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Abstract: The need for the bacterial proteinase is rapidly growing, urging to catch a lowcost medium for the microbial

fermentation, nanoparticles can play a vital role in this respect. The proteinase of Talaromyces purpureogenus was

produced on the tubers of Helianthus tuberosus that also operated as solid support for the fermentation process. The

interface amongst nitrogen sources (NH4Cl and yeast extract) was investigated, applying the statistical modeling of

central composite design under solid-state fermentation. The optimum medium for proteinase secretion was

stimulated by 979.82 mg NH4Cl and 437.68 mg yeast extract per 100 g substrate, yielding 108.15 U/g tubers. Using

Plackett-Burman experimental design, the nanoparticles Co, Ni and Fe were assessed as inducers for proteinase

stimulants. Co nanoparticles (5 ppm) were the greatest in both proteinase production by the fungus as well as an

inducer of the proteolysis process by the enzyme when using faba bean straw as a proteinaceous substrate in the

reaction mixture, liberating the extreme quantity of amino acids, compared with the lack of the nanoparticles. The

findings suggest the incorporation of Co nanoparticles in both the proteinase fabrication process and during

the degradation of proteinaceous materials induce proteinase catalyst. This approach could be extended to modulate

the productivity and activity of similar biomolecules.

Introduction

Proteolysis is the digestion of protein chains into shorter units
by the destruction of the peptide-bonds, which bind amino
acid residues. Proteinases, proteolytic enzymes, or peptidases
(EC, 3.4.21.24) play the vital part, by discharging of
monomer amino acids (AA) from nitrogenous compounds.
Some of them (exopeptidases, e.g., aminopeptidases and
carboxypeptidase A) detaches the external AA from the

main protein chain. Others (endopeptidases, e.g., trypsin,
chymotrypsin, pepsin, papain and elastase) attack the inner
peptide links of a protein (Gurumallesh et al., 2019; Kumar
and Takagi, 1999). Proteinases have multi applications in
various medicinal, food, and pharmaceutical aspects
(Gurumallesh et al., 2019). For several merits (for instance,
the cheaper production cost and usage of renewable
substrates), the microbial source of proteinases has gained
more importance. Biosynthesis of bioproducts by
microorganisms is deeply motivated by the constituents and
physical factors during fermentation (Potumarthi et al., 2007).

Optimization of the biofermentation system in biotechnology
can be performed following various statistical approaches. Central
composite design (CCD) of the response surface techniques is a
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unique frequently used optimization procedure. This experimental
design aids in identifying the significant operative factors with their
interactions, in addition to quantifying the association among the
measured response(s) and the examined factors using a narrow
quantity of tests (Gupta et al., 2002; Oskouie et al., 2008).
However, throughout the initial screening studies, the Plackett-
Burman matrix is applied for choosing the significant elements
from a bulky quantity of variables, the non-significant variables
are fixed or eliminated in the subsequent optimization steps
(Reddy et al., 2008).

In opposite to bulk materials, nanoparticles (NPs) have a
large specific external region and high reaction activity. Over
recent years, nanotechnology has widely influenced many
high-technology industries; of these, NPs with various
composition, size, and concentration have been testified to
impact various microbial species (Chakrabarti et al., 2015;
Kathiraven et al., 2015; Schröfel et al., 2014).

The current research intended to explore the inducing
impact of Co, Fe and Ni NPs after the maximization of
proteinase secretion by Talaromyces purpureogenus on
tubers of Helianthus tuberosus L. (Asteraceae) as an energy
and carbon source utilizing the matrix of CCD. The
catalytic behavior of the resulted proteinase was, likewise,
explored in the existence of such NPs.

Materials and Methods

Plant parts
Healthy clean tubers of H. tuberosus (var. Fuseau) belongs to
the aster family (Asteraceae) were obtained from the
Horticulture Research Station, Agricultural Research Centre,
Egypt. The plant is a perennial growing up to 2.4 m tall that
can out-compete invaded natural vegetation and grows as an
occasionally serious agricultural weed. The tubers were cool-
dried and ground; the resulting powder acted, additionally, as
solid-state support for the fermentation process. The straw of
Vicia faba (var. Giza 2) served as an enzyme-substrate. Plant
residues were collected from Tag Elezz Research Station,
Agricultural Research Centre, Egypt, dried at 70°C overnight
and ground in an electric grinder to obtain plant powder.

