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ABSTRACT
Background and Objective: Protease was an important industrial enzyme with high demand. Finding an
efficient alkaline protease was a difficult task for the researchers. Alkaline protease enzyme from fungus
Aspergillus  fumigatus  CAS1,  isolated  from  SIPCOT  (State  Industries  Promotions  Corporations  of
Tamil Nadu) near Cuddalore was the aim of this study. Materials and Methods: The fungal strain was
identified by using 18S rRNA molecular identification. Different carbon sources such as skim milk, glucose,
sucrose and seaweed were used for the production of enzymes. Results: Among the carbon sources, skim
milk (820 U mLG1) showed maximum enzyme production, followed by seaweed (Sargassum tenerrimum)
(650 U mLG1). In nitrogen sources (casein, yeast extract, soybean meal, peptone and fish wastes) maximum
enzyme production in casein (685 U mLG1), followed by fish wastes (Sardinella longiceps). The optimum
pH is 9 (380 U mLG1) and temperature 55 (420 U mLG1) for effective protease production. In DEAE cellulose
enzyme purification 17.29% recovery was achieved with 4.3 fold purification. The molecular mass was
estimated to be 66KDa on SDS-PAGE. Conclusion: The enzyme alkaline protease obtained from the isolate
A. fumigatus CAS1 showed astonishing results in the wash performance analysis and dehairing.
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INTRODUCTION
Total enzyme sales protease constitute 60% of all other industrial enzymes1,2. Thermostable and alkaline
proteases have a wide range of single applications in food processing, detergent making, beverage
production, animal nutrition, leather process, paper, pulp, textile and pharmaceutical industries and also
in wastewater treatment3,4. A ‘N’ number of microbes (bacteria, fungi, yeast, moulds, etc.) are producing
an extra and intracellular protease, which fungal proteases are unique. e.g., Aspergillus fumigatus TKU003,
A. niger, Penicillium roqueforti, Trichoderma harzianum and Cephalosporium sp., KM3885-8. The demand
for industrial proteolytic enzymes which have a unique nature like specificity and stability of pH,
temperature, utilization of complex and synthetic nutrients, etc., stimulates the search for unique enzymes
from new sources.
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Proteases with high activity, stability, high temperature and high range of alkalinity were shown the
extensive area of research in bioengineering and biotechnological application9-11. Thermostable proteases
are advantageous as high production and temperature processing are capable of increasing reaction rates,
solubility, products and also decreasing microbial contamination. The worldwide need for thermostable
enzymes is two-thirds of all other proteases12. Some thermophilic fungal species are producing unique
proteases such as Thermoascus aurantiacus13 and A. niger14. Any have only less number of reports are
available in the production of thermophilic proteases from fungi. Sivasanker et al.15 had reported L-
asparaginase from a natural substrate such as mangrove leaves, seaweed, bivalve extract, gastropod
extract, among all the natural source mangrove leaf extract Avicennia marina produced a large amount
of L-asparaginase production than that of other sources.

To obtain industrially important biocatalyst has to screen new strains from nature. In this view, the present
investigation was successfully isolated a highly potent protease producing strain A. fumigatus from SIPCOT
(State Industries Promotion Corporation of Tamil Nadu) (Lat 11°42'23.15"N, 79°46'57.97"E) near
Cuddalore, India. This strain was producing a substantial amount of protease in solid substrate culture.
A first attempt by using seaweed for the production of proteases and also tried in fish wastes, different
carbon and nitrogen source for the production of proteases.

MATERIALS AND METHODS
Study area: The study was carried out at CAS in marine biology, Annamalai University, Chidambaram,
Tamil Nadu, India from March, 2015 to February, 2016. This study was analyzed from a state industrial
promotion  corporation  in  Tamil Nadu  formerly  known  as  SIPCOT.  Many  pharmaceutical  and
pesticide-based industries are running in SIPCOT. These industries release highly polluted toxic
compounds to the environment. The soil and water samples were taken from this highly polluted
environment because these environmental parameters facilitate the microbial population to produce
unique secondary metabolites.

