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Studies on Separation and Properties of Lumbrokinase in Pheretima praepinguis
(Kajian ke atas Pemisahan dan Sifat Lumbrokinase dalam Pheretima praepinguis)

TANG MEI, LIU CAO, LIANG ZI, GONG MINGFU* & HU DIE

ABSTRACT

In order to separate lumbrokinase in Pheretima praepinguis and to study the enzymatic properties, with Pheretima
praepinguis as material, lumbrokinase was separated with the salting out method. Lumbrokinase activity was measured
with casein medium plate method. The effect of pH and temperature on lumbrokinase activity was studied. The activity
of lumbrokinase separated from Pheretima praepinguis was relatively high. Lumbrokinase activity in neutral or slightly
alkaline environment was higher. Lumbrokinase had tolerance ability to high temperature, with highly enzymatic activity
under 60° and wide range of temperature adaptation.
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ABSTRAK

Pengasingan lumbrokinase dalam Pheretima praepinguis dan untuk mengkaji sifat enzim, dengan Pheretima praepinguis
sebagai bahan, lumbrokinase telah dipisahkan dengan kaedah penggaraman keluar. Aktiviti lumbrokinase diukur dengan
kaedah kasein plat sederhana. Kesan pH dan suhu aktiviti lumbrokinase telah dikaji. Aktiviti lumbrokinase dipisahkan
dari Pheretima praepinguis adalah agak tinggi. Aktiviti Lumbrokinase dalam persekitaran neutral atau sedikit alkali
adalah lebih tinggi. Lumbrokinase mempunyai keupayaan toleransi kepada suhu tinggi, dengan aktiviti yang sangat
enzim bawah 60° dan pelbagai penyesuaian suhu.

Kata kunci: Kaedah kasein plat sederhana; kaedah penggaraman keluar; lumbrokinase; pengasingan, Pheretima

praepinguis

INTRODUCTION

Earthworm fibrinolytic enzyme (EFE), also known
as Lumbrokinase(LK) (Mihara et al. 1983) is a set of
homoserine proteolysis enzyme with fibrinolytic activity
derived from earthworm. With a strong antithrombotic and
thrombolysis effect, Lumbrokinase can effectively degrade
fibrinogen thereby reducing blood viscosity (Li 2009; Zhu
et al. 2009). Applications of lumbrokinase in the field of
heart and blood system diseases is very extensive because
of good effect for the treatment of cerebral ischemic
diseases (Qian et al. 2005; Yu et al. 2009), cardiovascular
disease (Lukman et al. 2014; Wei 2010) and diabetes (Chu
etal.2008; Hang 2009). Lumbrokinase may have multiple
single component (Chu et al. 2008; Wang et al. 2003), the
enzyme activity is affected by many factors (Chi et al.
1999; Wang et al. 2003; Zhou et al. 2011).

Pheretima praepinguis, known as large earthworms
of Mount Emei, a unique earthworm Emeishan, belongs to
Pheretima, Megascolecinae, Megascolecidae. The general
body length of P. praepinguis is 30 cm, the longest up to
80 cm (Li 1957).

In this experiment, crude products of lumbrokinase
was extracted from P. praepinguis grew in Mount Emei.
Plasmin activity of crude lumbrokinase was detected by
using casein plate method (Naureen et al. 2014; Wu &
Zhao 2004). In order to seek broader way of lumbrokinase

biological preparation, the effects of pH and temperature
on lumbrokinase activity was been further studied.

MATERIALS AND METHODS

P. PRAEPINGUIS

P. praepinguis were collected from cool, moist, humus-
rich soil altitude 500-700 meters from Baoguo Temple to
Qingyin pavilion in Mount Emei, Sichuan province, China.

PREPARATION OF CRUDE PRODUCTS OF LUMBROKINASE

Fresh P. praepinguis was cleaned with water several times,
in order to make all the dirt excreted by earthworms surface
moisture absorbed with filter paper, weighing, adding two
volumes of pH7.8 phosphate buffer in tissue homogenates
machine homogenized 5 min, at 4C° standing overnight,
4C° 5000 rpm centrifuge 10 min, discard the pellet. The
supernatant was added with solid ammonium sulfate to a
saturation then centrifugation (4C°, 4000 rpm, 10 m), then
the supernatant was added with solid ammonium sulfate
to a saturation and then allowed to stand overnight at 4 °C
centrifugation conditions (4C°, 40000 rpm, 10 min). The
precipitate collected was dissolved in a phosphate buffer
solution, dialyzed with a dialysis bag and then desalted
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using a freeze dryer and freeze-dried to obtain a powdery
substance of a large number of light-brown, crude products
is called lumbrokinase, 4C° constant temperature and
stored at (Astrup & Mullertz 1952; Surhio et al. 2014).

PRELIMINARY DETERMINATION
LUMBROKINASE ACTIVITY

The initial activity of lumbrokinase preform was
determinatied by Casein plate method (Astrup & Mullertz
1952). The size of diameter of the transparent circle
represents casein hydrolyzing activity of lumbrokinase.

DETERMINATION OF THE ACTIVITY OF LUMBROKINASE
BY CASEIN AS SUBSTRATE

1 g of casein powder was added to 100 mL 0.05 mol ¢ L™
pH of 7.8 Tris-HCl buffer and lysed by heating, so that the
substrate concentration was 1% and incubated at 37°C.
Draw 2 mL lumbrokinase treated enzyme solution, then
quickly add 2 mL of 37°C pre-insulated substrate solution,
shake, continue incubation 30 min and finally add 2 mL
10% trichloroacetic acid solution to stop the reaction. The
solution was kept at room temperature for 30 min and
filtered. The absorbance of filtrate was determined at a
wavelength of 280 nm and the retention of enzyme activity
was calculated (Butt et al. 2015).