Talaromyces purpureogenus KJ584844
The fungus was identified in a previous study (El-Metwally
et al., 2016). The preservation (4°C) and inoculum
preparation (106 spores/mL) were accomplished after growing
on agar slants of Czapek medium at 28 ± 2°C for 5 days.

Source of nanoparticles
Cobalt (Co) and nickel (Ni) NPs with an average size of 40–60
and 40–80 nm, respectively, were purchased from Sigma-
Aldrich. The NPs of Fe3O4 were equipped by means of co-
precipitation with 1:2 molar-ratio of ferrous to ferric
chloride (Fe2+/Fe3+) complex, in the existence of aqueous
NaOH, the fabricated Fe3O4 NPs (with an average size of
approximately 20 ± 10 nm) were fully characterized (Lu
et al., 2007; Sahar et al., 2017).

Setting up the CCD
The fermentation medium contained 1.0 gram of cold-dried and
ground powder of tubers of H. tuberosus as the solid substrate,

also contained different concentrations of NH4Cl (859, 900,
1000, 1100 and 1141 mg, per 100 g substrate) and yeast extract
(259, 300, 400, 500 and 541 mg, per 100 g substrate),
representing the high (+1), low (−1), center (0) and axial (α =
±1.414) points of the fermentation variables affecting
proteinase biosynthesis by the fungus. The interface between
both variables was inspected by the full CCD according to the
next second-order polynomial quadratic model:

Y ¼ b0 þ
X

biXi þ
X

bijXiXj þ biiX
2
i

where Y is the predicted proteinase, β0 is a model constant, Xi
and Xj are the independent variables, βi is the linear
coefficients, βij is the cross-coefficients, and βii is the
quadratic-coefficients.

After modeling, the theoretically calculated
concentration of each variable was experimentally validated
in triplicate to ensure the fitness of the suggested model.

The solid-state fermentation (SSF) medium was
autoclaved at 121°C (15 psi for 20 min) and injected with
the fungus spore suspension (106/g substrate). The humidity
was maintained to 65% during the 7-day fermentation
period at 28°C.

Plackett-Burman matrix (PB)
The optimum medium recovered from the biofermentation
settings based on the previous CCD experiment was applied to
assess the workability of Fe, Co, and Ni NPs on proteinase
production. The fractional factorial; PB was allocated. The
single, dual, and triple interference of the particles was
evaluated. Each NPs was distributed evenly to yield 5 ppm.
The optimal, previously defined settings were applied. The
outcome of the individual NPs was estimated as the variance
between both means of measurements made at the occurrence
(5 ppm) and the absenteeism (0 ppm) of the assessed NPs.

Separation and assessing of crude proteinase
Next fermentation period, distilled water (10 mL), containing
0.01% Tween 80, as a surfactant (to increases the stability of the
enzyme in the enzymatic hydrolysis and make the enzyme
rapidly desorb from the substrate and avoid enzyme inactivation),
was mixed with the fermented medium and kept under shaking
(200 rpm) for half an hour at ambient temperature. Samples
were then centrifuged at 5000 rpm for 10 min, and the
supernatant was assessed for the proteinase activity.

Casein was applied in the quantification of the proteinase
activity in the supernatant according to Cupp-Enyard (2008).
The unit of proteinase (U) was described as the enzyme
quantity resulting in the release of 1.0 µg of tyrosine
equivalent per gram/min under the reaction conditions.

Liberation of AA from faba bean straw (FBS)
Compared to the control (without NPs), the inducibility of
NPs (5 ppm) on the crude proteinase was determined, using
FBS as a substrate for AA liberation. Proteinase (100 U) was
mixed with the NPs to get a 5-ml reaction mixture, to
which FBS (0.1 g) was mixed and kept shaking (150 rpm)
for 30 min at 37°C. The released AA was assessed in the
mixture after filtration through Whatman No.1 filter paper.
Then, two ml of the clear reaction mixture was added to
2 mL of 10% TCA, lift for 10 min at 37°C, followed by
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centrifugation at 5000 rpm for 15 min to obtain clear filtrate, of
which 2 ml was added to 5 mL sodium carbonate and 1.0 mL of
0.5 mM Folin–Ciolcalteau’s, reagent, the mixture was incubated
at 37°C for 30 minutes then the developed color was measured
at 660 nm, Then the released AA was calculated using a
standard of tyrosine (Cupp-Enyard, 2008).

