Biochemical and molecular characterization of fibrinolytic
enzyme purified from Pleurotus ostreatus
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| ABSTRACT |

The crude fibrinolytic enzyme was purified to full homogeneity using fractional precipitation
by ammonium sulphate, DEAE cellulose chromatography and gel filtration on Sephadex-G100. An
over all of 69%-fold purification with 2.5 recovery was obtained. The apparent molecular mass of
the purified enzyme was estimated to be 44 kDa using SDS-PAGE. The optimum pH and
temperature of the purified enzyme were 6 and 35°C, respectively. The fibrinolytic enzyme was
completely inhibited by Hg?* and partially inhibited by Cu?*, Ni** and AI**. Its activity strongly
enhanced by Zn**, Mg®*, Ca®", K* and Fe®" in descending order. EDTA and EGTA inhibited the
enzyme activity suggesting that it is a metalloprotease. The enzyme was also inhibited by the
serine inhibitors PMSF and aprotinin. The pure enzyme showed strong specificity to fibrin as
substrate in vitro. It was also specific to gelatin and fibrinogen but not specific to casein, elastin
and egg albumin. The amidolytic activity toward synthetic substrates showed high specificity to
the synthetic peptide N-Succinyl-Ala-Ala-Pro-Phe-pNA suggesting that it is a chymotrypsin-like
protease. The PoFR-cDNA encoding gene was cloned in E. coli (a-DH5) and its nucleotide
sequence was determined (GenBank accession no. AB551656). The PoFR-cDNA was found to
consist of 845 bp in an Open Reading Frame (ORF) encoding 281 amino acids. The sequence
showed high degree of homology with the fibrinolytic enzyme gene from P. ostreatus fruiting
bodies (AY640032.1). In vivo assay using thrombus induced mice showed that the enzyme exerted
thrombolysis in the mice blood marked by decrease in hematocrit percentage and prolonged
prothrombin time (PT) and thrombin time (TT).
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INTRODUCTION \ plasmin,  which is generated from

plasminogen by plasminogen activators, such

ibrin is the primary protein component as tissue plasminogen activator, vascular

of a blood clot, which is formed from plasminogen activator, blood plasminogen
fibrinogen by thrombin (Voet and activator, urokinase, Hageman factor, and
Voet, 1990). Fibrin causes thrombosis, streptokinase-plasminogen complex (Collens
leading to myocardial infarction and other and Lijnen, 1991). The hydrolysis of fibrin is
cardiovascular diseases in the blood vessels. known as fibrinolysis. Fibrin clot formation
The insoluble fibrin fiber is hydrolyzed by and fibrinolysis are normally well balanced
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in the biological system. However, in the
unbalanced state, the clots are not lysed, and
therefore thrombosis occurs as mentioned by
Harlan and Harker (1981). The fibrinolytic
agents available today for clinical use are
mostly plasminogen activators such as a
tissue-type plasminogen activator (tPA), a
urokinase-type plasminogen activator, and
the  bacterial  plasminogen  activator
streptokinase. Despite their widespread use,
all these agents have undesired side effects,
exhibit low specificity for fibrin, and are also
relatively expensive. Therefore, the search
for other fibrinolytic enzymes from various
sources continue. Over the last decade, potent
fibrinolytic enzymes have been discovered
from a variety of sources, such as
earthworms (Mihara et al., 1991 and Wang et
al., 2006), snake venoms (Jia et al., 2003 and
De-Simone et al., 2005), insects (Ahn et al.,
2003), food-grade microorganisms (Ang et
al., 2005), marine creatures (Sumi et al.,
1992), herbal medicines (Harlan and Harker,
1981) and fermented food products like
Japanese natto (Sumi et al., 1992, Choi et al.,
2005 and Stricklin and Hibbs, 1988), Korean
chungkook-jang ( Kim et al., 2006).

In  recent years, mushrooms have
become an attractive source of various
physiologically active compounds (Wang et
al., 2005 and Woessner, 1991). They are
commonly used as food and food flavoring
substances and also in traditional oriental
medicines. Their extracts have been reported
to exert hematological, antiviral,
antitumorigenic, hypotensive and
hepatoprotective effects (Collens and Lijnen,
1991). They constitute an important source of
thrombolytic agents. Many fibrinolytic
enzymes were identified in the fruiting bodies
of different medicinal mushrooms, such as
Armillaria mellea metalloprotease, (Healy et
al.,, 1999 and Kim and Kim 1999). Grifola
frondosa aminopeptidase (Nonaka et al.,

1997) and Pleurotus ostreatus metalloprotease
(Choi and Shin, 1998 and Joh et al., 2004).
Indeed, the presence of fibrinolytic enzymes
in the fruiting bodies of some mushrooms has
been identified, although the presence of these
enzymes in their mycelia is not clear.
Furthermore, protease genes from several
bacteria, fungi and viruses have been cloned
and sequenced with the prime aims of
overproduction of the enzyme, delineation of
the role of the enzyme in pathogenicity and
alteration in enzyme properties to suit its
commercial application.

