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Factors affecting the protease activity of venom from jellyfish
Rhopilema esculentum Kishinouye

Cuiping Li,a,b Huahua Yu,a Song Liu,a Ronge Xing,a Zhanyong Guoa and Pengcheng Lia,*

aInstitute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China
bGraduate School of the Chinese Academy of Sciences, Beijing 100039, China

Received 8 July 2005; revised 22 August 2005; accepted 6 September 2005

Available online 5 October 2005
Abstract—In this paper, the effects of some chemical and physical factors such as temperature, pH values, glycerol, and divalent
metal cations on the protease activity of venom from jellyfish, Rhopilema esculentum Kishinouye, were assayed. Protease activity
was dependent on temperature and pH values. Zn2+, Mg2+, and Mn2+ in sodium phosphate buffer (0.02 M, pH 8.0) could increase
protease activity. Mn2+ had the best effects among the three metal cations and the effect was about 20 times of that of Zn2+ or Mg2+

and its maximal protease activity was 2.3 · 105 U/mL. EDTA could increase protease activity. PMSF had hardly affected protease
activity. O-Phenanthroline and glycerol played an important part in inhibiting protease activity and their maximal inhibiting rates
were 87.5% and 82.1%, respectively.
� 2005 Elsevier Ltd. All rights reserved.
The jellyfish, Rhopilema esculentum Kishinouye, a cni-
darian of the class Scyphozoa, the order Rhizostomeae,
and the family Rhopilema, is distributed widely off the
coasts of China, Japan, and Korea, and is abundant in
late summer to early autumn.1 Painful R. esculentum
Kishinouye stings to swimmers and fishermen are com-
mon and result in local edema, tingle, and paresthesia in
extremities. Such effects arise from the complex mixture
of biologically active molecules that make up jellyfish
venoms.2

Proteinous venom from jellyfish nematocyst has a unique
structure and many bioactivities such as cardiac toxicity,
netro-toxicity, protease activity, hemolysis, hepatocyte
toxicity, myotoxicity, and antioxidant activity.3–8 The
bioactivities of Chironex fleckeri and Chrysaora quin-
queeirrha are studied more than other jellyfish.9–13

Ramasamy reported C. fleckeri produced a transient
hypertensive response followed by hypotension and car-
diovascular collapse within 4 min administration in
anaesthetized rats.7 C. quinqueeirrha nematocyst venom
which had netro-toxicity was lethal to rainbow killifish
when injected intraperitoneally or topically applied to
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the exposed brain or denuded epithelium.13 Scholars
have studied on biochemistry, pharmacology, and toxi-
cology of jellyfish venom since 1960s, and tried to extract
its active components as a new source of medicine. It is
reported that jellyfish venom can have promising appli-
cations in cardiovascular medicine and target medicine
of nerve molecular biology.14 So, it is useful to study jel-
lyfish venom to benefit human health. However, further
study on jellyfish venom has been complicated by many
factors including thermal instability, the aggregation of
heterogeneous proteins and peptides, and the presence
of protease during purification.15

Protease can degrade some active proteins resulting in
the loss of bioactivities of jellyfish venom.16 Choosing
optimal conditions such as temperature, pH values, addi-
tives, and so on to inhibit protease activity is very neces-
sary for enhancing the stability of the active components
and simplifying its purification. Many proteases isolated
from bacterium had already been investigated, but the
study on the protease activity of jellyfish was compara-
tively deficient.17–20 Long-Rowe reported the effects of
pH on protease activity of C. quinqueeirrha venom and
employed boronic acid column to excise protease. O-
Phenanthroline and PMSF could inhibit the protease
activity and 0.5% EDTA could enhance the protease
activity.15 Gusmani reported 5 mM EDTA and 2 mM
PMSF could inhibit the protease activity of Rhopilema
nomadica venom.5 But there is no report about the
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Figure 1. The effects of temperature on protease activity.
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protease activity of venom from jellyfish R. esculentum
Kishinouye and the effects of glycerol on protease activ-
ity of the venom from jellyfish. Furthermore, they only
researched the effects of additives of one concentration
on protease activity, which couldn�t choose the optimal
concentration of protease inhibitor to inhibit protease
activity. Moreover, jellyfish venoms clearly vary in activ-
ity and composition, and different results of some factors
affecting protease activity were obtained because of spe-
cies differentia.21 In the present study, protease activity
of venom from jellyfish R. esculentum Kishinouye and
the effects of temperature, pH values, additives including
glycerol, metal cations, PMSF, O-phenanthroline and
EDTA on it were first investigated.

