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In-vitro Inhibition of Biofilm Formation in 
Candida albicans and Candida tropicalis 

by Heat Stable Compounds in Culture 
Filtrate of Aspergillus flavus
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ABSTRACT
Background: Invasive candidiasis, caused mostly by Candida 
albicans and C. tropicalis is one of the most common causes of 
bloodstream infection with a substantial attributable mortality. This 
disease is associated with formation of structured, multilayered 
microbial communities known as biofilms over indwelling 
devices. Treatment is rendered difficult owing to factors like poor 
drug penetration through biofilms and high cost of the available 
antifungal drugs. Hence there is imminent need of developing 
low-cost natural compounds inhibiting Candidal biofilm formation 
in vitro. Organohalgen compounds derived from crude culture 
filtrate of Aspergillus flavus have been documented to impair in 
vitro Candidal survival. 

Aim: We aimed to detect the effect of preheated and unheated 
crude culture filtrate of Aspergillus flavus on biofilm formation of 
Candida albicans and C. tropicalis in vitro. 

Setting and Designs:  Ours was a laboratory-based observational 

study with clinical isolates of the microorganisms selected 
randomly. 

Material and Methods: In this study, we showed for the first 
time by microtitre plate method that heat stable compounds 
which were present in preheated and unheated culture filtrates of 
Aspergillus flavus inhibited biofilm formation of Candida albicans 
and C. tropicalis and also lipase activities of these pathogens, 
and filtrate was non-toxic on human cell line as checked 
microscopically. 

Statistical Analysis used: Z-test of significance was used to 
calculate significant difference between Candidal biofilm formation 
in normal liquid medium and culture filtrate, respectively. 

Results and Conclusion: Heat stable compounds present in 
culture filtrate of Aspergillus flavus inhibit biofilm formation of 
Candida albicans and C. tropicalis and also in-vitro lipase activity 
of these pathogens and could pave the way for development of 
low-cost alternatives to treat invasive candidiasis.

Introduction 
Invasive candidiasis is an emerging disease in developing 
countries and is now regarded as the fourth most common cause 
of bloodstream infection in developed countries and the third 
commonest cause of systemic infection in the Intensive Care Units 
(ICUs) [1]. According to literature available from developing as well 
as developed countries, Candida albicans and C. tropicalis are 
the two commonest species involved in invasive infection by this 
genus [2]. This disease entity is associated with the formation of 
structured, complex microbial communities known as biofilms [3]. 
Treating biofilm-associated invasive candidiasis is very difficult in 
developing countries since drugs available are prohibitively costly 
and have their own adverse effects [4]. Also, drug penetration 
through fungal biofilms is diminished due to formation of a 
reaction-diffusion barrier [4,5].  In addition, increase in cases 
of candidemia due to species other than Candida albicans 
and growing resistance to azole antifungal compounds have 
aggravated the problem [6]. Due to these factors, there is an urgent 
need of low-cost alternatives and naturally occurring compounds 
that are intended to inhibit or impair biofilm formation in Candida 
albicans and Candida tropicalis. Organochlorine compounds 
like Aspirochlorine, derived from Aspergillus flavus have shown 
significant activity against Candida albicans [7]. Lipase enzyme 
production plays an important role in pathogenesis of invasive 
infection caused by Candida albicans and Candida tropicalis in 
addition to biofilm formation [8]. Keeping these points in mind, 
we aimed to study the effect of crude culture filtrate of Aspergillus 
flavus, both plain and unheated, on biofilm formation and lipase 
inhibition of Candida albicans and C. tropicalis. We also aimed to 
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detect toxic effect of this filtrate on host cell line (Hep-2 or Human 
laryngeal epithelioma cell line).

Previous study by the authors on inhibition of candidal biofilms by 
Pyocyanin obtained from Pseudomonas aeruginosa [9].

Material and Methods 
Type, time and place of study:- This was a laboratory-based 
observational study, carried out in the Department of Microbiology, 
King George’s Medical University, Lucknow, Uttar Pradesh, India 
from July 2011 to January 2013. 

