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Abstract: In invasive oral candidiasis, a serious health issue in developing countries, Candida albicans 

is the most often isolated species. Thus, invertase was isolated from Saccharomyces cerevisiae, refined 

using acetone as an organic solvent, and then highly recovered by chromatographic techniques. One 

of the main manufacturers of biofilm is Candida albicans, which is the cause of oral candidiasis. After 

72 hours of incubation, the percentage of biofilm inhibition reached a range of 78–89%. This indi-

cates that invertase has a growing inhibitory impact on Candida biofilm development when concen-

tration and incubation period are increased. Thus, the potential use of invertase as an antibiofilm 

agent against multi-drug resistance Candida albicans. 
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1. Introduction 

The composition, metabolic activity, and pathogenicity of the incredibly diverse oral 

microbiota are influenced by a multitude of internal and external variables [1]. A variety 

of bacteria species occupy the oral cavity. One of the main factors contributing to infections 

in humans is thought to be Candida species [1, 2]. 

There are four different major kinds of oral candidosis that are regarded as discrete 

clinical entities [2]. These consist of two acute erythematous and pseudomembranous can-

didosis, which are temporary forms, and two long-term hyperplastic and erythematous 

candidosis, which are persistent forms [3]. 

Oral candidosis is a common fungal illness that affects the mucosa of the mouth. It 

comes in several forms. Oral candidosis, also referred to as "a disease of the diseased," is 

common in "the young, the old, and the sick" [2, 3]. Conventionally, the overabundance of 

Candida albicans on the mucosal surface is considered to be the most common cause of 

oral candidosis. 

In addition to enriching colonization, C. albicans becomes more virulent when it in-

teracts with oral bacteria. Greater C. albicans hyphae proportion and less tissue penetration 

are characteristics of multispecies oral bacterial and Candida albicans infections [4]. 

The carbohydrase known as invertase (β-fructofuranosidase, E.C. 3.2.1.26) converts 

sucrose into glucose and fructose by a catalytic process in an equimolar ratio, which is 

what is known as invert sugar [5]. One of the most common industrial uses of invertase is 
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the generation of commercial invert sugar, which is chosen over acid hydrolysis for finan-

cial reasons. Additionally, microbial invertase has been used to synthesize short chain fruc-

tooligosaccharides, which are crucial for probiotics [6]. 

The possibility that organisms will be eliminated by antifungal medications and hu-

man defense mechanisms is decreased when candidal biofilms are present. Therefore, 

proper biofilm control is crucial [7]. Consequently, the primary objectives of this study 

were to isolate and purify invertase from Saccharomyces cerevisiae and examine its poten-

tial as an antibiofilm agent against Candida albicans, which causes thrust candidiasis. 

2. Materials and Methods 

2.1. Extraction of Yeast Invertase 

Five grams of lyophilized yeast cells were floated in one part water (deionized) to 

extract invertase from the yeast (1:1 w/w). Sodium carbonate (1%) and toulene (3%) were 

added. Cell autolysis was allowed to occur over the four days that the suspension was 

cultured at room temperature. At 4000 rpm and 4°C, the crude extract was centrifuged. 

After adding 1M sulfuric acid to bring the supernatant's pH to 4, it was let to settle over-

night at 4°C. The same centrifugation method was used to remove the silt [8]. 

 

2.2. Invertase activity and protein content 

Using bovine serum albumin as a standard, the method by [9] was used to determine 

the protein content. According to [10], the reaction between 3,5-dinitrosalicylic acid and 

sugar reduction with transmittance at 490 nm was used to measure the activity of the in-

vertase enzyme. A final reactive combination containing 40 mM sucrose was produced by 

mixing 120 mM sucrose solution as the substrate, 1.0 mL of extract, and 1.0 mL of acetate 

buffer, pH 5.0 in the reaction medium. In the blank test, the substrate was replaced with 

1.0 milliliter of water. The reaction was conducted at 25 °C and pH 5.0. After ten minutes, 

3,5-DNS was used to determine the content using glucose as the reference. An enzyme 

activity unit is the quantity of enzyme that causes a one-gram rise in glucose concentration 

of one µg RS.min-1. 

 

2.3. Purification of invertase 

Invertase was purified using a modified version of the procedure outlined by [10]. 

