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ABSTRACT

Molecular Cloning, Expression and Purification
of Fibrinolytic Enzyme from Medicinal
Mushroom, Cordyceps militaris

KIM, Jae-Sung
Advisor: Prof. Kim, Sung-Jun, Ph. D.
Department of Genetic Science,

Graduate School of Chosun University

Blood clots are formed by the conversion of fibgea into fibrin via the
proteolytic action of thrombin and subsequentlg thrmation of insoluble
fibrin clots. These fibrin clots are dissolved the thydrolysis of plasmin,
which is activated from plasminogen by tissue plasngen activator (PA).
The hydrolysis of fibrin is also known as fibrinslg. Fibrin clot formation
and fibrinolysis are normally well balanced in loigical systems. However,
when fibrin is not hydrolyzed due to some disordierpmboses can occur,
leading to serious consequences in human body asi@dpopelexy, arterio
sclerosis, cerebral infraction, cerebral hemorrheg® myocardial infarction.

The fibrinolytic agents available today for clinieaese are mostly plasmin
ogen activator such as a tissue-type plasminogivatar (tPA), a urokinase

-type plasminogen activator (uPA), and the badt@i@sminogen activator
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streptokinase (SK). Despite their widespread us¢hese agents have unde
sired side effects, exhibit low specificity for fib, and are also relatively
expensive. Therefore, the searches for other filyiit enzymes from vario
us sources are being continued. Recently, an iigatsin was conducted
involving the isolation of fibrinolytic enzyme fromatural extracts, as the
fibrinolytic proteases used in thrombolytic theragwhibit high specificity
for fibrin, and are relatively inexpensive.

Several nontoxic mushrooms contain biologically iva&ctsubstances.
There extracts have been reported to exert hengatalp antiviral, anti
tumorigenic, hypotensive, and hepatoprotective ceffe Mushrooms
constitute an important source of thrombolytic dgefKorean traditional
anecdotes suggest that mushrooms can be, and lemre bsed in the
treatment and prevention of thrombosis. Furthermeoeme reports have
described fibrinolytic activity occurring in somediele mushrooms,
including Flammulina velutipes Pleurotus ostreatysGrifola frondosa
Tricholoma saponaceurts,. militaris andArmillaria mellea

A fibrinolytic enzyme was purified from th&. militaris by ion-exchange
chromatography followed by gel filtration and fasbtein liquid chromato
graphy. The purification protocol resulted in a Bfold purification of the
enzyme, with a final yield of 12.9%. The apparerdlenular mass of the
purified enzyme was estimated to be 52 kDa by SB&E fibrin-zymo
graphy and gel filtration chromatography, whicheaked a monomeric form
of the enzyme. The optimal reaction pH and tempegatvere pH 7.4, and
37 °C, respectively. This protease effectively Iloygzed fibrinogen,

preferentially digesting the cAchain over the B- andy-chains. Enzyme
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activity was inhibited by Cii and C4*, but enhanced by the addition of
Ccd* and Md" ions. Furthermore, fibrinolytic enzyme activity svpotently
inhibited by phenylmethylsulfonyl fluoride (PMSFhda 4-amidinophenyl-
methane sulfonyl fluoride (APMSF), and was foundetxhibit a higher
specificity for the substrate S-2586 for chymotigpsndicating that the
enzyme is a chymotrypsin-like serine protease. fite¢ 19 amino acid
residues of the N-terminal sequence wBLETQSN VTHGLATISLRQ
which is extremely similar to the subtilisin-likersne protease PR1J (NCBI
Accession No. CAC95048).

The subtilisin like fibrinolytic enzyme gene 6f militaris was cloned and
its nucleotide sequence was determined. The nugéesequence revealed
one large open reading frame, composed of 1,19¢ pass which were
translated into 398 amino acids. The deduce amicid aequence of
fibrinolytic enzyme fromC. militaris is composed of two domains peptidase
-S8 and subtilisin-N domain. Peptidase-S8 (JhAsnsgs) belongs to subtil
ase family which is a family of serine proteasdseyl appear to have indep
endently and convergently evolved an Asp/Ser/Htalgtc triad, like that
found in the trypsin serine proteases. Subtilisiddxhain (Asps~His;16) has
subtilisin N-terminal region. This family is fourat the N-terminus of a
number of subtilisins.

The Cmfewas cloned to plasmid pQE30 in the correct reatfimge, with
an N-terminal 6X His-tag sequence under the comifrtthe TS promoter and
lac operator. TheCmfewas inserted and orientation in the plasmid pQE+
Cmfewas confirmed by double restriction enzyme mappifige plasmid

pQE30+mfe were transformed int&. coli expression host M15. All the
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picked clones were expressed the CmFE with a gestlicand around 52
kDa. Interestingly all the recombinant protein vi@snd in insoluble pellete
which were conformed by the western blot analysis.

In conclusion, the fibrinolytic enzyme purified fmoC. militaris exhibits a
profound fibrinolytic activity, and also evidencedatively high substrate
specificity to fibrin. ThereforeC. militaris may become a new source for
thrombolytic agents, and can be used to develompeetic agents for the
treatment of thrombosis. In addition, the work désd here provided a
way to obtain a single component with fibrinolytctivity and baseline
information for further study on understandofghe structure and function

relationship of the enzymes.
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|. INTRODUCTION

The maintenance of homeostasis is essential todakt@eding and
thrombosis. As shown in Fig. 1 and Fig. 2, thiagkieved by the sequential
and short-lived activation of the coagulation cascaeries of enzymes,
ultimately resulting in the production of an indalle: fibrin clot (Theopold et
al., 2004). Both genetic and environmental facttas cause alterations in
the level of activation of these enzymes, andh@ teason a number of fail-
safe inhibitory mechanisms are required if thrond@sto be prevented.

These pathways remove any excess procoagulant eszgmd prevent
systemic fibrin production (Norris, 2003As shown in Fig. 3, fibrinolysis
inhibitors are also essential to prevent inappedprbreakdown of fibrin and
fibrinogen. Both thrombin and fibrin orchestrateitrown demise, thrombin
by triggering the activation of protein C and fibtby stimulating plasmin
production and fibrinolysis (Fig. 4) (Norris, 200&ibrin clot formation and
fibrinolysis are normally well balanced in biologlcsystems. However,
when fibrin is not hydrolyzed due to some disorderpmboses can occur.
Myocardial infarction is the most common of thes@mboses.

According to the World Health Organization (WHO)poet, cardio-
vascular disease (CVD) is the single biggest cafiseortality worldwide,
estimated at 17 million deaths per annum (Longstaff Thelwell, 2005;
WHO, 2002. CVD affects high income nations and increasimgWD is a
problem for low and middle income nations. Devehgpicountries
accounted for 60% of the total burden of coronagrhdisease in 2002.

But thrombolytic therapy is a cost effective wayimproving survival
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from myocardial infarction in developed (Werf et, d1995 and developing
countries (Critchley, 2004 Fibrinolysis is the biochemical process
underlying thrombolysis since both processes depenthe degradation of
the fibrin network that holds the blood clot togatin a coronary or cerebral
artery in the case of myocardial infarction (hedtack) or ischaemic stroke,
respectively. In a simplified form, fibrinolysis wdbe represented as a two-
step process according to Fig. 2 (Norris, 2003 Wi stages are: The first
stage is the activation of plasminogen to plasnyia Iplasminogen activator
such as tissue type plasminogen activator (t-PAg, second stage is the
degradation of the structural protein, fibrin, tbrin degradation products
(FDP). The participants in first stage are assethblethe surface of fibrin
fibres and the propagation of plasmin action indimeulation is limited by
the potent plasma inhibitor system. Thrombolytiertipy is essentially the
delivery of PA into the circulation. From the pooftview of developing and
improving thrombolytic therapy, the characteristafsthe PA need to be
optimized to promote rapid clot dissolution. Theéyomay of doing this is to
maximize the generation of plasmin while minimiziting side effects and
this is why the characteristics of PAs are of adamg importance for
successful therapy.

Historically, the first generation of thrombolyti¢s.g., SK and UK) were
systemic activators of plasminogen giving riseai@é scale plasmin produc-
tion in the circulation and concomitant loss otalating plasminogen, fibri-
nogen and the plasma inhibitors. SK (and staphybde) belong to a group
of plasminogen binding proteins secreted by invadacteria in order to

generate plasmin and facilitate “bacterial metastgaisina et al., 2005; Bo



karewa et al.,2005 and Dahiya et al.,2005 ). UK maturally occurring pro-
tease that can be isolated on industrial scales froman urine, although it
is present in circulation as an inactive, singlaiolpro-enzyme (Degryse et
al., 2001; Behrendt and Dang, 1996). Second geaertitrombolytics with
fibrin binding domains were produced by geneticieegring with the seem
ingly rational aim of targeting the PA to a fibigfot. Thus, the development
of tPA, for example, was driven by the theory thaice tPA has to bind to
fibrin to express significant activity, administdréPA would be targeted at
the clot and systemic plasmin generation wouldilédd (Molkanen et al.,
2002. The idea was that this would be a good thing yestemic loss of
plasminogen substrate would be reduced; and pgsisibeding complica-
tions (for example intracranial hemorrhage (ICHpjah occurs in up to 3%
of patients receiving treatment) might be redudealowing on from tPA,
the so-called third generation of thrombolytics evengineered. The goal
was improved properties in terms of longer plasmia life, or resistance to
natural inhibitors, or improved fibrin binding aridymogenicity,” making
them even more fibrin specific (e.g., reviewed (iV&P93;and Verstraete,
2000. Many of these variants used the basic tPA teragdat domains were
deleted or modified with the stated aim of imprayjroperties. In spite of
the huge and rising global burden of CVD and contammh massive
financial investment by the pharmaceutical indygprgtein engineering of
second and third generation thrombolytics may herpmeted as a failure.
Basic scientific consideration# vitro data and animal studies have not
been translated into significant improvements itcomes in clinical trials

(Monrad, 1991 and Collins et al., 1997). This latlclear improvement and



the much increased cost of second and third geaerdirombolytics means
that SK is still the most widely used thrombolyfiic the treatment of acute
myocardial infarction in many parts of the world.

