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Abstract
Amylases, glycoside hydrolases widely used in several industrial processes, can be produced by many animals, plants, 
bacteria, and fungi. Fungal amylases from Aspergillus sp. hold remarkable importance in biotechnological applications for 
presenting a great catalysis efficiency in a wide range of pH and temperature. The production of amylases is mainly depend-
ent on the genetic background of the species, i.e., Aspergillus strains, and abiotic factors. Among the major producers of 
amylases are the species of Aspergillus section Nigri, including Aspergillus welwitschiae. In this study, Aspergillus wel-
witschiae strains were evaluated for their ability to produce extracellular amylases. Among the 24 strains, wild Aspergillus 
welwitschiae UELAs 15.262 and mutant A. welwitschiae UELAs 15.262/35 strains showed greater potential for amylases 
production. The A. welwitschiae UELAs 15.262 produced more amylases (8645 U/mg) when compared to A. welwitschiae 
UELAs 15.262/35 (6666 U/mg). The amylases activity from partially purified crude enzymatic extract of A. welwitschiae 
UELAs 15.262 strain obtained at pH 5.5, 60 °C, resulted in 1.98-fold (3837 U/mg) increase in enzymatic activity. Likewise, 
the amylases activity from partially purified crude extract of A. welwitschiae UELAs 15.262/35 obtained at pH 5.0, 60 °C 
resulted in 2.2-fold (9077 U/mg) increase in amylases activity. The presence of metallic ions (Cu2+ and Fe3+) also provided 
an increase of amylases activity for both strains. To our knowledge, this is the first study reporting the ability of Aspergillus 
welwitschiae strains in order to produce amylases.

Introduction

Amylases are of great biotechnological importance and can 
be applied in pharmaceutical, food, and even environmental 
industries [1, 2]. The amylases (EC 3.2.1.1) catalyze starch 
hydrolysis by breaking the α-1,4-O-glycosidic bonds of pol-
ysaccharides and are distributed into three major groups, 
the alpha-amylases (EC 3.2.2.1.1), the beta-amylases (EC 
3.2.1.2), and the glucoamylases (EC 3.2.1.3) [3, 4].

This class of hydrolytic enzymes can be produced by 
several microorganisms, highlighting fungi such as Asper-
gillus niger widely used in industrial processes [2, 4]. How-
ever, the search for new enzyme-producing species like A. 

welwitschiae is an assiduous exercise and may also present 
potential for industrial and/or biotechnological applications.

The Aspergillus welwitschiae is inserted in the Aspergil-
lus section Nigri. In this section, there are a group of species 
with very similar morphological characteristics that are diffi-
cult to identify, denominated as “niger aggregate,” including 
A. welwitschiae [5]. This species has already been isolated 
from sources, such as onion bulbs, garlic, and other products 
[6–9]. Although the production of Fumonisin B2 and Ochra-
toxin A has been reported in A. niger and A. welwitschiae, 
part of these strains do not produce these mycotoxins [7, 9, 
10] and can be used in biotechnological applications.

Approximately 60% of the industrial production of 
enzymes is made by filamentous fungi, as they have advan-
tageous production characteristics, such as development in 
wide temperature and pH ranges, and mainly produce of 
large amounts of enzyme [2, 11, 12]. Traditionally, amyl-
ases are produced industrially by Submerged Fermentation 
(SmF) allowing the monitoring of the fermentation process, 
followed by easy extraction and separation of the mycelium.

Regarding to amylases production by filamentous fungi, 
there are still some limiting factors to their availability. A 
greater production of these enzymes can be achieved by the 
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association between abiotic factors and genetic background 
of the strains and the maximum catalytic activity, which can 
be obtained by characterizing the amylases.

In this sense, strategies such as the use of mutant strains 
for the amylases production have been developed in order to 
obtaining large amounts of theses enzymes. The association 
between abiotic and biotic factors, such as mutant strains, 
has provided an increase in amylases production and activ-
ity [13, 14].

