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Abstract This study investigated the effect of ultrasonic irradiation on the hydrolytic reaction of AS1.398 neutral
protease. Our results showed that the light absorbance increased dramatically under the combination of the three
conditions, ultrasonic radiation, increased amount of enzyme and longer incubation period. This increase was also
observed when enzyme amount and reaction duration kept constant, with ultrasonic radiation as the only variable. In
addition, the changes in light absorbance followed a parabolic curve under conditions of increasing pH and
temperature, reaching the peak at an optimal pH and temperature and then decreasing sharply. We concluded that
ultrasonic irradiation could accelerate the velocity of the enzymatic reaction, however, did not alter the optimal pH
and temperature of the reaction. With no ultrasonic irradiation, the enzyme kinetic equation was
v=59.88[S]/(21.49+[S]). Ultrasonic irradiation increased the velocity constant, but decreased the Michaelis constant
(Km), the equation became v=63.69[S]/(18.60+[S]) with ultrasound. In summary, ultrasound-assisted enzymatic
activity of neutral protease led to higher hydrolysis.
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1. Introduction
Ultrasound is a kind of mechanic wave in elastic
medium. As a form of energy, it can produce three effects
on the medium: thermal effect, mechanic effect and
cavitation effect [1]. Studies on application of ultrasonic
techniques in enzyme engineering have become popular in
recent years.
YU Shu-juan, et al. [2] studied the effect of ultrasonic
radiation on enzymatic activity with and without substrate.
Their results indicated that ultrasound modified the
conformation of enzyme so as to change its activity. In
addition, ultrasound accelerated the molecular moving of
both solvent and product, changed the concentration
difference and enhanced mass transfer coefficient. XIAO
Yong-mei, et al. [3] researched the enzymatic synthesis of
glucose esters under ultrasound, discovered that higher
ultrasonic power led to the faster acceleration of reaction,
and ultrasound did not change the properties and
selectivity of the enzyme in the transesterification reaction.
Yoshio’s study [4] indicated the enzymatic activity was
not changed with 15 hours’ continuous treating of 20kHz,
15W ultrasound, and suggested that mild ultrasound was
applicable in enzyme production. The reaearch of
HUANG Zhuo-lie, et al. [5] showed that typsin activity
increased 45.4% with ultrasonic treatment 3 min (15 kHz,
50W). Luo Denglin’s [6] study found that ultrasound
obviously improved the activity of inulinase produced by

Aspergillus niger. In Carlos Magno R. Ribeiro [7], et al.’s
article, the enzymatic hydrolysis of ethyl-3-hydroxy-3phenylpropanoate using ultrasound was studied. The
application of ultrasound led to an appreciative decrease in
the reaction time of enzymatic hydrolysis without a
significant change in the yield or enantiomeric excess of
reaction products, when compared with the magnetic
stirrer used. Azita Soltani, et al. [8] studied ultrasonic
effect on enzymatic fibrinolysis, found that ultrasound
could accelerate enzymatic fibrinolysis with adjunctive
plasminogen activators. Additionally, ultrasound was
known for interaction between biological substances on
molecular level in sonodynamic therapy and
sonochemistry. Therefore, they investigated the ultrasonic
effect’s possibilities to the biological activity of
plasminogen activators that used in thrombolysis
treatment. However, Antonio Vercetn [9] studied the
inactivation of phospholipase A2, α-chymotrypsin, trypsin
and porcine pancreatic lipase by heat, and
manothermosonication (MTS), and the simultaneous
application of heat and ultrasound under the moderate
pressure, in different treatment media. For different
enzymes, their sensitivity to MTS varied greatly. Whereas
phospholipase A2 was almost insensitive to MTS
treatments. MTS inactivation of α-chymotrypsin and
porcine lipase was much faster than heat inactivation, and
typsin’s thermal inactivation was different at low and high
temperature. At low temperatures, it did not follow first
order kinetics, contrary to what happened at high
temperatures. MTS accelerated trypsin inactivation only at
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low temperatures. MTS changed also the inactivation
order of trypsin (at low temperatures), α-chymotrypsin
and porcine lipase; whereas heat inactivation of these
enzymes did not follow first order kinetics, MTS
inactivation fitted this well [9].
AS1.398 neutral protease is an extra cellular protease
which derives from Bacillus subtilis. It hydrolyzes protein
directly into peptides and parts of free amino acids [10]. It
is widely used in leather desquamating, cinefilm recycling,
beer clarification, and protein hydrolysis of animals and
plants [11].
Till now, no researches about effect of ultrasound on
AS1.398 protease’s properties were found. In this article,
it was investigated in order to provide some practical and
theoretical background to the application of ultrasound
and the enzyme in food science and technology.

