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Table 12.8 Enzymes used therapeutically

Enzyme

Tissue plasminogen activator
Urokinase

Ancrod

Factor [Xa

Asparaginase

Nuclease (DNase)
Glucocerebrosidase
w-Galactosidase

Urate oxidase

Laronidase

Superoxide dismutase (SOD)

Acid c-glucosidase
a-L-lduronidase
N-Acetylgalactosamine-4-sulfactase
Trypsin/papain/collagenase
Lactase/pepsin/papain/pancrelipase

Application

Thrombaolytic agent
Thrombalytic agent
Anticoagulant

Haemophilia B

Anti-cancer agent

Cystic f brosis

Gaucher’s disease

Fabry disease

Hyperuricaemia
Mucopolysaccharidosis

Oxygen toxicity

Pompe disease
Mucopolysaccharidosis T (MPST)
Mucapolysaccharidosis IV
Debriding/anti-inl ammatory agents
Digestive aids
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1. Asparaginase

- tiael L-asparagine ‘16 aspartic iy ammonia

.
NH,

asparaginase
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- 1iaddné (healthy) 9tas1eW asparagine
a1A glutamine ‘L6 S9éia7n asparagine 1ilu
non-essential amino acid

- 1 RaNgdy Tnasgaiaanusiunsalunis
f9LAayd asparagine F9iilu essential
amino acid
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4. Digestive aids
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Table 12.9 Enzymes that are used as digestive aids

Enzyme Application

o-Amylase Aids in digestion of starch

Cellulase Promoates partial digestion of cellulose
o-Galactosidase Promotes degradation of { atulence factors
Lactase Counteracts lactose intolerance

Papain Pepsin Bromelain Enhanced degradation of dietary protein
Pancreatin Enhanced degradation of dietary carbohydrate, fat and protein
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Fig. 3 Fibrinolytic activity of herinase by fibrin plate method. Fibrin plate was prepared by mixing agarose,
human fibrinogen, and thrombin. Ten microliters of herinase (1.0 pg) was applied to the wells in fibrin plate
and incubated for 12 h at 37 °C. Plasmin (1.0 pg) was used as standard. / DW, 2 plasmin, 3 herinase

Fibrinogenolytic Activity

To address its ability to hydrolyze human fibrinogen, herinase was incubated with human
fibrinogen and analyzed by SDS—PAGE. Fibrinogen degradation pattern obtained showed
that herinase rapidly hydrolyzed A« chains of fibrinogen followed by y chains. However,
similar to fibrin, the B3 chains of fibrinogen was also resistant to hydrolysis (Fig. 5) during
the incubation time point. The fibrinogenolytic patterns suggest that herinase has some
properties similar to that of x-fibrinogenase, which preferentially hydrolyzed the Ao chain
of fibrinogen rather than the B and vy chains [26].

Effects of pH and Temperature on Fibrinolytic Activity of Herinase

The effects of pH on fibrinolytic activity are shown in Fig. 6a. Herinase was found to be active
between the pH ranges 4.0 and 9.0, with maximum activity at pH 7.0. The enzyme activity was
decreased in highly acidic and basic environment. However, the activity of enzyme was found
stable in pH ranges of 5.5-7.0. The optimum temperature of herinase is shown in Fig. 6b. The
optimum temperature for herinase activity was 30 °C. The enzyme was relatively stable below
40 °C. However, above 45 °C the activity of enzyme was sharply reduced.

Effect of Metal Ions and Protease Inhibitors on the Fibrinolytic Activity

The influence of metal ions on fibrinolytic activity of herinase was investigated in the
presence of different metal ions for 1 h at 37 °C. The metal ions such as Ca?", Mg2+, and
Mn?" were found to increase the enzyme activity significantly (Fig. 7a). However, the
addition of Cu**, Fe?", and Zn®" decreased the activity remarkably.

Fig. 4 Degradation of fibrin clot by plasmin (a) and herinase (b). Fibrin clot was prepared with human
fibrinogen and thrombin in 50 mM Tris—HCI (pH 7.4) containing 0.1 M NaCl and incubated with 1 pg of
enzyme for 0—180 min. Degradation products were analyzed by SDS-PAGE. Lane M molecular weight marker
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Fig. 5 Degradation of human fibrinogen by plasmin (a) and herinase (b). Human fibrinogen (1 %) was
incubated with 1 pg of herinase or plasmin in 50 mM Tris—HCI (pH 7.4) containing 0.1 M NaCl at 37 °C for
0-180 min. Then after, the reaction mixtures were analyzed by SDS-PAGE. Lane M molecular weight marker

To determine the class of herinase, the inhibition assay was performed with different class
of protease inhibitors such as PMSF, TLCK, TPCK, aprotinin, EDTA, and EGTA. As shown
in Fig.7b, the relative activity of herinase was highly suppressed after the addition of
metalloprotease inhibitors such as EDTA and EGTA. On the other hand, the activity was
not affected by other inhibitors including PMSF and TPCK. These results indicate that
herinase is a metalloprotease.