The present study aimed to the
purification, biochemical and molecular
characterization of the fibrinolytic enzyme. In
vivo assay of thrombolysis activity using
thrombus-induced mice model was
demonstrated with the aid of some markers.

| MATERIALS AND METHODS

Organism and culture conditions

The white-rot fungus Pleurotus ostreatus
(Jacg.) Que'let NRRLO366 (oyster mushroom)
was kindly provided by Scientific City for
Scientific  Research and  Technology,
Alexandria, Egypt. The fungus was
maintained on PDA medium described by
Prasad et al. (2005).

Fibrinolytic enzyme assay

Fibrinolytic enzyme activity in the
culture filtrate was measured
spectrophotometrically as described by Datta
et al. (1995). Ten pg of human fibrinogen
solution (prepared in 10 mM Tris-HCI buffer
pH 7.4 containing 0.15 M NaCl) were added
to human thrombin (0.1 NIH unit), and
allowed to stand for 1 h at room temperature.
The formed clots (fibrin) were mixed with 1
ml of filtrate (as a source of crude fibrinolytic
enzyme) and incubated at 37°C for 1 h. The
amount of solubilized peptides was measured
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per one ml reaction mixture using procedure
of Bradford (1976). One unit of enzyme
activity was expressed as the amount of
enzyme releasing 1pumol of soluble peptides
per minute

Proteolytic enzyme assay

Proteolytic activity was determined
according to Shen et al. (2007) by measuring
the release of acid-soluble material from
azocasein by absorbance at 366 nm. One unit
of protease activity was defined as the
amount required producing enough acid-
soluble material from azocasein to yield an
absorbance of 0.1 at 366 nm after 1 h of
incubation at 37°C.

Purification of fibrinolytic enzyme in P.
ostreatus

The culture filtrate (1.5 liters) was
fractionated by precipitation with ammonium
sulfate (NH,4),SO4 with up to 80% saturation
at 4°C. The precipitate was dissolved in least
amount of 20 mM Tris-HCI buffer (pH 7.4)
and desalted by dialysis over night against
the same buffer, kim et al., 2008. The
previous partially purified enzyme extract
was applied to DEAE-cellulose column (3.5
x 10 cm) (Pharmacia) equilibrated with 20
mM Tris-HCI buffer (pH 7.4). Proteins were
eluted with linear gradient of NaCl from 0.0-
0.7 M. The flow rate was 1.0 ml min™ and
Fractions of 3 ml were collected; protein
content and fibrinolytic enzyme activity were
assayed in each fraction. Fractions containing
fibrinolytic activity from DEAE-cellulose
column were pooled, concentrated by
lyophilization, redissolved in 10 mM sodium-
phosphate buffer pH 6.8 and applied to
Sephadex G-100 column (Pharmacia- USA).
Elution was carried out by the same buffer
and fractions collected and assayed for
fibrinolytic activity and protein content.

19

Molecular and Biochemical character-
rization

The molecular weight of the enzyme
was determined by SDS-PAGE according to
the method described by Laemmli (1970).
After electrophoresis. The gels were stained
with silver nitrate and the molecular mass
markers used were low molecular weight
standards (Sigma- Germany). The effect of
pH, temperature, protease inhibitors, metal
ions and substrate concentration as well as
specificity on fibrinolytic enzyme activity
were studied.

Amplification of POFR gene by RT-PCR
Isolation of RNA was carried out
according to the method outlined by Huang
et al. (2007) using Biozol reagent (BioFlux,
Tokyo, Japan), and RNA was purified using
tri- reagent RNA kit (Sigma). cDNA
synthesis was carried out by usingl® strand
cDNA kit (BIO BASIC INC.) according to
the manufacturer instructions, in a reaction
mixture (20 pl final volume). Specific
products were amplified by PCR, (using T-
GRADIENT thermal cycler from Biometra)
in 25 pul volume containing 2.5 pl of cDNA,;
25 pmol of each primer (forward primer

(Pofib1) AAT
GGATCCATGTTGCGCTCCATCCTG and
reverse (Pofib2) AATAAGCTT

GGCTTCGTACGACTCAGAGG), 10 mM
of each dNTP; 1 U of Tag DNA polymerase;
10 mM Tris-HCI, pH 9.0; 50 mM KCI; 1 mM
MgCls. Conditions for PCR were
denaturation at 94 °C for 3 min followed by
35 cycles of 1 min at 94 °C; 2 min at 60 °C
and 1 min at 72 °C with a final extension step
at 72° C for 7 min.