2. Experiments
2.1. Effect of Enzyme Amount on the
Hydrolytic Reaction with and without
Ultrasound
1g enzyme powder (its activity was 50000 U/g) was
diluted to 200mL with buffer solution, then 2Ml, 3mL,
4mL, 5mL, 6mL and 7mL of above solution was taken
and diluted to 100mL separately, thus enzyme solutions
with the activity of 5U/mL, 7.5U/mL, 10U/mL, 12.5U/mL,
15U/mL were prepared.
For the hydrolytic reaction without ultrasound, the
enzyme and substrate reacted 10 min under the following
conditions: casein concentration 0.5%, pH 7.5 and
reaction temperature 50°C. And for the reaction with
ultrasound, the conditions were the same except the
application of 108W ultrasound. When reaction time
reached, the reaction solution was centrifugated, and its
supernatant was taken to determine the light absorbance at
275nm [12].

2.2. Effect of pH on the Hydrolytic Reaction
with and without Ultrasound
1g enzyme powder was diluted to 4000 mL with
different pH phosphoric acid buffer solution, thus different
enzyme solutions (12.5 U/mL) with pH6, pH 6.5, pH 7,
pH 7.5, pH 8 and pH 8.5 were prepared separately. The
enzyme and substrate reacted at above different pH for 10
min with the conditions of enzyme activity 12.5 U/mL,
casein concentration 0.5%, and reaction temperature 50°C.
Additionally, 108W ultrasound was used to the
ultrasound-assisted enzymic reaction. When reaction
ended, the solution was centrifugated, and its supernatant
was taken to determine the light absorbance at 275 nm.

2.3. Effect of Temperature on the Hydrolytic
Reaction with and without Ultrasound
Enzyme and substrate reacted at different temperature
20°C, 30°C, 40°C, 50°C, 60°C, 70°C, and with the
protease of 12.5U/mL and pH 7.5. The reaction conditions
were the same as those mentioned in 2.1. When reaction
ended, we centrifugated the solution, and took above clear
liquid to determine its light absorbance at 275 nm.

2.4. Effect of Reaction Time on the
Hydrolytic Reaction with and without
Ultrasound
Enzyme and substrate reacted with 0W and 108W
ultrasound, the other conditions for both reactions were
casein concentration 0.5%, pH 7.5, reaction temperature
50°C, and the enzyme activity 12.5 U/mL. The reaction
time was 5min, 10min, 15min, 20 min, 25 min and 30 min
separately.When reaction ended, we centrifugated the
solution, and took above clear liquid to determine its light
absorbance at 275 nm.

2.5. Plot of Tyrosine Standard Curve
100 mg dry tyrosine was weighed with an accuracy of
0.2 mg and dissolved to 100 mL by 1 mol/L hydrochloric
acid, thus 1 mg/mL standard tyrosine solution was
prepared. Then above 10 mL solution was taken and
quantified to 100 mL with 0.1 mol/L hydrochloric acid.
100 µg/mL tyrosine standard solution was prepared.
Separately, the solution of 0, 1, 2, 3, 4 and 5 mL was
taken, then 10, 9, 8, 7, 6 and 5 mL distilled water was
added to prepare different tyrosine solutions with 0, 10, 20,
30, 40, 50 μg/mL. After determining the absorbance of
above solution, the standard curve was plotted as follow
(Figure 1).
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Figure 1. Tyrosine standard curve

2.6. Enzyme Reaction Kinetics with and
without Ultrasound
Taking casein as a substrate, AS1.398 neutral protease
with and without ultrasound was used to hydrolyze it at
pH 7.5 and 50°C. The substrate concentration was
seperately 4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL and
8mg/mL, and reaction time was 0 min, 5 min, 10 min, 15
min, 20 min, 25 min and 30 min respectively. The
hydrolysate was taken to determine its light absorbance at
each substrate concentration and reaction time mentioned
above. By the relationship of velocity reciprocal (1/υ) and
substrate reciprocal (1/S), the Michaelis constant (Km) and
maximum velocity (vmax) were gotten, thus the enzyme
reaction kinetics with and without ultrasound were also
known.
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3. Results and Discussion
3.1. Effect of Enzyme Amount on the
hydrolytic Reaction with and without
Ultrasound
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8.5, the OD with ultrasound was higher than that without
ultrasound at the same pH, which indicated that ultrasound
improved the velocity of enzymatic reaction. Figure 3 also
indicated that ultrasound did not change the optimal pH of
enzyme reaction.
pH can influence not only enzyme configuration, but
also the ion state of enzyme, substrate and enzymesubstrate complex. And it can also effect ultrasonic
cavitation [1]. There may be why the enzymatic activity or
reaction velocity is affected.

