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Abstract

The major barrier which restricts the enzymatic industrial application is their insufficient stability during processing. In this
study, a native strain Aspergillus niger M-8, identified and deposited in GenBank under accession number MW940924, showed
high chitinase production via submerged fermentation. The optimized operational conditions increased the enzyme production
about 13 fold (up to 572.0 U/mg) using medium containing 0.1% untreated chitin, 0.1% starch and 0.3% tryptone at 35°C and
pH 5. To increase the enzyme purification efficiency and stability, two co-solvent protein stabilizers (tryptone and yeast extract)
were applied in the production medium and fractionation buffers. The results revealed that medium constituents, stabilizer type
and pH greatly affected the yield and stability. Tryptone-optimized medium potentiated the enzyme specific activity (8885.0
U/mg), purification fold (16.3) and recovery (10.2%) more than the same medium supplemented with yeast extract (0.4%),
under the same fractionation conditions. Furthermore, the fractionation buffer (acetate buffer, pH 5) containing 2 mM tryptone
as stabilizer resulted in double the recovery (18.8%) in comparison to the yeast-containing buffer. The purified chitinase fraction
using 40% (v/v) ethanol (Fao) reached its optimum catalytic activity at a temperature of 30°C and pH 5. Yet, it was also stable
and retained most of its initial activity at a wide range of temperature (25-70°C) and pH values (4-7). Interestingly, the more
stabilized Fao chitinase had more virulence effect against mosquito larvae (LCos= 222.9 ppm) after 48 h, suggesting that it can
be applied for biological control of Culex pipiens.

Keywords: extracellular chitinase, enzyme production, enzyme purification, enzyme stability, Aspergillus niger, insecticides,
Culex pipiens

1. Introduction several sources. They are classified into endo- and
exo-chitinases according to how they digest their
substrate; insoluble polymer of N-acetylglucosamine
linked by B-1,4-glycosidic bonds [3]. Endo-chitinases
cleave internal linkages of chitin into diacetyl
chitobiose and soluble low molecular mass
B-1,4-N-acetylglucosamine polymers e.g.: chitotriose,
and chitotetraose. Whereas, exo-chitinases generate
diacetylchitobiose from the non-reducing terminal of
chitin  microfibril and  N-acetyl-D-glucosamine
monomers [4, 5]. Chitin substrate has three structural
isoforms (o, B and y); the a-form is the most stable and
dominant and is considered the primary component of
fungal cell wall, crustacean shells and insects. The B-
form occurs only in marine organisms while the vy-
Chitinase or poly-beta-glucosaminidase enzymes form remains under study [6, 7].

(E.C. 3.2.1.14) are ubiquitous and were reported from

Industrial processes are usually carried out at quasi
harsh conditions (temperature, pH, pressure, organic
solvents, etc). Conventionally, this hurdled the
employment of functional enzymes to avoid the
protein denaturation via quaternary structure changes
and hence, the loss of bioactivity. Thus, different
strategies were investigated and applied over the years
to enhance the enzymes’ stability and retain the active
structure and function [1]. For example, addition of
polyols, inorganic salts and sugars in the production
medium is regarded as an efficient method to protect
enzymes against aggregation in the presence of
organic solvents [1, 2].
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Most filamentous fungi are able to utilize chitin and
were described to produce up to 20 different
chitinolytic  enzyme variants  depending on
mechanistic and structural properties [3]. This is
especially evident among endophytic fungi which
grow intercellularly among plant tissue without
causing disease however, producing effective
secondary metabolites stimulating the plant resistance
against pathogenesis and pest infection [8]. For
example Aspergillus, Penicillium and Trichoderma
spp. produce chitinase, protease, glucanase and other
hydrolyzing enzymes for biological control [9]. In
addition to the aforementioned pest control value,
chitinases have uses in different industrial, clinical and
pharmaceutical purposes including biocontrol of
pathogenic fungi and insects, isolation of protoplasts,
single-cell protein and waste treatment [3, 5].

The role of chitinase as a pesticide in the biocontrol of
mosquitoes is well reported since it is an extensively
studied problem with serious public health hazards and
high mortality rate [3, 7, 10-12]. In Egypt, Culex
pipiens Linnaeus (Diptera: Culicidae) has been
documented as the major filarial vector [10] in
addition to many other diseases such as Rift Valley
fever virus [11], Japanese encephalitis [12], and West
Nile virus [12]. The application of chemical pesticides
and insecticides to combat mosquito-borne
arboviruses and diseases has resulted in many
hazardous problems related to human and
environmental safety. Also, the development of
insecticide resistance among the vectors has been
reported [13, 14]. Alternatively, bio-pesticides are
appealing to control insect vectors on account of their
larvicidal, adulticidal and repellent properties without
endangering the environment and livestock [13, 15].