Initial screening: Sixteen strains were isolated at sediment samples from SIPCOT (Lat 11°42'23.15"N,
79°46'57.97"E) near Cuddalore. The isolated strains were screened using Czapeck Dox Broth (CDB)
containing 1% casein for protease production. The CDB medium with 1% casein was prepared, adjusted
to pH 7, dispensed into 50 mL each in 250 mL Erlenmeyer flasks and sterilized in an autoclave. After
cooling the flask were inoculated with two mycelial discs (8 mm) of respective fungus and incubated at
a  rotary  shaker  (37°C,  180  RPM)  for  7  days.  The  culture  filtrates  were  separated  by  filtering
through two-layered cheesecloth and centrifuged at 8000 RPM for 15 min. The mycelium free culture
filtrate was prepared and used for the qualitative protease production assay.

Protease assay: To determine protease production used water agar medium of Carrim et al.16 (1.8 g agar
in 100 mL of distilled water) supplemented with 1% casein was poured into Petri dishes and after
solidification, 8 mm diameter wells were made using a cork borer. The 100 mL of culture filtrate was
inoculated in a well and the same volume of un-inoculated medium was poured in a separate well as a
control. After 24 hrs of incubation, the enzyme activity was visualized as a clear zone addition of 1%
mercuric chloride solution in 1N HCl. Microorganisms showing clear zone around the colonies were
marked as positive strains and it was sub-cultured. The morphology and biochemical characteristic were
studied. Further molecular characterization was done by the 18S rRNA gene sequencing method.

18S rRNA gene sequencing: Miki et al.17 method was followed for the extraction of fungal DNA. In PCR
amplification ITS1, ITS2, ITS3 and ITS4 were used18. Nucleotide sequencing was done with an automated
DNA sequencing method followed by DNA hybridization19 with the use of universal primers. A BLAST
search was done in the sequence to identify a similar sequence in the NCBI database. The 18S rRNA gene
sequence accession number is JX283351.
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Optimal parameters for protease production: Based on the results of the initial screening, the selected
fungal strain A. fumigatus CAS1 was selected for parameter optimization. In the present study, the
optimizing the fungal strain A. fumigatus CAS1 for the following parameters like temperature (25-55°C),
pH (3.0-12), carbon sources (glucose, sucrose and skim milk), nitrogen sources (casein, yeast extract,
peptone, Na2H2PO4 and soybean meal) which were expected to affect the production of protease.

Effect of fish wastes on protease production: The fish (S. longiceps) waste like viscera was collected from
the local market Annan Kovil in Potonova. The fish wastes were washed with clear water and the meat was
boiled at 50°C for 10 min. The water was removed and the meat was homogenized with mortar and pestle.
The homogenized content was dried in shadow for 3-4 days. Then, dried content was ground for obtaining
powder for optimizing protease production used as a nitrogen source. Different concentration (0.5-3 g)
of fish wastes was used for the growth kinetic studies.

Effect of seaweed on protease production: A preliminary attempt has been made to use seaweed as
a carbon source for the production medium for the protease enzyme. Seaweed (Sargassum tenerrimum)
was freshly collected from the Mandabam study area and they were washed with water to remove salt
content. Then seaweed was dried under shadow conditions for two to three weeks and powdered. The
powdered content was at different concentrations (0.5-3 g) used for optimization studies.

Method of fermentation: Spores of A. fumigatus from 7 days old PDA slant were dislodged into 0.1%
of tween-80 medium and it was used as an inoculum. The inoculums were adjusted using a
hemocytometer for desired spore count20. For mass scale culture, 1 L of optimized media of protease
production medium of Singh et al.21 (skim milk-12 g, peptone-9 g, KH2PO4-1 g, MgSO4.7H2O-0.2 g,
Na2CO3-1 g, pH-9 and distilled water-1000 mL) was prepared in a 2 L conical flask. After sterilization of
2 mL of A. fumigatus spore suspension containing 1×105 spores, mLG1 was inoculated and incubated for
5 days in a rotary shaker at 200 RPM and 40°C. It was grown for five days after which the mycelium free
supernatant was used for the purification.