Trials planning and statistical analysis
For CCD, Design Expert (version 11, State-Ease, USA) was
utilized to build, performing ANOVA analysis, checking the
design model, and generating the equation model. Whereas,
for the PB matrix, the planning and ANOVA analyses were
accomplished using the Minitab packages (Version 19,
Minitab Inc., USA). Three-repeats were implemented and
presented as average ± SE. All comparisons were made at a
probability (p) level of <0.05.

Results

Optimizing proteinase biosynthesis using CCD
The capacity of T. purpureogenus to secret proteinase enzyme
was optimized on tubers of H. tuberosus. To achieve this, the
current trial uses a combination of inorganic (NH4Cl) and
organic nitrogen (yeast extract) to support the SSF medium
and induce the enzyme biosynthesis. The CCD experimental
procedure is broadly used for such optimization purposes.

The design matrixes of CCD and proteinase response are
introduced in Tab. 1. Runs of the center points of the matrix
(No. 9, 10, 11, 12 and 13), recorded the uppermost proteinase
secretion, with an average of 107.91 U by T. purpureogenus
under the fermentation conditions.

Study of the quadratic regression matrix
To assess the appropriateness of the planned design to predict
the optimum concentration combinations, as well as the

interaction of the studied parameters that maximize proteinase
secretion. The ANOVAwas statistically generated and evaluated.

The ANOVA was employed on the obtained CCD data
(Tab. 2), from which the expected maximum yield of
proteinase was calculated by the equation of the quadratic
regression model. In which model F-value (146.99) was
significant, the superior the F-value, the superior the model
weight. In contrast, the model p-value is very low (0.0001);
this also signifies that the proposed model is significant; the
lower the p-value, the better the significance of the model.

The mathematical model is greatly reliable with an
increment of the coefficient of determination up to 1.0, in
this respect, R2, adjusted-R2 and predicted-R2 reached 0.991,
0.984 and 0.955, respectively. Another indication of the
model acceptability is the non-significant lack-of-fit (p-value
= 0.2826) and the high adequate precision, i.e., the ratio of
signal to noise (32.51).

The significance of both nitrogen sources, as well as their
interaction, were assessed, among the individual models
utilized in the study, p-values (≤0.05) displayed that the
individual, cross and quadratic relations amongst NH4Cl
and yeast extract are significant models.

Evaluation of the model statistics
The probability of the normal curve of proteinase residuals
was created (Fig. 1), using records acquired from the CCD,
to assess the model precision. The pattern of spreading of
the residuals of proteinase response follows a normal
distribution, in which the residuals distributed following a
straight-line shape without scattered values, indicating the
precision of the model and indicating also the dispense to
any modification or transformation to correct the proteinase
response model.

The outline of the independent nitrogen sources was
generated (Fig. 2) to explore the weight of their relationship

TABLE 1

The experimental CCD matrix of the actual and the corresponding coded values of nitrogen sources used during the SSF of H. tuberosus
tubers, as well as the response values of fungal proteinase

Run Uncoded (mg %) Coded Proteinase (U) ± SE

NH4Cl Yeast extract NH4Cl Yeast extract

1 900 300 −1 −1 94.68 ± 2.21

2 1100 300 1 −1 85.00 ± 0.96

3 900 500 −1 1 102.50 ± 0.64

4 1100 500 1 1 101.53 ± 0.40

5 859 400 −1.414 0 101.94 ± 0.32

6 1141 400 1.414 0 94.77 ± 0.65

7 1000 259 0 −1.414 88.19 ± 0.40

8 1000 541 0 1.414 104.31 ± 0.80

9 1000 400 0 0 107.92 ± 0.48

10 1000 400 0 0 106.94 ± 0.64

11 1000 400 0 0 109.31 ± 0.56

12 1000 400 0 0 107.64 ± 0.40

13 1000 400 0 0 107.73 ± 0.40
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on proteinase production. The plot represents the graphical
picture of the regression equation, from which proteinase
has schemed against the nitrogen sources. Exploring the
linking between both variables reveals that the proteinase
response reached its peak around the central concentrations
of both nitrogen sources, suggesting that variables and their
tested points, as well as, the experimental matrix are well-
defined and achieved the peak of proteinase secretion.

