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Abstract The continuous exploration of new microbial cell
factories in diverse environmental and geographical loca-
tions has led to pivotal developments in the production of
industrially important extracellular metabolites. Filamen-
tous fungi are used for large-scale production of various
enzymes, and amylolytic enzymes in particular. Among
them, amyloglucosidase is known to be secreted extracel-
lularly in copious amounts. The current investigation was
based on molecular phylogeny and taxonomy of filamen-
tous fungi from the genus Aspergillus that are capable of
producing amyloglucosidase under submerged fermenta-
tion conditions. Optimization of physical and chemical cul-
tivation parameters were also investigated. Among the var-
ious natural isolates identified in the current study, Asper-
gillus fumigatus KIBGE-IB33 was selected based on max-
imum enzyme production. Parametric optimization resulted
in the secretion of maximum amyloglucosidase in a modi-
fied starch medium. High enzyme yield was achieved after
4 days of fermentation at 30 °C in a starch-based medium
(pH 7.0). The mesophilic nature of this isolate, with its
broad pH range and reduced fermentation time, renders
A. fumigatus KIBGE-IB33 an attractive candidate for
large-scale production of amyloglucosidase for starch
saccharification.
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Findings

Starch is a glucose polymer linked by α,1→4 and α,1→6
glycosidic bonds, and requires appropriate combinations of
hydrolases for the depolymerization of its complex structure
into various oligosaccharides. The hydrolyzed products of
starch have a wide range of applications (Pandey et al. 2000;
Gupta et al. 2003; Norouzian et al. 2006; Michelin et al.
2008). Amyloglucosidase (EC: 3.2.1.3) is used extensively
in starch bioprocessing exclusively for the saccharification
of liquefied starch. A wide variety of microbes are capable
of producing amyloglucosidase; among them, various fila-
mentous fungi have shown great potential for extracellular
secretion of this enzyme (Zambare 2010). On a commercial
scale, Aspergillus and Rhizopus species are commonly used
due to their low level of transglycosylation activity and there-
fore, after starch saccharification, the yield of glucose is approx-
imately 100 % (Mertens and Skory 2007). Other features, in-
cluding their ubiquitous nature, non-fastidious requirements,
and ability to secrete copious amounts of proteins, give these
fungal species greater prominence. Therefore, in light of the
aforementioned factors, several starch-hydrolyzing Aspergillus
species have been isolated and identified from biologically
diverse locations. Selection of a potential natural isolate to
achieve a maximum enzyme yield is a tedious task. Studies
related to various physical and chemical culture cultivation
conditions have also been undertaken in order to achieve max-
imum amyloglucosidase yield that can be further utilized by
industries for the bioconversion of starch into glucose.

In the current study, soil samples were collected aseptically
from different vegetative fields located in different areas of
Karachi, Pakistan, and different species were isolated using
the spread plate technique. Initially, seven Aspergillus isolates
were identified after serial plating onto potato dextrose agar
(PDA). The starch–iodine plate assay method was used for
preliminary screening of these natural isolates based on
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hollow zones around the colonies. Among them, only four
isolates exhibited prominent starch hydrolyzing capability.
These selected Aspergillus species were completely charac-
terized based on taxonomical and molecular identification
using 18S rDNA sequence analysis. PDA and Czapek-Dox
agar were used for macroscopic characterization, and micro-
scopic studies (Online Resource 1 and 2) were conducted
utilizing lactophenol blue staining (St. Germain and
Summerbell 1996). For 18S rDNA analysis, fungal DNA
was extracted using a cetyltrimethyl ammonium bromide
(CTAB)-based method (Karthikeyan et al. 2010), and it was
amplified using 18SF: GTAGTCATATGCTTGTCTC and
18SR: TCCGCAGGTTCACCTACGGA as a primer set.
Thermal cycling was performed according to the following
program: initial denaturation at 94 °C for 5 min; 40 cycles of
94 °C for 1 min, 61 °C for 1 min, 72 °C for 1.5 min, and final
extension at 72 °C for 10 min. The amplified PCR product
was purified and sequenced. The sequences were submitted
to the National Center for Biotechnology Information (NCBI)
GenBank, and the following accession numbers were
assigned: KF905648 (A. fumigatus KIBGE-IB33),
KF905649 (A. flavus KIBGE-IB34), KF905650 (A. terreus
KIBGE-IB35), and KF905651 (A. niger KIBGE-IB36). For
comparison of the current 18S rDNA sequences with other
available sequences in the NCBI database (http://www.ncbi.
nlm.nih.gov/BLAST/), multiple sequence alignment was
performed and a phylogenetic tree was constructed using