3.3. Effect of Temperature on the Hydrolytic
Reaction with and without Ultrasound
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Figure 2. Effect of enzyme amount on enzymatic reaction with and
without ultrasound

Figure 2 indicated that the hydrolysate’s light
absorbance (OD) increased with increasing enzyme
amount for both reactions with and without ultrasound. At
the same enzyme amount, the OD with ultrasound was
obviously higher than that without ultrasound. As known
to us that ultrasound-assisted enzymatic hydrolysis
produced much more end product. The most possible
reason is that ultrasonic irradiation may have three
physical effects: thermal effect, mechanical effect and
cavitation effect in view of physics, owing to these effects,
the molecules of substrate and product move faster,
additionally, the enzyme activity maybe improved because
of its possible conformational modification by ultrasound
[13], so that the hydrolysis was improved and the OD
increased.

3.2. Effect of pH on the Hydrolytic Reaction
with and without Ultrasound
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Figure 3. Relationship of OD and pH

Figure 3 showed whether ultrasound was used or not,
the OD first went up then went down, and both OD curves
appeared like parabolic shape with the change of reaction
solution pH. When the solution pH changed from 6.0 to
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Figure 4. Relationship of OD and temperature

As seen in Figure 4, for two curves with and without
ultrasound, the OD firstly increased and then reduced with
reaction temperature increasing. When the temperature
was 50°C, it reached the maximum for the reactions with
and without ultrasound. Ultrasound made the OD
obviously higher than that without ultrasound. With
ultrasound, the OD showed an increase of 17.05% and
20.45% at 40°Cand 50°C separately than that without
ultrasound. It was also seen in Figure 4 that ultrasound did
not change the optimal temperature of enzyme reaction.
It is known that temperature influence not only enzyme
activity, but also ultrasonic cavitation effect and mass
transfer coefficient, consequently influence the enzymatic
hydrolysis degree [1]. Generally speaking, every enzyme
has its optimal reaction temperature, at which, enzyme
reaction velocity reaches the maximum, and hydrolysis
degree gets to the highest. On the other hand, the
formation of the ultrasonic cavitation and its intensity
closely depend on temperature. A moderate temperature
can enhance ultrasonic effects, and ultrasonic cavitation
has effects on enzyme reaction [13], so reaction
temperature influences enzymatic reaction.

3.4. Effect of Reaction Time on the
Hydrolytic Reaction with and without
Ultrasound
Figure 5 indicated that the OD increased with the
extension of reaction time. With ultrasound it was bigger
than that without ultrasound at the same reaction time. It
clearly stated ultrasound accelerated enzymatic reaction,
so that the OD improved.
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According to Figure 7, it was shown that the straight
line intercept was 0.0167, so 1/vmax = 0.0167 min.mL/μg,
vmax=59.88μg/mL.min; and its slope coefficient was 0.3588,
so Km/vmax=0.3588, Km=0.3588×vmax=21.49mg/mL. Thus,
the kinetic equation of AS1.398 neutral protease reaction
without ultrasound was v=59.88[S]/(21.49+[S]).
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Figure 5. Relationship of OD and reaction time

The process curves of neutral protease reaction with
ultrasound were expressed in form of tyrosine concentrate
in Figure 8.
According to tyrosine standard curve (Figure 1) and
Figure 9, the process curves of neutral protease reaction
with ultrasound were gotten in form of tyrosine
concentration (see Figure 8).
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According to tyrosine standard curve (Figure 1), the
process curves of neutral protease reaction were gotten in
form of tyrosine concentration (see Figure 6).
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Figure 8. Relationship of tyrosine concentration, substrate concentration
and reaction time (with ultrasound) ([S1]:4 mg/mL, [S2]:5mg/mL,
[S3]:6mg/mL, [S4]:7mg/mL, [S5]:8mg/mL)
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On the base of Figure 8, the relationship of velocity
reciprocal (1/v) and substrate reciprocal (1/[S]) was
plotted in Figure 9.

Figure 6. Relationship of tyrosine concentration, substrate concentration
and reaction time (without ultrasound) ([S1]:4 mg/mL, [S2]:5mg/mL,
[S3]:6mg/mL, [S4]:7mg/mL, [S5]:8mg/mL)
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On the base of Figure 6, the relationship of velocity
reciprocal (1/v) and substrate reciprocal (1/[S]) was
plotted in Figure 7.
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0.00
-0.1

0.075

0

0.05

0.1

0.15

0.2

0.25

1/[S] (mL/mg)
Figure 7. Relationship of 1/v and 1/[S] (without ultrasound)

0.3

Figure 9 showed that the straight line intercept was
0.0157, so 1/vmax =0.0157min.mL/μg, vmax =63.69μg/mL.min;
and its slope coefficient was 0.292, so Km/vmax=0.292,
Km=0.292×vmax =18.60mg/mL. Thus, the kinetic equation
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of AS1.398 neutral protease reaction with ultrasound was
v=63.69[S]/(18.60+[S]).

cooperation from Tianjin Hongteng Aquatic Science and
Technology Development Co., Ltd.

4. Conclusions
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