Model equation and validation
Built on the previous ANOVA, the equation of the quadratic
regression model of proteinase response was generated as follows:

Actual proteinase (U) = -413.367 + 0.911 × NH4Cl +
0.335 × yeast extract + 0.00022 × NH4Cl × yeast extract—
0.00051 × (NH4Cl)

2–0.00062 × (yeast extract)2.

This experimental equation was used to maximize the
process proteinase response, and the nitrogen rates were set
to be within the tested ranges. The optimum rates of each
variable were calculated to be 979.82 NH4Cl and 437.68 mg
% yeast extract. Rendering to the equation, the fitted
proteinase response was calculated to be 109.403 U.

These theoretical calculations of the polynomial model are an
approximation based on a reasonably small zone of the studied
concentrations of the independent variables that requires the
assurance of the real prediction efficacy of the equation.

The experimental laboratory validation was performed
on the base of the calculated levels of both nitrogen sources,
in which the proteinase production reached 108.15 ±
0.630 U. this activity is narrowly related to the theoretical
value (109.403 U), indicating the precision of the quadratic
model and strong prediction efficacy of suggested equation.

Proteinase production as a response to NPs

Screening of NPs by PB
The NPs were investigated using PB design as promoters for
proteinase secretion by T. purpureogenus. The optimum
constituents of the medium constructed on the preceding
CCD were prepared and further supported with the tested
NPs. The response of proteinase secretion built on the
matrix of PB design supported with the tested NPs is
presented in Tab. 3. The data reveal great variations in
proteinase production as a response to NPs. Proteinase
production ranged from a maximum of 109.86 U (run
number 12) to a minimum of 11.39 U in (run number 5).

Data of PB were statistically analyzed in terms of the
estimated effects and ANOVA of the outcomes of the PB
for the proteinase response are introduced in Tab. 4. The
model p-value (0.023) is significant, reflecting the fitness of
the design. Moreover, R2 (0.944) and adjusted-R2 (0.846),
are also high enough to confirm the significance of the
results, both are measures of how well the fitness of the data.

The mono and dual utilization of NPs exhibited
pronounced effects on fungal growth and proteinase

TABLE 2

ANOVA for the quadratic model of the response surface of proteinase secretion by T. purpureogenus based on data obtained from the
experimental CCD matrix

Source Sum of squares Degree of freedom Mean square F-value p-value at <0.05

Model 747.687 5 149.537 146.99 <0.0001S

NH4Cl 54.028 1 54.028 53.11 0.0002S

Yeast extract 277.856 1 277.856 273.12 <0.0001S

NH4Cl * yeast extract 18.966 1 18.966 18.62 0.0035S

NH4Cl
2 182.379 1 182.379 179.27 <0.0001S

Yeast extract2 265.063 1 265.063 260.54 <0.0001S

Residual 7.121 7 1.017

Lack of Fit 4.115 3 1.372 1.82516 0.2826NS

Pure error 3.006 4 0.752

Corrected total 754.808 12
NS and S indicate non-significant and significant, respectively. R2 (coefficient of determination) = 0.991; adjusted-R2 = 0.984;
predicted-R2 = 0.955; adequate precision = 32.51

FIGURE 1. The normal figure of residuals of proteinase response
based on data obtained from CCD.
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production, meaning that proteinase secretion tends to be
maximized. Regarding the tested Co and its interface with
Fe or Ni, they were found to be significant on the bases of
the p-level (<0.05). Pareto chart (Fig. 3) represents another
support of the current data. In which, the standardized
effects confirmed that Co and its interaction with Fe or Ni
are the significant NPs on proteinase response, these three
variables passed the base level of significant (2.776). The
other variables failed to reach the minimum significant limit
on proteinase secretion.

Proteinase performance on FBS
The mono and double interface of Co with Fe and Ni NPs
were the significant variables on proteinase secretion. The
NPs were investigated against the functioning of proteinase
action on FBS as a substrate, aiming to release free AA.
After half an hour on incubation, data of the proteolysis
action (Fig. 4) indicate that the reaction combination
containing Co NPs was the best in releasing AA (104.38 µg)
from FBS, tracked by the mixture of Fe × Co NPs
(93.89 µg). Comparatively, the nonappearance of NPs in the

FIGURE 2. Contour figure of the response surface of
proteinase production showing the shared effect of
NH4Cl and yeast extract, based on data obtained
from CCD.