DETERMINATION OF OPTIMUM pH OF
LUMBROKINASE ACTIVITY

The lumbrokinase freeze-dried powder was taken and
put into the enzyme solution. After that, I mL of enzyme
solution were added with 2 mL pH 1.0,2.0,3.0,4.0,5.0,
6.0,7.0,8.0,9.0,10.0,11.0 and 12.0 phosphate buffer, mix.
After 4 h at room temperature, the absorbance of filtrate
was determined at a wavelength of 280 nm, retention of
enzyme activity was calculated to determine the optimum
pH of their lumbrokinase activity (Khaskheli et al. 2015).

DETERMINATION OF OPTIMUM TEMPERATURE AND
THERMAL STABILITY OF LUMBROKINASE

2 mL of lumbrokinase enzyme solution and 2 mL of
1% concentration of casein solution, respectively, were
incubated for 10 min at different temperatures of 20, 30,
40, 50, 60, 70, 80, 90°C. Then the enzyme solution was
mixed with the casein solution at the same temperature.
Mixed solution was incubated for 30 min at the original
temperature. Finally, 2 mL of 10% trichloroacetic acid
solution was added to the mixed solution to stop the
reaction. The mixed solution was filtrated after standing
at room temperature for 30 min. The absorbance of filtrate
was determined at a wavelength of 280 nm, retention of
enzyme activity was calculated, to determine the optimum
temperature (Ashraf et al. 2013; Kiyani et al. 2014).

2 mL of enzyme solution incubated at the optimum
temperature conditions for different time of 2, 4, 6, 8, 10,

12,14, 16 and 24 h. Then the enzyme solution was mixed
with 2 mL of 1% concentration of casein solution. Then
the enzyme solution was mixed with the casein solution at
the same temperature. The mixed solution was incubated
for 30 min at the original temperature. Finally, 2 mL of
10% trichloroacetic acid solution was added to the mixed
solution to stop the reaction. The mixed solution was
filtrated after standing at room temperature for 30 min.
The absorbance of filtrate was determined at a wavelength
of 280 nm, retention of enzyme activity was calculated, to
determine the holding time of lumbrokinase activity under
optimum temperature (Batool et al. 2015).

RESULTS AND DISCUSSION

CRUDE EXTRACTS AND ACTIVE DETECTION
OF LUMBROKINASE

A total of 12.015 g freeze-drying crude product of
lumbrokinase was obtained through the crude extract
by ammonium sulfate salting precipitation method with
2053.125 g of clean fresh P. praepinguis. Lumbrokinase
yield of 0.525% was relatively low.

Lumbrokinase activity was higher and the average
diameter of the transparent circle was 15 mm with casein
plate method (Figure 1).

FIGURE 1. Lumbrokinase activity detection
with Casein plate method

DETERMINATION OF OPTIMUM pH OF

LUMBROKINASE ACTIVITY
Lumbrokinase activity was significantly affected by pH
(Figure 2). Lumbrokinase activity was relatively stable
and high activity in the alkaline environment (pH7-9),
lumbrokinase activity retention rate maintain at 75%
when pH increased to 11. Lumbrokinase activity gradually
reduced in an acidic environment with pH decreased,
lumbrokinase activity retention rate was less than 25% at
pH4 and zero at pH3.

EFFECT OF TEMPERATURE ON LUMBROKINASE ACTIVITY

Lumbrokinase activity was significantly affected by pH
(Figure 3). Lumbrokinase activity retention rate was
100% below 60°C, rapid declined less than 10% when
temperature rised to 70°C and 0% when temperature
reached 80°C.
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FIGURE 3. Effect of temperature on lumbrokinase activity
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FIGURE 4. Effect of water bath time in 60°C on lumbrokinase activity

Lumbrokinase activity kept intact and Lumbrokinase
activity retention rate maintained 100% in temperature
range of 20 to 60°C, but the water bath time of enzyme
solution at 60°C also affected the lumbrokinase activity
(Figure 4). Lumbrokinase activity retention rate maintained
at 100% with water bath 60°C for 2 h. With the water bath
time in 60°C extended, lumbrokinase activity decreased
gradually and stabilized with water bath 60°C for 16 h.
Lumbrokinase activity retention rate stabled at around
33.0% after 16 h of water bath in 60°C.

CONCLUSION

The yield of lumbrokinase crude extract was only 0.525%
which is lower than 2% from the previous studies. Low
lumbrokinase yield in this experiment may be related
with many factors such as using fresh wet earthworms as

not all discharged dirt in earthworms, the homogenized
earthworms were stored at 4°C for long time and other
factors.

Lumbrokinase completely inactivated in pH conditions
less than 3, but the stability of lumbrokinase in a neutral
or alkaline environment was preferred (Lu et al. 2007;
Yang & Ru 1997). This result maybe related with protein
denaturation with strong acid environment. The results in
this experiment was completely consistent with the results
that the clinical drug of lumbrokinase and it can be well
adapted to alkaline environment in the intestine and be
inactivate in the acidic environment of gastric juice.

Lumbrokinase in this experiment has a good thermal
stability, adaptation to a wide temperature range from 20
to 60°C, similar to the results described by Zhou et al.
(2011). The properties of lumbrokinase extracted from P.
praepinguis and FEisenia fetida was basically the same.
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Therefore, the process of extraction and production of
the lumbrokinase can be carried out at room temperature
environment directly. Oral formulations and injections
made from lumbrokinase can also be directly saved at
room temperature, away from heat and exposure.
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