To produce chitinase for pesticide use, the principles
of production cost-effectiveness apply ie: maximizing
the enzymatic yield while reducing the production
cost. Thus, the aim of this study was to optimize the
operational production conditions (e.g.: medium
composition, pH, temperature) of chitinase from the
endophytic fungus Aspergillus niger M-8 and explore
its potential application as a biocontrol agent against
mosquito larvae. Moreover, the application of
co-solvent  strategy  during  production and
fractionation was investigated to prolong the enzyme
stability and improve the recovery.

2. Experimental

All chemicals were purchased from Sigma Aldrich and
used as received, unless otherwise stated. The solvents
were of HPLC grade and purchased from the same
supplier.

2.1. Microorganisms, growth conditions and
inoculum preparation
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Some endophytic fungi previously isolated from
medicinal plants collected from EI-Orman garden,
Cairo, Egypt, were screened for chitinase production
using medium consisting of yeast extract, 4;
tryptone, 2; MgS04.7H,0, 4; KH2PO4, 1.2; KoHPOs,
2.8; powder chitin, 2 g/L: adapted from [16, 17]. The
enzyme production was detected after 6 days of
incubation at 28°C, pH 6 and 200 rpm.

The fungi were cultured on potato dextrose agar
(PDA) slants and incubated at 28°C for 7 days and kept
at 4°C until use. A spore suspension (equivalent to
10° CFU/mL) was prepared from the 7 days old
cultures, 2 mL thereof were inoculated into 50 mL of
the designed production medium. The cultures were
incubated in a shaker incubator adjusted at 200 rpm at
28°C for 6 days. After cultivation, the total
extracellular protein and chitinase activity were
measured in cell free supernatant, adapted from [17].

2.2. ldentification of the most active fungus isolate
by sequencing the internal transcribed spacer of
ribosomal DNA method

PCR amplification and Sequencing

The fungus candidate was genetically identified as
Aspergillus niger M-8, under accession number of
MW940924, according to Sigma Scientific Services
Company via the following method: DNA extraction
was made by Quick-DNA™  Fungal/Bacterial
Microprep Kit (Zymo research #D6007). Then PCR
product clean-up was done using Gene JET™ PCR
Purification Kit (Thermo KO0701). Finally, the
sequencing was made to the PCR product on GATC
Company with ABI 3730xI DNA sequencer using
PCR of ITS region - Fragments of the ITS1-5.8S-ITS2
which were amplified by the use of the primers ITS1
(TCCGTAGGTGAACCTGCGG) and ITS2
(GCTGCGTTCTTCATCGATGC) as mentioned by
[19]. Comparisons with sequences in the GenBank
database were achieved in BlastN searches at the
National Center for Biotechnology Information
(NCBI) site (https://www.ncbi.nlm.nih.gov/ ).

2.3. Colloidal chitin preparation

10 g of chitin were dissolved in 60 mL concentrated
HCI and the resulting solution was added to 400 mL
deionized water with rapid stirring. The formed
precipitate of colloidal chitin was collected by
centrifugation and washed several times by distilled
water, neutralized by 1 M NaOH then re-centrifuged
and further washed with distilled water. The resulting
pellet was kept at 4°C for further applications [16].

2.4. Chitinase assay

The exo-chitinase N-acetylhexosaminidase activity
was determined as follows [20]:
p-Nitrophenyl-B-N-acetylglucosaminide (1 mg/mL in
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0.05 M acetate buffer, pH 5) was equally mixed with
enzyme filtrate and incubated in shaking water bath for
1 h at 30°C. The reaction was stopped by adding 2.5
mL of 0.125 M sodium borate buffer (pH 10). The
amount of the released p-nitrophenol was measured
spectroscopically at 410 nm. One unit of the enzyme
activity was defined as the amount of enzyme that
releases 1 pumol of p-nitrophenol per min under the
specified assay conditions.

2.5. Estimation of protein

Protein concentration was determined according to the
Lowry method [21] using bovine serum albumin
(BSA) as standard.

2.6. Optimization of fermentation conditions using
one-variable-at-a-time technique

2.6.1. Effect of different media

Four different media were screened for the enzyme
production by Aspergillus niger M-8. The tested
media were (g/L):

M1: NaNOs, 3; KH2POq4, 1; sucrose, 10; MgSOs, 0.5;
KCI, 0.5; FeS04.7H,0, 0.0001: adapted from [18].

M2: KH,POg4, 0.5; KoHPO,, 0.5; MgSOs, 0.3; yeast
extract, 1.5: adapted from [18].

M3: Yeast extract, 4; tryptone,2; MgS0..7H.0, 4;
KH2POg4, 1.2; KoHPO4, 2.8: adapted from [16, 17].

M4: Sucrose, 10; NaNOs, 3; K;HPO4, 1; MgSOs, 0.5;
KCI, 0.5 and FeSQy4, 0.01: adapted from [22].