Crude protein was prepared as follows. The jellyfish
Rhopilema esculentum Kishinouye (R. esculentum) was
collected in the Shazikou Bay in Qingdao, Shandong
Province, China, in August 2004. The oral arms with
tentacles were manually excised in vivo, packed in poly-
thene bags, and frozen immediately at �20 �C. The fro-
zen oral arms were autolyzed in cold (4 �C) seawater for
2 days. After filtering some residual tentacles, they were
sonicated 15 times for 3 s each time at 100 mV. The
resultant fluids were clarified by centrifugation at
13,000 rpm for 20 min at 4 �C and used as crude protein
(CP). Sample protein concentrations were determined
by the method of Bradford,22 using bovine serum albu-
min (BSA) as a standard.

LL-Tyrosine standard curve was protracted: 1 mL LL-tyro-
sine of different concentrations (10–60 lg/mL) was
incubated with 3 mL of 0.55 M Na2CO3 and 1 mL
Folin-phenol solution at 37 �C for 20 min and then the
absorbance at 640 nm was determined.

Protease activity was carried out by the method of Fo-
lin-phenol of Bakhtiar with a slight modification.23

Briefly, 1 mL of 1% (w/v) casein in sodium phosphate
buffer (PBS, 0.02 M) and 1 mL CP were pre-incubated
at 37 �C, respectively. After 5 min, the casein was incu-
bated with the CP at 37 �C for 10 min, and then unhy-
drolyzed protein was precipitated with 3 mL of 10%
trichloroacetic acid (TCA) and softly shaken. After
centrifugating at 13,000 rpm for 10 min, 3 mL Na2CO3

was added to 1 mL supernatant followed by 1 mL Fo-
lin-phenol reagent and then immediately shaken up.
The reaction mixture was allowed to stand for
20 min at 37 �C before measuring the absorbance at
640 nm by a spectrophotometer against blank samples.
One unit of protease activity was defined as 1 ng tyro-
sine released from casein hydrolyzed by protease of
1 mL CP at 37 �C, pH 8.0, for 1 min. Inhibiting rate
I% = (1 � Ai/Ao) · 100%, where Ai is the absorbance
of inhibitor added and Ao is the absorbance of inhib-
itor unadded.

The effects of temperature on protease activity were as-
sayed as follows. 1 mL of 1% casein in PBS (0.02 M, pH
8.0) was incubated with 1 mL CP at 4, 30, 37, 50, and
60 �C for 10 min, respectively, and then the protease
activity of venom was determined according to the
method described above.
The effects of pH on protease activity were assayed as
follows. 1 mL of 1% casein in pH 6.0, 6.5, 7.0, 7.5, 8.0,
8.5, 9.0, and 9.5 PBS, respectively, was incubated with
1 mL CP at 37 �C for 10 min, and then the protease
activity of venom was determined according to the
method described above.

The effects of additives on protease activity were assayed
as follows. 1 mL additive of different concentrations was
added to 1 mL CP before pre-incubation and then the
mixture was incubated with 1 mL of 1% casein in PBS
(0.02 M, pH 8.0) at 37 �C for 10 min. Then the protease
activity of venom was determined according to the
method described above.