TABLE 3

The planning matrix of Plackett-Burman with actual values of the assessed nanoparticles and the corresponding proteinase response by
T. purpureogenus

Run Nanoparticles concentration at 5 ppm per g tubers of H. tuberosus Proteinase (U) ± SE

Fe Co Ni Fe × Co Fe × Ni Co × Ni Fe × Co × Ni

1 5 0 5 0 0 0 5 93.75 ± 1.06

2 5 5 0 5 0 0 0 34.17 ± 0.48

3 0 5 5 0 5 0 0 54.58 ± 0.24

4 5 0 5 5 0 5 0 25.28 ± 0.16

5 5 5 0 5 5 0 5 11.39 ± 0.16

6 5 5 5 0 5 5 0 31.11 ± 0.32

7 0 5 5 5 0 5 5 3.06 ± 0.08

8 0 0 5 5 5 0 5 32.92 ± 0.48

9 0 0 0 5 5 5 0 35.56 ± 0.40

10 5 0 0 0 5 5 5 54.03 ± 0.72

11 0 5 0 0 0 5 5 17.36 ± 0.40

12 0 0 0 0 0 0 0 109.86 ± 0.40
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control (without NPs) possessed relatively lower releasing of
AA, being 90.35 µg. Finally, the incidence of 5 ppm of an
equal mixture of Co and Ni NPs came at the end.

Discussion

Fungal fermentation was employed using the ground tubers of
H. tuberosus as a solid support and carbon source for
proteinase production. T. purpureogenus, as the candidate
fungus, was used because of its capability to use inulin sugar

of H. tuberosus as a carbon source (El-Metwally et al.,
2016). Tubers of H. tuberosus contain 20.4–31.9% dry
matter, composed mainly from water-soluble inulin,
fructooligosaccharides, reducing sugars (fructose and
glucose), sucrose and dietary fibers (cellulose, hemicellulose,
pectin and lignin), therefore, besides being a good substrate
for the candidate fungus, H. tuberosus was chosen based on
the health benefits that characterize its tubers (Cieslik-
Bielecka et al., 2005), so, the resulted proteinase could
securely find its way in various medication recipes.

TABLE 4

Calculated effect and ANOVA for the secreted proteinase by T. purpureogenus based on Plackett-Burman design

Source of variance Effect DF Sum of square Mean square P-value

Overall model 7 10600 1514.28 0.023

Linear 7 10600 1514.28 0.023

Fe −0.60 1 1.1 1.09 0.938

Co −33.29 1 3324.3 3324.34 0.010

Ni −3.61 1 39.1 39.13 0.644

Fe × Co −36.39 1 3971.6 3971.6 0.007

Fe × Ni −10.65 1 340.2 340.16 0.216

Co × Ni −28.38 1 2416 2415.99 0.017

Fe × Co × Ni −13.01 1 507.7 507.65 0.147

Error 4 629.8 157.45

Total 11 11229.8
R2 = 0.944; adjusted-R2 = 0.846

FIGURE 3. Pareto chart of the standardized effects of
nano-particles on proteinase secretion by T.
purpureogenus (p ≤ 0.05).
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FIGURE 4. Amino acids liberation from faba bean
straw as the response of individual Co and its
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U of proteinase.
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This fermentation medium was supported by simple-
inorganic (NH4Cl) and organic (yeast extract) nitrogen
sources. To stimulate and maximize the proteinase
biosynthesis by T. purpureogenus, the CCD of the RSM was
implemented to determine the optimum interaction among
nitrogen medium components, from one side, and H.
tuberosus tubers, on the other side. According to the data,
the best runs were found around the center points,
reflecting the conciseness of the selected concentration
ranges under study. The next step was to assess the
appropriateness of the planned design to predict the
optimum concentration combination, as well as the
interaction of the studied parameters that maximize
proteinase secretion.