Pure powder chitin (2 g/L) was added to all the
previous media as an inducer and pH was adjusted at
6 then autoclaved. The sterilized media were
inoculated by the spore suspension and the cultures
were incubated at 28°C in a shaking incubator adjusted
at 200 rpm. The enzyme activity was determined after
6 days of incubation.

2.6.2. Effect of different chitin inducer substrates

To reach the maximum production of chitinase,
different inducer substrates (colloidal chitin, pure
powder chitin, and untreated chitin) were added in a
concentration of 0.2% to the selected production
medium obtained from the previous step (M3).

Different concentrations ranging from 0.05 to 0.8% of
the selected low cost substrate (untreated chitin) were
added to medium (M3). The medium was inoculated
and cultivated as previously mentioned and finally
checked for protein concentration and chitinase
activity.

2.6.3. Effect of different carbon sources

Six different carbon sources were tested at a
concentration of 0.1% namely; lactose, dextrin,
sorbose, glucose, starch and sucrose. Subsequently,
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different concentrations of the best carbon source
(starch) were applied in the range (0.05 to 0.8%).

2.6.4. Investigation of different nitrogen sources

Different nitrogen sources were investigated in the
form of mixture of organic and inorganic sources
compared to the control (yeast extract and tryptone).
The organic (casein, corn steep liquor) and inorganic
(sodium nitrate, ammonium molybdate) supplements
were added one time instead of yeast extract and
another instead of tryptone at the same concentration.
All trials were compared to yeast extract alone (0.4%)
and tryptone alone (0.2%). The favourable source
(tryptone) was selected for the following experiments
after verifying the optimal concentration.

2.6.5. Effect of initial medium pH

To study the effect of initial pH on chitinase
production, different pH values ranging from 4 to 10
were adjusted using 1 N HCI/NaOH before
sterilization. The prepared media were inoculated with
the spore suspension and incubated for 6 days at 28°C
in a rotary shaker at 200 rpm. The cell free extract was
checked for enzyme activity.

2.6.6. Effect of temperature

The effect of different temperatures was evaluated to
test chitinase production. The temperatures applied
ranged from 30°C to 45°C.

2.7. Partial purification of chitinase

2.7.1. Effect of medium composition on purification
efficiency using ethanol fractionation at different pH
values

The crude enzyme obtained from the final optimized
medium was compared to that obtained upon
supplementing the same medium with yeast extract
(0.4%) as protein stabilizer. The concentrated enzyme
was dissolved in two different buffers (phosphate
buffer at pH 7 and acetate buffer at pH 5) then
precipitated by cold ethanol at concentrations of
0-40%, 40-60% and 60-80%. The precipitates were
re-suspended in the same buffer and assayed for
protein concentration and chitinase activity.

2.7.2. Effect of stabilizers on purified enzyme

Two different protein stabilizers (yeast extract and
tryptone) were added to the crude enzyme at 2 mM
concentration, dissolved in acetate buffer (pH 5) then
precipitated by cold ethanol (0-40% concentration).
Both stabilizers were also added to the partially
purified enzyme to test their effect on the enzymatic
solubility. Then the activity was determined.

2.8. Characterization of the partially purified
exo-chitinase enzyme

2.8.1. Effect of pH on enzyme activity and stability
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A wide range of pH values (4 to 10) was examined for
assessing the enzyme activity and stability. Acetate
buffer was used for pH 4 and 5; phosphate buffer for
pH 6 and 7; Tris-HCI buffer for pH 8 and glycine-
NaOH buffer for pH 9 and 10 at concentration of 100
mM.

2.8.2. Effect of temperature on enzyme activity and
stability

To detect the maximum activity and stability of
chitinase, different degrees of temperature from 25 to
90°C were applied. In case of enzyme stability, the
reaction mixture was pre-incubated for 1 h at the test
temperature and the residual activity was determined.

2.9. Insecticidal potential of chitinase
2.9.1. Tested mosquitoes

Larvae of Culex pipiens provided from Medical
Entomology Institute and self-perpetuating colonies
were established and maintained in the laboratory of
Entomology Department, Faculty of Science, Ain
Shams University. Mosquitoes were reared under
controlled conditions of temperature (27 + 2°C),
relative humidity, R.H. (70% — 80%) and light — dark
period (16: 8 h). Late third larval instars were used for
toxicological studies.

2.9.2. Larvicidal activity

Different concentrations of the two partially purified
enzymes which were produced from the two tested
media as mentioned above were applied at the
concentrations of 0-40%. The mortality data were
recorded after 24 and 48 h and analysed by the probit
analysis to calculate LCsp and LCgs which are defined
as the lethal concentrations causing 50% and 95%
mortality of the treated larvae, respectively [23].

2.10. Statistical analysis

All data are presented as means + standard deviation
of means. The experiments were replicated 3 times
(n=3). The given value for each result is the mean of
the repeated measurements.

