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Abstract

Objective: This paper aims to, study the biochemical properties of the crude enzyme, extracted from the
bacterial strain Bacillus thuringiensis dendrolimus 1P 4A/4B, such as the concentration of the enzyme, the
duration of the enzymatic reaction, the effect of changing the temperature of the enzymatic reaction and the
effect of the pH of the enzymatic reaction medium.

Methods: Inoculum preparation, submerged and solid-state fermentation media, enzymes assays
spectrophotometrically, protein determination were performed.

Results: The results indicated that 0.181mg protein/mL of enzyme produced maximum alkaline protease
activity (269U/mL/min) followed by 0.227mg protein/mL enzyme (260U/mL/min). The slope of the first
period (up to Smin reaction time) exhibited steeper slope indicating reactions velocity near the theoretical
initial velocity (V,,,,) that has become lesser in value as the reaction was extended up to 120min. The
maximum enzyme activity was at 60°C (246U/mL/min), while decreased gradually to reach (188U/mL/
min) at 90°C. It was clear that the optimum pH was 9.0 when glycine-NaOH and Tris-HCI buffers were
used.

Conclusion: The optimum pH for the enzymatic reaction pH 9 indicates the potential for this crude enzyme
to be used in many industries that require an alkaline pH, and at the same time, the optimum temperature
for the enzymatic reaction of 60°C enhances this applicability; this temperature is widely available in many
industries.
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1 INTRODUCTION

Bacillus thuringiensis (B.t.) genus is considered
one of the most important bio insecticides, because of
distinguishing feature of its crystal protein toxin (prototoxin)
that is selective to infect many pests without causing any
harm to humans, vertebrates or plants, enabling it the
forefront of applied bio pesticides. It represents about 90%
of the bio pesticides already used globally for many insects
such as Diptera, Lepidoptera, Hymenoptera, Hemiptera,
Coleoptera, Mallophaga, Orthoptera and others, and it is
also considered a biocidal for many other pests, as is the
case in nematodes, snails and protozoa.

There are three scientific theories interpreting the
mechanism of action of the crystal prototoxin protein. a)
Classic pathway mechanism. The prototoxin is ingested
by the insect, which dissolves in the alkaline environment
of the insect's intestine and then hydrolyzed by alkaline
protease enzymes in the insect's midgut, producing
proteins of low molecular weight (about 60kDa). It in
turn binds to the cellular receptors of the insect, forming
polymeric structures with the ability to penetration of
the lipid membrane of the insect cells, causing holes
in the membrane, disturbing the cell pressure balance,
causing dehydration and cell death. b) Signal pathway
mechanism. Here, B.t. prototoxin is considered an activator
of the signal transduction system dependent on Mg** and
protein kinase, and a series of cellular phenomena such
as membrane venting, cell swelling and the appearance
of nuclear phantoms begin, then the cells decompose and
die. ¢) Continuous binding pathway mechanism. After the
B.t. prototoxin is converted into a low molecular weight
protein, during its journey through the insect's intestine and
its alkaline protease enzymes, it induces conformational
changes that promote the introduction of the toxin into the
cell membranes; Programmed cell death occurs and the

insect dies!".

Protease enzymes represent two-thirds of the enzymes
of industrial application”. Proteases are considered one
of the most important industrial enzymes because of their
long applied history in wide sectors of different industrial
fields, such as food, pharmaceutical, chemical, leather
and many others industries. With the applied importance
of proteases as a bio-catalyst factor, microbial protease
is on the throne for its ease, abundance and economical
production, so studying its biochemical properties such as
pH, temperature, reaction time and enzyme concentration is
of great importance to raise the efficiency of its application.
In view of the role of B.z in the biological resistance of
insects through crystalline protein prototoxin and alkaline
protease enzymes of the insect midgut itself, the strains of
B.t. vector of alkaline protease in addition to the prototoxin
will enhance its function as a biocidal".

Hence, the current study aims to study the biological
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properties of alkaline protease produced by B.z. subspecies
dendrolimus 1TP-4A/4B.

2 MATERIALS AND METHODS
2.1 Bacterial Strains

The B.t. subspecies dendrolimus IP-4A/4B examined in
the present studies was obtained from Microbial Chemistry
Department, National Research Centre, Dokki, Cairo,
Egypt culture collection (Institute Pasteur Collection, Paris,
France).

2.2 Media Used for Growth and Production of Alkaline
Protease (AP)
2.2.1 Standard Medium (Nutrient-broth Yeast-extract
Salt Medium)

According to Foda et al."" these media were used for
activation of the inoculum for 24h. Medium composition is
as follows (g/L); peptone (5), beef extract (3), yeast extract
(0.5), MnCl, (0.01), CaCl, (0.1), MgCl, (0.2), (NH,), SO,
(8), K,HPO, (5.6), KH,PO, (2.4), MgSO, (0.8), MnCl, (0.3),
FeCl, (0.14), ZnSO, (0.2), thiamin (0.2) and biotin (2pug/L).