Figure 1 shows that protease activity was obviously
influenced by temperature. When the temperature chan-
ged from 4 to 37 �C, protease activity was increased
quickly and reached the maximum at 37 �C, so it was
regarded as the optimum reactive temperature of prote-
ase. Protease activity was markedly reduced at tempera-
ture over 50 �C. Carrette reported that at temperatures
greater than or equal to 43 �C, venom lost its lethality
more rapidly,24 so it should be at lower temperature to
research other characters of R. esculentum venom, in or-
der to reduce the degradation effect of the protease to
protein. The effects of temperature on protease activity
could be explained as follows: when the temperature
was below 50 �C, activity energy was consequently de-
creased with the incubation temperature increasing,
inducing the reactive rate, namely protease activity
enhancement. As the nature of protease was protein,
when the temperature was above 50 �C, protease was
denatured with the incubation temperature increasing,
resulting in the rate of reaction getting decreased.25

Protease activity was consequently decreased.

Protease activity was influenced by pH and showed an
obvious peak (Fig. 2), implying that at least one prote-
ase was present in CP.26 At pH 7.5, protease activity
was minimal and R. esculentum venom had a higher
hemolytic activity at this pH, confirming that protease
activity could affect hemolytic activity.27 Protease activ-
ity was maximal at pH 8.0 and apart from incubation at
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Figure 2. The effects of pH on protease activity.
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pH 8.0, protease activity obviously decreased. This find-
ing was in accordance with Lane�s research showing that
the optimum pH of protease from jellyfish Physalia ven-
om was 7.8–8.0.28 According to the research, PBS at pH
7.5 should be chosen to make jellyfish venom stable
when studying other activities of jellyfish R. esculentum
venom. The reasons that pH influenced protease activity
may be explained as follows: (1) more acid or alkali
could damage the spatial structure of protein with
changing the proteinaceous conformation, so protease
activity got reduced. (2) When pH values did not change
greatly, protease did not denature, but its activity was
influenced, since pH values could affect the dissociated
state of substrates, intermediate complexes, and some
groups of protease active sites. (3) pH values influenced
the decomposition of the relative groups which kept spa-
tial structure of protease molecular stable, resulting in
the conformation of protease active sites, so protease
activity was affected consequently.25

As shown in Figure 3, protease activity was inhibited by
glycerol. when the concentration was 1%, the inhibitory
effect was the greatest and the inhibiting rate was 82.1%.
When the concentration was higher than 1%, the inhib-
itory effect began to decreased and protease activity con-
sequently improved. The inhibitory effect was the lowest
at the concentration of 6% glycerol which could induce
the subunit of protease to aggregate,29 destroying the
active site of protease resulting in protease activity
decrease. Su investigated that glycerol could effectively
reduce the hydrolyzation of protease.30 However,
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Figure 3. The effects of glycerol on protease activity.
glycerol is a co-solvency and it can change the thermo-
dynamic feature of solution. A balance can be estab-
lished when hydration of protein surface completes
and combines the co-solvent entirely. The balance would
stabilize the protein. When the concentration was above
1%, the effect of stabilization on protease may be higher
than that of 1%. So, protease activity gradually in-
creased compared to the activity at 1%.

Three familiar metal cations Zn2+, Mg2+, and Mn2+ in
animals were chosen in this work to study their effects
on protease activity of jellyfish R. esculentum. As shown
in Figure 4, the presence of Zn2+, Mg2+, and Mn2+ could
enhance protease activity. Zn2+ had hardly any effect on
protease activity when the concentration was below
0.1 mM. When the concentration changed from 0.1 to
0.2 mM, protease activity went from 5.5 · 103 to
1.2 · 104 U/mL. Protease activity reached the maximum
1.4 · 104 U/mL at 0.5 mM. When the concentration was
above 0.5 mM, with the concentration of Zn2+ increas-
ing, protease activity consequently decreased. Mg2+

could increase protease activity, but the effects were very
minimal and had little concentration-dependence. Mn2+