To date no further significant progress has been seth other tPA-based
thrombolytics such as reteplase, monteplase, lplase or pamiteplase for
example, or chimeras such as amediplase (the filimcing kringle 2 of tPA
fused with the serine protease domain of uPA wlriek better catalytic
parameters than tPA), or other molecules suchraplsae (single chain uro-
kinase) or staphylokinase (Verstraete, 300@spite all the detailed investi-
gations of protein biochemistry on these molecthesonly advantage of the
newer thrombolytics is extended plasma half lifaldimg the delivery of the
drugs as a bolus injection rather than the longksion of first and second
generation treatments. This may be a significamgravement in reducing
the lag time from symptoms to treatment since tatep(Topol, et al., 2000
may be given by paramedics before arrival at habpit2 bolus injections
and tenectaplase as a single bolus injection (detaet al., 2001; and
Sinnaeve, et al.,20Q@3Hence, so far the only improvements in thrombolyt
therapy relate to the pharmacokinetics of the drangsother properties such
as fibrin binding or specificity, or inhibitor suesatibility. Our current
understanding of PA activity in fibrin has beendequate to permit the
successful rational design of new molecules omogd treatment regimes.

The research areas of functional foods and nutt@eds are rapidly
expanding throughout the world. Scientists arevabtiworking on the heal-
th benefits of foods by identifying the functionadnstituents, elucidating

the biochemical structures, and determining the haeisms behind the



physiological roles. These research findings cbaote to a new nutritional
paradigm, in which food constituents go beyond rthele as dietary
essentials for sustaining life and growth, to oh@reventing, managing, or
delaying the premature onset of chronic diseass fat life (Fitzpatrick,
2000; Kim et al., 2003, and Hasler 1998

Fibrinolytic enzymes can be widely found in nat(kéine et al., 2005).
They have been found in hemorrhagic toxin from snanom (Nikai, et al.,
1984, earthworm secretions (Mihara, et al., 1991 amuhJet al 1995),
food-grade microorganismg&hoi and Sa, 2000marine creatures (Sumi et
al., 1992, and herbal medicines. In particular, a fibrinmyprotease has
been isolated fronspirodela polyrhizaan ingredient of traditional Oriental
medicine that has been used for lowering bloodsuresand detoxification
of snake venom (Nikai, et al., 1984\lso, strong fibrinolytic enzymes are
produced byBacillus sp. strains that are used in food fermentatiomnm(Sat
al., 1987; Fujita et al., 1993; Sumi et al., 19Rbn et al., 1996; Sumi et al.,
1990; Chang et al., 2000; Jeong et al., 2001 aneagWet al., 2004),
invertebrates likeStichopous japonicugSuzuki et al., 1991; Sugiua et al.,
1992; Sumi et al., 1992 and Arocha-Pinango et1#199), as well as the
seaweedCodiales codiungJeon, et al., 1995).

As shown in edible food source, fibrinolytic enzygnean be found in a
variety of foods, such as Japané&dto (Sumi et al., 1987 KoreanChung
kook-Jangsoy sauce (Kim et al., 1996@and edible honey mushroom (Kim
and Kim, 1999 Enzymes have been purified from these foods, thait
physiochemical properties have been characterfedng the food sources,

fermented food products have been the focus ofrekeln particular, oral



administration of the fibrinolytic enzyme extractedm Japaneseatto can
enhance fibrinolysis in dogs with experimentallgueed thrombosis (Sumi,
et al., 198Y. Lysis of the thrombus can be observed by angpiyraMore
importantly, fibrinolytic activity, the amounts 6fPA, and fibrin degradation
by-product in the plasma are doubled when nattalera given to human
subjects by oral administration. The underlying haagsm involves the
absorption of the administeredtto enzyme across the intestinal tract, and
the release of endogenous PA that induces fibramiy the occluded blood
vessel (Sumi, et al., 1987).

Mushrooms are commonly used as food and food flaggubstance and
also in traditional oriental medicine. Mushroomwédecome attractive as
functional foods and as a source of physiologichéipeficial substances. In
addition, several nontoxic mushrooms contain biiclalty active substances.

There extracts have been reported to exert hengatalpantiviral, antitumo-
rigenic, hypotensive, and hepatoprotective eff¢Cisang and Miles, 1989;
Hobbs, 1995 and Chang, 1996). Mushrooms consttatenportant source
of thrombolytic agents. Korean traditional anecdogeiggest that mush-
rooms can be, and have been, used in the treaandrgrevention of throm-
bosis(Kim and Kim, 199% Furthermore, some reports have described fibri-
nolytic activity occurring in some edible mushrognmeluding Flammulina
velutipes Pleurotus ostreatysGrifola frondosa Tricholoma saponaceum,
andArmillaria mellea(Nonaka et al., 1995; Kim et al., 1998; Shin armbiC
1999; Choi et al., 1999; Kim and Kim, 2001; Jolalket2004; and Lee et al.,
2005).

The among of medicinal mushroon#sjngi belonging to th&€ordyceps
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species are especially popular and have long bsed as food and herbal
medicines in Asia (Huang et al.,2003; Weng et @02). Approximately 400
species ofCordycepsare known. They are distinguished from one another
and classified according to the color and shapeheir fruiting bodies,
possession of spores, shape, and host insect saxleby other morphologi-
cal characteristics.

The ascomycetous genuwordycepsis an entomo, pathogenic fungus.
Pharmacologically, the immunomodulation and andart activities of
Cordyceps cicada€C. cicadag (Weng et al., 2002) have been exploited in
addressing hyperglycemia, respiratory disease,r ldisease, and renal
dysfunction. BothC. cicadaeand C. ophioglossoide€xhibit anti tumor
activity (Weng et al., 2002Yanada, 1984). Perhaps one of the most
fascinatingCordyceps spis Cordyceps sinensi€. sinensisfound in moun-
tains of China (Yalin, et al., 20Q5For centuriesC. sinensisa caterpillar
fungus, has been used in China as food and herbdicme for a variety of
diseasesC. sinensisextract has been used for treatment of hypergligem
respiratory and liver diseases, renal dysfuncteamg renal failure and as
antioxidant (Li et al., 2003; Li et al.,, 2001(a)darhi et al., 2001(b)).
Furthermore itpossesses a polysaccharide that protects agagestedical-
induced neuronal cell toxicity (Li et al., 200&. pruinosahas been used to
treat stomach disorders, inflammatory disease emaidtoxin shock or sepsis
(Fitzpatrick, 1999

C. militaris belongs to entomogenous fungal species and isrtargoin
bio-control of pine moth populations (Alicja, 1998The entomogenous

fungal species invade and proliferate within insétvae, causing a
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systematic infection that eventually kills the soé€larkson and Charnley,
1996. Mechanisms for intracellular survival &. militaris mycelium in
caterpillar larvae are unknown, but the fungal pgdns are endowed with
mechanisms that actively abrogate the oxidativertsd responses of hosts
by an array of enzyme<C. militaris has been reportedly used in the
treatment of geriatric patients with palsy, dizaseheadache, neurasthenia,
insomnia, numbness in limbs, and infantile conwrsiand also reportedly
exerts neuro-protective effects (Wang, et al., 2005

There is a renaissance of interest in using fityitoenzymess targets
for developing therapeutic agents. Protease germs deveral bacteria,
fungi, and viruses have been cloned and sequemittedhe prime aims of
overproduction of the enzyme by gemeplification, delineation of the role
of the enzyme in pathogeneciand alteration in enzyme properties to suit
its commercialapplication. Protein engineering techniques havenbe
exploitedto obtain proteases which show unique specifiaiiy/er enhanced
stability at high temperature or pH or in the preseof detergent&nd to
understand the structure-function relationshipshekenzyme. Protein sequ-
ences of acidic, alkaline, and neutral protedisea diverse origins have
been analyzed with the aim of studyitigir evolutionary relationships.
Despite the extensive reseamh several aspects of proteases, there is a
paucity of knowledg@about the genetic analysis of fibrinolytic enzymes.
Deciphering these secrets would enable us to exfitwinolytic proteases
for their applications in biotechnology.