the MEGA 5.0 software program. Neighbor-joining analysis
was conducted with 100 replicates. Selected sequences of
genus Aspergillus were retrieved from the NCBI database
and compared with sequences used in the current study. The
constructed dendrogram illustrates that the isolated strains
appeared in separate clades according to their respective
groups (Online Resource 1).

For the quantification of maximum amyloglucosidase
production, selected filamentous fungi were cultivated in
a designed production medium consisting of (g l−1): solu-
ble starch, 10.0; yeast extract, 10.0; peptone, 5.0; magne-
sium sulphate, 1.0 and dipotassium hydrogen phosphate,
1.0. A. fumigatus KIBGE-IB33 secreted the highest
amount of enzyme titers among the four natural isolates
(Fig. 1a). This strain was selected for enzyme production
studies. Fungal biomass was harvested after 4 days of in-
cubation by centrifugation of the fermented broth at
40248×g for 15 min at 4 °C. The supernatant was filtered
through a 0.45-μm filter under a vacuum in order to re-
move any remaining spores. Specific amyloglucosidase ac-
tivity was determined as described earlier (Ghani et al.
2013). Estimation of liberated glucose was calculated
using the GOD-PAP method (Trinder 1969a, b). A unit of
amyloglucosidase is defined as the Bamount of enzyme that
liberates 1.0 μM of glucose per minute under standard
assay conditions^. Units expressed are presented in terms
of kilo units per mg of protein (kU mg−1). Total protein

Fig. 1 Quantification of amyloglucosidase production and fungal growth profile. a Amyloglucosidase production using various filamentous fungi. b
Fermentation time. c Temperature selection. d pH variation for amyloglucosidase production using Aspergillus fumigatus KIBGE-IB33
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was calculated using the Lowry et al. (1951) method, with
bovine serum albumin as standard.

Optimization of medium components and operating condi-
tions is the most important element in producing an enzyme in
feasible quantities. In starch hydrolyzation industries, the
aforementioned factors not only govern the cost of the process,
but they also facilitate the development of new starch sacchar-
ification methodologies. In this study, various physical and
chemical parameters were studied in a stepwise manner. The
approach used for the selection of various parameters was
based on one variable at a time in a batch fermentation process.
Fungal biomass was estimated using mycelial mats, which
were dried to a constant weight at 80 °C. The effect of various
supplementary macronutrients (carbon and nitrogen sources)

and micronutrients (mineral salts) were studied (Table 1). The
concentration of each nutrient was varied in order to determine
the maximum yield of amyloglucosidase. A myloglucosidase
secretion was induced by all of the carbon sources however,
potato starch was found to be the most effective in terms of
enzyme yield (274 kUmg−1) and cell mass (28.2 mg ml−1). In
addition to its inductive effect, potato starch is also an inex-
haustible source of energy compared to other simple carbon
sources (McTigue et al. 1994). This carbon source is also re-
ported to provide stability to the enzyme after its production in
the fermentationmedium (Santamaria et al. 1999;Aguilar et al.
2000). In the present study, the concentration of potato starch
was varied (0.0-25.0 g l−1), and maximum enzyme yield was
obtained at a concentration of 10 g l−1 (Table 1). Higher starch