could significantly activate the protease and had the
greatest effect among the three metal cations; at 8 mM,
protease activity (2.3 · 105 U/mL) was about 40 times
greater than the control (6.0 · 103 U/mL). Protease
activity had a better linear relation with the concentra-
tion of Mn2+. The effects of Zn2+, Mg2+ were similar
and the effects of Zn2+ were greater than those of
Mg2+. With regard to metal requirements of protease
activity, on the basis of the data obtained from addition
of metal cations, we would predict the relative metal ion
requirements to be Mn2+ >> Zn2+ > Mg2+. The results
suggested that Zn2+ and Mg2+ had broad, but weak,
metal ion binding capacity and a probable participation
of these cations in jellyfish R. esculentum protease activ-
ity, similar to what was observed in the sea urchin em-
bryo.31 Mn2+ was probably tightly bound at the active
site and was required to stabilize the protease from jelly-
fish R. esculentum.32 Metal cations were necessary for
activity of a part of enzyme, and Zn2+, Mg2+, and
Mn2+ were usually used as activators of enzyme.25,33 It
was consistent with the results of this experiment.

PMSF was a serine protease inhibitor and it had been
reported that PMSF could inhibit protease activity of
jellyfish C. quinqueeirrha.2,15 However, in this study,
PMSF had hardly affected protease activity (Fig. 5).
This result might be explained by the fact that there
was no serine protease in jellyfish R. esculentum venom
or PMSF was decomposed under the condition.

Protease activity was evidently influenced by O-phenan-
throline (Fig. 6) and it could inhibit the protease activi-
ty. When the concentration of O-phenanthroline was
below 0.5%, protease activity reduced with the concen-
tration increasing and there was a linear relation be-
tween them. 0.5% O-phenanthroline had a strong
inhibitory effect and the inhibiting rate reached the max-
imum (87.5%). The results showed that the CP probably
contained metal-activated proteases, since O-phenan-
throline was the inhibitor of metaloprotease.15 Metalo-
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Figure 4. The effects of bivalent metal cations on protease activity. (A) Zn2+. (B) Mg2+. (C) Mn2+.
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Figure 6. The effects of O-phenanthroline on protease activity.
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protease could utilize a metal ion such as the above-
mentioned Mn2+, Zn2+, and Mg2+ as a coordinator to
exert bond cleavage resulting in protein hydrolysis.

Figure 7 shows that EDTA could increase the protease
activity. When the concentration of EDTA was 1%, pro-
tease activity was improved by 3.74 times. As EDTA
was a chelator, it could chelate some heavy metal cat-
ions such as Fe2+, Hg2+, and Pb2+ to reduce the inhibi-
tory effects on protease activity.25 It was reported that
when the concentration of EDTA was higher than
2 mM, the hemolytic activity of R. esculentum venom re-
duced greatly,28 because EDTA could make protease
activity increase and protease could degrade the protein
with hemolytic activity.2 On the other hand, EDTA
could also chelate some metal cation activating protease
or metaloprotease. Maybe the effect of enhancement on
protease activity was stronger than that of inhibition, so
it showed that EDTA made protease activity increase.
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Figure 7. The effects of EDTA on protease activity.
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In conclusion, the results of this study showed that the
jellyfish R. esculentum had protease activity and was
affected by some factors. Protease activity was depen-
dent on temperature and pH values. At 37 �C, protease
activity reached the maximum and protease activity was
maximal at pH 8.0. Zn2+, Mg2+, and Mn2+ in sodium
phosphate buffer (0.02 M, pH 8.0) could increase prote-
ase activity. Mn2+ had the best effects among the three
metal cations and the maximal effect was about 20 times
of that of Zn2+ or Mg2+ and it could make protease
activity reach 2.3 · 105 U/mL. EDTA could increase
protease activity. PMSF had hardly any effect on prote-
ase activity. O-Phenanthroline and glycerol could signif-
icantly inhibit protease activity and their maximal
inhibiting rates were 87.5% and 82.1%, respectively.
According to the study, it is useful to inhibit protease
activity using optimal methods to make other active
proteins stable and it is significant to study the bioactiv-
ities of the venom from jellyfish R. esculentum. On the
other hand, protease has some toxicological actions
inducing hemagglutination holdback, local capillary
vessel, and the organization damaging.34 These investi-
gations can give us important references to research
the venom of the jellyfish R. esculentum in the future.
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