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ABSTRACT
Isolates of Aspergillus niger, A. flavus and Penicillium sp. were recovered
from blood and body fluid samples obtained from hospital. Extraction pro-
cedures were optimized for high degree of recovery of cellular and se-
creted proteins from the fungal species under study. Single dimension
profiling of the proteins was performed by SDS-PAGE analysis to compare
unique as well as differentially expressed proteins among the species.
Among the differentially expressed cellular proteins, 28, 39 and 95 kDa
specific to A. niger, 70 kDa protein of A. flavus, 27, 37 and 85 kDa proteins
of Penicillium sp. were found to show prominent difference in expression.
Although many proteins showed difference in the comparison of extra-
cellular profile of the fungal species, the 25 kDa protein of A. flavus was
unique to the species. Proteins of 37 and 46 kDa of Penicillium sp. ex-
pressed at a higher degree compared to other fungal species. Potential
candidate biomarkers can be further characterized by analyzing the expres-
sion of the reported proteins in many isolates of these pathogens.
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INTRODUCTION

Fungal pathogens are major cause for increased
morbidity and mortality in immuno-compromised pa-
tients and occupational allergy in healthy individuals. The
clinical treatment suffers from lack of rapid diagnosis.
The high mortality rate of invasive fungal infections is
caused in part by difficulties in diagnosis at early stages
of the disease and most infection is proved only at au-
topsy[1]. Currently available diagnosic methods includ-
ing isolation and identification takes time and are more

laborious process. Accuracy of serological detection
techniques has cross reactivity of antibodies as the ma-
jor limiting issue. Initial enthusiasm for the Aspergillus
galactomannan test as a diagnostic tool must be tem-
pered, as the sensitivity of the assay is lower than ex-
pected[2]. Histopathological diagnosis requires lot of tis-
sue and can be difficult to obtain. The morphological
similarities of many filamentous fungi in tissues make
the specific identification difficult[3,4]. Presently, molecular
assays are used as an adjunct for diagnosis along with
clinical symptoms and other diagnostic markers, such
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as antigen testing and radiographic findings[5]. The new
challenge for nucleic acid based diagnostics is whether
it can be used reliably to assess early stage primary
infection. Discovery of proteome biomarkers is an
emerging field of study in many biomedical areas. Ap-
plication of clinical proteomics has the potential of revo-
lutionizing disease diagnosis. With this background in-
formation, the present study has been designed to pro-
file the cellular and extra-cellular proteins of the human
pathogenic fungi with the objective to identify species
specific candidate proteins for biomarker development.

EXPERIMENTAL

Blood and body fluid samples from the patients with
suspected invasive fungal infections were obtained from
Kovai Medical Centre and Hospital, Coimbatore, India.
The samples were spot inoculated onto potato dextrose
agar plates and the cultures of Aspergillus flavus, A.
niger and Penicillium sp. were isolated and purified by
single hyphal tip method. Lactophenol cotton blue stain
was used to stain the cultures and the morphological char-
acteristics viz., septation and branching of mycelia, con-
idiophores and conidia were observed. For extraction of
mycelial and extra-cellular proteins, the fungal isolates
were grown on mycological broth (HiMedia, India) for
seven days at room temperature. The liquid cultures were
filtered through Whatman No.1 filter paper under asep-
tic conditions. The mycelia collected on the filter paper
were washed several times with sterile distilled water to
remove excess media. The mycelia were carefully re-
moved and frozen stored at -80°C until further use.

Cellular proteins were extracted by following three
methods. Method 1: PIB (protease inhibitor buffer) con-
taining 10mM tris pH 8.0, 1mM EDTA, 2% polyvinyl
pyrilidone was used for extraction. The frozen mycelia
were homogenized in the above buffer and centrifuged at
10,000 rpm for 20 min at 4°C. Equal volume of ice-cold

acetone was added to the supernatant and centrifugation
step repeated. The air dried pellet was suspended in SDS-
PAGE sample buffer and heated for four min at boiling
temperature before electroporesis. Method 2: Extrac-
tion buffer containing 1% SDS, 9M urea, 25mM tris pH
6.8, 1mM EDTA, 0.7M 2-mercaptoethanol was used
to homogenize the frozen mycelia. The extracts were
boiled for 2 min and vortexed for 1 min. The samples