The ANOVA of CCD data showed the significance of
the model and each of the tested factors was evaluated.
The model showed high F-value and low p-value,
indicating that the proposed model matrix is significant.
Other indications of the appropriateness of the model are
R2, adjusted-R2 and predicted-R2, whose values were very
close to 1. Generally, all types of R2 ranged from zero to 1.
The closer the different kinds of R2 values are to 1, the
better is suitable for the modeling of the investigational
data. R2 values can help select the best-fitted model. R2

defines the quantity of change in the observed response
(proteinase) values that are described by the tested
variables (nitrogen sources). Because of the continuous
increment of R2 with additional predictors, the adjusted-R2

is a modified R2 that has been accustomed to the count of
factors in the model. It is a useful indicator of how well the
model fits the data. Contrarily to R2, the adjusted-R2 may
get smaller with the addition of more terms to the model.
Predicted-R2 is used to measure the accuracy of the
predictive ability of the model, e.g., to predict the value of
proteinase response at new levels of the tested nitrogen
sources. Moreover, it is more useful than adjusted-R2 for
choosing and comparing models.

Another, the non-significance lack-of-fit is a
prerequisite for the aptness of the overall design model,
which is applied in the present model. Moreover, the ratio
of adequate precision was ≥4, which is appropriate enough
to indicate an adequate signal, so this model can be
effectively utilized to circumnavigate the tested range of
both nitrogen sources along with the design space to
maximize proteinase production. These model statistics
were further evaluated by the normal probability plot that
confirmed the precision of the model.

To recognize the configuration of the importance of each
of the individual tested nitrogen sources, the p-value is again
utilized as a tool for the significance test of the coefficient of
the individual nitrogen source, which, in turn, is necessary
for the assessment of the connection degree amongst
sources. However, the minimal the magnitude of p, the
maximal significant is the coefficient. The values of p
indicate that model terms to be significant (<0.05),
indicating that they are important nutritional factors for the
secretion of proteinase by T. purpureogenus. Also,
suggesting that variables and their tested points, as well as
the experimental matrix, are well-defined and achieved the
peak of proteinase secretion. So, the prediction model was

generated. The optimum levels of nitrogen sources that
maximize proteinase secretion by the fungus were estimated
by the prediction equation.

These theoretical calculations of the polynomial model
are an approximation based on a reasonably small zone of
the studied concentrations of the independent variables that
requires the assurance of the real prediction efficacy of the
equation. Therefore, the calculations were experimentally
validated. Both calculated and experimental values showed
close similarities to each other. That is, in turn, produces
strong evidence for the appropriateness of the experimental
design and its modeling.

Both organic and inorganic nitrogen sources were
designated to serve as an enhancer for proteinase synthesis.
They have a marked positive influence on proteinase
secretion. However, it is already known that the preference
for a nitrogen nutrient by a microorganism is being
contingent on the microbial strain used and the target
product. Yeast extract is a complicated hydrolysate of yeasts,
providing nitrogenous compounds, vitamin B-complex,
carbon, sulfur, trace nutrients, and important growth
factors, which are essential for the development of diverse
microorganisms (Filtenborg et al., 1990).

On the other side, owing to the simple structure, NH4Cl
was elected as an inorganic nitrogen source, as its
assimilation does not need complicated biological
metabolism (El-Metwally et al., 2016). Both nitrogen
sources represented a complimentary basis of nitrogen for
the present T. purpureogenus strain and this stimulated
proteinase production.

After the optimization of proteinase production, three
NPs were screened for their impact on enzyme production
on a medium composed of the optimum levels obtained
upon CCD. NPs were also evaluated for their inducing
ability of enzyme activity. For such purpose, the fractional
factorial PB experimental design was employed. The data
reveal great variations in proteinase production as a
response to NPs. However, ANOVA showed the p-value of
the design to be significant. These states were confirmed by
high values of all kinds of R2. As mentioned above, the
greater the R2 values (up to 1) the more correctness of the
associations among the NPs and proteinase.

The mono and dual application of NPs pronounced
proteinase production. The states and the standardized
effects confirmed that Co, Co × Fe, and Co × Ni are the
significant NPs on proteinase response. There is only a rare
or no statement on the role of growth-promoting behavior
of the nanomaterials on microorganisms, contrarily, the
majority of the nanomaterials reported earlier have been
verified to be effectual antimicrobial agents (Marambio-
Jones and Hoek, 2010). A possible explanation is due to the
high surface area, thus posting the physical-chemical
features of the NPs, which may also influence the biological
property of the material (Murray et al., 2000).

