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Abstract  

Background: Candida species are among the most common causes of opportunistic fungal diseases. Among 
Candida species, Candida albicans is responsible for most infections. Having many strains, C. albicans is very 
polymorph. C. dubliniensis is very similar to albicans species both morphologically and physiologically. For an 
infection to occur, cell wall proteins play an important role as they enable yeast to adhere to host cells and begin 
pathogenesis. Therefore, we decided to extract these proteins and examine them through common molecular 
methods of protein analysis including SDS-PAGE.   

Methods: Initially cell wall proteins of two C. albicans strains (CBS 562 and PTCC6027) and one C. 
dubliniensis strain (CBS7987) were extracted by using a solution of beta-mercaptoethanol and ammonium car-
bonate. After dialysis against Tris-HCL buffer, SDS gel electrophoresis was performed on the proteins extract. 
Bands were then visualized by using three different staining methods among which one method provided im-
proved detection. 

Results: By using Coomassie Brilliant Blue staining method, proteins with molecular weight of 42, 66.2 and 
200 kDa were detected. By using Silver staining method, proteins with molecular weight of 21.5, 28.5 and 37 
kDa were detected. However, using combined Coomassie Brilliant Blue & Sliver staining method visualized 
more bands resulting in improved detection. 

Conclusion: To answer many existing questions about fungal diseases, fungi cell wall proteins are necessary 
to be examined. To commence such examinations, a simple step may be an SDS-PAGE performance on as 
many strains as possible. A combined staining method can enhance bands detection. 
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Introduction 
Candida species are discussed as one of 

the most common causes of opportunistic 
fungal diseases. Among Candida species, 
Candida albicans is responsible for most 
infections. C.albicans has many strains and 

therefore is a polymorph fungus. Another 
Candida species, C.dubliniensis which was 
initially  isolated from oral cavity of HIV 
patients is very similar to C.albicans in re-
spect of morphology and physiology [1]. 
Cell wall proteins play an important role in 
fungi pathogenesis as they enable fungi to 
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adhere to host cells; an inevitable step in 
pathogenesis process. Among the fungi cell 
wall proteins are Vitronectin Binding Proteins, 
Fibronectin Binding Proteins, Laminin Bind-
ing Proteins and Entactin Binding Proteins. 
Heat shock protein is another example 
which plays an essential role in yeast sur-
vival [2, 3]. The Candida albicans cell wall 
proteins have been a recent matter of study 
in the evaluation of the yeast pathogenesis 
[4, 5, and 6]. Therefore, we decided to con-
duct a study concerning yeast cell wall pro-
teins through common molecular analysis. 
Similar application of proteomic methods 
including different types of electrophoresis 
have been recently suggested for identifica-
tion and diagnosis of Candida albicans [7, 
8]. We used the technique SDS-PAGE 
which is abbreviated for Sodium Dodecyle 
Sulphate Polyacrylamide Gel Electrophore-
sis. SDS gel electrophoresis is a technique 
wildly used in molecular biology to sepa-
rate proteins based on their molecular 
weights. This is feasible as SDS binds to 
proteins and gives them uniform negative 
charge along their lengths. Following elec-
trophoresis, there is a staining step to visu-
alize the bands; however, we used a modi-
fied staining method. Determination of the 
molecular weights is achieved by compar-
ing the test lane and the marker lane of 
known sizes. Although similar studies have 
already been done in other parts of the 
globe, due to polymorphic nature of 
C.albicans more strains are needed to be 
examined to provide a reliable understand-
ing.  

 
Methods  
Organism and Culture Growth 
Initially yeast cells C. albicans strain 

CBS 562, C. albicans strain PTCC6027 and 
C. dubliniensis strain CBS 7987 were 
grown in Yeast Nitrogen Base (YNB) con-
taining three amino acids of Tryptophan, 
Methionine and Histidine at 37 °C for 24 h. 
Then we subcultured the yeasts into YNB 
containing 0.3 M galactose, incubating 
overnight at 37 °C on a shaker with150 
RPM. Finally yeast cells were grown in 

YNB containing 0.1 M glucose and 0.3 M 
galactose at 23-25 ° C for 24 h [9]. 

  
Protein Extraction  
The culture media were centrifuged with 

2000 RPM for 20 minutes. Then the super-
natant of each media was discarded and the 
precipitation was rinsed twice with sterile 
distilled water. Then each precipitation was 
suspended in a protein extraction solution 
of 1.89 g/l ammonium carbonate and 1% 
beta-mercaptoethanol, incubated at 37 ° C 
for 30 minutes. After centrifugation super-
natant was carefully collected using a 0.2 
filter and the resulting extract was dialyzed 
against Tric – HCL buffer at 4° C for 24 h 
[10]. Quantifying the protein concentration 
of each sample was performed according to 
Bradford assay [11].  

 
SDS-PAGE 
SDS-PAGE was performed to determine 

molecular weight of cell wall proteins in 
studied candida species and strains. This 
method initially used by Laemmli in 
1970[12] and secondly used by Casanova in 
1989[10]. Our Separating gel was 12.5% 
w/v and the stacking gel was 4% w/v. Elec-
trophoresis was done using a constant volt-
age of 65V.Three electrophoresis for each 
candida was done. Each lane contained 20 
mg of protein extraction. 