2.2.2 Production of AP under Solid-State Fermentation
With some modifications of Prakasham et al.”’ method,
five grams of coarse wheat bran was taken in a 500mL
Erlenmeyer flask, a predetermined quantity of 50mM
potassium phosphate buffer, pH 7.4, was added, mixed
thoroughly and autoclaved at 121°C and 15lbs pressure
for 15min. The flasks were cooled to room temperature,
inoculated with 2mL of 24h grown bacterial culture under
sterile conditions and incubated at 30°C temperature for 3d.

2.3 Assay of Alkaline Protease Activity (APA)
2.3.1APA

The activity of AP was determined as described by
Lowry et al.' with some modifications. The standard
reaction mixture composition (unless otherwise stated)
contained 0.5mL of enzyme source (culture supernatant or
supernatant after purification steps), 1mL of glycine-sodium
hydroxide buffer 0.1M, pH 9.6, in which 1% casein was
dissolved as substrate. The reaction mixture was incubated
at 40°C for 20min after which the enzymatic reaction was
stopped by addition of 1mL of 20% trichloroacetic acid
with thoroughly mixing. The stopped reaction mixture was
then centrifuged at 4000rpm for 10min without disturbing
the precipitated proteins.

Series of clean tubes were used, and 0.5mL of the
clear solution was pipetted in each clean tube and SmL of
Reagent C were added and mixed well. The mixture was
let to stand at room temperature for 10min. Reagent D
was added rapidly to the mixture and mixed immediately.
The mixture was allowed to stand at room temperature for
10min and then the optical density of the developed color
was read at 600nm. The readings of the optical densities of
zero time cleared reaction mixtures were subtracted from
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those of the experimental tubes.

The optical densities were converted to the equivalent
grams of tyrosine using standard curve of authentic
tyrosine concentrations (10-200mg/mL) that were treated
similarly to experimental enzyme-catalyzed reaction
mixtures.

The enzyme activity was expressed in term of enzyme
units. One AP unit was defined as the amount of enzyme
that liberates one-microgram tyrosine per mL enzyme per
minute under the specified reaction conditions.

Micrograms of tyrosine released X enzyme dilution
Reaction time (minutes)

Enzyme units =

= microgram tyrosine/min/mL culture supernatant

Reagents:

Reagent A: 2% Na,CO, in 0.1N NaOH

Reagent B: 0.5% CuSO,.5H,0 in 1% sodium and
potassium tartrate

Reagent C: 50mL of reagent A was mixed with 1mL of
reagent B. Made fresh daily.

Reagent D: 1 part Folin Ciocalteau’s phenol reagent + 2
parts water

2.3.2 Protein Determination

Protein was determined as described by Lowry et a
To determine soluble protein concentrations series of
clean tubes were used, 0.5mL of the enzyme solution was
pipetted in each clean tube and SmL of Reagent C were
added and mixed well. The mixture was let to stand at room
temperature for 10min. Reagent D was added rapidly to the
mixture and mixed immediately. The mixture was allowed
to stand at room temperature for 10min, then the optical
density of the developed color was read at 600nm. The
readings of the optical densities of enzyme solutions were
observed and recorded.

1!

The optical densities were converted to the equivalent
grams of bovine serum albumin using standard curve
of authentic bovine serum albumin concentrations (10-
200mg/mL) that were treated similarly to experimental
enzyme solutions.

3 RESULTS AND DISCUSSION
3.1 Effect of Enzyme Concentration on Reaction Rate
of Crude APA Produced by B.t. (B.?). dendrolimus 1P
4A/4B

In this experiment, the enzyme concentrations in the
reaction mixtures are varied between 0.023-0.227mg
protein/mL of the reaction mixture. The enzyme activity
was determined under standard conditions. Obtained
results are graphically illustrated in Figure 1. The reaction
rate exhibited approximately linear response with enzyme
protein concentration at least up to 0.045mg/mL of reaction
mixture followed by leveling off with no further increase in
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rate of reaction at higher enzyme concentrations.

The results indicated that 0.181mg protein/mL of
enzyme produced maximum protease activity (269 APA [U/
mL/min]) followed by 0.227mg protein/mL enzyme (260
APA [U/mL/min]).

On the other hand, the lowest activity (106 APA) is
obtained by using 0.023mg protein/mL enzyme. In this
respect, Kaur et al.” stated that 0.023mg protein/mL
enzyme produced the maximum enzyme activity. While
Huang et al.” found that 0.34mg protein/mL of crude
protease resulted in the maximum enzyme activity.