The characterization of pH, temperature, and metal-
lic ions are among the main factors involved to obtain the 
maximum catalytic activity of amylases. Such associated 
parameters adequately provide the amylases with maximum 
and stable catalytic activity. Variations in temperature and 
pH can result in protonation or deprotonation of a specific 
side groups at the enzyme active site, changing its chemi-
cal features, altering the enzyme conformation, and caus-
ing decrease in substrate affinity or loss activity [15]. Most 
amylases are holoenzymes and therefore require metallic 
ions as cofactors for correct active site orientation and pro-
tein stabilization [16–18].

Therefore, in this study it demonstrated the production 
and partial characterization of amylases by wild selected and 
mutant Aspergillus welwitschiae strains. The results showed 
an increase of enzyme production after optimization of abi-
otic parameters and partial characterization of the crude 
enzyme extract obtaining the maximum amylases activity.

Materials and Methods

Biological Material

This study used 24 Aspergillus strains, isolated from gar-
lic marketed in different Brazilian states. The strains were 
identified as Aspergillus welwitschiae and characterized as 
non-producing potential Ochratoxin A and Fumonisin B2 
[9]. In addition, Aspergillus welwitschiae UELAs 15.262/35 
strain was introduced in this study to evaluate the production 
and characterization of amylases. Aspergillus welwitschiae 
UELAs 15.262/35 is a mutant strain for citric acid produc-
tion obtained from the A. welwitschiae UELAs 15.262 wild 
strain, by random mutation induced by ultraviolet light [19].

Selection of Aspergillus welwitschiae Strains  
for amylases Production

A. welwitschiae strains were inoculated punctually in Petri 
dishes, containing Czapeck-Dox agar medium (soluble 
starch 20 g/L; NaNO3 1 g/L; K2HPO4 1 g/L; MgSO4.7H2O 
1 g/L, FeSO4 0.01 g/L, Agar 15 g/L and pH 4.5) for selec-
tion of the potential amylases production. Petri dishes 
were then incubated at 28 ± 2 °C for 5 days and stained 

with iodine (KI 1 g/100 mL; I2 0.5 g/100 mL) and then 
the Petri dishes were incubated again for 10 days under 
the same conditions. The potential amylases production 
was evaluated by the Enzymatic Index (EI) expressed by 
the relationship between the diameter of the halo of enzy-
matic degradation + colony growth and the diameter of the 
growth of the colony [20].

The 24 A. welwitschiae strains were also evaluated for 
the potential for amylases production in liquid Czapeck-
Dox medium. Suspensions of 105 conidia/mL from each 
A. welwitschiae strain were prepared and they were inocu-
lated in 5 mL of Czapeck-Dox medium, at 28 ± 2 °C for 
4 days. After, the Crude Enzymatic Extract (CEE) was 
collected and the potential amylases production was 
indirectly evaluated by quantifying reducing sugars by 
3,5-dinitrosalicylic acid (DNS), according to Miller [21]. 
All the A. welwitschiae strains were performed in experi-
mental triplicate, the standard deviation was performed 
with the R software.

The A. welwitschiae strain that showed higher EI and 
production of reducing sugars were selected for further 
evaluations.

Evaluation of Abiotic Parameters for the Production 
of amylases by Aspergillus welwitschiae Strains

The A. welwitschiae strain selected were for evaluation 
of abiotic parameters of temperature and pH for amylases 
production according to the Rotational Central Compound 
Design (RCCD). The evaluated temperatures and pHs were 
28 °C, 30 °C, 35 °C, 40 °C, and 42 °C and 4.2, 5.0, 7.0, 9.0, 
and 9.8, respectively, in liquid Czapeck-Dox medium for 
4 days. All analyses were performed in experimental tripli-
cate and the standard deviation, RCCD, Analysis of Variance 
(ANOVA), and Tukey test (P < 0.01) were performed with 
the R software.

Amylases Production by A. welwitschiae Under 
Submerged Fermentation

A. welwitschiae strain selected under abiotic parameters for 
amylases production were subjected to amylases produc-
tion kinetics, under SmF, in Czapeck-Dox medium. The 
A. welwitschiae UELAs 15.262/35 mutant strain was also 
submitted to the amylases production kinetics assays using 
the same abiotic conditions of A. welwitschiae. Each day, a 
portion (a flask with 5-mL Czapeck-Dox medium and the 
repetition) was removed to determine amylases activity, 
until the eighth day. A. welwitschiae strain was performed 
in experimental triplicate, and the standard deviation was 
performed with the R software.
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Determination of amylases Activity of A. 
welwitschiae Strains

After each fermentation period (kinetics of amylases produc-
tion), the cultivation was interrupted by filtration (Whatman 
paper no 1) to obtain the Crude Enzymatic Extract (CEE). 
The amylases activity was determined according to Sperotto 
[22].