Gene cloning is a rapidly progressing technoldwgt thas been instru-

mental in improving our understanding of the stmoetfunctiorrelationship
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of genetic systems. It provides an excellent metbothe manipulation and
control of genes. More than 50% of thdustrially important enzymes are
now produced from geneticakyngineered microorganisms (Hodgson, 3994
Although research has classically focused on teeaffeutic effects of.
militaris, little information is available in regard to fibrinolytic activity. In
addition, despite the several reports on the ctprand sequencing the
protease gene from different sources, there isnf@rmation on genetic
analysis of fibrinolytic enzymes froi@. militaris. Therefore, in this paper,
we described the purification, characterizatioonolg and expression of a

fibrinolytic enzyme from the&C. militaris.
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[I. MATERIALS AND METHODS

II-A. Materials

For the protein purification and characterizatiGn,militaris was purchased
from American Type Culture Collection (ATCC). Bowifibrinogen, bovine
fibrin, human fibrinogen, human fibrin, bovine thmbin (1,000 units),
human thrombin (2units/mg), plasmin (10 units), @=®in, sodium doecyl
sulfate (SDS)N,N’-methylenebisacrylamide, glycine, sodium chlorideacCl),
citric acid monohydrate, ethylenediamine tetraacatiid (EDTA), phenyl-
methylsulfonyl fluoride (PMSF)N-a-tosyl-l-lysine chloromethyl ke tone
(TLCK), N-o-tosyl-I-phenylalanine chloromethyl ketone (TPCKnd 4-
amidinophenylmethane sulfonyl fluoride (APMSF) gualyvinylidine difl-
uoride (PVDF) were purchased from the Sigma-ald@h (USA). CM-
cellulose, DEAE sephadex A-50, Sephadex G-75 ahdadi 16/60 Super-
dex 75 pg were purchased from Pharmacia Biotech (Swedegarose,
ProSieve color protein marker and ProSieve prateanker were purchased
from Cambrex Co. (USA). Chromogenic subtarates ywerehased Chromo-
genix Co. (Sweden).

For the cloning and cDNA synthesis, pPGEM T-easytatecloning system
kit, Universal RiboClone® cDNA Synthesis System, AMNgase, RNase,
DNase and restriction enzyme such BRI, BanHI, Hindlll etc. were
purchased from the Promega Co.(USA). 5'/3’ rapicplification of cDNA
ends (RACE) kit and digoxigenin (DIG) labeling kitere purchased from

Roche Diagnostics Co. (Switzerland). Trizblwas purchased from invitro-
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gen Co. (USA) M-MLV, AMV, dNTPs, RNase inhibitor,a@-polymerase,
DNA size marker and synthetic specific primer wptechased from Bio-
neer Co. (Korea). Ex-taq polymerase was purchased TAKARA Co.
(Japan).

For the expression, pQE expression kit, plasmid DbBi#ation kit, Ni-
NTA spin kit and DNA gel elution kit were purchasédm Qiagen Co.
(USA). Isoprophanol, chloroform, ethanol, trizmaséa isopropyB-D-
thiogalactopyranoside (IPTG), ampicillin, tetraggel kanamycin, diethyl-
pyroc arbonate (DEPC) and other chemicals werehased from Sigma-
aldrich Co. (USA). Other reagents were special grachd were purchased

commercially.

[1-B. Cultivation of C. militaris

The stock culture ofC. militaris was maintained on PDA slants. The
slants were inoculated with mycelia and incubated58C for 7 days, and
then used for seed culture inoculation. The mycefi€C. militaris were
transferred to the seed culture medium by punchirtgabout 5 mrhof the
slants with a sterilized cutter. The seed were utaied into 500m¢ flasks
containing 200m¢ synthetic medium (40 g/glucose, 10 d/ yeast extract,
0.5gt KH,POy 0.5gk K:HPO,-3H,0O, and 0.5 ¢/ MgSQ,:7H,0) and
incubated at 2% on a rotary shaker (110 rpm) for 5 days. To cat&\C.
militaris fruiting body, 100 g of silk warm larva were packiedhe culture
bottle and sealed using a polypropylene, steriliaedl2IC for 90min.

Sterilized bottles contained silk warm larva weareadulated with seed dZ.
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militaris mycelia and incubated for 20 days at@25 . Soorm #fie hyphae
of C. militaris reached the bottom of the bottles, the bottleseweoved to a
cold room at 1& with 95% relative humidity and undeandescent light
of 1,000 Lux to induce primordial formation. Thecubator containingC.

militaris was ventilated four times a day to provide fresh ai

[I-C. Preparation of crude extracts

All procedures were carried out at 4°C. militaris fruiting bodies were
removed and immediately stored in a -70°C freeZazen mushroom were
thawed and homogenized with equal volume of water Kenwood blender
for 2min at maximum speed. The homogenate wasitteged at 600 g and
4°C for 30 min. The crude extract was placed oridéeAn equal volume of
pre-chilled ethanol was added, drop-wise, with camtsstirring after which
the solution was kept stirring for a further 1lhreépitated protein was
removed by centrifugation at 600g>or 30 min at 0°C. The clarified
ethanol-soluble fraction was returned to the iced Ats ethanol concen-
tration was increased, drop-wise, to 70% with camisimixing. Stirring was
continued for 1hr after which precipitated proteias recovered by centri-
fugation at 600 g for 30 min and -4°C. Following removal of the
supernatant the pellets were dried and the protas then re-suspended in
optimal buffer for ion exchange chromatography.olable material was

removed by centrifugation at 10,009 for 10 min at 4°C.

[I-D. Fibrinolytic activity assay.
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[I-D-1. Proteolytic activity assay

Protease activity was determined by measuringdlease of acid-soluble
material from azocasein (B.C.W. Hummel et al., J9&® #¢ of enzyme
sample was added to 308 of 0.1% (w/v) azocasein in 50 mM tris-HCI,
pH 7.0. Following 20 min of incubation at 87 , 6@@ of ice-cold 10%
(w/v) trichloroacetic acid (TCA) was added, withriex. The sample was
placed on ice for 10 min before centrifugation 21000 »g for 15 min. The
quantity of acid-soluble material in the supernataras measured by
absorbance at 366 nm. 1.0 unit of protease actiwig defined as the
amount required to produce enough acid-soluble naafeom azocasein to

yield an absorbance of 0.1 at 366 nm, following dfincubation at 3T

[I-D-2. Preparation of fibrin plate

Fibrinolytic activity was determined by measuriihg thalo of lysis region
on the fibrin plate (Astrup et al., 1952 of bovine fibrinogen solution
(50 mg/m¢ in 20 mM tris-HCI buffer, pH 8.0) was completelyixed with
20 m¢ agar solution (0.75% agar in 20 mM tris-HCI buffeH 8.0) at 37°C.
The mixed solution was poured into petri-dish (Bb-diameter) with 20z¢
thrombin solution (100 NIH unit®? bovine thrombin in 20 mM tris-HCI
buffer, pH 8.0). The plate was allowed to standifor at room temperature
to form fibrin clots, and holes were made on tHwifi plate by using a

capillary glass tube (@ in diameter).
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[I-E. Purification of fibrinolytic enzyme

[I-E-1. Determination of protein concentration

Protein concentration was determined by sing BG#gin assay reagent
kit (Pierce Co., USA). And bovine serum albumin fSvas used as a

protein standard.

[I-E-2. Cation exchange chromatography on CM-cellubse column

CM-cellulose for cation exchange chromatography swvesllen at 10 mM
citrate-NaOH, pH 6.0. Remove the supernatant aplhee with fresh same
buffer several times during the swelling periodbeTcrude extracts were
applied to a CM-cellulose column (5x10 cm) pre-8brated with the same
buffer, and eluted with a linear gradient of 0 t6 M NaCl (pH 6.0) at a
flow rate of 0.5m¢/min at 4°C. Active fractions were pooled and comica-
ed by freeze-drying and desalting. Desalted actastion was dissolved
10mM tris-HCI, pH 7.4 for anion exchange chromaapinty on DEAE

sephadex A-50 column.

[I-E-3. Anion exchange chromatography on DEAE sephdex A-50

column

DEAE sephadex A-50 was swollen at the 10mM tris-HGffer, pH 7.4.
For the complete swelling, DEAE sephadex A-50 wasel for 2 hrs at
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90°C and was degassed under vacuum. The activieofragas applied to a
prepared DEAE sephadex A-50 column (5x10 cm) prehecated with the

10 mM tris-HCI buffer (pH 7.4), and eluted withiadar gradient of 0 to 1.0
M NaCl (pH 7.4) at a flow rate of 0.B4/min at 4°C. Active fraction was
pooled and concentrated by freeze-drying and degalDesalted active
faction was dissolved 10mM tris-HCI, pH 7.4 con&ir0.15 M NaCl for gel

filtration chromatography on sephadex G-75 column.

[I-E-4. Gel filtration chromatography on sephadex G75 column

In order to further purify the sample, gel filtai was performed with a
Sephadex G-75 column (1.5%x100 cm) in 10 mM tris-HGffer (pH 7.4)
containing 0.15 M NacCl at a flow rate of Om¥/min. Active fraction was
pooled and concentrated by freeze-drying and degalDesalted active
faction was dissolved in 0.05 M Phosphate buffertaimed 0.15 M NacCl
(pH 7.4) for FPLC on HiLoad 16/60 Superd&x pg column (Amersham

Bioscience Co.).

[I-E-5. Fast protein liquid chromatography (FPLC) on HiLoad 16/60

Superdex75 pg column

Further fractionated using a HiLoad 16/60 Super@dbxpg column
equilibrated with 0.05 M phosphate buffer containih15 M NaCl (pH 7.4)
at a flow rate of 1.0n¢/min. Active fractions were pooled and concentrated

by centricon 30,000 (Amicon Co. USA), and analyzed durity by SDS-
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PAGE.

[I-F. Molecular weight determination

[I-F-1. Size exclusion using FPLC

Size exclusion was performed at room temperatwiagua HiLoad 16/60
Superdex’5 pg column (on AKTA FPLC, Amersham Bioscience )Jor
the estimation of the molecular weight of the eneyrihe elution buffer
was 0.05 M phosphate containing 0.15 M NaCl abw flate of 1.0m¢/min.