When the cold 96% ethanol was added to reach 50% (v/v) saturation, the isolated invertase 

precipitated at 4°C. The invertase-containing pellets were dialyzed overnight at 4°C 

against deionized water after being fully dissolved in deionized water. By centrifuging, 

material that precipitated during dialysis was eliminated. The resulting extract was placed 

onto column of DEAE-cellulose with (2 x30 cm), and a 0-0.6 M NaCI gradient was used for 

elution. On the column of Sephadex G-100 with (1.5 x 80 cm), the concentrated and pooled 

fractions which indicated that the most active levels were loaded. The column was eluted 

using the acetate pH 5.0 buffer at a flow rate of 0.5 ml/min. The fractions with maximum 

activity were then kept for later use after the measurement of protein concentration at 280 

nm then invertase were measured. 

 

2.4. Isolation and identification of Candida albicans 

24 clinical specimens of oral candidiasis were obtained from infected people. The 

specimens were then cultivated on CHROMagar Candida and Sabouraud dextrose agar, 

incubated at 35°C, and monitored every day for seven days. The Gram stain method was 

used to confirm that there was no bacterial contamination when yeast colonies were grow-

ing. The Vitek 2 System's carbohydrate absorption profiles were used to identify the yeasts. 
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2.5. Screening of biofilm production 

The colony of each fungal isolate was grown for 24 hours at 37°C in Sabouraud dex-

trose broth. After the incubation time, fresh Sabouraud dextrose broth was used to prepare 

successive two-fold dilutions for each isolate, which were then incubated for 24 hours at 

37°C. After that, the microtiter was empty, wiped with purified water, then flipped over 

to dry. 200 µl of 1% crystal violet was added to each well, and it was left to stand for 15 

minutes before being washed with distilled water. Each well received about 200 µl of eth-

anol:acetone (80:20) mixture, and an Elisa reader was used to test the absorbency at 450 

nm. The absorbency of the well containing sterile Sabouraud dextrose broth was used as a 

cut-off value. According to, samples are classified as positive if their absorbance is more 

than the cutoff value and negative if their absorbance is less than the cutoff value [11]. 

 

2.6. Invertase as inhibitor for biofilm formation 

Invertase activity against the formation of biofilms is measured. By using a microtiter 

plate technique, 100 μl of chosen cell suspension was mixed with 100 μl of pure invertase 

in 50 mM acetate buffer, pH 5.0. As previously noted, the biofilm experiment was con-

ducted and incubated for 24, 48, or 72 hours at 37°C, the percentage of biofilm inhibition 

was computed [12]. Biofilm inhibition percentage (%) = [O.D. control - O.D. treatment] / 

O.D. control x 100. 

3. Results and Discussion 

3.1. Extraction of Saccharomyces cerevisiae invertase 

Saccharomyces cerevisiae invertase was isolated using the autolysis method and ob-

tained as a crude extract with an activity of 2.12 U/ml. Within the tiny layer of space be-

tween the yeast's outer cell wall and plasma membrane, invertase is a glycoprotein classed 

as extracellular in nature [13]. Between sucrose's C (2) and O, the glucosidic bond is hy-

drolyzed by the enzyme invertase, also known as β-D-fructofuranosidase [14]. 

 

3.2. Purification of invertase 

Saccharomyces cerevisiae crude enzyme solution containing isolated invertase was pre-

cipitated using 50% acetone saturation and had a specific activity of 11.3 U/mg. The goal 

of the dialysis procedure was to remove any leftover contaminants. A DEAE-Cellulose 

column was filled with the generated solution. Two protein peaks were seen following the 

elution with a 0-0.6 M NaCl gradient; the second protein peak included invertase activity, 

with 44.6 U/mg as a specific activity (Figure 1). The sephadex G-100 column was loaded 

with the active fractions, and following the elution, a single protein peak of dextranase 

activity of 92.1 U/mg protein, a yield of 69%, and a 34.7-fold purification as indicated in 

Figure 2 and Table 1. 

 

Table 1. Invertase purification from S. cerevisiae 

Purification step 
Size 

(ml) 

Invertase 

activity (U/ml) 

Protein 

conc. 

(mg/ml) 

Specific 

activity 

(U/ mg) 

Total 

activity 

Purification 

fold 

Yield 

(%) 

Crude extract 35 6.12 0.8 2.65 214.2 1 100 

Acetone precipitation 14 9.5 0.6 11.3 152 4.26 70.9 

DEAE-Cellulose 11 13.4 0.3 44.6 147.4 16.8 68 

Sephadex G-100 11 15.9 0.19 92.1 174.9 34.7 69 
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In an aqueous solution, the selective precipitation of a protein is one of the most well-

known, widely used, and simple to comprehend isolation procedures in protein purifica-

tion [14]. 