Table 1 Production of amyloglucosidase and fungal biomass yield in the presence of various macronutrients and micronutrients

Nutrient
components

Specific activity
(kU mg−1)

Dry cell mass
(mg ml−1)

Nutrient
components

Specific activity
(kU mg−1)

Dry cell mass
(mg ml−1)

Carbon sourceb Yeast Extracta

Starch (rice) 229.5±6.45 13.8±0.07 0.0 164.6±2.45 4.90±0.03

Starch (commercial) 208.6±4.89 10.6±0.05 5.0 241.3±7.01 17.5±0.08

Starch (potato) 274.0±7.32 28.2±1.19 10.0 274.0±7.32 28.2±1.19

Starch (sago) 206.8±4.21 9.50±0.05 15.0 210.0±4.54 24.7±0.09

Maltose 93.22±3.98 7.90±0.03 20.0 186.8±3.11 23.6±0.09

Starch (wheat) 200.0±4.01 11.0±0.05 Peptonea

Sucrose 35.06±2.52 6.50±0.03 0.0 171.5±3.21 9.70±0.05

Wheat bran 15.45±1.23 14.0±0.07 5.0 274.0±7.32 28.2±1.19

Bagasse 5.810±0.05 9.50±0.05 10.0 259.0±6.75 16.6±0.08

Rice bran 25.98±1.91 10.5±0.05 15.0 210.3±4.23 19.7±0.09

Barley 75.61±3.23 8.70±0.04 20.0 191.6±3.75 20.0±0.09

Potato starcha Trace elementsc

0.0 7.430±0.64 3.00±0.01 MgSO4 274.0±7.32 28.2±1.19

5.0 205.2±4.14 13.0±0.07 K2HPO4 274.0±7.32 28.2±1.19

10.0 274.0±7.32 28.2±1.19 NaCl 122.8±3.23 15.4±0.08

15.0 233.5±6.98 10.8±0.05 MnSO4 23.82±0.98 8.30±0.05

20.0 202.3±4.22 8.6±0.04 CaCl2 30.53±1.02 15.0±0.09

25.0 98.57±3.98 7.4±0.04 Magnesium sulphatea

Nitrogen sourceb 0.5 148.7±4.23 13.2±0.07

Peptone 259.0±6.75 16.6±0.08 1.0 274.0±7.32 28.2±1.19

Tryptone 109.0±3.23 11.0±0.07 1.5 132.5±3.78 10.2±0.05

Ammonium nitrate 18.60±1.11 5.00±0.03 2.0 102.6±1.11 7.50±0.04

Potassium nitrate Nil 3.80±0.02 Dipotassium hydrogen phosphatea

Yeast extract 274.0±7.32 28.2±1.19 0.5 225.7±4.54 19.7±0.09

Sodium nitrate Nil 4.20±0.03 1.0 274.0±7.32 28.2±1.19

Urea 64.27±2.45 5.50±0.04 1.5 232.1±5.87 21.0±0.09

2.0 185.1±3.23 18.7±0.09

Nil no enzyme activity; ± standard deviation; n=3
a g l−1

b 10 g l−1

c 1.0 g l−1
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concentrations may also be responsible for the suppression of
amyloglucosidase yield due to excessive glucose formation
that results in catabolite repression of enzyme substrate
reaction.

Enzyme productivity and fungal growth was also greatly
influenced by the type and concentration of nitrogen source
used. Different organic and inorganic nitrogen sources were
tested, and a combination of yeast extract (10 g l−1) and pep-
tone (0.5 g l−1) exhibited maximum amyloglucosidase pro-
duction as compared to inorganic nitrogen sources. Yeast ex-
tract is reported to have a stimulating effect on the growth of
microbes, as it contains most of the essential amino acids and
ammonium salts (Djekrif-Dakhmouche et al. 2006). However,
high concentrations of yeast extract or peptone may have a
negative impact on amyloglucosidase secretion, as both of
these nutritive sources are also responsible for facilitating
the secretion of various proteolytic enzymes that ultimately
may result in proteolytic digestion of amyloglucosidase
(Fogarty and Kelly 1990; Babu and Satyanarayana 1993).
Dipotassium hydrogen phosphate and magnesium sulphate
displayed a significant effect on enzyme secretion relative to
other salts used. However, higher concentrations of both salts
resulted in suppression of enzyme production. This effect was
also reported by Shaku et al. (1980) and Yoon et al. (1989) for
the secretion of protein by magnesium and inorganic
phosphate.