Cloning of PoFR into PGEM-T-Easy
vector and sequencing

The generated DNA fragments of
fibrinolytic gene obtained after PCR
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amplification were purified using QiA quick
gel extraction kit (Qiagen) according to
manufacturer's instructions. The products
were ligated into PGEM- T- Easy vector
(system 1) from Promega (Madison,WI,
USA), and transformed into competent
DHS5a- E. coli cells (Promega) with
subsequent ampicillin selection following
manufacturer’s instructions. The PGEM- T-
Easy cloning kit offered a rapid and efficient
cloning method for PCR products. 2 ul of
ligation reactions were added and mixed
gently by tapping and incubated on ice for 30
min. Cells were heat shocked for 45 sec. at
42 °C in a water bath incubator to increase
the transformation efficiency. The tubes were
then placed on ice for 1 min to cool down
then 900 pl of LB medium were added to
each tube and shaked gently at 37 °C for 2 h
for cell recovery. 100 pl transformation mix
were plated onto Luria-Bertani (LB) plates
containing ampicillin 50 mg/ml,200 mM
IPTG and 50 pg/ml X-gal and incubated at
37°C overnight for selecting the transformed
cells. QiA prep® Miniprep kit (Qiagen) was
used to isolate pure super-coiled plasmid
DNA with high yields (15 pg) according to
manufacturer s instructions. Validation of
cloning took place by PCR to select the
transformed colonies with recombinant
PGEM-T Easy vector by using specific
(Pofibland Pofib2 primers) and universal
primers (M13 forward and reverse). Partial
nucleotide sequences of PoFR gene were
obtained by the sequencing of one strand on
an Applied Biosystems 310 genetic analyzer
(Applied Biosystems, ABI) using sequencing
ready  reaction Mix according to
manufacturer’s instruction (Applied
Biosystem) at Gene Analysis  Unit,
VACSERA, and Cairo, Egypt.

In vivo assay of thrombolysis activity using
purified fibrinolytic enzyme in P. ostreatus

Male and female ICR mice animals (4 to
6 week old with 20 to 25 g weight) were
obtained from National Cancer Institute, Cairo
University, Egypt. Two groups of five animals
each were randomly allocated. Thrombin
obtained from Sigma company was prepared
and injected intravenously in foot of each
mouse to initiate leg clot formation. After 1 h
of intravenous injection (time required to
allow clot to be formed) blood samples were
collected from foot (control group). The mice
groups were then injected with the purified
enzyme samples of P. ostreatus for 3 days and
another blood sample was collected from foot
of each mouse in tubes containing
anticoagulant. The two blood samples in
addition to samples collected from untreated
healthy mice group were analyzed for
thrombin time (TT), prothrombin time (PT)
and hematocrit percentage as described by
Yuk et al. (2000).

| RESULTS AND DISCUSSION |

Enzyme Purification and Molecular Mass
Determination

The partially purified enzyme obtained
by fractional precipitation with ammonium
sulphate recorded 57.3% recovery with 1.8-
fold purification. Three separate peaks of
fibrinolytic activities were observed named
FA, FB and FC by using DEAE-cellulose
(Fig. 1). The composite sample containing the
three active peaks was further applied onto
Sephadex G-100 chromatography where one
main peak appeared showing high fibrinolytic
activity (Fig. 2). An overall of 2.5-fold
purification with 69.1% recovery were
attained (Table 1). The apparent molecular
mass from the relative mobility by the marker
proteins on SDS-PAGE was estimated to be
44 kDa (Fig. 3).
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Fig. (1): Typical elution profile for the behavior of P. ostreatus extracellular fibrinolytic enzyme
on DEAE-cellulos.

Table (1): Purification scheme of fibrinolytic enzyme in Pleurotus ostreatus .