Enzyme purification: The various steps of enzyme purification were carried out at 4°C. In an initial
purification step, the supernatant containing the extracellular protease was treated with different
saturation levels of solid ammonium sulfate (up to 80% saturation level), with continuous overnight
stirring22. The precipitated protein was collected by centrifugation (10,000 RPM for 15 min) and dissolved
in 0.1 M citrate phosphate buffer (pH 5).  The  enzyme  solution  was  dialyzed  in  a  dialysis  membrane
No. 150 (Himedia) against the same buffer for 48 hrs with several intermittent buffer changes. The partially
purified protein was obtained and lyophilized into a powder. The lyophilized sample was dissolved in
phosphate  buffer  (10  mL:  pH  7)  and  loaded  with  DEAE  cellulose  column  (GENEI)  pre-equilibrated
with 10 mL phosphate buffer (pH 7.0). The enzyme was eluted from the column using the linear gradient
of NaCl (100-500 mm). Each fraction was quantitatively estimated for protease activity and protein
content.

Protein estimation: The total protein content of the samples was determined according to the modified
Lowery method described by Lucas and Tomazic-Jezic23, by using bovine serum albumin (BSA) as a
standard. One unit of enzyme activity is defined as the amount of enzyme that  liberates  peptide 
fragments  equivalent  to 1 mg of BSA under the assay conditions24,45.

Polyacrylamide gel electrophoresis: Nowakowski25 method was used for the determination of the
molecular mass of enzymes using known standard compounds.
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Wash performance analysis: Different strains were used for wash performance studies such as Blood,
ink and banana stains. White cloth 5×5 cm was stained with 25 µL of human blood, ink, banana stain and
subjected to the following wash performance:

C Wash with tap water (negative control) at 28±2
C Wash with commercial detergents (positive control) at 28±2
C Wash with crude enzyme (50 mL) at 28±2

Dehairing:  Dehairing  of  goatskin  was  performed  using  the  dip  method26.  The  two  pieces  of  skin
4×4 (weighed around 2-4 g) of a goat was taken. One piece of goat hide was soaked on the crude
enzyme-containing container (50 mL) and another hidden piece was taken as control which one was not
treated with the crude enzyme. Both hides dehairing of goatskin was performed using the dip method26.
The two pieces of skin 4×4 (weighed around 2-4 g) of a goat was taken. One piece of goat hide was
soaked on the crude enzyme-containing container (50 mL) and another hidden piece was taken as control
which one was not treated with the crude enzyme. Both hides were incubated at 45°C for 24-48 hrs on
a rotary shaker at 120 RPM. After incubation both hides were analyzed for dehairing activity and also
observed colour change in hides after removal of hair.

RESULTS AND DISCUSSION
A sum of sixteen fungal species was screened from sediment samples from SIPCOT near Cuddalore. They
are divided into three categories based on the hydrolysis of casein, high producers (+++), medium
producers (++), weakest producers (+) and negative producers (-). Out of sixteen isolates, only four strains
were showed acceptable protease production. Among these, four isolates SS7 showed a larger zone of
casein hydrolysis and it was selected for the optimization of protease production and characterization of
protease. The isolate SS7 was identified as A. fumigatus based on morphological and physical
characterization using standard mycological manuals27.

The isolate was subjected to 18S rRNA molecular identifications. The sequence results were compared with
other sequences results obtained from NCBI-BLAST. The sequence showed 17% similar to other species
of Aspergillus. In a phylogenetic analysis by a neighbour-joining method, the isolate SS7 showed
homogeneity  with  distinct  linkage  with  A.  fumigators  (Fig.  1).  The  most  conserved  region  of  the
A. fumigatus CAS1 JX283351 was obtained through Seaview V4 software. It showed that A. fumigatus have
1-11 base pair differences and it has 0.009-0.024 (pi distances) pairwise differences with other species of
Aspergillus. In overall observation of isolate SS7 (A. fumigatus CAS 1 JX283351) sequence differed from
(1-11) excluded (alignment gaps) with intraspecies of Aspergillus sp. and it has <17% differences with
other species of Aspergillus. Hajji et al.28 have isolated an effective protease producing strain A. clavatus
from wastewater.