The determination of amylases activity was carried out 
by enzymatic reaction, consisting of 200 µL of citrate–phos-
phate buffer 0.05 M, pH 6.0 (citric acid 1.05 g/100 mL; 
NaH2PO4 1.38 g/100 mL), 300 µL of soluble starch (1%), 
and 100 µL of the CEE of each A. welwitschiae strain. The 
reactional mixture was incubated for 30 min at 40 °C. To 
interrupt the enzymatic reaction, 1.5 mL of DNS was added 
to each sample, followed by incubation at 100 °C for 5 min 
and subsequent addition of 17.9 mL of distilled water. The 
amount of reducing sugars was evaluated at A550nm (Bio-
chrom Libra S22). Under such conditions, one unit (U) of 
amylases activity is defined as the amount of enzyme that 
releases 1 μmoL of reducing sugars per mL of sample per 
minute. Protein content was determined by the method of 
Lowry et al. [23].

Partial Purification of the Crude Enzymatic Extract 
of A. welwitschiae Strains

In a flask, a total of 680 mL of each CEE obtained by the 
selected A. welwitschiae strain and A. welwitschiae UELAs 
15.262/35 mutant strain were added, which were precipitated 
with 80% (1:1 v/v) ammonium sulfate saturated solution, 
under shaking for 2 h at 4 °C. The resulting precipitate was 
collected at 9050 g (Hettich, Universal 320 R), by 15 min 
at 4 °C. The precipitate was solubilized with 12-mL cit-
rate–phosphate buffer (0.05 M, pH 6.0). The solubilized 
precipitate was dialyzed for 24 h, with three changes of dis-
tilled water for obtaining Partially Purified Crude Enzymatic 
Extract (PPCEE).

Analysis of Partially Purified Crude Enzymatic 
Extract in Sodium Dodecyl Sulfate–Polyacrylamide 
gel electrophoresis (SDS‑PAGE)

The PPCEE of A. welwitschiae strains were mixed with 
an equal volume of 2 × protein loading buffer and boiled 
for 95 °C for 10 min. The samples were subjected to SDS-
PAGE using 4% stacking gels and 12% resolving gels in an 
electrophoresis mini-system. The gels were visualized using 
Coomassie-Brilliant Blue R-250 0.1% (w/v), methanol 50% 
(v/v), and glacial acetic acid 7% (v/v). The standard molecu-
lar weight protein marker (AMRESCO® Mid/Low-Range 
Protein Molecular Weight Marker) in a range of 14.4 – 97.4 
KDa were used.

Characterization of amylases of the Partially 
Purified Crude Enzymatic Extract of A. welwitschiae 
Strains

The influence of pH on the amylases production of (PPCEE) 
was evaluated by incubating 100 µL of A. welwitschiae strain 
PPCEE for 30 min, at 40 °C in 0.05 M citrate–phosphate buffer 
at pHs 5.5, 6.0, 6.5, and 7.0 and Tris/HCl buffer at pHs 7.5 
and 8.0. The amylases activity was determined [22]. The pH 
that provided the increased amylases activity for each A. wel-
witschiae strain was used for further evaluations.

Likewise, the influence of temperature on amylases activ-
ity was performed using 100 µL of PPCEE. The temperature 
range was 30 °C, 35 °C, 40 °C, 45 °C, 50 °C, 55 °C, 60 °C, 
65 °C, and 70 °C for 30 min. The amylases activity was deter-
mined [22].

Under conditions of pH and temperature favorable to 
increased amylases activity, the thermal stability of PPCEE 
was analyzed. The amylases reaction containing 700 µL of 
PPCEE was incubated for different time periods (0, 20, 40, 
60, and 100 min). For each period of reaction, the amylases 
activity was analyzed [22].