3. Results

3.1. Screening of endophytic fungal isolates for
chitinase production

In this study, ten endophytic fungi previously isolated
from local medicinal plants were tested for chitinase
production using medium containing powder chitin.
All of them showed different degrees of chitinase
activity. On the basis of specific activity, isolate no.
eight (M-8) was the most potent one (44.3 U/mg) and
thus, selected for further study (data not shown).

3.2. Identification of the most potent fungus using
sequencing the internal transcribed spacer of
ribosomal DNA method
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The internal transcribed spacer of ribosomal DNA
sequencing techniqgue was applied for the
identification of the most potent fungus on the
molecular level. Fig. 1 shows the phylogenetic tree of
the fungus which is closely related to Aspergillus niger
strain with identity reaching 98%, indicated by the
similarity of the sequencing and multiple alignments.
The fungus was submitted in the GenBank and
registered under the accession number MW940924.

JX500081.1 Aspergillus luchuensis isolate KACC 46772
KC796400.1 Aspergillus eucalypticola isolate NRRL 62632
EF661193.1 Aspergillus tubingensis isolate NRRL 4875
KC796399.1 Aspergillus piperis isolate NRRL 62631
EU821317.1 Aspergillus pulverulentus strain CBS 558.65
NR 137505.1 Aspergillus neoniger CBS 115656
MHB862923.1 Aspergillus vadensis strain CBS 113365

@ MW940924.1 Aspergillus niger isolate M-8
HQ856223.1 Aspergillus flaws strain NRRL 21882

MT584291.1 Aspergillus niger strain RM503
MH857271.1 Aspergillus welwitschiae strain CBS 139.54

FJ629337.1 Aspergillus niger strain CBS 554.65
EF661198.1 Aspergillus brasiliensis isolate NRRL 26652

96

0.01

Fig. 1. Molecular phylogenetic tree of Aspergillus niger
isolate M-8 with the most related cultures of Aspergillus
section Nigri according to [25]

The phylogenetic analysis was performed in MEGA6
software [24] using Maximum Likelihood method
and basing on internal transcribed spacer (ITS) gene.
Accession number is indicated adjacent to each strain.
The tree is constructed to scale with branch lengths
measured in the number of substitutions per site.
Bootstrap values above 50% (based on 500
replications) are indicated at nodes. Aspergillus flavus
NRRL 21882 was used as an out-group in the analysis.
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3.3. Optimization of fermentation conditions

3.3.1. Effect of different media on chitinase
production

The medium composition and cost are very important
parameters to propagate the production process.

In the current study, four different media were
examined to optimize chitinase production by
Aspergillus niger M-8 (Fig. 2). Medium (M3) gave the
maximum activity (50.2 U/mL) and specific activity
(45.5 U/mg) followed by medium number 2 which
gave enzyme activity 28.5 U/mL and approximately
the same specific activity, whereas media number 1
and 4 showed very low production.

60 B Activity (U/ml)

B
3 50 4 I Specific activity (U/mg)
ag I
2E 40
Ez 30
3 20 |
10 -
0 . . —
1 2 3 4

Different media

Activity (U

Fig. 2. Effect of different media on chitinase production
from Aspergillus niger M-8

3.3.2. Investigation of the role of different chitin
substrates on the production

Various substrate inducers such as colloidal chitin,
pure powder chitin and untreated chitin were used for
the enzyme production (Fig. 3a). All of them gave high
chitinase activities and specific activities yet, colloidal
chitin was the best (56.3 U/mg).

However, the untreated chitin also produced enzyme
with high specific activity (43.6 U/mg). Therefore,
further experiments were carried out using untreated
chitin because of its lower cost. To optimize the
concentration of untreated chitin, different amounts
were tested (0.05-0.8%). Fig. 3b shows that 0.1%
induced the maximum activity (64.7 U/mg) by
Aspergillus niger M-8 while higher concentrations
suppressed the production.

The rest of the chitinase production conditions were
later improved by one-variable-at-a-time approach
(OVAT), in shake flasks.

3.3.3. Investigation of different carbon additives

Different sources of carbon namely; glucose, sorbose,
sucrose, lactose, starch and dextrin were added to the
optimized medium (Fig. 3c). Supplementing the
medium with 0.1% of each increased the enzyme
productivity, compared to the control (containing only
0.1% chitin). The specific activity reached its
maximum value when the medium was supplemented
with starch or dextrin (115.5 and 114.3 U/mg,
respectively) compared to the control (64.1 U/mg).
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Also, the best starch concentration was 0.1%, in equal
ratio to chitin, while the higher concentrations
repressed the enzyme specific activity (Fig. 3d).
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Fig. 3. Effect of (a) chitin substrates, (b) chitin
concentrations, (c) carbon additives and (d) starch
concentrations on chitinase production from Aspergillus
niger M-8