Effect of carbon source: The carbon sources, skim milk were showed predominant production and
maximum production was achieved using a basal medium supplement of 3% (w/v) skim milk (820 U mLG1)
(Fig. 2). In addition, A. fumigatus CAS1 produce protease when grown basal medium supplement with 3%
(w/v) glucose (682 U mLG1) and 3% (w/v) sucrose (480 U mLG1). These results were somewhat different
from earlier were reports studied in fungus A. fumigatus TKU00329 and Mucor miehei30.

Enhancing protease production in seaweed: Seaweed (S. tenerrimum) showed a predominant
production of proteases and the maximum amount of production was achieved in basal medium 2% (w/v)
seaweed (564 U mLG1) (Fig. 2). Seaweeds contain a high amount of minerals, vitamins and proteins and
low content in lipid31,32. Seaweeds also are an essential source of fatty acid, they are eicosapentaenoic acid,
C20:5ω333. Hence, these essential compounds may influence the growth of A. fumigatus and produce a
high amount of protease enzyme.
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Fig. 1: Phylogenetic tree of A. fumigatus CAS1 relationship with other species of Aspergillus genus
Topology was inferred using the neighbour-joining method

Fig. 2: Various carbon sources for the production of alkaline protease production in 0.5-3% concentrations

Effect of nitrogen source: In addition to the organic nitrogen sources examined, casein showed the
highest production rate protease in basal medium with a supplement of 3% (w/v)  casein  (940  U  mLG1)
(Fig. 3). When compared with casein a basal medium with a supplement  of  2.5%  (w/v)  yeast  extracts
(320 U mLG1), soybean meal (360 U mLG1), peptone (345 U mLG1) and Na2H2PO4 (283.30 U mLG1). Similar
results were also observed from fungal strains A. fumigatus TKU00329, A. clavatus34 and M. miehei30.

Enhancing the production of protease in fish wastes: All the organisms have their desired requirements
for maximum enzyme production35. Therefore, medium optimization is essential for the production of
enzymes at low cost and safe consumption. Generally, proteolytic microorganisms can grow only in media
containing peptone, as a rich source of amino acids, peptides, proteins are becoming one of the most
important constituents of culture media widely used for the production of a variety of metabolites,
including enzymes22. On such aspects present study was tried with fish wastes as a nitrogen source for the
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Fig. 3: Different nitrogen sources for the production of protease in various concentration levels (0.5-3%)

production of protease and the fish wastes showed very high production rates (590 U mLG1) with the
supplement of 3% (w/v) (Fig. 3). Similarly, the shellfish wastes were used for the production of proteases36

and the fish processing wastes (viscera) were used for alkaline protease, fish sauce production37,38. Viscera
of Catla catla were used for the production of protein hydrolysates39,40.

Effect of pH production of proteases: Among the physio-chemical parameters pH was an essential
parameter that affects the production of enzymes41. To study the effect of medium pH on enzyme
production in SMF, experiments were performed with medium different pH ranges between 3-12 and
incubated for 5 days. The maximum production of protease was observed at pH 9 (590 U mLG1) and
minimum production was occurring at pH 12 (105 U mLG1) (Fig. 4). Similar several findings showed pH 9
optimum  for  fungal  proteases  such  as  A.  fumigatus42-44,  A.  parasiticus45, A.  clavatus  CCT275946 and
A. fumigatus TKU00329.

Effect of temperature on production of protease: It is known that temperature is one of the most
critical parameters that are controlled in any bioprocess47. The temperature range between 25-55°C was
examined in the present study.  The maximum production protease was observed in temperature 40°C
(420 U mLG1) and the minimum was observed in temperature 55°C (150 U mLG1) (Fig. 5). The present
investigation was supported by earlier works of Uyar and Baysal48. The temperature seemed to be higher
compared to that of A. clavatus CCT275934 and A. fumigatus TKU00329 strain showed maximum protease
activity between 37-42.8°C.