Isolation and identification of the microorganisms:- Candida 
albicans, Candida tropicalis and Aspergillus flavus isolates were 
recovered from different clinical samples received in the laboratory, 
like blood, urine and sputum by culturing them on SDA (Saboraud’s 
Dextrose Agar with Emmon’s modification). Candida albicans and 
C. tropicalis were identified by Dalmau slit inoculation technique, 
Germ tube test and sugar fermentation and assimilation tests. 
Candida albicans was identified by positive germ tube test, single 
terminal chlamydospore formation by Dalmau technique after 48 
hours at 250C and positive fermentation and assimilation of glucose 
and maltose with production of acid and gas, while C. tropicalis 
was identified by negative germ tube test,  no chlamydospore 
formation with positive pine-forest like pseudohyphal pattern by 
Dalmau technique and positive fermentation of glucose, maltose 
and sucrose with formation of acid, gas and thick surface pellicle 
[9]. Ten(10) isolates each of Candida albicans, Aspergillus flavus 
and C. tropicalis were randomly selected for this study out of these 
isolates. 
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Test for Biofilm formation in Candida spp.:- In the given study, 
the microtitre plate model was employed for in vitro formation 
and demonstration of biofilms Ramage et al., [10]. At first, yeast 
isolates were suspended in YPD liquid medium (1% yeast extract, 
2% peptone, 2% dextrose, all weight/volume) overnight and 
incubated at 370C (1 loopful of yeast colony in 5 ml of YPD broth). 
Aspergillus flavus isolate (1 loopful in 5 ml) was inoculated onto 
PBST(Phosphate Buffered Saline with 0.02% Tweeen-20, weight/
volume) containing 10% serum and incubated at 370C for 3 days. 
Then culture filtrate was prepared by centrifuging the suspension 
at 3000 rpm for 5 minutes and passing the supernatant through 
membrane (syringe) filter of pore size 0.22 µm (Micro-Por Minigen 
Syringe Filter, Genetix Biotech Asia, New Delhi). One part of this 
filtrate was left unheated and another part was heated at 1000C 
for 20 minutes and subsequently cooled. Yeast cell turbidity was 
adjusted to 106 cells/ml in a) YPD broth, b) unheated culture filtrate, 
c) heated culture filtrate. Then 100 µl of each of these suspensions 
was dispensed in wells of a 96-welled flat-bottomed polystyrene 
microtitre plate (Nunclon A/S, Kampstrupvej, Denmark), keeping 
one well with 100µl of physiological saline as blank control. 
Following an incubation of 90 minutes at 370C, wells were washed 
3 times by PBS (Phosphate Buffered Saline, pH 7.2) to remove non-
adherent cells and reloaded with respective liquid media (YPD broth, 
unheated and heated culture filtrate) and incubated again. Washing 
and reloading were repeated at intervals of 24 and 48 hours. After 
that, the wells were washed and stained with 100 µl of 1% safranine 
(weight/volume) in 95% ethanol. After staining for 1 minute, excess 
stain was washed thrice with PBS and the wells were observed 
under inverted microscope at 20X magnification. Reading of wells 
was also noted in a spectrophotometer at 450 nm wavelength 
(iMark MicroPlate reader, Bio-Rad,USA).

Assay for lipase activity:-  For detection of lipase, Candida 
albicans and C. tropicalis isolates were suspended in YPD broth(1 
loopful in 2 ml YPD), incubated overnight at 370C and 1 loopful was 
streaked to Lipase agar, prepared as described by Muhsin et al., 
[11]. Thereafter the inoculated media were incubated at 250C for 2 
days. A positive lipase activity was defined as production of visible 
opaque zone of haziness around the colonies due to formation of 
a complex by released fatty acids and Calcium chloride (CaCl2). 
The yeast isolates were also suspended similarly in  unheated 
and heated culture filtrate (1 loopful in 2 ml filtrate), incubated and 
streaked onto lipase agar. All the experiments were first carried 
out with control strains (Candida albicans ATCC 90028, Candida 
tropicalis ATCC 200026 and A. flavus ATCC 40050) and then with 
laboratory isolates. All the procedures were performed in triplicate.

Assay for toxicity of the filtrate on Hep-2 (Human Laryngeal 
epithelioma) cell line:
To check toxicity of the filtrate on Hep-2 cell line, the  monolayer 
in small tubes were incubated initially for 1 hour at 370C  with100 
µl filtrate, washed with PBS and reloaded with 2 ml MEM (Eagle’s 
Minimum essential medium), followed by incubation for 2 days at 
370C and observation every 6 hours, under inverted microscope at 
20X magnification.