In industrial enzymology, optimum growth conditions reg-
ulate the overall cost of upstream bioprocessing. Hence, in
order to produce maximum amyloglucosidase yield, various
physical parameters were optimized in a stepwise manner.
Microbial incubation time is the most important physical fac-
tor affecting enzyme secretion. A. fumigatus KIBGE-IB33
was incubated for different time intervals, and maximum en-
zyme secretion was achieved after 4 days of fermentation
(Fig. 1b). Thereafter, a gradual decline in enzyme production
was observed. This may be due to the simultaneous secretion
of secondary metabolites, which eventually alters the pH of
the production medium. This finding suggests that, in parallel
to the microbial growth, extra secretion of amyloglucosidase
occurred during the late exponential phase of fungal growth.
The metabolic rate of any microbial cell factory is directly
influenced by the cultivation temperature, which is also re-
sponsible for regulating the secretion of extracellular metabo-
lites, especially enzymes (Patil and Dayanand 2005). Opti-
mum cultivation temperature for A. fumigatus KIBGE-IB33
was achieved at 30 °C. The selected temperature suggests the
mesophilic nature of this organism as when the temperature
was increased from 30 to 50 °C, a deleterious effect on fungal
biomass and enzyme productivity was noted (Fig. 1c). Anoth-
er important factor affecting the growth and metabolic activi-
ties of microorganisms is the pH of the cultivation medium.
Microbes are sensitive to the concentration of hydrogen ions
present in the fermentation broth, which also plays a critical

role in determining the nature of the end-product. The secre-
tion of an enzyme either under acidic or alkaline conditions
will govern its application in different industries. Therefore,
the pH of production medium was also studied with respect to
amyloglucosidase secretion in both acidic and alkaline envi-
ronments. Maximum enzyme secretion was achieved at a
physiological pH of 7.0. However, A. fumigatus KIBGE-
IB33 was capable of producing amyloglucosidase under both
acidic and alkaline conditions (Fig. 1d). The secretion of
amyloglucosidase at a wide range of pH levels renders
A. fumigatus KIBGE-IB33 a plausible aspirant for commer-
cial production. In addition, its starch depolymerization ability
was determined with regard to utilization of this
amyloglucosidase in starch bioprocessing. Its starch sacchari-
fication property was confirmed by the enzymatic treatment of
potato starch, and thin-layer chromatography data revealed
that amyloglucosidase efficiently saccharified potato starch
into glucose (data not shown).

Low nutritional requirements, broad cultivation conditions,
and high amyloglucosidase yield suggest strong applicability
of A. fumigatus KIBGE-IB33 in several industrial sectors,
whereas amyloglucosidase secreted by this organism has
strong potential in starch saccharification processes.

References

Aguilar G, Morlon-Guyot J, Trejo-Aguilar B, Guyot JP (2000)
Purification and characterization of an extracellular alpha amylase
produced by Lactobacillus manihotivorans LMG 1801 (T), an
amylolytique lactic acid bacterium. Enzyme Microb Technol 27:
406–413

Babu KR, Satyanarayana T (1993) Extracellular calcium inhibited α-
amylase of Bacillus coagulans B49. Enzyme Microb Technol 15:
1066–1069

Djekrif-Dakhmouche S, Gheribi-Aoulmi Z, Meraihi Z, Bennamoun
L (2006) Application of statistical design to the optimization
of culture medium for α-amylase production by Aspergillus
niger ATCC 16404 grown on orange waste powder. J Food
Eng 73:190–197