A gel filtration protein marker comprising glycedahydes-3-phosphate
dehydrogenase (35 kDa), carbonic anhydrase (29, kBgysinogen-PMSF
(24 kDa) and trypsin-inhibitor (20.1 kDa) was used.

lI-F-2. SDS-PAGE

SDS-PAGE was performed in a Bio-Rad Mini protearléctrophoresis
cell (Bio-Rad Laboratories) according to the metladdLaemmli (1970).
Electrophoreses were run on polyacrylamide gelsackstg: 5% and
separating: 9%) with a migration buffer consistoig 0.05 M tris—HCI (pH
8.8), 0.4 M glycine and 0.1% SDS solutidine samples were diluted in a
sample buffer consisting of a 60 mM tris—HCI (pHB)6.25% glycerol,
14.4mM R3-mercaptoethanol, 0.1% bromophenol blueZ&dSDS solution.
The electrophorized gel was stained with a staiswmigtion (0.1% coomassie

blue R-250, 45% methanol, 10% glacial acetic aoidl 45% distilled water)
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and destained with destaining solution (10% methat@o glacial acetic
acid and 80% distilled water). Molecular weight vestimated with protein
molecular weight marker, prestained ProSieve pmatearker (Cambrex co.,

USA).

[I-F-3. Fibrin-zymography

Fibrin-zymography was carried out according torttethods of Kim et al.
(1999) and Choi et al. (2000). Resolving gel solut{(12 %) containing
0.12 % (w/v) fibrinogen was prepared in a total M0 volume, and then
centrifuged in order to remove insoluble impuritigkich were introduced
when the SDS stock solution was mixed. Thrombi® {nit/m¢) solution
and TEMED (N, N, N’, N-tetramethylethylenediamine) were added to the
gel solution in final concentrations of Quinit/M and 0.028 % (v/v), respe-
ctively. Purified enzyme was electrophorized omifilgel, washed in 2.5%
Triton X-100 solution, and incubated in a bath eamnhg reaction buffer
(prepared 20 mM tris-HCI, pH 7.5 containing 0.15\dCl, 0.02 % Nah) at
37°C for 12~15 hrs.

[I-G. Determination of N-terminal sequence and strecture alignment
The N-terminal amino acid sequence of purifiedifiblytic enzyme was
determined using an Applied Biosystems Preciseaffilho acid sequencer

at the Korea Basic Science Center in Seoul. Segdedata and sequence

alignment were analyzed using Blast in NCBI protéa&tabase and default
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parameters.

[I-H. Characterization of purified fibrinolytic enz yme

[I-H-1. Degradation patterns of fibrin and fibrinog en

Degradation pattern analysis of fibrin and fibrieagwere analyzed by
SDS—-PAGE according to the method of Laemmli (1970).

Fibrin degradation analysis was performed by ahfliggnodified method
of Datta et al. (1995). In brief, & of 1.0% human fibrinogen solution
(20 mM tris-HCI, pH 7.5, 0.15 M NaCl) was addedhtaman thrombin (0.1
NIH unit), and then allowed to stand for 1hr atmotemperature. Formed
clots were mixed with 108 of a purified enzyme and incubated at 37°C
for various time intervals. Plasmin was used assitige control.

Fibrinogenolytic activity was measured as follod8:4¢ of 1.0% human
fibrinogen was incubated with @ of a purified enzyme at 37°C for

various time intervals.

[I-H-2. Effect of temperature and pH on enzyme actrity

The optimal temperature for activity of purifiedzgme was determined
by measuring residual activity after the incubatioh 104¢ of purified
enzyme in 904 of 20 mM tris-HCI (pH 7.5) at different temperatsr
(20~80°C) for 1lhr. The optimal pH for the fibringly activity of the
purified enzyme was determined within a pH rang@-e£0. 104£ of the
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enzyme solution was added to @0 of 0.5 M glycine-HCI (pH 2.0~3.0),
0.5M acetate (pH 4.0~5.0), 0.5M tris-HCI (pH @0, and 0.5 M
glycine—-NaOH (pH 9.0~10.0) buffers. After 1hr ofcubation at room
temperature, the remaining protease activity oheaxtzyme solution was

measured with 0.1% azocasein.

[I-H-3. Effect of metal ions and protease inhibitos on the enzyme

activity

The effects of metal ions were investigated usingCl, ZnCh, CoCl,
FeCh, CaC}, and CuSQ@ The purified enzymes were pre-incubated in both
the absence and the presence of bivalent catioclsding Md¢*, C&£*, C&,
Cu*, zZr?*, and Fé&', with a final concentration of 1.0 mM in 10 mMski
HCI (pH 7.4) for 1hr at 37 °C. After 1hr of incubat at room temperature,
residual protease activity was measured with 0.¥#%casein. The purified
fibrinolytic enzyme was incubated with 5.0 mM EDTAQ mM PMSF, 0.5
mM APMSF, 0.5 mM TPCK, 0.5 mM TLCK, 0.05 mM apratinand 0.5
mM pepstain A at 37°C for 1hr. The residual enzyactvity was deter-

mined using azocasein.

[I-H-4. Amidolytic activity of the enzyme

Amidolytic activities were measured spectrophotoivety, using synthetic
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Table 1. List of synthetic chromogenic substrates

Chromogenic

amino acid sequence characteristics
substrate
S-2222 Bz-lle-Glu-(OR)-Gly-Arg-pNA for factor Xa
S-2288 H-D-lle-Pro-Arg-pNA for t-PA
S-2238 H-D-Phe-Pip-Arg-pNA for thrombin
for plasmin and
S-2251 H-D-Val-Leu-Lys-pNA streptokinase-activated
plasminogen
S-2444 pyroGlu-Gly-Arg-pNA for urokinase
S-2586 MeO-Suc-Arg-Pro-Tyr-pNACI for chymotrypsin
S-2765 Z-D-Arg-Gly-Arg-pNA2HCI for factor Xa

24



chromgenic substrates (Table 1.) such as S-2222€Bzlu-(OR)-Gly-Arg-
pNA for factor Xa), S-2288 (H-D-lle-Pro-Arg-pNA fdPA), S-2238 (H-D-
Phe-Pip-Arg-pNA for thrombin), S-2251 (H-D-Val-Ldwys-pNA for plas
min and SK-activated plasminogen), S-2444 (pyroGly-Arg-pNA for U
K), S-2586 (MeO-Suc-Arg-Pro-Tyr-pNA - HCI for chymngpsin) and S-27
65 (Z-D-Arg-Gly-Arg-pNA - 2HCI for factor Xa). Actities were evaluated
by the mixing of the 18 of purified enzyme with 300¢ of a 0.5 mM
synthetic chromogenic substrate. After continuoegssarement for 5min at
37°C with a temperature-regulated spectrophotom#teramount of relea-

sedp-nitro aniline was determined by measuring the gean 405 nm

[I-1. The molecular cloning of fibrinolytic enzyme gene

I1-1-1. Total RNA isolation

A piece ofC. militaris was cut off from the fruiting body and ground to
fine powder using a mortar and pestle with liquitlagen. Total RNA was
extracted from 100mg of the powder using Triz8! reagent (Invitrogen Co.,
USA). Briefly, 1.0 ™ of Trizol™ reagent was added to 10§ of fruiting
body powder and mixed thoroughly. After then, 200 of chloroform was
added to the mixture and centrifuged at 12,09@nd 4C forl5 min.

The supernatant was then transferred to a cengrifulge containing 500
1t of isopropanol, and incubated for 15 min at ro@mperature. The
resulting mixture was then centrifuged at 12,090Gard 4C for 10 minThe

visible RNA pellet was washed with 11® 75% ethanol and resuspended
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in diethyl-pyrocarbonate (DEPC) treated water. Thiecentration and purity

of total RNA were measured at 260 nm and 280 nm.

[I-1-2. Reverse transcriptase-polymerase chain reaon (RT-PCR)

Total RNA was reverse-transcribed with an oligo¢ggTand M-MLV
reverse transcriptase (Bioneer Co., Korea). Fothegis of cDNA, 148 of
total RNA with 10 pmol of oligo(dT) was reacted f&0 min at 65 ,
followed by addition of supplied mixture, and cDNgnthesis for 1 hour at

42T . Synthetic cDNA was stored-20T .

[I-1-3. 5" and 3 rapid amplification of cDNA ends (RACE)

To determine complete cDNA of fibrinolytic enzym, and 3 RACE
were performed with a'B8 RACE kit (Roche Diagnostics) using several
primers based on the sequenced amino acid of @diiiorinolytic enzyme.
As shown in Table 2 and Fig. 5, the primer sequewntdibrinolytic enzyme
for 5 RACE were 3-RCANTGNGTRCCNRANCGNTGNTA-5 (5’'RACE
SP-1), 3-WSNTTRCANTGNGTRCCNRANCGN-5" (5’'RACE SP}JI3’-C
GNRANTGNTGNGTYWSNTTRCANT-5" (5'RACE SP-IIl), 5-GACAC
GCGATCGATGTCGACTTTTTTTTTTTTTTTTV-3 (oilgo dT anchg and
5-GACCACGCGTATCGATGTCGAC-3' (PCR anchor). As shownFig. 6,

the primer sequences of fibrinolytic enzyme forRACE was 5GCNA
CNATHWSNYTNMGNCAR-3 (3'RACE SP-1V), 5-GACCACGCGATCG
ATGTCGACTTTTTTTTTTTTTTTTV-3 (oilgo dT anchor) and 55ACCA
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Table 2. Oligodeoxynucleotide primers used for syhesis and amplifi-

cation of partial, 3'-RACE and 5'-RACE of the Cmfe cDNA.