3.3.4. Investigation of different nitrogen additives

From the previous experiments of medium
optimization, it was observed that the sole
employment of inorganic nitrogen had a suppressive
effect on chitinase production as indicated upon using
M1 and M4. Therefore, mixtures of different organic
and inorganic nitrogen sources along with single
tryptone or yeast extract (included together in the
control of M3) were tested to optimize chitinase
production (Table 1). Different sources were added
one time instead of tryptone and another time instead
of yeast extract at the same concentration of each. The
data indicate that the single organic nitrogen source is
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better than the mixed sources. Tryptone alone (0.2%)
enhanced the yield to reach 348.3 U/mg followed by
tryptone + corn steep (262.0 U/mg). Whereas yeast
extract + NaNOs had a detrimental effect on chitinase
production (56.4 U/mg). Next, tryptone optimal level
was adjusted at 0.3% to achieve a specific activity of
400.7 U/mg (Table 2).

Table 1. Effect of different nitrogen sources on
chitinase production by Aspergillus niger M-8

Nitrogen sources Activity Specific
(U/mL) activity (U/mg)

Yeast extract+ 400=x2.1 108.1£ 2.2

tryptone

(control)

Yeast extract 52.1+3.0 153.2+£ 3.0

Tryptone 41827 348.3+ 3.8

Yeast extract+ 472129 109.7£ 2.6

casein

Yeast extract+ 496+28 141.7£2.9

corn steep

Yeast extract+ 209+11 56.4+ 2.7

NaNO3

Yeast extract+ 379+14 1024+ 1.9

amm. molybdate

Tryptone + 535+2.3 157.4+ 2.9

casein

Tryptone + corn 419+25 262.0£4.1

steep

Tryptone + 209+1.1 110.0+ 1.9

NaNO3

Tryptone + amm. 54.5%2.7 259.5+ 4.8

molybdate

LSD atP < 0.83 1.10

3.3.5. Effect of different pH and temperature values

Different pH values of the best medium composition
(4-10) were studied for chitinase production. The
results depicted in Fig. 4a indicated that there was a
strong correlation between pH and the chitinolytic
activity where, pH 5 was the optimum giving specific
activity of 433.9 U/mg. The enzyme retained more
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than 70% of its activity up to pH 7 after that the
specific activity declined steeply.

Fig. 4b shows a maximum value of 572.0 U/mg at
35°C, after which the specific activity decreased ie: the
higher cultivation temperatures had adverse effect on
the activity of the produced enzyme.

Table 2. Effect of tryptone concentrations

Tryptone conc Activity Specific activity
(9%) (U/mL) (U/mg)
0.05 102+1.2 204.0+ 3.7

0.1 234+£19 260.0+ 4.0
0.2 (control) 448+2.2 344.6+ 2.6
0.3 52.1+21 400.7£5.4
0.4 52.1+1.8 3721+ 4.2
0.5 52.1+21 306.4+ 2.9
LSD atP < 1.72 1.85

3.4. Enzyme partial purification

3.4.1. Investigation medium composition on
purification efficiency at different pH values

It was noticed that the chitinase enzyme produced in
this study tended to aggregate during precipitation by
ethanol. Therefore, the following experiment aimed to
correlate the production medium composition to the
purification efficiency and enzymatic yield. The crude
enzyme was collected from two different media (the
optimized medium +/- 0.4% yeast extract) and
precipitated by ethanol at two different pH values (5
and 7) (Table 3).The optimized medium at pH 5 gave
the maximum specific activity (8885 U/mg),
purification fold (16.3) and recovery (10.2) at lower
ethanol concentration (0-40%) while the higher
concentrations accelerated the enzyme deactivation.
On the other hand, addition of yeast extract to the
production medium increased the protein solubility
during fractionation but it led to low enzymatic yield
(5467.3 U/mg).

3.4.2. Effect of protein stabilizer on purification
efficiency during ethanol precipitation

Protein aggregation means the disruption of its
quaternary structure causing partial unfolding hence,
herein, two stabilizers at 2 mM concentration were
added separately to the crude enzyme before its
precipitation at 0-40% concentration, designated as Fao
(Table 4). The results indicate that both stabilizers
afforded additional boost to the purification fold but
tryptone doubled the enzyme recovery.
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Table 3. Ethanol fractionation profile under the effect of two different media at two different pH values