were then boiled again for 1 min and centrifuged at 10,000
rpm for 10 min at 4°C. Supernatant was transferred to

fresh tubes and SDS-PAGE sample buffer was added
and processed further as described above, for electro-
phoresis. Method 3: The mycelia were homogenized in
the PIB buffer and proteins precipitated by adding 100%
trichloro acetic acid at 1:4 ratio to the sample and centri-
fuging at 10,000 rpm for 10 min at 4°C. The pellet was

washed with ice-cold acetone for three times and dis-
solved in SDS-PAGE sample buffer. To obtain secreted
proteins, the culture filtrate was centrifuged at 10,000
rpm for 15 min at 4°C and the proteins was precipitated

by adding 100% trichloro acetic acid at the 1:4 volume
to the filtrate. After incubation at 4°C for 10 min, the

filtrate was centrifuged at 10,000 rpm for 10 min at 4°C.

Pellet obtained was washed three times with ice-cold
acetone followed by air drying the pellet to remove traces
of acetone. SDS-PAGE analysis was done in vertical
slab gel as described[6]. The proteins were separated on
12% polyacrylamide gel by using equal quantities (50
g) of protein. Electrophoresis was carried out at con-
stant voltage of 100 V. The gels were stained with
Coomassie brilliant blue stain.

RESULTS AND DISCUSSION

Among the different extraction methods of mycelial
protein followed in the study, the method 3 of using
PIB buffer followed by trichloro acetic acid precipita-
tion yielded more proteins and revealing minor proteins
in the gel profile. The other two methods yielded fewer
amounts of proteins with less number of protein bands
(data not shown). Many mycelial cellular proteins of
different molecular weight were found to be expressed
differently among the species of fungi tested (Figure 1).

Among the proteins, A. niger specific proteins of
28, 39 and 95 kDa, Penicillium species specific pro-
teins of 27, 37 and 85 kDa and A. flavus specific 70
kDa proteins were found to be prominently expressing
the difference. The extra-cellular / secreted protein pro-
file showed proteins of 30 and 36 kDa of A. niger as
unique proteins. The unique proteins of Penicillium sp
and A. flavus were 24, 31, 45, 66 kDa and 23, 25,
39, 40, 43 kDa respectively (Figure 2). The 25 kDa
protein of A. flavus was expressed at a high level indi-
cating the species specificity. It suggests that the clinical
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Proteomics is one method of choice to carry out
global studies and initial efforts for the characterization
of the fungal proteome. Two dimensional map of the
mycelial proteome was established for human patho-
genic A. fumigates[7]. The availability of set of proteins
specific to species will contribute to deepen the under-
standing of the role of the central metabolism for patho-
genicity of fungi[8,9]. Many fungal species have been re-
ported to secrete proteases[10-12] and particularly the
endoproteoases secreted by pathogenic fungi are as-
partic proteases of the pepsin family, serine proteases
of the subtilisin subfamily and metalloproteases of two
different families. This also includes A. niger
aspergillopepsin B[13,14]. The proteins that are observed
in our study require further validation by screening sev-
eral isolates of the fungal species. The proteins could
be purified, characterized and identified using two-di-
mensional and mass spectrometry analysis. The pre-
liminary proteome analytical approaches like profiling
of cellular and extra-cellular proteins we report, offer a
valid strategy to probe into the cellular processes in
human pathogenic fungi for identifying biomarkers.
These potential candidate proteins could be exploited
by purification, characterization and antibodies devel-
oped against unique proteins of each species could be
used for direct and simple immunological reaction based
diagnosis in the clinical setup.
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isolates of different species secrete different proteins
that could contribute to their pathogenesis or coloniza-
tion of the host.

Lanes M - protein molecular weight marker; C - control (sterile
mycological broth); 1 - Aspergillus niger; 2 - Penicillium sp; 3 -
Aspergillus flavus.

Figure 1 : Cellular protein profile of fungal isolates.

Lanes M - protein molecular weight marker; C - control (sterile
mycological broth); 1 - Aspergillus niger; 2 - Penicillium sp; 3 -
Aspergillus flavus.

Figure 2 : Extra-cellular protein profile of fungal isolates.
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