Purification step Total protein Fibrinolytic Specific Purificati Recovery
(ng mlh) activity activity on fold (%)
umrh (7=U ng")
Crude filtrate 8.9 28.3 3.2 1 100
(NH,),S04(80%) 51 30.3 5.9 1.8 57.3
F 019 30.1 158.4 49.5 21
A
DEAE- F 0.22 20.2 91.8 28.7 25
cellulose B
F 033 12.8 38.8 121 3.7
C
Sephadex G-100 0.22 48.7 2214 69.1 25

FA= The 1% peak (fractions 16-29); FB= The 2" peak (fractions 33-44); FC= The 3" peak (fractions 46-57).
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Fig. (2): Typical elution profile for the behavior of P. ostreatus extracellular fibrinolytic enzyme on
Sephadex G-10.

g

Fig. (3): SDS-PAGE for purified fibrinolytic enzyme from Pleurotus ostreatus; lane (M),
Marker, protein standard including (#-galactosidase 116 kDa, bovine serum albumin
66 kDa, ovoalbumin 45 kDa, lactate dehydrogenase 35 kDa) and lane (1) purified
fibrinolytic enzyme.
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The enzyme was assigned as (PoFR)
and similar or relatively similar molecular
masses were observed by Paik et al., 2004
who purified fibrinolytic protease from
Bacillus subtilis KCK-7 with an apparent
molecular mass of 44 kDa. Kim et al. (2008)
purified and characterized a fibrinolytic
enzyme from mycelia of the mushroom
Perenniporia  fraxinea  with  apparent
molecular mass of 42 kDa. Higher molecular
masses than POFR were detected by Kim et
al., 2006 who purified a fibrinolytic enzyme
from the medicinal mushroom Cordyceps
militaris with molecular mass of 52 kDa by
SDS-PAGE. However, lower molecular
masses than PoFR were detected in P.
ostreatus by Shen et al. (2007) who purified
fibrinolytic enzyme from mycelia (32 kDa)
and fruiting bodies (19 kDa) of P. ostreatus
using combination of chromatographies.

Fibrinelytic activity { mf”

Effect of pH values

The optimum pH for the enzyme was
observed at pH 6.0 as given in Fig. (4). This
enzyme was highly active at pH range of 5.0-
8.0 at 37°C for 1 h but the enzyme activity
declined rapidly below or above this range.
Similarly, the optimum pH of P. ostreatus
purified fibrinolytic enzyme was 6.5. The
enzyme was stable in pH range of 6.0-7.0 but
above 7.0 the enzyme stability decreased
drastically, Shen et al. (2007). Maximum
activity of purified fibrinolytic enzyme was
detected at pH 6.0 in the mushroom
Cordyceps militaris, Cui et al., 2008. The
optimum pH of PoFR is also similar to those
of FFP2 from Prenniporea fraxinea (Kim et
al., 2008 and Lee et al., 2005). POMEP from
fruiting body of P. ostreatus, (Nonaka et al.,
1997), AMMP from Armillaria mellea, (Lee
et al., 2005), FP1 and FP2 of P. sajor-caju,
(Shin and Choi, 1999). The fibrinolytic
enzymes from B. subtilis DC-33 showed
stability over a wide range of pH 5-12 with
maximum activity at pH 8.0, (Wang et al.,
2006).

pH values

Fig. (4): Effect of different pH values on fibrinolytic enzyme activity from P. ostreatus.
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Effect of temperature

The optimum temperature of the
purified fibrinolytic enzyme from P.
ostreatus was found to be 35°C but when the
enzyme was exposed to temperature over
37°C the fibrinolytic activity degenerated
abruptly as shown in Fig. (5). As the
temperature increased above 45°C the
enzyme was rendered inactive. The
fibrinolytic enzyme in Cordyceps militaris
was active between 20-40°C with an
optimum activity at 37°C. The activity
decreased rapidly at temperature greater than
40°C (Kim et al., 2006). The optimum

Fibrinalytic uetivity 1 mi*
»
e,

\

temperature of fibrinolytic enzyme purified
from the mushroom Perenniporia fraxinea
was found to be 35°C. The enzyme become
less active above 45°C and completely
inhibited above 55°C, (Kim et al., 2008).
Lower temperature than that of PoFR was
detected in other mushrooms by Cui et al.,
2008 who found that the optimum
temperature of fibrinolytic enzyme purified
from Cordyceps militaris mycelial filtrate
was 25°C. Lee et al. (2005) observed that the
optimum temperature of fibrinolytic enzyme
purified from the mushroom Armillaria
mellea was 33°C.

2w E<3 ki) 38 4 45 50

Tamperature °C

Fig. (5): Effect of different temperature values on fibrinolytic enzyme activity from P. ostreatus.