Total activity (U) Total protein (mg) | Specific activity (U/mg) | Purification | Recovery
fold (%)
Purification
steps pH 5 pH7 pH 5 pH7 pH5 pH7 PHS | pH7 [pHS5|pH 7
o5 A 1521750+ 7 520600+ 8| 955+1 | 1050+2 | 546.3+2 | 495.8%2 1 1 | 100 | 100
©3 g 50485.0 £ 4{50450.0 £ 7| 105.0+2 | 105.0+1 | 480.8+4 | 4804+1 1 1 | 100 | 100
S A | 5331.0+3|49824+4|06+01| 1.5+0.2 |8885.0+7 | 3321.6+5 | 163 | 6.7 |[10.2| 9.6
E=1
)
i S| B | 4926.6+2 | 51446+3 | 09+0.2 | 1.86+0.2 | 5467.3+5 | 2819.6+3 | 10.0 | 59 | 9.8 | 10.2
S A | 51415+3 | 50225+4 |2.75+0.3| 295+0.3 | 1869.6 +4 | 17025+3 | 3.4 | 34 | 95 |95
=1
)
T | B |48075+4 | 4972046 |3.25+0.4| 3.8+04 | 14792+5 | 1307.9+1 | 3.1 | 27 | 95| 95
S A | 3848.0+5|13045+3 |3.0+02| 1.2+01 |12827+3| 1087.1+3 | 24 | 22 | 75| 25
F=13
)
E ®| B | 49785+2 | 20875+5 | 43+01 | 1.9+0.2 | 11578+4 | 10987+2 | 24 | 23 | 95| 4
LSDatP < 1.95 1.38 0.34 0.24 1.54 1.09 - - - -

A. Optimized medium and B. Optimized medium + yeast extract (YE)

Furthermore, the addition of 2 mM of yeast extract and
tryptone enhanced the enzyme activity by 220 and
300%, respectively (Data not shown).

3.5. Enzyme characterization

3.5.1. Effect of temperature on partially purified
chitinase activity and stability

Various temperature degrees (25-90°C) were applied
to determine maximum chitinolytic activity and
stability (Fig. 5 a,b). The enzyme activity was
preserved when the reaction was carried out at (25-
70°C) and depleted at higher temperatures losing
almost 80% of the initial chitinolysis potential. The
same goes for enzyme stability where the enzyme was
incubated for 1 h at the corresponding temperature
before assessing the chitinase activity.

3.5.2. Effect of pH values on partially purified
chitinase activity and stability

Chitinase activity and stability were evaluated at
different pH values ranging from 3 to 10 (Fig. 6 a,b).

The optimum activity was found at pH 4-5 with
minimal decrease up to 7 and the enzyme maintained
50% of its original activity at the end of the tested
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range at pH 10. The same results were obtained as per

the enzyme stability.
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Fig. 4. Effect of (a) pH and (b) temperature values on
chitinase production from Aspergillus niger M-8

3.6. Insecticidal effect of partially purified enzyme

The larvicidal potency of the partially purified
chitinase (Fao) produced from Aspergillus niger M-8
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Table 4. Effect of stabilizer addition during ethanol precipitation at 40% concentration

Total activity Total protein Specific Purification Recovery

(8)) (mg) activity(U/mg) fold (%)
Crude extract 51788.0+ 6 942+ 1 549.8+ 3 1 100
Crude extract + YE 52205.3+ 8 96.8+ 2 539.4+2 1 100
Crude extract +T 54318.6+ 5 98.5+ 1 551.2+2 1 100
Fso Crude extract 5320.8+ 3 0.6£0.1 8868.0+ 5 16.1 10.3
Fso Crude extract +YE 7405.3+ 1 0.9+0.2 8228.1+ 3 15.3 14.2
Fo Crude extract + T 10213.2+ 2 1.0£0.2 10213.2+ 4 18.5 18.8
LSD atP < 2.28 0.48 1.58 - -

YE (yeast extract) and T (tryptone)

using the two tested media (tryptone medium +/- yeast
extract) was evaluated against the freshly molted 3
instar larvae of Culex pipiens (Table5). The toxicity
values depended on the enzyme concentrations and
exposure time where Fi of the tryptone-optimized
medium was more effective against the mosquito
larvae with LCsp and LCgs of 54 and 222.9 ppm,
respectively, after 48 h. The microscopic observation,
as well, shows some deformations of exo- and endo-
skeletons of the treated larvae compared with normal
ones where, there was a compressed darkness of
abdomen segments and big vacuole beside the
alimentary canal with rupture of segment cells,
respectively (Fig. 7 a,b,c).

4. Discussion

The endophytic fungi are known to produce various
bioactive secondary metabolites and enzymes [4, 8].
Therefore, they have a great effect on their host plants
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Fig. 5. Effect of temperature variation on chitinolytic (a)
activity and (b) stability
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such as promoting plant growth and resistance against
biotic and abiotic stress [26]. Furthermore, it is
thought that some medicinal plants produce bioactive
compounds on account of the secondary metabolites
produced by endogenous endophytes [26, 27]. In this
context, different research groups have reported the
isolation of various hydrolytic enzymes and bioactive
compounds from many endophytic fungi genera,
which were shown to influence their hosts’
promiscuity.