The influence of metal ions on the amylase activity of A. 
welwitschiae strains was also evaluated. So, 500 µL of PPCEE 
were incubated with different solutions of metallic salts (1:1 
v/v) of cations: Ca2+, K+, Mg2+, Mn2+, Cu2+, Fe3+, and Hg2+ 
at 5 mM at 30 °C for 1 h. Aliquots of 100 µL were collected 
and amylases activity was evaluated [22]. The characterization 
of amylases of the PPCEE of A. welwitschiae strains was per-
formed in experimental triplicate, and the standard deviation 
was performed with the R software.

Partially Purified Crude Enzymatic Extract 
zymogram of amylases

The zymographic analysis of the PPCEE of A. welwitschiae 
strains were loaded in 10% denaturing gel run. Previously, the 
PPCEE were mixed with an equal volume of 2 × protein load-
ing buffer (without β-mercaptoethanol) and boiled at 95 °C for 
10 min. Gel was incubated for 1 h in 50 mM sodium acetate 
buffer pH 5.5. So, the gel was incubated again for 12 h at 4 °C 
in a solution containing 50 mM sodium acetate pH 5.5 and 
0.5% starch. The gel was rinsed with water and incubated for 
2 h at 37 °C in 50 mM sodium acetate buffer and treated with 
a solution of 1.3% I2/3% KI to stop the reaction and stain the 
unreacted starch background.
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Results

Selection and evaluation of abiotic parameters 
of Aspergillus welwitschiae strains for amylases 
production

The 24 A. welwitschiae strains showed potential for amylases 
production (Table 1). The A. welwitschiae UELAs 15.262 
strains were able to produce amylases, both in solid and liq-
uid Czapeck-Dox medium (Table 1). Due to the higher pro-
duction in both conditions A. welwitschiae UELAs 15.262 
strain was selected for further evaluations.

The significant abiotic parameters for amylases produc-
tion were obtained at 40 °C, pH 5.0–8.5 mg/mL and 35 °C, 
pH 7.0–7.8 mg/mL (Table 2). ANOVA showed a significant 
influence of pH (Supplemental Fig. S1) and considering 
future applications, the abiotic parameter of 35 °C, pH 7.0 
for the production of amylases by A. welwitschiae UELAs 
15.262 for kinetic of amylases production was selected.

Kinetics of amylases Production by A. welwitschiae 
in Submerged Fermentation

The kinetics of amylases production was evaluated by Smf 
using the previously selected abiotic parameters. At this 
stage under the same conditions, we introduced the A. wel-
witschiae UELAs 15.262/35 mutant strain, because this 
strain was previously selected for citric acid production.

There was an increase in the amylases production by A. 
welwitschiae UELAs 15.262 throughout the fermentation 
process, with higher production (951 U/mL, corresponding 
to 8645 U/mg and 0.11 mg/mL of total protein) of these 

enzymes on the seventh day. For A. welwitschiae UELAs 
15.262/35 strain, the increase of amylases production was 
observed, only until the sixth day of fermentation, (580 
U/mL, corresponding to 6666 U/mg and 0.087 mg/mL), 
according to Fig. 1.

Characterization of amylases from Partially Purified 
Crude Enzymatic Extract of A. welwitschiae

The PPCEE visualized on SDS-PAGE revealed up-regulated 
distinct proteins for both A. welwitschiae strains. Two pro-
tein bands with molecular weight of approximately 66 kDa 
and 100 kDa were observed in PPCEE of A. welwitschiae 

Table 1   Selection of amylases production potential by A. welwitschiae strains

The A. welwitschiae strain in bold was selected because it has the highest EI value and quantity of reducing sugars. Average Enzyme Index is 
obtained in experimental triplicates, and the Petri dishes were incubated at 28 °C for 4 days. The amount of reducing sugar generated was evalu-
ated in liquid Czapeck-Dox medium, incubated at 28 °C for 4 days with 105 conidia/mL

A. welwitschiae strains Enzymatic Index 
(EI)

Amount of reducing 
sugar (mg/mL)

A. welwitschiae strains Enzymatic Index 
(EI)

Amount of reduc-
ing sugar (mg/mL)