Statistical tests:  Z –test of significance was applied in order to 
calculate the difference in biofim forming ability of the yeasts in YPD 
broth and the heated and unheated culture filtrates, respectively 
[12].

Results 
As observed spectrophotometrically  and  microscopically, biofilm 
formation in Candida albicans and C. tropicalis were impaired 
significantly by Aspergillus flavus filtrate, both heated and unheated. 
The difference was found to be statistically significant. The results 

are shown in [Table/Fig-1]. There was no visible zone of haziness 
around colonies of Candida spp. on Muhsin’s Lipase agar after 
initial incubation in culture filtrate of Aspergillus flavus, indicating that 
lipase enzyme of Candida spp. is inhibited by the filtrate.

The filtrate, both heated and unheated was found not to induce 
any visible cytopathic effect on Hep-2 cell line as observed under 
inverted microscope.

Mean O.D. In YPD

In unheated 
culture 
filtrate

In preheated 
culture 
filtrate p value

Candida albicans 3.427 0.056 0.364 <0.05

Candida tropicalis 3.5 0.387 0.168 <0.05

[Table/Fig-1]: O.D. of C. albicans and C. tropicalis in YPD, unheated and preheated 
A. flavus culture filtrate

Discussion 
Invasive candidiasis is an emerging infectious disease in developing 
countries with a crude mortality of about 40% [13]. Due to factors 
like the ongoing HIV epidemic, haematological malignancies and 
an increasingly ageing population, invasive fungal infections have 
become common in present days [14]. Of all candidemia cases, 
about 35-50% cases of bloodstream infection occur in the ICU 
setting with high attributable mortality [15]. Treatment of this 
disease is very challenging due to formation of complex structured 
communities called biofilms in 20-70% cases that retard drug 
diffusion and protect the fungus from host immune defenses, and 
toxicity of the antifungal drugs administered [16,4,5]. For example, 
Amphotericin B is an effective antifungal to treat candidemia but 
can be nephrotoxic in up to 80% cases [17]. Other drugs like 
Echinocandins (Caspofungin, Micafungin and others) are effective 
against candidal biofilms but are very costly which limits their routine 
usage in developing countries  and permits usage only in reserved 
cases [18,19]. Candida spp. produce several virulence factors 
like Secreted  aspartyl proteases (SAP) and lipases among others 
that helps the pathogen establish infection in the susceptible host 
[20,8]. So there is an imminent need of developing new antifungal 
agents that would aim at inhibiting biofilm formation, one of the main 
pathogenic mechanism of Candida spp. and inhibit enzymes like 
lipase. 

Aspirochlorine, a chemical belonging to gliotoxin family of mycotoxins 
and obtained from culture filtrate of A. flavus, has been shown to be 
toxic to Candida spp. by inhibition of the pathogen’s protein synthesis 
[21]. In our study, the factors inhibiting this biofilm formation in the 
yeast pathogens were found to be heat-stable. Furthermore, as 
far as we know, there is no published literature regarding inhibition 
of biofilm formation and lipase activity of Candida albicans and C. 
tropicalis by culture filtrate of Aspergillus flavus. Further work needs 
to be carried out to study the toxic effects of this filtrate on the 
host, by seeing the effect of the filtrate on human erythrocytes,and 
white blood cells and other living systems like animal models. Since 
this filtrate was  found to be non-toxic on host cell lines, it can be 
precoated on the surface of indwelling intravascular devices to 
inhibit biofilm formation in Candida spp. in vivo, too. Being heat 
stable, the compounds in the filtrate could inhibit candidal biofilm 
development in febrile states also. Similar inhibition of Candidal 
biofilm in vitro has been shown by using Pyocyanin obtained from 
Pseudomonas aeruginosa [22].These findings  could show the path 
of discovering new, cost-effective strategies to prevent disease 
pathology in invasive candidiasis. 

Conclusion
This filtrate was found to be non-toxic to host cell lines. It can be 
precoated on the surfaces of indwelling intravascular devices, to 
inhibit biofilm formation in Candida spp. in vivo, too. Being heat 
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stable, the compounds in the filtrate could inhibit Candidal biofilm 
development in febrile states also. These findings could show the 
path for discovering new, cost-effective strategies for preventing 
disease pathology in invasive Candidiasis.
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