Effect of different protease inhibitors
Table 2 showed that EDTA and EGTA
strongly inhibited the enzyme activity
indicated that it’s a metalloprotease. TPCK,
DTT and mercaptoethanol exerted low effect
on the fibrinolytic activity. The enzyme was
inhibited by the serine protease inhibitors
PMSF and aprotinin. The cysteine protease
inhibitors TLCK and the aspartic protease
inhibitor pepstatin A exerted low effect on
the enzyme activity. Wang et al. (2006)

reported that the fibrinolytic activity in B.
subtilis DC33 completely inhibited by PMSF,
DTT and pepstatin A which are well known
inhibitors of serine proteases. Kim et al.
(2008) indicated that the fibrinolytic activity
of enzyme purified from the mushroom
Perenniporia fraxinea was inhibited by
EDTA and EGTA suggesting that it’s a
metalloprotease. No significant effects were
exerted by PMSF, TLCK, aprotinin and
pepstatin A.
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Table (2): Effect of different protease inhibitors on fibrinolytic enzyme activity from P. ostreatus.

% of change

Inhibitors Conc. '(AUCtr'[\]II'tl))' compared to
control
Control 48.7+1.1 100
Aprotinin 0.2 mM 22.3+2.1 54.2
Pepstatin A 0.2 mM 40.1+1.1" 17.6
EDTA 0.5 mM 18.242.1° 62.6
1.0mM 2.9+1.1 94.0
EGTA 0.5 mM 21.5+1.1° 55.8
1.0mM  52+0.1" 89.3
TLCK 1.0mM 45.8+4.3" 5.9
TPCK 1.0mM 16.1£3.2° 66.9
Dithiothreitol (DTT) 1.0mM  325:2.1" 33.3
phenylmethylsulfonyl fluorid [PMSF] 1.0 mM 12.4+1.0° 74.5
2- mercaptoethanol 1.0mM 35.243.2" 27.7

Effect of different metal ions on
fibrinolytic enzyme activity

The effect of metal ions and protease
inhibitors on the Fibrinolytic enzyme (PoFR)
purified from P. ostreatus was investigated.
The enzyme activity was completely
inhibited by Hg*" and partially inhibited by
Ca?*, Ni** and AI**. The fibrinolytic activity
was strongly enhanced by Zn®*, Mg?*, Ca®,
K* and Fe®* in decreasing order and
moderately stimulated by Co*, Mn?*, Fe**
and Ba?* (Table 3). It could be concluded that
the fibrinolytic enzyme (PoFR) purified from
P. ostreatus mycelium was enhanced by Zn**
up to 140% appeared strongly as serine-

metalloprotease

requiring zn** for

its

catalytic activity. This observation was also
recorded in other microbial fibrinolytic
enzymes. It has been reported that some
fibrinolytic enzyme from various sources are
serine and or metalloprotease requiring Zn",
Ca®* or Mg®* (Lee et al., 2005 and Nonaka et
al., 1997). The fibrinolytic enzyme from
Rhizopus chinensis 12 and Streptomyces sp.
Y405 are both serine and metalloproteases
(Liu et al.,2005). However, the fibrinolytic
enzyme from P. ostreatus (Choi and Shin,
1998), P. sajor-caju (Fujita et al.,1995) is
Zn?* requiring metalloprotease.
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Table (3): Effect of different metal ions at 1mM on fibrinolytic enzyme activity from P. ostreatus.

Metal ions oms T e
Control 32.5+0.00 100
Mg ** 73.7£2.1° 126.7
Co? 54.242.1" 66.8
Cu® 19.3+#3.5" 40.6
Ca? 69.3+2.2" 113.2
Mn?* 56.3+4.3 73.2
Hg # 0.00£0.00 0.00
Zn?* 78.0+£2.1" 140
Fe? 66.1+1.1" 103.4
Fe3 52.0+4.3 60
Ni 2* 22.7+2.1 32
Ba® 50.9+1.1" 56.6
K* 68.2+1.1" 109.8
AP 22.8+1.1" 29.8

Significant when P< 0.01

Substrate specificity, amidolytic activity,
Km and Vmax determination

The enzyme showed highest specificity
to the synthetic N-Succinyl-Ala-Ala-Pro-
Phe-pNA (for subtilisin or chymotrypsin).
High degree of specificity was shown also
toward N-benzoyl-Phe-Val-Arg-pNA  (for
trypsin or thrombin). The enzyme (PoFR)
was highly specific to fibrin, fibrinogen and
gelatin but not specific to azocasein, elastine
or albumin (Table 4). The Km and Vmax of
the enzyme for N-Succinyl-Ala-Ala-Pro-Phe-
pPNA were determined to be 0.35 mM and
21.0 U ml-1, respectively. Similarly, when
the fibrinolytic activity of B. subtilis DC-33
using fibrin as substrate (was taken as 100)
the relative activity of the enzyme to
fibrinogen, casein and serum albumin were
132, 18 and 12, respectively. It hydrolyzed
N-Succinyl- Ala-Ala-Pro-Phe-pNA effecti-