UELAs 15.262 1.61 7.50 UELAs 26.365 1.39 0.84
UELAs 20.290 1.50 1.59 UELAs 32.459 1.39 1.01
UELAs 1.05 1.47 0.69 UELAs 29.432 1.39 1.24
UELAs 11.225 1.45 0.68 UELAs 11.228 1.38 1.06
UELAs 7.182 1.43 0.90 UELAs 28.422 1.38 0.81
UELAs 12.247 1.42 0.70 UELAs 27.405 1.37 0.65
UELAs 25.348 1.41 1.22 UELAs 28.430 1.37 1.44
UELAs 28.425 1.41 0.62 UELAs 7.200 1.36 0.85
UELAs 24.232 1.41 0.52 UELAs 6.144 1.36 0.97
UELAs 28.411 1.40 0.86 UELAs 12.233 1.35 1.11
UELAs 34.262 1.40 1.69 UELAs 2.14 1.34 1.16
UELAs 6.136 1.40 0.74 UELAs 27.237 1.28 0.68

Table 2   Abiotic parameters for amylases production by A. wel-
witschiae UELAs 15.262

The analysis was performed in experimental triplicate, using 4  mL 
of Czapeck-Dox medium, incubated for 4  days, 105 conidia/mL. 
The abiotic parameters in bold were significant by the Tukey test 1% 
level

A. welwitschiae strain Temperature 
(°C)

pH Amount of reduc-
ing sugar (mg/
mL)

UELAs 15.262 35 4.2 6.0bc

40 5.0 8.5a

30 5.0 6.4bc

35 9.8 1.7d

40 9.0 1.9d

30 9.0 1.3d

35 7.0 7.8a

42 7.0 5.7c

28 7.0 6.7b
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UELAs 15.262 and two bands of approximately 40 kDa and 
50 kDa in A. welwitschiae UELAs 15.262/35 (Fig. 2A).

The highest amylases activity of A. welwitschiae UELAs 
15.262 was obtained with pH 5.5 (798.7 U/mL), while 
for UELAs 15.262/35 the highest enzymatic activity was 
observed in pH 5.0 (908.7 U/mL), as shown in Fig. 2B.

The highest amylases activity was obtained at 55 °C 
(1477 U/mL), 60 °C (1587 U/mL), and 65 °C (1510 U/
mL) by A. welwitschiae UELAs 15.262. Furthermore, for 
A. welwitschiae UELAs 15.262/35 strain, the highest amyl-
ases activity was obtained at 60 °C (1982 U/mL) and 65 °C 
(1973 U/mL). At 70 °C there was 66% reduction in amylases 
activity from A. welwitschiae UELAs 15.262. In contrast, 
only 10% reduction in amylases activity by A. welwitschiae 
UELAs 15.262/35 (Fig. 2C).

Under the conditions previously established, there was 
decrease in amylases activity over the time. The amylases 
activity of A. welwitschiae UELAs 15.262 strain was more 
stable in the first 40 min, when compared to amylases of A. 
welwitschiae UELAs 15.262/35 strain. However, amylases 
activity from the A. welwitschiae UELAs 15.262/35 strain 
showed more thermal stability between 60 and 100 min, as 
shown in Fig. 2D.

The Cu2+ and Fe3+ ions provided greater increase on the 
amylases activity for both A. welwitschiae UELAs 15.262 
(2410 U/mL and 2324 U/mL, respectively) and A. wel-
witschiae UELAs 15.262/35 (2976 U/mL and 3150 U/mL, 
respectively) strains (Fig. 2E). The other metallic ions (Ca2+, 
Mg2+, Mn2+, Hg2+) were not efficient as cofactors. So, the 
amylases activity from PPCEE of A. welwitschiae UELAs 
15.262 strain obtained at pH 5.5, 60 °C in the presence of 
Cu+2 ion was 2410 U/mL or 3837 U/mg and 0.628 mg/mL 
of the total protein, while A. welwitschiae UELAs 15.262/35 

strain at pH 5.0, 60 °C in the presence of Fe+3 ion was 3150 
U/mL or 9077 U/mg and 0.347 mg/mL of the total protein.

The zymogram was performed to confirm the activity of 
amylases produced by A. welwitschiae strains. The starch 
degradation activity of the separated protein was visualized 
by the presence of a light band on the iodine-stained gel 
(Fig. 2F) indicating amylases activity of PPCEE from A. 
welwitschiae strains.