Discussion

Progresses in understanding the mechanism of fibrin clot dissolution open new avenues for
the development of potential agents in fibrinolytic therapy. Although current clinically used
thrombolytic drugs are mostly plasminogen activators and t-PA is still regarded as a gold
standard in this therapy [26], these agents pose unavoidable risk of bleeding. Therefore,
pharmacological and clinical studies are now focused on safe and effective thrombolytic
treatment strategies. Recently, direct acting fibrinolytic agents, which have shown impres-
sive thrombolytic efficacy and safety from bleeding, and may represent viable alternative to
t-PA [27], have received abundant attention in the scientific community. The exogenous
proteases with dual activity could be interesting and a potential candidate for thrombolytic
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Fig. 6 Effect of pH (a) and temperature (b) on fibrinolytic activity of herinase. Herinase (1 pg) was added to
90 pul of 50 mM glycine-HCl, citric-NaOH, Tris—HC]l, and glycine-NaOH buffer systems and incubated for
1 h. Relative activity was expressed as a percentage of the maximum enzyme activity under the assay
conditions. The optimal temperature was determined after the incubation of 1.0 pg of herinase at different
temperatures (1070 °C) for 1 h. Each value represents the mean+SD for three determinations
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Fig. 7 Effects of metal ions (a) and protease inhibitors (b) on the fibrinolytic activity of herinase. The purified
enzyme (1.0 pg) was mixed with metal ions or inhibitors in 50 mM Tris—HCI for 1 h at 37 °C. Each enzyme
solution (10 pl) was then incubated with fibrin clot prepared from human fibrinogen and thrombin as
described in “Materials and Methods” at 37 °C for 10 min and the enzyme activity was measured by a
microplate reader. The level of inhibition was expressed as a percentage of the relative activity to the control
activity (without metal ion or inhibitor). Each value represents the mean+SD for three determinations

therapy. However, the existence of such bifunctional agents that could activate plasminogen
as well as degrade the fibrin clot directly had not been reported previously from mushroom.
In the present study, we describe the purification and biochemical characterization of a 51-
kDa bi-functional fibrinolytic metalloprotease designated as “herinase” from the fruiting
bodies of H. erinaceum.

One distinguishing feature of herinase is that it can hydrolyze the fibrin independently as
plasmin. Fibrin is a favorable substrate for plasmin and fibrin zymography has been
suggested to be a reliable technique to demonstrate plasmin-like enzymes [21, 28]. We have
therefore applied fibrin zymography to identify protease activity in SDS—PAGE. As shown
in Fig. 2b, herinase produced a clear and sharp band of 51 kDa on fibrin zymogram,
indicating that herinase has plasmin-like activity. Moreover, we found that herinase induced
fibrinolytic activity on both plasminogen-free and plasminogen-rich fibrin plates. These
results indicate that two mechanisms could be involved in herinase-mediated fibrinolysis: (1)
direct acting and (2) via the activation of plasminogen. Only a few fibrinolytic enzymes such
as lumbrokinase and eupolytin 1 have been reported to possess such bi-functional activity
[29, 30]. Bi-functionality is the unique feature of herinase, which makes it superior than
other fibrinolytic enzymes. Moreover, to understand the substrate specificity of herinase, the
hydrolytic activities toward various peptide substrates were measured. The results from
chromogenic substrates revealed higher activity with S-2288, substrate for t-PA, followed by
S-2251, substrate for plasmin (Table 3), indicating that herinase contains both t-PA- and
plasmin-like activities, in general agreement with the trends discussed above.

Another important feature of herinase is its ability to hydrolyze fibrin and fibrinogen. The
fibrin(ogen)olytic pattern by herinase differs from other fibrinolytic enzymes because it
appeared to target on Ao chain of fibrinogen, one of the most important proteins for
coagulation in plasma, which is quickly digested by hydrolyzing peptide bonds different
from those hydrolyzed by plasmin (Fig. 5). This pattern of cleavage is, however, similar to
that of «-fibrinogenase from different sources such as snake venom [26, 31], Lampetra
Japonica [19], Codium divaricatum [24], and Paecilomyces tenuipes [7]. Interestingly,
unlike many fibrinolytic enzymes from above mentioned and other sources, herinase could
also cleave the 'y chain of fibrinogen. Since the 'y chain does not appear to be a specific target
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of fibrinolytic enzymes from snake venom [26], a metalloprotease from mushroom, for
example, Tricholoma saponaceum, could cleave both the Ao and Bf3 chains but has no
activity toward the y chain [32]. Moreover, herinase also exhibited a different pattern of
specificity with respect to the cleavage of fibrin than other known fibrinolytic enzymes.
Herinase was capable of digesting the o« and y—y chain of fibrin but did not show activity
toward the (3 chain, suggesting that herinase could be different from other proteases.

Additionally, the N-terminal sequence analysis revealed that herinase is a novel protease.
Herinase shares a high sequence identity with the metallopeptidase. Interestingly, herinase
exhibited a weak or no homology in N-terminal amino acid sequence with other known
fibrinolytic enzymes. Moreover, the uniqueness of the herinase was observed in the depen-
dence of the fibrinolytic activity on protease inhibitors and various metal ions. Protease
assay with inhibitors and metal ions revealed that some features of herinase were different
from those of some fungal fibrinolytic metalloproteases previously reported from our
laboratory [33-35], and from other mushrooms [5] and food-grade microorganisms [36].
Inhibition assay showed that the activity of herinase was strongly inhibited by EDTA and
EGTA. Sequence comparison and inhibition of herinase by these chelating agents established
that it is a metalloprotease. It has been reported that the fibrinolytic serine proteinases and
coagulation of blood are usually targeted by serpins (serine protease inhibitors) [37].
Therefore, the specific advantage of herinase over fibrinolytic serine proteases is that it
will not be inhibited by the blood serpins. Furthermore, similar to other direct-acting
metalloproteases, the proteolytic activity of herinase was also activated by calcium and
magnesium ion. These ions are suggested to be important for structural stabilization of
metalloprotease [38, 39].

In conclusion, we report the isolation and biochemical properties of the fibrin(ogen)olytic
metalloprotease from medicinal and edible mushroom H. erinaceum. Because of its ability to
promote fibrin(ogen)olytic activity directly as well as through the activation of plasminogen,
herinase seems to be a promising potential candidate for further study in thrombolytic
therapy.
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