Throughout the progression of the study, it was notable
that T. purpureogenus growth was induced. This observation
is in counterrally to the most published reports. A
conceivable reason for the enhancement of proteinase
secretion by the current fungus may be coupled with the
development of its growth. In this respect, an earlier study
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(Prasad et al., 2010) on symbiotic Piriformospora indica
reported 2- to 3-fold improvement in the fungal growth in
the incidence of titanium dioxide NPs, carbon nanotubes,
and silver NPs. Further, the colony was smoother, round,
and larger, and this morphology alteration was accompanied
by the addition of NPs, not with the control. The electron
microscopic, clearly, indicated that TiO2–NPs, obviously,
increased the dense of spore and increased the size of the
chlamydospores by almost 50%, relating to the control.

During the course of the existing study, the tested NPs
were incorporated in the media before the autoclaving. It
was stated that the time of NPs inclusion in the medium is
vital since their inclusion before wet sterilization showed a
positive and motivating impact on the mold compared with
when inserted at the late-phase of growth (Prasad et al.,
2010). Incorporation of the nanomaterials as media
ingredients acted as a carrier for the fast uptake of nutrients,
due to the unique properties such as huge surface area and
small dimension that posting the uptake ability by the
fungus (Gleiter, 2000; Prasad et al., 2010).

Regarding the induction of enzymatic activity by NPs
against FBS as a natural substrate, generally, NPs succeeded
to liberate higher AA from FBS. Co–NPs alone was the best
inducer for the proteinase preparation of the fungus
followed by a mixture of Fe × Co–NPs compared to the
control (without NPs). Although the mechanism of action
of Co on the biosynthesis of enzymes is poorly elucidated.
Co metal had both inhibitory and stimulatory action on
proteolysis occurred by Fusarium gibbosum, the alterations
in enzyme activity are depending on the metal level and
incubation period, moreover, it was suggested that its
impact is backing to the intensification of proteinases
biosynthesis and not backing to the direct inclusion in
enzyme structure. However, it is proposed that Co
participate directly or indirectly in cell metabolism,
intensifying in the polymerization of bioactive substances,
including enzymes (Clapco et al., 2013).

Interestingly, the interface among enzymes and NPs is
ruled by the structure, size, surface shape and charge of
NPs additionally, an alteration in the construction and
job of an enzyme can be occurred by the NPs (Wu et al.,
2009). This may declare why the existence of Co in the
nanoform in the existing study causes a direct stimulatory
influence on proteinase activity, even at such low
concentration used (5 ppm).

Most recent studies on the relation between NPs and
enzymes dealt, only, with the immobilization, for example,
and not as a limitation, Verma et al. (2016) demonstrated
that immobilization of β-glucosidase from Aspergillus niger
on magnetic nanoparticles improved its thermal stability.
A recent investigation stated the way by which the
enzymes are activated in the occurrence of NPs, i.e.,
through linking with a single nanoparticle within the active
enzymatic sites and exhibited cooperative catalysis of the
substrate and thus the activity increased (Arsalan and
Younus, 2018). However, at higher enzyme concentration,
accumulation occurs, and the active site is not accessible to
the substrate, which descends its catalytic action even
when the enzyme kept its normal structure. So,
maintaining a proper ratio of enzyme-NPs complex thus

offers a novel modulating path of the enzyme performance
on the substrate (Deka et al., 2012). Further, Vaidyanath et
al. (2020) maximized the direct recovery and stabilization
of cellulolytic enzymes from Trichoderma harzanium
BPGF1 fermented broth using carboxymethyl inulin
nanoparticles. To the best of our knowledge, no previous
studies deal with the effect of nanoparticles in the
production and activity of microbial proteases.

Summering up, the acquired data from such a report
exhibited that T. purpureogenus serve as a good source of
proteinase preparation with the aid of Co NPs. This novel
line can be applied to modifying the productivity and
activity of proteinase. Further, this approach could be
practiced in regulating the productivity and performance of
several biomolecules, like enzymes and hormones.
Therefore, this work is considered a contribution in the
biotechnological field of therapy production since the
applied mechanism, i.e., nanoparticles, for enzyme
production and activity could be generalized to extend to
several procedures.
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