In this purifying operation, yeast invertase has multiple benefits. First, with careful 

and selective application of conditions that injure the cell wall while maintaining the 

plasma membrane, the enzyme can be isolated from yeast cells ; second, The extracted 

enzyme is stabilized by the substantial oligosaccharide content, which either inhibits pro-

tein aggregation or reduces its susceptibility to protease attack and other undesirable 

events ; and third, changes in each subunit's sugar content create a smeared band to mi-

grate, making the subunits easy to locate during SDS-PAGE examination [13]. 

The acetone precipitation method produced 56% recovery of the purified invertase 

from Candida guilliermondii, while chromatography produced 44.8% [10]. As shown by 

[15] enzymatic proteins can be separated from other analytes in the original extract using 

precipitation, dialysis, and chromatographic separation. Using the acetone: water method, 

[16] also recovered an invertase from S. cerevisiae, attaining an 89.9% recovery rate and a 

2.1-fold purification factor. 

Figure 1. Purification of invertase from Saccharomyces cerevisiae by DEAE-Cellulose column 

 

Figure 2. Purification of invertase from Saccharomyces cerevisiae by sephadex G-100 column 
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3.3. Isolation and identification of Candida albicans 

In 24 cotton swab samples, seven isolates of Candida albicans were discovered in 

thrust candidiasis from affected individuals. They had colonies that were light greenish on 

chromogenic media, were oval to spherical in shape, and were gram positive. 

The yeast that is most commonly isolated from individuals with oral cavity infections 

is Candida albicans. Candida species, particularly Candida albicans, Candida glabrata, Candida 

krusei, and Candida tropicalis, can be directly identified and isolated using CHROMagar 

Candida [17]. The most significant risk factor for Candida species colonization of the mu-

cosa surface is prolonged denture wear, which may be enough to cause oral candidiasis 

[18]. The conditions that lead to oral candidiasis include fungal infections (mostly Candida 

albicans), poor dental hygiene, aging dentures, inadequate denture fit, and mucosal trauma 

[19]. 

 

3.4. Screening of biofilm production 

As indicated in Table 2, every isolate of Candida albicans exhibited varying degrees 

of biofilm production capacity. 

 

Table 2. Levels of production of Biofilm formation in Candida albicans 

Fungal Isolates Optical density at 450 nm 
Density 

Level 

Candida albicans1 0.59 ++ 

Candida albicans2 0.73 +++ 

Candida albicans3 0.57 ++ 

Candida albicans4 0.72 +++ 

Candida albicans5 0.19 + 

Candida albicans6 0.67 +++ 

Candida albicans7 0.25 ++ 

One of Candida albicans' main virulence traits is its capacity to create biofilms, which 

are tightly packed cell communities stuck to a surface [20]. The ability of Candida albicans 

to infect a variety of host niches is made possible by several different virulence traits and 

fitness characteristics. The ability to alter morphologically between yeast and hyphae, ad-

hesions and invasions on the cell surface, biofilm growth, phenotypic exchange, and the 

release of hydrolytic enzymes are examples of virulence factors [21]. 

3.5. Invertase as biofilm inhibitor 

Utilizing all of the isolates of Candida albicans, invertase activity was examined in 

relation to biofilm formation. It was discovered that the saccharomyces cerevisiae purified 

invertase had antibiofilm activity against a range of isolates of Candida albicans. The inhi-

bition of biofilm rose with increasing doses of pure invertase relative to the control group 

after a 24-hour period. At 225 µg/ml, the percentage of inhibition varied between 42 and 

5% (Table 3). For the isolates of Candida albicans, over time, the biofilm inhibition percent-

age increased and, as shown in Figure 3, reached a range of 78-89% after 72 hours. 
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Table 3. Invertase as inhibitor for formation of biofilm by Candida albicans 

Isolate 
Reduction of biofilm (%)  

At 75 µg/ml At 150 µg/ml At 225 µg/ml 

C. albicans1 35 41 49 

C. albicans2 24 37 43 

C. albicans3 22 29 42 

C. albicans4 33 41 45 

C. albicans5 35 43 55 

C. albicans6 41 49 58 

C. albicans7 37 46 51 

Figure 3. An inhibition of Candida albicans biofilm formation by invertase in different incu-

bation periods 

4. Conclusion 

Candida albicans is the fungus that is most frequently linked to oral thrush, also 

known as oral candidiasis. The capacity of Candida albicans to create biofilms, which shields 

them from outside influences including the host immune system and antifungal medica-

tions, is one unique characteristic of their pathogenicity. As concentration and incubation 

duration are raised, the invertase's inhibitory effect on the formation of Candida biofilms 

grows. Consequently, invertase may be used as an antibiofilm agent to combat Candida 

albicans that is resistant to many drugs. 
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