To efficiently produce hydrolytic enzymes from the
most potent fungus, first the medium type should be
carefully selected. It was observed here that M2 and
M3 greatly enhanced the productivity compared to M1
and M4, this is accounted to the presence of organic
nitrogen in their composition which is deficient in M1
and M4,

120

80

60

40

% Relative activity

20

% Relative activity

20

Fig. 6. Effect of pH variation on chitinolytic (a) activity
and (b) stability
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Table 5. Susceptibility of 3rd instars larvae of Cx.
pipiens to partially purified chitinase at different
time intervals and coefficient limits

Mortality percent %

= _
= E " Fuoof optimized Fao of mixed
82 medium medium
g c
o ° 24h 48 h 24h 48 h
50 20 51.7 20 36.7
100 433 66.7 40 58.3
150 53.3 90 483 70
250 733 983 60 88.3
LCsxo 12747 54 162.05  76.48
(PPM)  (10558- (42.59- (12327-  (61.29-
(co.limit) 153.93) 68.25)  213.34)  95.32)
LCes  811.32 222.87 1888.04 46543
(PPM)  (a19-  (1632-  (569.42- (278.71-
(co. limit) 1580.23) 305.06)  6349)  780.84)
S'%‘:Ee T 205+01 27402 154401 2.1+0.1

Fig.7. Deformation in 3rd instars larvae of Culex pipiens
treated by partially purified chitinase a: Normal larva of
Cx. Pipiens, b and c: Larva treated with Fso of partially
purified chitinase

Similar observation was reported as the chitinases
produced from Aspergillus niger LOCK 62,
Aspergillus sp. S1-13, Beauveria bassiana reached
their maximum productivity using yeast extract-
containing medium [18, 28, 29]. This finding has not
only been reported in the cases of fungal production,
but also in some cases of some Streptomyces spp. and
bacterial species [30-32]. The exact explanation might
not be quite conclusive but sound postulations
attribute it to the better mycelial growth leading to
better enzyme production or to the presence of
N-acetylglucosamine within the yeast extract that, in
turn, further induces the enzyme production [29].
Herein, the sole presence of tryptone enhanced the
production by 3.2 fold, compared to the control. This
was documented as well upon investigating the
production of chitinase from Alcaligenes xylosoxydans
IMI 385022 and Aeromonas punctata HS6 [16, 33].
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On the other hand, the presence of sucrose (1%) in M1
and M4 led to the suppression of chitinase production,
mostly due to catabolite repression [29].

Considering the presence of enzyme inducers (ie: the
different chitin substrates), it was observed that
colloidal chitin gave the highest chitinase production
(56.3 U/mg). But out of economic prespective in this
report, the further optimization of the fermentation
medium was carried out using untreated chitin due to
its lower cost and fairly high production of chitinase
(43.6 U/mg). Similarly, colloidal chitin was previously
reported as sole and good cultivation medium
ingredient for producing chitinase in both bacteria and
fungi [18, 31, 32, 34]. Furthermore, the optimal
untreated chitin concentration was found at 0.1%
giving 64.7 U/mg. Whereas higher concentration of
colloidal chitin (0.3%) was needed to achieve the
maximum chitinase production by Aeromonas
hydrophila HS4 and Aeromonas punctata HS6 [16]
and up to 1.5% for production from Streptomyces spp.
[31].

The combination of chitin and different sugars was
tested and the results indicated a high synergistic
effect. These findings are in agreement with previous
articles that described the synergistic effect of starch
and chitin [16, 31]. While other researches stimulated
chitinase production by the addition of glucose,
glucosamine, N-acetylglucosamine [29], maltose [35]
and pectin [36]. Moreover, the effective starch
concentration was at 1% with Aeromonas hydrophila
HS4 and Aeromonas punctata HS6, which was higher
than the obtained result here (0.1%) [16].

The pH value of the cultivation medium is an
important physical factor that can affect the enzyme
production and stability by influencing its structure
integrity; either maintaining the proper folding or
denaturing it leading to loss of activity, in addition to
affecting the availability of nutrients for the growing
organism through their ionization state [17, 37]. The
optimum pH value here was found at 5 and the enzyme
was adequately stable till pH 7. Same results were
obtained for Aspergillus terrus, Beauveria bassiana
and Metarhizium anisopliae [29, 38, 39].

Similarly, the microbial metabolic processes,
including active enzymes production, are influenced
by the incubation temperature [40, 41]. The obtained
results support the previous convention that the
optimum temperature for active enzyme production
was at 30-35°C and beyond that, most of the activity
was lost [18, 31, 34, 38].

The following section was carried out to study the
influence of the production medium constituents, pH
and ethanol concentration on the purification
efficiency. The results illustrated that the highest
specific activity (8885.0 U/mg), purification fold
(16.3) and recovery (10.2%) were obtained using
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tryptone-containing medium at lower ethanol
concentration (0-40%) using acetate buffer at pH 5.
And it was observed that by increasing the ethanol
concentrations, the enzyme deactivation accelerated
which could be attributed to damaging the protein
structure, rigid conformation and dehydrating the
enzyme [42, 43].