Primer name Sequence

5’RACE SP-1 3-RCANTGNGTRCCNRANCGNTGNTA-5’

5’RACE SP-II 3-WSNTT RCANTGNGTRCCNRANCGN-5’

5’RACE SP-IlI 3-CGNRANTGN TGNGTYWSNTTRCANT-5’

oligo d(T)-anchor 5-GACCACGCGATCGATGTCGACTTTTTTTITT TTTTTTTV-3
PCR-anchor 5-GACCACGCGTATCGATGTCGAC-3

3'RACE SP-IV 5'-GCNACNATHWSNYTNMGNCAR-3 '

Cmfe-F 5'-ATGTTTTCGTTCAAAAATCTTGCGTCGCTG-3 '

Cmfe-R 5'-TTATATGATGCCGTTGTATGCAACCAA-3 '

EX-Cmfe-F 5-AAGCTTATG ATGTTTTCGTTCAAAAATCTTGCGTCGCTG -3
EX-Cmfe-R 5-GGAT CCTTATATGATGCCGTTGTATGCAACCAA -3’
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Oligo dT anchor :

PCR anchor :

3'-RCANTGNGTRCCNRANCGNTGNTA -5’ [ : 5’ RACE SP-I

5'-GCNYTNACNACN CARWSNAAYGTNACNCAYGGNYTNGCNACNATHWSNYTNMGNCAR -3’

v

3 4——  CGVRANTGNTGNGTYWSNTTRCANTGNGTRCCNRANCGNTGNTA -5’
GCNYTNACNACNCARWSNAAYGTNACNCAYGGNYTNGCNACNATHWSNYTN MGNCAR-3’

* RNase H treatec
3 — CGVRANTGNTGNGTYWSNTTRCANTGNGTRCCNRANCGNTGNTA -5

* Terminal transferase

3-(AINAAAAA €——  CGVRANTGNTGNGTYWSNTTRCAN TGNGTRCCNRANCGNTGNTA -5’

v

3'-(AINAAAAA CGVRANTGNTGNGTYWSNTTRCANTGNGTRCCNRANCGNTGNTA -5’

|— GCNYTNACNACNCARWSNAAYGTNACNCAYGGNYTNGCNACNAT -3

5’-GACCACGCGATCGATGTCGAC(TINTTTTT
3'-CTGGTGCGCTAGCTACAGCTG(AINAAAAA I 3'-WSNTTRCANTGNGTRCCNRANCGN -5’ :5"RACE SF-I

v

CGVRANTGNTGNGTYWSNTTRCANTGNGTRCCNRANCGN -5’

3'-CTGGTGCGCTAGCTACAGCTG(A)NAAAAA

5-GACCACGCGATCGATGTCGAC | GCNYTNACNACNCARWSNAAYGTNACNCAYGGNYTNGCNACNAT -3’

3'-CTGGTGCGCTAGCTACAGCTG(A)NAAAAA —| 3'-CGVRANTGNTGNGTYWSNTTRCANT -5 | :5"RACE SF-llI

Fig. 5. The strategy of 5’RACE amplification of unknown sequeces at the 5’ end of the mRNA.

28



Fig

—— GCNYTNACNACNCARWSNAAYGTNACNCAYGGNYTNGCNACNATHWSNYTN MGNCAR —— AAAAAA(A)N-3’

3-TTTTTT(T)NAGCTGTAGCTAGCGCACCAG-5'

!

—— GCNYTNACNACNCARWSNAAYGTNACNCAYGGNYTNGCNACNATHWSNYTN MGNCAR —— AAAAAA(A)N-3’

— CGVRANTGNTGNGTYWSNTTRCANTGNGTRCCNRANCGNTGNTADWSNRAN KCNGTY —— TTTTTT(T)nAGCTGTAGCTAGCGCACCAG-5’

l RNase H treated

—— CGVRANTGNTGNGTYWSNTT RCANTGNGTRCCNRANCGNTGNTADWSNRA NKCNGTY —— TTTTTT(T)NPAGCTGTAGCTAGCGCACCAG-5’

3'RACE SP-IV 5-GCNACNATHWSNYTNMGNCAR-3'

—AAAAAA(A)NTCGACATCGATCGCGTGGTC-3

3'-CGNTGNTADWSNRANKCNGTY

: Oligo dT anchor

3-AGCTGTAGCTAGCGCACCAG-5'

: PCR anchor

. 6. The strategy of 3'RACE amplification of unknown sequeces at the 3’ end of the mRNA.
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CGCGTATCGATGTCGAC-3' (PCR anchor).

For 5 RACE and 3RACE, PCR was performed under the same conditi-
ons as those described above except that the améainperatures were 55
and 60°C, respectively. The obtained PCR produetgwhen cloned into the
pGE M T-easy vector (Promega Co, Korea) and sequefiig. 7).

[I-1-4. DNA sequencing and analysis

Plasmid colony was inoculated into LB broth conitegn100 48/ ™ of
ampicillin and was incubated for 12 hrs at@7 imakshg incubator.
Recombinant DNA was isolated by plasmid DNA isaatkit (Qiagen Co,
USA) according to the manufacturer's instructions.

After isolation, plasmids were digested with thstrietion endonuclease
EcdR1, then electrophorized for 1hr at 100 V on a 0.88arose gel and
stained with ethidium bromide (EtBr) to estimatd\#binsert size.

Isolated pGEM-T easy vector was sequenced by prmadking with an
Automatic DNA sequencer (model: ABI PRISM 377, RerkElmer, USA).
Database searches were performed using the deduted acid sequences,
from the NCBI (National Center for Biotechnologyfdrmation) on-line
program and BLAST, for protein sequences in Gen&Bfnttp:// www.
ncbi.nim.nih.gov/ BLASTY/).

[I-1-5. The cloning of Cmfe
By aligning and assembling the sequences of tiRATE and 5RACE

products, the full-length cDNA o€mfe (Cordyceps militarisfibrinolytic

enzyme) was amplified by a simple PCR with the cDa$éAhe template usei-

30



BstZ |
Pst |

Sal |

Nde |

Sac |

Bst XI
Nsi |

SP6

51
A_ Cmfe isolated from Cordyceps militaris
T
N~ == = o L = -
[ - 4+ o N N = &) (=) O
caEg 20 & & 8
T —
L
1|

f1 ori
lacZ

pGEM® T-easy vector
3,015 bp

Fig. 7. Construction ofCmef cDNA with pGEM T-easy vector.
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ng specific primer<CmfeF (5—-ATGTTTTCGTTCAAAAATCTTGCGTC
GCTG-3) and CmfeR (5-TTATATGATGCCGTTGTATGCAACCAA-3).
The condition of PCR was performed 35 cycles of ldogtion: 94 °C for
45 s, 60 °C for 45 s, and 72 °C for 150 s. The #oalion and sequencing
of the full-length cDNA ofCmfewas cloned into the pGEM T-easy vector

(Promega Co, Korea) and sequenced (Fig. 7).

[I-1-6. Northern hybridization

Isolation of Cmfe cDNA clones fromC. militaris was confirmed by
Northern blot analysis. The RNA samples isoldtedh C. militaris were
resolved on denaturirigrmaldehyde/1 % agarose gel and blotted onto nylon
membraneDIG-labelled DNA probes complementary to two isethtDNA
cloneswere synthesized using the DIG DNA labeling kit ¢Re Diagnostics).
Themembrane was pre-hybridized in prehybridizatiouoh (50% forma-
mide, 5% blocking reagent, 5X SSC, 0.1 % sarc@s¥1% SDS) at 52°C for
2hrs, followed by hybridizatiowith DIG-labelled DNA probes overnight.
After hybridizationthe membrane was washed twice in low stringencyhwas
solution(2X SSC, 0.1 % SDS) at room temperature for 5amad washed
twice in high stringency wash solution (0.88C, 0.1 % SDS) at 52°C for
15 min. The hybridizatiorsignals were detected with anti-digoxigenin—
alkaline phosphatase conjugated primary antiligshche Diagnostics) and

visualized with chemiluminescence substrate CDP{®ache Diagnostics).

[1-J. Expression of fibrinolytic enzyme gene

[I-3-1. Construction of expression vector for reconbinant fibrinolytic
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enzyme gene

As shown in Fig. 8, th€mfecDNA isolated fronC. milita riswas cloned
by polymerase chain reaction using a set of pritexsCmfe-F primer (5'-
AAGCTTATGTTTTCGTTCAAAAATCTTGCGTCGCTG-3") and EXEm
feeR (5-GGATCCTTATATGATGCCGTTGTATGCAACCAA-3') from the
pPpGEM T-easy vector containir@mfegene.

The amplified cDNA of fibrinolytic enzyme gene wiaansferred into pQE
30 expression vector purchased from Qiagen Co.,.US® sequence and
the orientation of the inserted cDNA in the constied expression vector

were confirmed by DNA sequencing.

[1-3-2. Expression and purification of recombinantfibrinolytic enzyme

The transformedE. coli M15 was inoculated into 10¢ of LB medium
containing 1004g/mM¢ ampicillin and 254£8/m¢ kanamycin and grow at 37
over night. Cultured transformefl. coli was diluted 1:60 with fresh LB
medium containing the 1008/™ ampicillin and grew at 3¢  with

vigorous shaking until the 600 nm reaches 0.6. fillrenolytic enzyme was
induced for 3hrs after the addition of 1.0 mM IPTSigma-aldrich Co.,

USA). The cells were harvested by centrifugatio® @00 xg for 15 min.
The pellets were suspend ed intl lysis buffer (50 mM NakPQ,, 300 mM
NaCl, 10 mM imidazole, pH 8.0) and added lysozymé.0 mg/mé. The re-
suspended pellet was incu bated on ice for 30 muh was disrupted by
sonication. The cell lysate was centrifuged at Q0,8 g for 20~30 min at

4C and supernatamtas collected.