Discussion

The increase of amylases production by microorganisms 
is dependent on the genetic background of strains and/or 
species and abiotic factors during the fermentation process, 
such as temperature, pH, and type of substrate among others 
[2, 11, 24]. The selection of strains with genetic charac-
teristics that favor the increase of amylases production has 
been of great importance. Aspergillus strains are described 
as good amylases producers, among which Aspergillus sec-
tion Nigri [25, 26]. A. niger has been the most studied spe-
cies of Aspergillus section Nigri regarding the production of 
amylases [27, 28]. However, in this study we have detected 
that A. welwitschiae is a potential amylases producer. To our 
knowledge, this is the first study reporting the production of 
amylases by A. welwitschiae strains.

In addition, A. niger and A. welwitschiae harbor poten-
tially producing strains of Ochratoxin A and Fumonisin B2 
[29, 30]. This fact highlights the importance of using strains 
capable of producing amylases, which are safe in terms of 
the inability to produce Ochratoxin A and Fumonisin B2. 
In this sense, all A. welwitschiae strains in this study were 
evaluated as genotype no-producing both mycotoxins [9] and 
all A. welwitschiae strains amylases produced.

A. welwitschiae UELAs 15.262 strain stood out in terms 
of production of these enzymes. The screening of Aspergil-
lus strains regarding the potential for amylases production 
has also been reported [31].

Besides the genetic background of the strains, the abiotic 
factors interfere in the increase of amylases production [32]. 
Temperature and pH are crucial factors that have provided 
the amylases production. The amylases production by A. 
welwitschiae UELAs 15.262 strain was favored at slightly 
acidic pH (pH 5.0) and temperature between 35 °C and 
40 °C. These data are according to reports of amylases pro-
duction by species of A. niger, pH 4.0, 30 ± 2 °C [33] and 
Aspergillus sp., pH 5.5, 30 °C [34].

Under such specific abiotic conditions for amylases 
production, A. welwitschiae UELAs 15.262 and A. wel-
witschiae UELAs 15.262/35 strains produced the greatest 
amounts of amylases in the period of seven and six days 
of fermentation, respectively. In fact, studies have reported 
the highest amylases production by Aspergillus strains 

Fig. 1   Kinetics of amylases production by Aspergillus welwitschiae 
UELAs 15.262 and Aspergillus welwitschiae UELAs 15.262/35 
in Submerged Fermentation. The data were expressed using 
Mean ± standard deviation
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in periods of time longer than four days of Smf (502 U/
mL—6 days – 30 °C – 180 rpm [35]; 1780 U/mL—4 days 
– 40 °C – pH 4,5 – under shaking [36]), under specific 
conditions. Aspergillus strains under Smf up to four days 
produced less amylases (33.52 U/mL—35  °C—4  days 
[37], 70.29 U/mL—30  °C—88  h—200  rpm [38], 
230 U/mL—35  °C—3  days—200  rpm [39], 0.48 U/
mL—28 °C—2 days—200 rpm [4]).

On the other hand, A. welwitschiae UELAs 15.262/35 
strain showed ability to increase amylases production in 
a shorter time, under favorable conditions to future appli-
cations. It well known that the use of mutant strains has 
contributed to increase the production of metabolites, such 
as amylases [14]. The A. welwitschiae UELAs 15.262/35 
mutant strain was selected for the highest accumulation of 

citric acid, and according to Hu et al. [39], strains that accu-
mulate citric acid from starch materials consequently up-
regulate the production of amylases.

The fact that A. welwitschiae UELAs 15.262 and UELAs 
15.262/35 presented considerable amylases production rates, 
and the characterization of PPCEE was relevant. The pro-
teins detected in A. welwitschiae UELAs 15.262/35 may 
correspond to alpha-amylases, whose molecular weight 
in Aspergillus sp. has been reported to be between 45 
and 65 kDa [40, 41], whereas proteins detected in A. wel-
witschiae UELAs 15.262 may correspond to fungal glucose 
oxidase [42]. According to Pel et al. [43], A. niger (a spe-
cies highly related to A. welwitschiae) contains four putative 
extracellular amylases—AmyA, AmyB, AmyC, and AamA. 
All these amylases are also found in the A. welwitschiae 

