاء  البلازمى لخلايا خمائر الكانديدا ألبيكانس وذلك بأستخدام طرق استخلاص ميكانيكية وانزيمية مثل التعرض للموجات الصوتية (Sonications), ثم معالجتها بأنزيمات التحلل الزيموليز والترايكوديرما(Zymolyase and Trichoderma lysing enzymes)  ثم تعرضها ثانيا للموجات الصوتية (Sonications ثم فصلها باستخدام التمرير الكهربى(SDS- polyacrylamide gel electrophoresis). كما أنه تم اختبار التفاعلات المناعيه لها بأستخدام اختبار الآليزا, ولقد أوضحت النتائج أن الأنتيجينات المستخلصة من المكون الكلى والجدار الخلوى أكثر فاعلية ونوعية ولها القدرة على استحثاث الجهاز المناعى من الأنتيجين المستخلص من الغشاء  البلازمى لخلايا خمائر الكانديدا ألبيكانس فقط. ومن هذة الدراسة أيضا اتضح أنه هناك امكانية استخدام الأنتيجينات المستخلصة كوسيلة لتشخيص العدوى بالخمائر وعلى وجه الخصوص خمائر الكانديدا ألبيكانس باستخدام اختبار الآليزا مع الأخذ فى الأعتبار أنه يجب عمل دراسات مستقبلية لمعرفة مدى امكانية استخدام الأنتيجينات المشتخلصة كوسيلة للوقاية من العدوى بالخمائروخصوصا خمائر الكانديدا ألبيكانس بين الفصائل الحيوانية.   
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