vely with Km of 0.21 mM, Kcal/Km of
1.76x10° S*™M™, respectively. The enzyme
also degraded D-Phe-Pipecolyl-Arg-pNA,
aspartic substrate for thrombin with Km of
47.7 mM, Kcal/Km of 2.52 S* M (Wang et
al., 2006). The fibrinolytic enzymes from
Rhizopus chinesis showed high specificity for
N-Succinyl-Ala-Ala-Pro-Phe-pNA and the
Km value was 0.23 mM, Liu et al., 2005. The
fibrinolytic  enzyme  from  mushroom
Fomitella fraxinea showed a broad
specificity for synthetic substrates and the km
and Vmax values for N-Succinyl-Ala-Ala-
Pro-Phe-pNA were 0.23 mM and 39.68 U mI"
! (Lee et al, 2005). The most sensitive
substrate for fibrinolytic enzymes isolated
from B. lipoliquefacience DC-4 was N-
Succinyl-Ala-Ala-Pro-Phe-pNA for subtilisin
or chymotrypsin, (Peng et al., 2003).
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Table (4): Effect of natural and synthetic substrates on Fibrinolytic enzyme activity.

Substrate Conc. '(AJ trir\]lli_tl))/ % of change compared to control
Fibrin +H++

Fibrinogen ++

Gelatin ++

Azocasien _

Elastin _

Albumin (egg) _
N-Succinyl-Ala-Ala-Pro-Phe-p- 1.0mM 75.8+2.1 100
nitroanilide

N-benzyol-Phe-Val-Arg-p-nitroanilide 1.0mM 47.4+1.17 37.4
Gly-Phe-p-nitroanilide 1.0mM 43.3+2.1" 43.0
Phe-Ala-p-nitroanilide 1.0mM 33.6+3.2" 55.7
Gly-p-nitroanilide 1.0mM 19.2¢1.1° 74.7

The isolated fibrinolytic enzyme gene
(PoFR-cDNA) from P. ostreatus mycelia has
been cloned in E. coli (a-DH5). The
nucleotide sequence of the cloned fibrinolytic
gene revealed a single open reading frame
(ORF) of 845 bp encoding 281 amino acids
with start code ATG. The PoFR-cDNA gene
exhibited high sequence homology (95%)

Fig. (6): PCR products of fibrinolytic
enzyme gene (POFR-cDNA). Lane M, DNA
marker; Lanes 1, 2 and 3 PCR products
(845bp).

with P. ostreatus metalloprotease (GenBank
Accession No. AY640032.1). The calculated
molecular mass was estimated to be 44 kDa
and the theoretical isoelectric point (pl) was
4.74. The mycelia of P. ostreatus may thus

represent a potential source of new
therapeutic agents to treat thrombosis
M 1 2

Fig. (7): Agarose gel electrophoresis of
restriction digestion of fibrinolytic gene
clones. Lane M, DNA ladder; Lane 1 and 2
digested gene clones G1 and G2 respectively;
with Notl restriction endonuclease.
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Joh et al. (2004) isolated full length
cDNA sequence (1140 bp) of POMTP from
P. ostreatus fruiting bodies which contained
a 870 bp open reading frame encoding
protein product of 290 amino acids in
addition to a 99 bp of 5'-unsaturated
sequence and a 171 bp of 3'-unsaturated
sequence with a poly(A) tail. Shen et al.
(2007) reported that the cDNA of cloned
PoFE extracted from P. ostreatus mycelia is
867 nucleotides long and consist of an open
reading frame encoding 288 amino acid
residues (Figure 6 and 7). The deduced
amino acid sequence and the first 18 signal
amino acids showed high homology (90%)
with POMTP (Accession No. AAU94648.1)
from P. ostreatus fruiting bodies. The zinc-
binding domain was determined on our
deduced sequence as "HEVGHFGLNH" and
beneath it there was a methionine-turn
"HFYMDY". This Met-turn sequence
maintains the structure of zinc-binding site,
which is typical for the metzincin family of
metalloproteases, suggesting that PoFR is a
metzincin metalloprotease. In addition, there
were four cysteine residues, which form
disulphide bridges (Fig. 8 and 9).