Furthermore, the addition of yeast extract as a
stabilizing agent to the tryptone medium indeed
increased the protein solubility during fractionation,
but it afforded lower active enzyme yield. One
plausible reason might be the reduction in aggregation
degree of the inactive protein [44, 45]. In other words,
yeast extract solubilized and increased the total protein
content in the filtrate without a similar positive effect
on the enzyme under test ie: it could be good stabilizer
for other proteins in the cell-free supernatant as well.
These results indicated that the presence of amino
acids alone, as found in tryptone stabilizer, was
preferred than the presence of amino acids combined
with sugar stabilizers, as found in yeast extract which
is opposite to previous data obtained upon utilizing
yeast extract [46]. Hence, it can be concluded that the
production step strongly impacted the purification of
active enzyme yield. Appropriately to design a
suitable solvent system, safe compounds as osmolytes
or polyols (sugars, polymers and amino acids) can be
added to act as protein stabilizers to reduce
aggregation and maintain the structure [1, 2, 47, 48] by
preserving the water molecules around the protein
which reduces the dehydration process during solvent
precipitation [2]. From these results, it might be
deduced that certain protein stabilizers may be applied
to reduce the in vivo protein aggregation that causes
diseases due to the protein misfolding e.g.:
Alzheimer’s, cystic fibrosis, Parkinson’s, etc. [49, 50].

As shown in the results section, the stabilizers (yeast
extract and tryptone) at a 2 mM concentration were
added separately to the crude enzyme at fractionation
to increase the insufficient stability and recovery. The
results revealed that tryptone doubled the enzyme
recovery. Previously, it was shown that the stabilizer
concentration is best kept between 1-3 mM depending
on the inherent protein solubility and other properties
[46]. Moreover, the two stabilizers at the same
concentration were added to the partially purified
chitinase to study their effect on activity, and the
results indicated that both of them enhanced the
enzyme activity by 220 and 300%, respectively. This
may arise from the increased hydration around the
protein molecules which plays a crucial role in the
biological reactions by dissolving of polar residues of
the enzyme facilitating the protein conformational
changes during the catalytic process and speeding up
the catalytic reaction [2].
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To characterize the partially purified chitinase, some
properties were studied such as the effect of
temperature on enzyme activity and stability. The
obtained results proved that chitinase from A. niger M-
8 retained most of its activity and stability between 25-
70°C. Previous studies have reported a narrower
activity range for chitinases from Aspergillus niger
and Penicillium aculeatum NRRL 2129 at 40°C and
50°C, respectively [18, 51]. While, a more
thermostable chitinase has been produced and purified
from Humicola grisea and exhibited maximum
activity at 70°C [52].

Also, the pH stability potential of chitinase was tested
and the enzyme was active and stable under a wide
span between pH (4-7) retaining about 50% of its
original activity until pH 10. The range of 5-9 was also
convenient for the activity of Bacillus
circulans chitinase [53]. The durable temperature and
pH stability profile imply that the partially purified
chitinase can be applied in different industrial sectors.

The insecticidal activity results of the partially purified
enzyme (F4 of tryptone medium +/- yeast extract)
indicated that the yeast fortified sample was highly
effective against mosquito larvae with LCgs of 222.9
ppm after 48 h. Additionally, the presence of some
deformations in both exo- and endo-skeletons was
observed under the microscope. The present results
show higher activity when compared to the chitinase
isolated from Penicillium chrysogenum which had
LCyo 0f 443.004 and 5046.8 ppm after 48 h exposure
to the free and immobilized enzyme, respectively [54].
Previous studies, similarly, confirm the biocidal effect
of chitinases from Bacillus spp. against the white fly
Bemisia tabaci, aphids Myzus persicae and Aphis
gossypii [55, 56] and also the larvicidal activity of B.
subtilis chitinase against the tomato leaf miner insect
Tuta absoluta [57] indicating the degradation of the
exoskeleton chitin of the tested insects’ larvae.

5. Conclusion

Endophytic fungi are still acting as a rich mine for
secondary metabolites with a more exploitable
potential in many applications. Therefore, the
endophyte Aspergillus niger M-8 was isolated,
identified and its operational production conditions of
extracellular chitinase were successfully optimized to
reach high enzymatic yield. The critical factor here
was the folding and aggregation of the enzyme during
ethanol precipitation which led to applying a
co-solvent strategy using tryptone and yeast extract
which clearly proved to have protective capabilities as
they shift the dynamic equilibrium from the aggregate
denatured form to a more stabilized one, which led to
obtain a good turnout. A. niger chitinase (Fao) had a
great effect against the mosquito Culex pipiens. This
could help understanding how the potential of enzyme
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application is dependent on its production and the
detailed multistep processing.
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