 
Staining 
After electrophoresis, each of three series 

belonging to a Candida was stained sepa-
rately according to the following methods: 
Silver Staining according to Chaffin et al. 
method [9], (Bio-Rad Laboratories, Hercu-
les, CA), Coomassie Brilliant Blue staining 
according to Lee et al. method [13], (R-250, 
CBB; Sigma) and a combined method of 
Silver and Coomassie Blue staining accord-
ing to Joseba and Chaffin observations [9]. 
The Bio-Rad Marker was used. The marker 
from top to bottom based on kDa, respec-
tively included: Myosin molecular weight 
(200) beta-galactosidase (116), phosphorylase 
b (97.4), albumin bovine (66.2), ovalbumin 
(45), carbonic anhydrase (31) and trypsin 
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Fig. 1. Candida albicans strain PTCC 6027 
 (A) Silver stain, (B) Combined staining, (C) 
Coomassie Brilliant Blue  
(A & C) The arrowheads showed weak staining 
bands by a single stain. 
(B) The upper arrows indicate strong bands by dou-
ble stain. 
 

 
Fig. 2. Candida albicans strain CBS 562 
(A) Silver stain, (B) Combined staining, (C) 
Coomassie Brilliant Blue Asterisks show improved 
detection of protein bands. 
 

 
 
Fig. 3. Candida Dubliniensis  strain CBS 7987 
(A/column1, 2 &3) Combined staining, (A/4, 5,6, 7 
& 8) Silver staining, (B) Coomassie Brilliant Blue 

inhibitor (21.5). 
 
Results  
By using Coomassie Brilliant Blue stain-

ing method, the following proteins were 
observed: In Candida albicans strain 
PTCC6027, proteins with approximate mo-
lecular weight of 66.2kDa (Fig. 1-C), in 
Candida albicans strain 562CBS, proteins 
with approximate molecular weight of 
42kDa (Figure 2-C) and in Candida  
dubliniensis strain CBS7987 high molecu-
lar weight proteins of 200kDa (Figure 3-B). 
By using Silver staining method, lower mo-
lecular weight proteins were observed: In 
Candida albicans strain 6027, proteins with 
molecular weight of 28.5kDa (Figure 1 - 
A), in Candida albicans strains 562, pro-
teins with molecular weight of 37 kDa (Fig. 
2-A) and in Candida  dubliniensis, proteins 
with molecular weight of 21.5kDa (Fig. 3 – 
A/column 4, 5, 6, 7 and 8). By using com-
bined Silver and Coomassie Brilliant Blue 
staining method, more bands were visible 
for each Candida including proteins with 
molecular weight of 80, 45 and 27 kDa in 
C.albicans strain 6027, (Fig. 1 - B), pro-
teins with molecular weight of 35, 40 and 
52 kDa in C.albicans strain 562 (figure 2 - 
B) and proteins with molecular weights of 
35 and 45 and 97 kDa in C. dubliniensis 
(Fig. 3-A column, 1, 2&3). In fact, com-
bined staining method provided a better de-
tection of bands. 

  
Discussion 
According to the result of this study, by 

using Coomassie Brilliant Blue staining 
method proteins with molecular weight of 
42, 66.2 & 200 kDa were displayed. This 
result partly resembles the result of Lee et 
al. work as they only visualized proteins 
with 42 & 43 kDa in C.albicans strain 
A3153 [13]. The two other proteins of 66.2 
& 200 kDa were not observed in their re-
sult. This dissimilarity may be due to strain 
differences. To be clarified, examining 
more yeast seems to be necessary. By using 
Coomassie Brilliant Blue staining method, 
Casanova et al. observed proteins with mo-

lecular weight of 80-140 kDa in C.albicans 
strain ATCC26555 [14]. This observation 
resembles our result. Casanova et al. also 
observed that Silver staining method visual-
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ized proteins with 21.5, 28.5 & 37 kDa. 
Chaffin et al. displayed proteins with 21.5-
25 kDa in C.albicans strains ATCC44807 
& NCPF3153 as they used Silver staining 
method [9].  Presence of proteins with mo-
lecular weight of 21.5 kDa is similar to the 
result of this study; however, proteins with 
28.5 & 37 kDa were not present in Chaffin's 
result. These dissimilarities are probably 
due to strain varieties. By using combined 
staining method, we visualized proteins 
with molecular weight of 27, 35, 40, 45, 52, 
80 & 97 kDa in C.albicans and 
C.dubliniensis. Our results mostly resemble 
to Joseba & Chaffin's results as they did not 
observe proteins of 27 & 97 kDa. Strain 
differences seem to be the reason. We ob-
served that combined staining method pro-
vided better detection of proteins and more 
visualization of bands. Besides, this method 
enabled us to visualize the protein bands 
which stained weakly or not sharply in sin-
gle stained methods [15, 16]. Clearely, such 
pattern of protein bands was detected as we 
used such combined staining method for 
cell wall proteins. Studying other proteins 
and using different staining methods might 
result in different patterns of bands. 

In conclusion, to gain a profound under-
standing about fungi pathogenesis mecha-
nism, examining their cell wall proteins is 
quite necessary. Examining more strains 
provides more reliable results. Examination 
method could be initially a simple gel elec-
trophoresis and then completed with some 
specific immunoassays and immune-
blottings. Further studies on cell wall pro-
teins and serum of patients with candidiasis 
may increase our knowledge of pathogene-
sis mechanisms and facilitate vaccine pro-
duction against fungi. 
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