33
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Fig. 8. Construction of expression vector for recombinant firinolytic enzyme gene.
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The Ni-NTA spin column was equilibrated with 608 lysis buffer and
was centrifuged for 2 min at 700g. 600 #¢ of the cleared lysate contained
6X His-tagged protein was applied on the pre-elrated Ni-NTA spin
column and was centrifuged for 2 min at 789 and the flow-though was
collected. The Ni-NTA spin column attached 6X Hagiged protein was
washed the twice with 60@¢ wash buffer (50 mM NajP0O,, 300 mM

NaCl, 20 mM imidazol, pH 8.0) by centrifuge for 2mat 700 xg. The
washed Ni-NTA spin column was eluted twice with 2@€elution buffer (50
mM NaH,PQ,, 300 mM NacCl, 250 mM imidazol, pH 8.0) by centg&ufor 2

min at 700x g and collected the elute.

[1-J-3. Western blot assay

The Purified fibrinolytic enzyme was electrophodzey 10.5% SDS-
PAGE carried out according to Laemmli (1970) withivani Protean I
apparatus (Bio-Rad).

The SDS—-PAGE gel was transferred to a PVDF membueneg Mini
Trans-Blot cell (Bio-Rad Laboratory) following mdaaturer’s instructions.
The transblotted membrane was blocked with blockioigtion (PBS-T, 3%
BSA) overnight at 4 °C. To detect the expressedHiX tagged fibrinolytic
enzyme, the membrane was first incubated for 1hh wanti-His (c-ter)
alkaline phosphatase conjugated antibody (Invitndge 1/4000 and visuali-
zation was achieved by reaction of the alkalinesphatase secondary anti
bodies with NBT/BCIP stock solution (Roche, Germjany
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lIl. RESULTS

[1I-A. Purification of fibrinolytic enzyme

The fibrinolytic enzyme was purified by the comtioa of a variety of
chromatographic steps listed in Table 3. The cexeact was first subjected
to cation-exchange chromatography on CM-cellulagaron (5<10 cm). As
shown in Fig. 9, the active fraction was detecteninf pre-eluted fractions,
which indicates that fibrinolytic enzyme fro@. militaris didn’t bind to
cation exchanger as flow-through. The active foarti were pooled and
concentrated by freeze-drying and desalting. Deda#tctive faction was
dissolved in 10mM tris-HCI, pH 7.4 for anion exchang

And then, the active fraction was subjected to u@wchange chromato-
graphy on DEAE Sephadex A-50 colummx(®) cm). As shown Fig. 10, the
active fractions (fraction No. 120~129) were eluggdd.3 M NaCl concen-
tration and were concentrated and desalted. Desatigve faction was dis-
solved in 10mM tris-HCI, pH 7.4 contained 0.15 M@dor gel filtration.
The active fractions were further separated viafigedtion chromatography
on the Sephadex G-75 column (B0 cm). The major fractions (fraction
No. 21 ~ 17) with fibrinolytic activity were collead (Fig. 11) and applied
onto the HiLoad 16/60 Superd&$ pg column using ACTA fast FPLC,
which yielded one major peak (fraction No. 10 ~ XkHowing strong
fibrinolytic activity (Fig. 12). As can be seenTable 3, fibrinolytic enzyme
from 100 g ofC. militaris was obtained finally 0.96 mg. and purified fold and
yield were 191.8 and 12.9%, respectively.

[1I-B. Fibrinolytic activity assay
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Fig. 9. Purification of fibrinolytic enzyme from C. militaris using cation-
exchange chromatography on CM-cellulose columnThe crude extract
was applied to the column (5x10 cm) equilibratethvti0 mM citrate-NaOH
buffer (pH 6.0). The protein was eluted with 0 © M NaCl linear gradient
at the flow rate of 0.5n¢/min at 4C.
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Fig. 10. Purification of fibrinolytic enzyme from C. militaris using anion-
exchange chromatography on DEAE sephadex A-50 columThe active
fraction was applied to the column (510 cm) etudted with 10 mM tris-
HCI buffer (pH 7.4). The protein was eluted with~01.0 M NacCl linear
gradient at the flow rate of 0.8¢/min at 4C .
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Fig. 11. Purification of fibrinolytic enzyme from C. militaris using gel
filtration on sephadex G-75 column.The active fraction was applied to the
column (1.5%x120 cm) equilibrated with 10 mM tris-HBuffer (pH 7.4)
containing 0.15 M NaCl. The protein was elutedhat low rate of 0.5m¢
/min at 4C.
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Fig. 12. Purification of fibrinolytic enzyme from C. militaris using fast
protein liquid chromatography (FPLC) on HiLoad 16/60 Superdex75 pg
column. The active fraction was applied to the HiLoad D6Bperdex5 pg
column equilibrated with 10 mM Potassium phosphbidfer (pH 7.2)
containing 0.15M NaCl. The protein was eluted & flow rate of 1.0m¢
/min at room temperature.
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Table 3. Purified fibrinolytic enzyme activity yields from C. militaris.

Purification Step V‘zl]‘j;)“e P(rﬁsin Proteczmiﬁ)activity Spe(ﬁi:ﬁ,?g”“y Re(csz\)/ery Fold
Homogenate 250 N.D. N.D. - - -
Crude extracts 150 1,552 5,122 3.3 (200 (2)
DEAE Sephadex A-50 30 204 1,848 9.1 36.1 2.8
Shephadex G-75 5 9.2 1,071 116.4 20.9 35.2
HiLoad 16/60 Superdess pg 15 0.96 658.5 633 12.9 191.8

Note. N.d., not determined. Protease activity was medduwy using the azocasein assay, as described Maderials

and methods.

41



The fibrinolytic activity of the purified enzyme wanalyzed using fibrin
plates. 2048 of purified enzyme and 1.0 NIH unit of plasmin &epotted
on the fibrin plate and incubated at@7 fdnr§. Fig.13 shows the lytic area
generated by the purified enzyme and plasmin inrfiplate. The fibrinolytic
activity of purified enzyme was about 3.3 unit / 29 protein. The negative

control had no fibrinolytic activities.

[1I-C. Determination of molecular weight

The molecular mass of the fibrinolytic enzyme fr@mmilitaris was found
to be 52 kDa, as estimated by size exclusion oro&tlL16/60 Superdesd
pg column, using ACTA fast FPLC (Fig. 14). This walis similar to the
value estimated by SDS-PAGE and fibrin-zymogratig.(15).

[1I-D. N-terminal amino acid sequence of fibrinolytic enzyme fromC.

militaris

The N-terminal amino acid sequence of the purifiednolytic enzyme
from C. militaris was analyzed via automated Edman method, after- SDS
PAGE and electroblotting. The N-terminal sequentéhe first 19 residues
was ALTTQSNVTHGLATISLRQ, which is very similar tohat of the
proteolytic enzyme from the subtilisine-like seripeotease PR1J (NCBI
Accession No. CAC95048) frorMetarhizium anisopliaevar. anisopliase
(Bagga et al., 2004). As shown in Fig 16, the Nnieal amino acid
sequences of purified enzyme has a homology withtilsin-like serine
protease PR1, purified froietarhizium anisopliae vaanisopliasesuch as
PR1B (NCBI Accession No. CAC95046), PR1G (NCBI Agsien No. CAB
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Fig. 13. Fibrin plate assay of purified fibrinolytic enzyme from C.
militaris. The purified enzyme was spotted onto the fibrintgland
incubated at 37 for 6 hrs. A, fibrin plate; B, fibrinolytic actiwt S, purified

enzyme; P, 1.0 unit plasmin as a positive confXpl; 10 mM tris-HCI as a
negative control.
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Fig. 14. Molecular weight determination of fibrinolytic enzyme from C.
militaris using size-exclusion chromatography on HiLoad 1606Superdex
75 pg column.The HiLoad 16/60 Superd&® pg column was equilibrated
with 10 mM potassium phosphate buffer containiripM NaCl (pH 7.2) at

a flow rate of 1.0m¢/min.
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Fig. 15. Molecular weight determination of fibrinolytic enzyme from C.
militaris using SDS-PAGE and fibrin zymography.A, Semi-logarithmic
plot; B, SDS-PAGE and fibrin zymography. Lane Igtpin standard marker;
lane 2, purified fibrinolytic enzyme on SDS-PAGEne 3, purified fibrino-
lytic enzyme on fibrin-zymography.
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63912), PR1A (NCBI Accession No. CAC95049), PR1KCEN Accession
No. CAC07219) and PR1I (NCBI Accession No. CAC95048it dissimilar
to other protease purified from mushrooms such asMEP (NCBI
Accession No. CAB42792) purified from fruiting bodynd mycelium of
Armillaria mellea(Healy et al., 1999 and Lee et al., 2005), POMHEEI
Accession No. P80155) éfleurotus ostreatugNonaka et al., 1997 and Joh
et al., 2004) and GfMEP (NCBI Accession No.BAB32B&if Glifora
frondosa(Nonaka et al., 1997).