Fogarty WM, Kelly CT (1990) Recent advances in microbial amylases.
In: Fogarty WM, Kelly CT (eds), Microbial enzymes and biotech-
nology. 2nd edn. Elsevier, Applied Science Publishers

Ghani M, Aman A, Rehman H, Siddiqui NN, Qader SA (2013) Strain
improvement by mutation for enhanced production of starch-
saccharifying glucoamylase from Bacillus licheniformis. Starch/
Stärch 65:875–884

Gupta R, Gigras P, Mohapatra H, Goswami VK, Chauhan B (2003)
Microbial α-amylase: A biotechnological perspective. Process
Biochem 38:1599–1616

Karthikeyan V, Patharajan S, Polani P, Spadaro D, GullinoML, Garibaldi
A (2010) Modified simple protocol for efficient fungal DNA extrac-
tion highly suitable for PCR base molecular methods. Global
Journal of Molecular Sciences 5:37–42

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein
measurement with the folin phenol reagent. J Biol Chem
193:265–375

2290 Ann Microbiol (2015) 65:2287–2291



McTigue MA, Kelly CT, Fogarty WM, Doyle EM (1994) Production
studies on the alkaline amylase of three alkalophilic Bacillus spp.
Biotechnol Lett 16:569–574

Mertens JA, Skory CD (2007) Isolation and characterization of two genes
that encode active glucoamylase without a starch binding domain
from Rhizopus oryzae. Curr Microbiol 54:462–466

Michelin M, Ruler R, Ward RJ, Moraes LAB, Jorge JA, Terenzi HF,
Polozeli MLTM (2008) Purification and biochemical characteriza-
tion of a thermostable extracellular glucoamylase produced by the
thermotoleratnt fungus Paecilomyces variotii. J Ind Microbiol
Biotechnol 35:17–25

Norouzian D, Akbarzadeh A, Scharer JM, Young MM (2006) Fungal
glucoamylase. Biotechnol Adv 24:80–85

Pandey A, Nigam P, Soccol CR, Soccol VT, Singh D, Mohan R (2000)
Advances in microbial amylases. Biotechnol Appl Biochem 1543:
135–152

Patil SR, Dayanand A (2005) Optimization of process for the production
of fungal pectinase from deseeded sunflower head in submerged and
solid-state conditions. Bioresour Technol 97:2340–2344

Santamaria RI, Del-Rio G, Saab G, Rodriguez ME, Soberon X, Lopez-
Marguia A (1999) Alcoholysis reactions from starch with α-amy-
lases. FEBS Letters 452:346–350

ShakuM, Koike S, Udaka S (1980) Culture condition for protein produc-
tion by Bacillus brevis No. 47. Agr Biol Chem 44:99–103

St-Germain G, Summerbell R (1996) Identifying filamentous fungi - A
Clinical Laboratory Handbook. 1st edn. Belmont, Star Publishing
Company, California. Publishers, London, pp 71–132

Trinder P (1969a) Determination of glucose in blood using glucose oxi-
dase with an alternative oxygen acceptor. Ann Clin Biochem 6:24–
28

Trinder P (1969b) Determination of glucose in blood using 4-amino
phenazone as oxygen acceptor. J Clin Pathol 22:246

Yoon MY, Yoo YJ, Cadman TW (1989) Phosphate effect in the fermen-
tation of α-amylase by Bacillus amyloliquefaciens. Biotechnol Lett
11:59–60

Zambare V (2010) Solid state fermentation of Aspergillus oryzae for
glucoamylase production on agro residues. International Journal of
Life Sciences 4:16–25

Ann Microbiol (2015) 65:2287–2291 2291


	Phenotypic and molecular characterization of Aspergillus species for the production of starch-saccharifying amyloglucosidase
	Abstract
	Findings
	References