3.2 Effect of Reaction Time on Reaction Rate of Crude
APA Produced by B.t. dendrolimus 1P 4A/4B

The effect of reaction time on the reaction rate of AP was
done with periodic sampling for measuring the reaction
progress with the reaction intervals. Figure 2 illustrated
reaction progress with time. The slope of the first period (up
to Smin reaction time) exhibited steeper slope indicating
reactions velocity near the theoretical initial velocity (V)
that has become lesser in value as the reaction was extended
up to 120min. Upon further longer reaction periods, more
leveling off (gentler slope) of the reaction rate was evident.

Aboul-Soud et al.” illustrated that a proportional
increase in the enzymatic specific activity was obtained for
the reaction times tested in the range of 0 to 30min, with a
maximum activity of 145U/mL/min when the enzymatic
reaction was allowed to proceed for 30min.

3.3 Effect of Temperature on Reaction Rate of Crude
APA Produced by B.t. dendrolimus 1P 4A/4B
Temperature is a critical factor for maximum enzyme
activity and it is a prerequisite for industrial enzymes to be
active and stable at higher temperature. Assay mixture was
incubated at different temperatures ranging from 30-90°C
for 20min. From Figure 3, it could be observed that enzyme
activity gradually peaked at 60°C, and then followed by
decreasing enzyme activity until 90°C. The maximum
enzyme activity was at 60°C (246U/mL/min), while
decreased gradually to reach (188U/mL/min) at 90°C.

Several researchers examined the effect of temperature
on reaction rate of enzyme. For example, Li et al.!'”
reported that alkaline protease isolated from 7hermomyces
lanuginose P134 had a broad temperature optimum of
50°C. While Samal et al."" reported that an alkaline
protease from Tritirachium album Limber to be quite
thermo-stable even up to 50°C. Additionally, the thermo-
stability activity for alkaline protease enzyme produced
by Aspergillus niger was stable up to 60min 40°C and lost
activity gradually after 60min. The similar reports were
observed for Thermomyces lanuginosus and in Aspergillus
species by Nehra et al''”. The results of Sumandeep et
al."” showed that alkaline protease appeared to be more
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Figure 1. Effect of enzyme concentration on reaction rate of crude AP produced by B.t. dendrolimus IP 4A/4B culture.
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Figure 2. Effect of time on reaction rate of crude AP

produced by B.t. dendrolimus IP 4A/4B culture.
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Figure 3. Effect of temperature on reaction rate of crude AP produced by B.t. dendrolimus IP 4A/4B culture.
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Figure 4. Effect of pH on reaction rate of crude AP produced by B.t. dendrolimus IP 4A/4B culture.

stable at alkaline pH. More than 40% of the initial activity
was preserved after 1h reaction with the substrate at 80°C
in Bacillus sp. Takami et al.""¥ isolated a new AP from
alkalophilic Bacillus sp. strain AH-101, and found that the
optimum temperature was about 80°C in the presence of
SmM calcium ions.

3.4 Effect of pH on Reaction Rate of Crude APA
Produced by B.t. dendrolimus 1P 4A/4B

Effect of pH on activity of crude AP was studied by
using casein as substrate and glycine-NaOH buffer (pH
from 8.4 up to 11). In addition, Tris-HCI buffer of pH
values (7.4-9.0) was used. Enzyme activity was determined
and then plotted against pH values.

Data for the determination of optimum pH were found
in (Figure 4). It was clear that the optimum pH 9.0 when

S\
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glycine-NaOH and Tris-HCI buffers were used.

The effect of pH on the activity of alkaline protease
has been previously explored. For instance, Durham et
al."™ mentioned that the pH optima for proteases produced
by Bacillus species, Thermus aquaticus, Xanthomonas
maltophila and Vibrio metscnikovii were ranged from 10-
10.5. Similar observations were shown by Kalpana-Devi et
al.", who determined the optimum pH as 10.

On the other hand, Takami et al."* isolated a new
AP from alkalophilic Bacillus sp. strain AH-101; the
enzyme was most active toward casein at pH 12-13. Also,
Horikoshi"'” studied the production of an extra-cellular
alkaline serine protease from alkaliphilic Bacillus strain
221. That strain, isolated from soil, produced large amounts
of alkaline protease that differed from the subtilisin group.
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The optimum pH of the purified enzyme was 11.5 and 75%
of the activity was maintained at pH 13.0.

4 CONCLUSION

The study showed that the crude enzyme produced
from bacteria under solid fermentation conditions has
the following biochemical characteristics: The optimum
enzymatic concentration for the enzymatic reaction is
0.045mg/mL of reaction mixture, the best pH for the
enzymatic reaction medium is 9, the best temperature
for the enzymatic reaction is 60°C, and the best time for
the enzymatic reaction is Smin. This calls for subsequent
studies on appropriate industrial applications. The
biochemical properties of the enzyme are promising, where
it attains its best efficiency at a low enzymatic concentration
(applied economic indicator) within a quick period of time
(time is money in the language of industry and economics),
the pH is 9 and the optimum temperature is 60°C. These
qualities are impressive, including but not limited to
industrial detergents and silver recovery.
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