Enzyme purification: The protease activity of the crude enzyme extract was concentrated by using
ammonium sulfate precipitation. So, 92.94% recovery of proteas with  2.8  fold  purification  was  attained
(Table 1). Following ammonium sulfate precipitation the enzyme sample was lyophilized. The partially
purified  lyophilized  protease  enzyme  was  made  into  a  solution  by  dissolving  in  phosphate  buffer
(10 mm, pH 7) and this solution was applied to the DEAE cellulose column. Table 1 shows the purification
profile of A. fumigatus. In the DEAE column,  17.79%  were  recovered  with  4.3-fold  purifications  and
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Fig. 4: Effect of pH on enzyme production of A. fumigatus CAS1

Fig. 5: Effect of temperature on alkaline protease production

Table 1: Summary of purification procedure of protease from A. fumigatus CAS1
Purification step (U) Total activity (mg) Total protein (U mgG1) Specific activity Fold purification (%) Recovery
Crude extract (NH4)2SO4 16550.0 978.9 18.88 1.00 100.00
Precipitate 14300.0 488.4 23.14 2.80 92.94
Dialyis 9575.0 262.6 31.23 3.70 82.36
DEAE-cellulose 2750.0 87.3 35.83 4.30 17.79

35.83 U mgG1 of a specific activity. A comparable result was reported in A. parasiticus showing that 90%
recovery by 1.6 fold purifications. Likewise, Venugopal and Saramma49 have observed in Vibrio fluvialis
with 95.5% recovery in 1.25 fold purification in 80% of ammonium sulfate precipitation. Purified protease
from A. fumigatus showed 66 kDa on the SDS page and it’s suggested that the purified protein was
homogenized (Fig. 6).

Commercial application of protease enzyme
Washing performance: In the recent past, the detergent industry highly relies on microbial alkaline
enzyme categories. Also, the detergent industries need the most dynamic microbial alkaline protease
enzyme that withstand high temperature, pH and it necessarily possesses the presence of surfactants or
oxidizing agent50. Similarly, the alkaline protease from the isolate SS7 (A. fumigatus CAS1) was shown
extraordinary results. The partially purified enzyme removed both blood and ink stains more efficiently
(Fig. 7a-b). But it showed some acceptable results on banana stain removal. Banik and Prakash51 have
studied laundry detergent comparability of alkaline protease from Bacillus cereus. Rao et al.52 have
reported characterization of thermo and detergent stable serine protease from Bacillus circulans and
evaluation of eco-friendly applications. Savitha et al.53 has revealed the fungal protease, production and
purification and comparability with laundry detergents and their wash performance.
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Fig. 6: SDS-PAGE of the purified alkaline protease from A. fumigatus CAS1
Lane 1: Standard molecular markers and Lane 2: Purified protein

Fig. 7(a-b): Wash performance analysis of partially purified enzyme activity (a) lnk and (b) Blood
a: Negative control, b: Commercial detergent and c: Enzyme treated cloth were washed at 28±2°C

Fig. 8(a-b): Dehairing activity enzyme-treated goat hide, (a) Control and (b) Enzyme treated goat hide,
showing complete hair removal and absence of collagenase activity

Dehairing: Mechanical plucking method was followed on dehairing assay. Easy removal of hairs was
observed in enzyme treats hide and also not much colour change was observed. Whereas, in control no
hair removal was detected (Fig. 8a-b). Sundararajan et al.54 stated that alkaline protease from Bacillus
cereus VITSN04 has potential dehairing activity. Shrinivas and Naik55 have expressed highly stable alkaline
protease from thermo-alkalophilic Bacillus halodurans JB 99 shown significant dehairing activities.
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CONCLUSION
Based on the above observation, the present study was concluded that the isolate A. fumigatus CAS1
JX283351 was produced a high amount of enzyme production in different carbon and nitrogen sources.
The enzyme alkaline protease obtained from the isolate A. fumigatus CAS1 showed astonishing results in
the wash performance analysis and dehairing. This is the first report that we produced alkaline protease
in seaweed (Sargassum tenerrimum) as a carbon source and fish wastes (S. longicepsis) as a nitrogen
source.

SIGNIFICANCE STATEMENT
This study discovers efficient alkaline protease from A. fumigatus CAS1 JX283351 and it has shown
astonishing results in wash performance analysis and dehairing activities. The A. fumigatus CAS1 JX283351
was producing alkaline protease enzymes from cheaper sources of fish wastes and seaweed. This study
helped find novel industrial potent enzymes from highly complicated environments.
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