Several studies identified unique signatures
within the amino acid sequences of the zinc
metalloproteases and placing the enzymes
into distinct family groups on the basis of
sequence and more recently, structural
similarities (Vallee, and Auld, 1990). Jiang
and Bond (1992) compared the sequences
around the HEXXH motif to classify zinc
metalloproteases into five distinct families,
thermolysin, astacin, serratia, matrixin and
reprolysin, metalloproteases. The last four
families have an extended zinc binding site

"HEXXHXXGXXH" where the third
histidine acts as the third ligand instead of
glutamic acid in thermolysin. Astacins
metalloproteases and  snack  venom
fibrinolytic enzyme exhibited identical zinc-
binding environments (His-Glu-X-X-His-X-
X-Gly-X-X-His) and this was a consensus
sequence in metalloprotease (Poindexter et
al., 1999).

All  PoMTP-type  metalloprotease
belonging to the eucolysins subfamily
reserves well four cysteine residues with the
almost residues spacing in zinc-binding and
Met-turn sequences (HEXXHXXGXXHTlZ—
CY-C¥-C*-NYMDY>!-C®-in POMTP).
These conserved cysteine residues probably
form disulphide bridges and are important for
the general structures and functions of
metalloproteases (Stocker et al., 1995 and
Rawlings and Barrett, 1995). The pattern of
disulphide loop in zinc-binding domain is
apparently conserved in astacins, reprolysins
and pappalysins subfamilies of the metzincin,
but not in serralysins and matrixins. Only two
disulphide loops are well conserved through
out the astacins members, although diverse
patterns are observed in reprolysins and
pappalysins. These observations suggest that
the eucolysins subfamily possibly more
closely relates to the astacins than to the
serralysins subfamily (Joh et al., 2004). Our
fibrinolytic enzyme (PoFR) decreased the
hematocrit percentage and prolonged TT and
PT duration in thrombus induced mice (Table
5). This indicated the strong thrombolytic
activity of the fibrinolytic enzyme PoFR may
be due to the anticoagulant capacity or fibrin
clot degradation.
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atgttgcgctccatcctgttaattgcactctcctgctttgcctacgtgctggggagctca
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cggagacccaggcaaagggtttgcgggtcgcaaccaagtcaagaaagtatccaaagggcg
R R PRQRVCOGSQP S Q E S 1 Q R A
gaggcccattttgatggccttagcagcaacgtcagcctgaaaaaagagagttctttcacc
E AHFDGULS SNV S LI KIKESSFT
gtcacagtgcactgccatgtcgtcagccagaattccacggtccgtggccccaacatcccc
V T VHCHVV S QNSTVRGZPNTIP
gattcccaaattacggaccaaatccaagtcttgaatgatgcatacgcgtactcgaacttt
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acgttcccatttgcacatcgctacagtccaaaggatgacggtgttgtgatccattacccc
T F P FAHIRY SPKDUDG GV V I HYP
tcggttccggggggcaacttggatacatacaacctcgggatgaccgcaacgcacgaagtc
S VP GGNLDTYNLGMTATHEV
ggtcactggtttggcctcaaccacaccttccaaggaggttgcgacgttcctggaccctat
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Zinc-binding domain
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Fig. (8): Nucleotides sequence analysis of fibrinolytic enzyme gene (PoFR-cDNA) and deduced amino acid sequence
from the mycelium of P. ostreatus, the sequence extends, 843 nucleotides in length. The translation products
of the fibrinolytic gene are shown below the nucleotide sequence. The putative signal peptide is shown in
underlined and bold.

Table (5): In vivo assay thrombolysis of fibrinolytic enzyme purified from P. ostreatus mycelium using
thrombus induced mice.

Mice Groups
Healthy untreated (control) Mice injected with thrombin Mice injected with thrombin and treated
with PoFR enzyme
Hematocrit TT PT Hematocrit TT PT Hematocrit TT PT
(%) (Sec) (Sec) (%) (Sec) (Sec) (%) (Sec) (Sec)
M1 33.3 6.3 12.3 48.3 4.5 10.7 35.2 6.0 11.9
M2 345 7.2 125 44.5 5.0 10.5 32.0 6.5 12.0
M3 323 8.0 11.9 46.0 4.3 10.0 36.5 8.2 11.8
FM4 35.0 7.6 12.7 44.0 4.8 10.3 27.3 7.5 12.3
FM5 33.1 8.3 129 435 3.7 10.6 325 7.9 125
M: Male FM: Female
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(A)