Fig. 2   Characterization of 
amylases activity from Partially 
Purified Crude Enzymatic 
Extract of A. welwitschiae 
UELAs 15.262 and UELAs 
15.262/35 strains. A SDS-
PAGE of partially purified 
crude enzymatic extract of 
amylases (1- UELAs 15.262, 
2- UELAs 15.262/35 strains); 
B influence of pH on amylases 
activity; C influence of tem-
perature on amylases activity; D 
influence of thermal stability on 
amylases activity; E influence 
of metallic ions on amylases 
activity; F zymographic 
analysis of amylases (1- UELAs 
15.262/35; 2- UELAs 15.262 
strains). In the B, C, D, and E, 
the data were expressed using 
Mean ± standard deviation
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genome with high similarity. In this study, we possibly 
have different amylases being expressed in A. welwitschiae 
UELAs 15.262 and UELAs 15.262/35.

Enzyme activity is generally higher post-purification, 
even if partially purified, due to the larger contact surface. 
And in fact, in this study, the amylases activity after semi-
purification reached 2410 U/mL and 3150 U/mL, corre-
sponding to 3837 U/mg and 9077 U/mg in A. welwitschiae 
UELAs 15.262 and UELAs 15.262/35, respectively.

The amylases activity from PPCEE of A. welwitschiae 
UELAs 15.262 strain obtained at pH 5.5, 60 °C provided 
1.98-fold increase in amylases activity. Similarly, the 
amylases activity from PPCEE of A. welwitschiae UELAs 
15.262/35 strain obtained at pH 5.0, 60 °C increased 2.2-fold 
the activity of these enzymes. Most of the amylases pro-
duced by Aspergillus species have good enzymatic activity 
with pH around 4.5 to 6.0, between 50 °C and 65 °C [44, 
45].

Another factor that influences enzymatic activity is the 
thermal stability of the enzyme, one of the main require-
ments for its application. The reduction of 35% and 30% in 
the amylases activity of A. welwitschiae UELAs 15.262 and 
A. welwitschiae UELAs 15.262/35 strains, respectively, at 
the end of 100 min allows the use of amylases produced by 
A. welwitschiae in future applications. Studies that evaluated 
the amylases activity produced by Aspergillus sp. obtained 
between 40 and 70% of reduction in the activity of these 
enzymes, in a period between 50 and 180 min and between 
50 °C and 60 °C [4, 46].

Still regarding the PPCEE amylases activity of Aspergil-
lus strains, there was increase of 25% and 20% for amyl-
ases activity of A. welwitschiae UELAs 15.262 strain and 
21% and 29% for A. welwitschiae UELAs 15.262/35 strain, 
in the presence of Cu+2 and Fe+3 ions, respectively. Selim 
[47], evaluating amylases activity from A. niger, obtained 
increase in amylases activity of 53% using the Cu2+ ion and 
38% with Fe3+ ion. Xian and Feng [48] using the ions of 
Cu2+ and Fe3+ (5 mM) obtained increase of 14% and 23%, 
respectively, in the enzymatic activity of amylases produced 
by the species A. tritici WZ99.

The association between pH, temperature, and metallic 
ions allows to obtain maximum catalytic activity, a factor 
of great relevance in the different sectors that use amylases, 
since one of the limiting obstacles to the applications of 
these enzymes is the poor catalytic activity. It is also noted 
that maximum catalytic activity provides better use of the 
substrate and consequent cost reduction. Several studies have 
shown that variations in catalysis parameters contribute to 
achieving the maximum catalysis activity of amylases [49, 
50].

Thus, the set of abiotic factors together with the strains 
genetic background provide greater amylases produc-
tion and similarly, specific parameters provide maximum 

amylases activity. This is the first report of the production 
and characterization of amylases from A. welwitschiae 
UELAs 15.262 and A. welwitschiae UELAs 15.262/35, 
which demonstrated that both strains have greater potential 
for amylases production, under the established conditions. 
The results showed the greater amylases production of A. 
welwitschiae UELAs 15.262 in relation to A. welwitschiae 
UELAs 15.262/35. On the other hand, under such con-
ditions, the greater amylases activity by A. welwitschiae 
UELAs 15.262/35 is slightly higher compared to A. wel-
witschiae UELAs 15.262, suggesting that both strains 
could be used in future applications.
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