[lI-E. Effect of pH and temperature on fibrinolytic activity

The effect of pH on the activity of purified enzyrfrem C. militaris was
determined using buffers at various pH. As showg. Ai7, this results
indicated that purified enzyme fro@. militaris was active over a wide pH
range (2.0 ~ 10.0), and exhibited maximum actiaitypH 7.4. The enzyme
was very stable in a pH range of 5.0 ~ 8.0, at 30t hr, but above pH 8.0,
enzyme stability was decreased.

As shown in Fig 18, the effect of temperature am dbtivity revealed that
the enzyme was active between 20 and 50°C. Optiantimity was found to
occur at 37°C. However, when exposed for 1hr enaperature of over 42°C,

the activity of purified enzyme decreased dramdyica
[lI-F. Effect of inhibitors and metal ions on the fibrinolytic activity
The effect of various inhibitors on fibrinolytic tadgty is summarized in

Table 4. The purified fibrinolytic enzyme was initdd by 2.0 mM PMSF
and 0.5 mM APMSF, a well-known serine proteasehitdi, while inhibitors
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Purified enzyme AL TTFOS NV T R Q
CAC95048 : SubtilisinPR1)  E L T TE@I K N S T R E
CAC95046 : SubtiisnPRIB. G F V Ef@® K N A P R Q
CAB63912: SubtiisinPRIG G V T TEO)I Q Q A P R R
CAC95049 : SubtiisnPR1IA G | T Ef®} S G V P R Q
CAC07219 : SubtilisinPR1IK =~ A - - THeI Q N A D Q K
CAC95043 : SubtiisinPR1l A F A E|® S G A P R R

Fig. 16. An aligment of the amino-terminal sequencef purified fibrino-
lytic enzyme from C. militaris with those of the serine protease family
from Metarhizium anisopliae (PR1J, NCBI Accession No. CAC95048;
PR1B, Accession No. CAC95046; PR1G; Accession NeB&3912, PR1A;
Accession No. CAC95049; PRI1K, Accession No. CAC@72hd PR1I;
Accession No. CA C95043).
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Fig. 17. Effects of various pH on the activity othe fibrinoltyc enzyme

from C. militaris. Enzyme activity was assayed in the pH range 0f~210.0.
0.5M glycine-HCI (pH 2.0 ~ 3.0), 0.5 M acetate (gt ~ 5.0), 0.5 M tris-
HCI (pH 6.0 ~ 8.0) and 0.5 M glycine-NaOH (pH 9.016.0) buffer were
used with 0.1% azocasein. Enzyme activity was nredsoy incubation for 1

hr at various pH.
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Fig. 18. Effects of various temperature on the actity of the fibrinolytic
enzyme fromC. militaris. The purified enzyme was incubated at temperatu-
res from 20 to 8@ . Fibrinolytic activity was measured by azocaseisay at
366nm.
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like TLCK, a trypsin selective reagent and TPCKhgmotrypsin alkylating
agent did not inhibit enzyme activity. As shownTable 5, the effects of
various metal ions on enzyme activity were assessedssaying residual
enzyme activity after the incubation of the enzymiéh 1.0 mM of metal
ions for 1hr at 37°C. The enzyme activities werenib to be slightly
enhanced by Gaand Md*, but were inhibited by the & Cf*, F&*, and

Zn?*ions.
[1I-G. Analysis of Fibrinolysis and fibrinogenolysis

The hydrolysis of fibrin by purified enzyme was brzad by SDS-PAGE.
As shown in Fig. 19, the purified enzyme rapidlydiolyzed thea-chain,
followed they-y chains and more slowly tiechain. This hydrolysis pattern
of purified enzyme was not identical to that ofgolan, which can rapidly
hydrolyzed thex-chain, and more slowly digetandy-y chains. In addition,
the substrate specificity of purified enzyme wafedent from plasmin and
other protease purified from natural source sucB@iumsp. (Matsubara et
al., 1998; Matsubara et al., 1999 and Matsubaral.e2000), mushrooms
(Lee et al., 2005) and snake venom (Siigurkey .et1889; Koh et al., 2001
and Bello et al., 2006). Also, purified enzyme Haéwlinogenolytic activity
and the degradation pattern of fibrinogen by pedifenzyme was analyzed
by SDS-PAGE (Fig. 20). As shown in Fig. 20, pudfienzyme rapidly
hydrolyzed Ax, BB andy chains. This hydrolysis pattern due to purified
enzyme was not identical to that effibibrinogease purified from snake
venom which preferentially hydrolyzedvAhain of fibrinogen rather tharn3B
andy chains (Wei et al., 2004 and Pinto et al., 2004)
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Table 4. Effect of various protease inhibitors on e activity of the
purified fibrinolytic enzyme from C. militaris

Protease inhibitor Concentration (mM) Relative activity (100%)
Control - 100.0+ 3.5
PMSF 2.0 53.5+ 2.1
APMSF 0.5 51.5+ 3.2
TLCK 0.5 73.0x25
TPCK 0.5 77127
EDTA 5.0 98.2+ 3.1
Aprotinin 0.05 83.0x 2.5
Pepstain A 0.5 87.3x 3.7

The enzyme was pre-incubated with various 5.0 mMeaase inhibitor for 1
hr at 37C . After incubation, the azocasein assay fdmmth plate (data not
shown) was performed. The result was expressedlativepercentage (%)
of relative activity. All experiments were perforchim triplicate.
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Table 5. Effect of metal ions on the activity of tk fibrinolytic enzyme
from C. militaris

Metal ions Concentration (mM) Relative activity
Control - 100.0+ 3.5
cu® 1.0 775+ 2.2
co? 1.0 795+ 1.3
ca’ 1.0 103.6% 2.7
Zn?* 1.0 86.1+ 2.7
Fe?t 1.0 88.2+ 3.4
Mg?* 1.0 107.1+ 1.9

The enzyme was pre-incubated with various 1.0 mMalriens for 1 hr at
37T . After incubation, the azocasein assay andrfiplate (data not shown)
was performed. The result was expressed as relpéxeentage (%) of
relative activity. All experiments were performeditriplicate.
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Fig. 19. Analysis of the pattern of fibrinolysis bypurified fibrinolytic
enzyme. Fibrin was incubated with purified fibrinolytic 2yme for the
various times indicated. Plasmin was used as pesitntrol.
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Fig. 20. Analysis of the pattern of fibrinogenolysidy purified fibrinolytic
enzyme.Fibrinogen was incubated with purified fibrinolytenzyme for the
various times indicated. Plasmin was used as pesitntrol.
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Fig. 21. Amidolytic activity on several chromogenicsubstrates. Amido-
lytic activities were measured spectrophotometyiagding chromogenic protease
substrates, such as S2222, S2288, S2238, S22%44,S22586 and S2765.
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[1I-H. Amidolytic activity of fibrinolytic enzyme f rom C. militaris

The amidolytic activity of purified fibrinolytic ezyme was assessed with
several chromogenic substrates. As shown in Figth&Lfibrinolytic enzyme
exhibited a higher degree of specificity for thédsuate s-2586 for chymo-
trypsin (MeO-Suc-Arg-Pro-Tyr-pNA - HCI).

Therefore, purified enzyme fro@. militaris was considered to be a chym-

otrypsin-like serine protease.

llI-1. 3'-RACE and 5’-RACE for Molecular cloning of Cmfe

To isolatecmfe from C. militaris, sequenced amino acid was compared
with other protease in the GeneBank database wsiBlast program. First,
we purified a fibrinolytic enzyme fronC. militaris and found that the
sequence of 19 amino acid in N-terminal region tighly similar to that of
subtilisin-like serine protease PR1J (NCBI accessim. CAC95048) and
subilisin-like serine protease PR1 family purifieidom Metarhizium
anisopliae var. anisopliadDegenerate primers designed from highly conserved
region between sequenced fibrinolytic enzyme an(itil&in-like serine
protease PR1J were used in rapid amplificationDofi& ends (RACE) PCR
reactions to retrieve 5’-end and 3’-end of @mfecDNA.

In 3-RACE procedure, the first strand was amplified tdfed cDNA by

using the oligo dT-anchor primer (6ACCACGCGATCGATGTCGACTT

TTTTTTTTTTTTTTV-3") and mRNA template. And the RCR amplification
of cDNA (nested RCR) was carried out using the R@Bhor primer (5GA
CCACGCGTATCGATGTCGAC-3 and 3'RACE-SP IV primer (5-GCN
ACNATHWSNYT NMGNCAR-3).
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After the first strand cDNA synthesis and RCR affigdiion of cDNA,
distinct bands of predicted size approximately 9§if) were shown by
agarose gel electrophoresis. After isolation anockming of these partial
cDNA with pGEM T-easy vector, the nucleotide sequerncoding 3’-ends
of Cmfewas identified by sequence analysis. The parb®A was 855 bp,
including an encoding region of 813 bp and ar@ranslated region (UTR) of
42 bp, containing a poly A tail. The partial cDNAguence ofCmfe was
compared with the published sequences of the sulike serine protease
PR1 family, and was found to show 93% identity wstibtilisin-like serine
protease PR1J (AJ251922). Base on the this r&dhd sequence was anal-
yzed 5-CACAGTCAACTTGGTTGCATACAACGGCATCATATAA-3' usg
gene runner program and compared with subtilike-terine protease PR1J
using NCBI Blast.