P.osteratus(PoFR) MLRSILLIALSCFAYVLGSSRRPRQRVCGSQPSQES IQRAEAHFDGLSSNVSLKKESSFT 60
PoMTP(AAU94648 1) MLRSILLIALSCSAYVLGSTPRPRQRVCGSQPSQES IQRAEAHFDGLRSNVSLKKESSFT 60

*hkhhkhkkhkhhkhhkih dhkkkhkkhk- *khkkhkkk Rk o e e

Kk Kk kkk

P.osteratus(PoFR) VTVHCHVVSQNSTVRGPNIPDSQI TDQ IQVLNDAYAY SNFSFEQAGTTRTVNATWFGKAE 120
POMTP(AAU94648.1)  VAVHWHVVSQNSTVRGGNIPDSQITDQ IQVLNDAYAYSGFSFELAGTTRTVNATWFGKAE 120

K =kk Fhkhkhkhkhhkhkhik Fhhkihhihkik *hkhk FAAkkAhhkhhkhihhiiiix

P.osteratus(PoFR) PESIYQDEMNSALRKGKAAALNIYSVGFTPGYYYGQLGYATFPFAHRYSPKDDGVVIHYP 180
PoMTP(AAU94648.1) PESIYQDEMKAALRKGGAAALNIYSVGFTSGYYYGLLGYATFPFAYGYSPKDDGVVIHYA 180
R e - KhAhkhkkh KAAkAAAAAAhAhi*x B EE e I S e - E R e e e B
Zn-binding domain
P.osteratus(PoFR) SVPGGNLDTYNLGMTATHEVGHWFGLNHTFQGGCDVPGPYVDDTPSDSFEGFGCPVGRDT 240
PoMTP(AAU94648.1) SVPGGNLDTYNLGMTATHEVGHWFGLYHTFQGGCDEPGDYVDDTPSESYEAFGCPVGRDT 240

*hkhkhkkhkAikhkk Kk KEhhkAkkihkk-)k-k FAhhAhAiik

*khKkkkk

Met-turn

P.osteratus(PoFR) CDGEGFDPIHFYMDYTDDECMTEFTEGQGQRMRGPSESYEA-——————-— 281

PoMTP(AAU94648.1) CDGEGFDPIHNYMDYTDDECMTEFTEGQGQRMREQSWTYRGVEARVAAPY 290
(B)

PoFR HEVGHWFGLNHTFQ 14

AAU94648 .1 HEVGHWFGLYHTFQ 14

CAB63909.1 HEVGHWFGLFHTFQ 14

*kxkkkhkkkikkhik Kkk*k

©
PoFR HFYMDYTDDEC 11
AAU94648.1 HNYMDYTDDEC 11
CAB63909.1 HNYMSYRQDRC 11

* *i:_* :*_sk

Fig. (9): (A) Multiple sequences alignment the deduced amino acid sequence of fibrinolytic gene (PoFR)
with accession number (BAI87841.1) isolated from mycelium of P. ostreatus with that published
in GenBank with accession number AAU94648.1 isolated from fruit bodies of P. ostreatus. The
Zn-binding domain and Met-turn sequence were underlined. Four Cys residues involved in the
formation of two disulfide bridges were shaded. The difference of amino acids between our gene
and PoTMP were bold. (*) means identity, (:) conserved amino acids, (.) semi-conserved amino
acids and (--) no identity. (B and C) Alignment of consensus sequence and Met-turn between
PoFR, POMTP and (CAB63909.1) from Metarhizium anisopliae var. anisopliae. Alignment was
performed using CLUSTALW 2.0 software (http://www.ebi.ac.uk/Tools/ clustalw2/index.html).

Kim and Lee (2006) reported that the in
vivo assay of Umbilicaria esculenta ethanolic

thromboplastin time (APTT), prothrombin
time (PT) and thrombin time (TT) in rat

extract revealed that it could be a potent
source of antithrombotic agent which might
due to antiplatelet activity. They also
reported that mice tail bleeding time was
significantly prolonged by addition of the
extract. It also alters the coagulation
parameters such as activated partial

platelets. In this concern, Peng et al. (2005)
carried out in vivo assay on nattokinase (NK)
from B. natto and found that the enzyme not
only directly cleaves cross-linked fibrin but
also activates the production of t-PA
resulting in transformation of inactive
plasminogen into active plasmin. Sumi et al.
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(1990) showed that the blood clots in the
dogs that received nattokinase NK capsules
completely dissolved within 5 h of treatment
and normal blood circulation was restarted.
Fujita et al. (1995) found that rats treated
with NK recovered 62% of the arterial blood
flow whereas those treated with plasmin
regained just 15.8%.
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