In 5-RACE procedure, the first strand was amplified bging the
5'RACE-SP | primer (5-ATNGTNGCNARNCCRTGNGTNACR-3and
MRNA template. And the synthesized first strand waated RNase H and
digested mRNA strand. After mRNA digested firstastt was polymerized
dATP by terminal transferase in 3'-end, nested R@R carried out using the
oligo dT anchor primer and 5’RACE-SP Il primer (§GCNARNCCRTGN
GTNACRTTNSW-3’). After nested PCR carried out, setoPCR was
carried out using PCR anchor primer and 5’RACE4{8Primer (5-TNACR
TTNSWYTGNGTNGTNARNCG-3’). The finally synthesizedCR product
was ligated with pGEM T-easy vector. The nucleo8dquence encoding 5'-
ends ofCmfewas identified by sequence analysis. The partiabding 5’-
ends cDNA was 511 bp, including an encoding re@br873 bp and a’'5
UTR of 138 bp. The partial encoding 5’-ends cDN4wence ofCmfewas
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Fig. 22. PCR amplification of Cmfe isolated from C. militaris. A. PCR
product amplified by PCR usim@mfef (5— ATGTTTTCGTTCAAAAATC
TTGCGTCGCTG -3 andCmfeR (5- TTATATGATGCCGTTGTATGCA
ACCAA -3’) primers designed from the 5/3" RACE. &hresulting PCR
products were resolved by electrophoresis on a B&toae gel and then
visualized by EtBr staining of the gel. Lane 1, IDladder ; lane ZZmfe
PCR product. B. Northern blot analysis. m DNA (i&p per lane) was
electrophorised and transfer Hybond Membrane, followed by hybridiza-
tion with the coding sequence GMfeas probe.
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compared with the published sequences of the suhike serine protease
PR1 family, and was found to show 89% identity wstibtilisin-like serine
protease PR1J (AJ251922). Base on the this réSudtnd sequence was
analyzed 5- ATGTTTTCGTTCAAAAATCTTGCGTCGCTG —3using gene
runner program and compared with subtilisin-likarse protease PR1J using
NCBI Blast.

[11-J. Molecular cloning of Cmfe

CmfeF primer (5ATGTTTTCGTTCAAAAATCTTGCGTCGCTG-3 and
CmfeR (5-TTATATGATGCCGTTGTATGCAACCAA-3’) primers were
designed from the 3’-end and 5-end encoding pad@NA nucleotide
sequence using 3-RACE and 5-RACE. The completefe could then be
recovered by PCR amplification usiigmfeF andCmfeR. The 1,197 bp
PCR product was purified and confirmed by northelwotting using DIG-
labelled probe (Fig. 22). The ligation mixture ©ffe with pGEM T-easy
vector was transformed int&. coli DH5a (Fig. 23). The recombinant
plasmids designated as pGEM T-eaSy¥e were sequenced by the dideoxy
chain termination method, showing that the insegqugnces were identical.
As shown in Fig. 24 and Fig 25, the recombinansipids harbored a 1,197-
bp insert, which contained an open reading framRH)O Translation of this
ORF generated a 398-amino acid polypeptide wit®-arhino acid (Algy7~
Glny35) sequence identical to that of the N-terminal amacid sequenced of
the purified fibrinolytic enzyme fronC. militaris. The complete sequence of
Cmfewas compared with the published sequences ofubism-like serine
protease PR1 family, and was found to show 92%tityenith subtilisin-like
serine protease PR1J (Fig. 26).
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Fig. 23. Construction of cloning vector pGEM T-easyith PCR product
of Cmfe cDNA. The constructed pGEM T-easyinfe were resolved by
electr-ophoresis on a 2% agarose gel and thenlxedaby EtBr staining of
the gel. Lane 1) Hindlll DNA marker ; lane 2, pGEM T-eas¢mfe PCR
product ; lane 3, pGEM T-eas@§mfe PCR product treateHcadRl ; lane 4,
CmfecDNA PCR product and lane 5, pGEM T-easy vector.
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MTGTTTTCGTTCAAAAATCTTGCGTCGCTGKTGTACGCAGCCCTTCCGCTCAGCAATGCC
CmFE-F

ACGCCCCTAGCTGGCAGCGCTGCCGATCTGGTCCCGGACAAGTACATTATTACCCTGAAA
GAAGGTGCTAGCGCGAGTAGCTTCGACTCCCACATGAACTGGGTTCGGGATGTTCAAGTG

GCGAGAGCCCGCCATAGCGACGGACGCAGCACCCGTGGTGTAGAGAAGTACTACGATGTC
GACGGATTCAACGCCTATGCTGGCCACTTTGACGAGCATACCCTGGAAGCTATCCGGAGA
AACGCTGACGTTGAGAGCGTCGAGCAGCAGCAGCTTTATCATCTGCAC|g@ feuyeitoeve e
CAGAGCAATGTCACTCATGGTCTTGCTACTATTTCCCTTAGACAA ofoloNcEcHCH RO W.NONONCI Y.\
TATGTCTATGACGATAGTGCCGGCTCGGGATCTACCGTGTATGTTCTCGACAGTGGCATT
CAGTCTACTCATCCAGAATTCGAGGGCCGTGCTATTCACGGGTACAATGCTGTCAAGGGT
GAGACAGACGACGATGGTCAAGGACACGGCACTCACGTTGCTGGCATTGTTGGTAGCAAG
ACATATGGTGTGGCCAAGAAGACTAAGCTGGTAGATGTCAAGATGTTCCATGACGCAGGC
AGCACCAATGCGATTATCATCAAGGGAATCGAGTGGACAATCAAGGACATTACAGCTAAG
CAGATTCAGAACCGGACCGTTATCAACATGTCTCTTGGCGGCGGAAACTCTACTGCACTG
AACCAAATCATAAATAAGGCCTATTCCGCAGGTATTCACTGCGTCATCTCGTCTGGGAAC
ATGGGTGTCGATGCCTCAGACTGGTCTCCCGCCTCGTCCCCTGATAGCATCACTGTTGGC
GCCATTGATTTCAGCAACTGGGACCTATGGGATCACTCCAACCACGGCTCCGTTGTTCAC
ATCTTGGCTCCTGGCCTGGACGTCTTGTCCGCTCCTGGCAATGAGACTAAGACAGGGAGC

¥l GGAACTTCTCAGGCGGCTCCTCATGTTGCTGGGCTGGCCGCCTATCTGGCAGTTGCGAAA
IAACATCAATACTGCAAAGGAGTTGAAGGCTACCATTCTTTCTCTCGGAACCCGTGACAAG
CmFE-R

"M GCCACTGCTGTTAAGGACGGCACAGTCAACTTGGTTGCATACAACGGCATCATATAA
Fig. 24. Nucleotide sequence @mfe cDNA isolated from C. militaris.
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Fig. 25. Deduced amino acid sequence 6Mmfe cDNA . Isolated Cmfe cDNA was translated into 398 amind at
fibrinolytic enzyme. Black bold, N-terminal sequedcamino acid; Empty box, subtilisin-N domain (AgfHis116);

Gray box, peptidase-S8 domain (1darAsnsgs); White bold, Asp/Ser/His catalytic triad.
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CmFE ®TYGVAKKT- - - - - KLVDVKMFHDAGS- TN-AI 11 KGI EWTI KDI TAKQI Q%

CAC95ME T Y GVAKKT - - - - - KLVDVKMFHDAGS- TN-AI | LDGI EWTI KDI TAKQI Q2
CAC95046 1 YGVAKKT - - - - - KLYGVKCLDDQGSGTT-SNVI AAMDFVAKDAKTRGCP %
CAB63912 “QVGVAKKTTI YGI KVLDMNREQKCGA-DT-SVI | AGI EHVARDAAERHCP™
CAC95049 'S Y GVAKKA - - - - - KLYGVKVLDNQGSGSY-SGI | SGMDYVAQDSKTRGCP 20
CAC07219 T Y GVAKK T - - - - - KLFGVKVLDAQGSGSN- SFVI AGMEYVAKNAKSKPCP 2
CAC95043 8 S Y GV AKKT - - - - - Tl 1 GI KVLSDQGS- GDYSGI LAGMDHAI EDSRTRScCP?®!
CmFE *NRTVI NMSLGGGNSTALNQI I NKAYSAGI HCVI SSGN- - - - - MGVDASDW?
CAC9504¢ **NRTVVNMSLGGGNSTALNKI | KTAYDAGI LCVI SSGN- - - - - MGVDASDW?®
CAC95046 K GAMANMSLGGGYSAAVNKAAASLVASGVFVSVAAGG- - - - - SGTDAKNT ?7?
CAB63912 *NGVVVNLSLGGGWSQAMNEAAAALVRRGFFVAVAAGNGDQNHNPMDAASYV 2!
CAC95049 'K GAl ASMSLGGGYSASVNQGAAALVNSGVFLAVAAGN- - - - - DNRDAQNT ®®
CAC07219 K GVVVNMSLGGQKSEAVNQAAQAI TKAGLFLAVAAGN- - - - - DGQDASGY %
CAC95043 2K GVVANMSLGGGYSAAI NQAAAKMI QSGVFLAVAAGN- - - - - DAKDASQT?®

CmFE *®*SPASSPDSI TVGAI DFSNWDLWDHSNHGSVVHI LAPGLDVL S
CAC9504¢ ®*SPASSPDGI TVGAI DFANWRLWDHSNHGPVVHI LAPGVDVL S3®
CAC95046 SPASEPTVCTVGAST- EKDERASYSNYGPVVDI FAPGVSI LS3®
CAB63912 ®SPASEPSVCTVGSVD- SRDRPARDSNYGDVVDVQAPGVEVVS?3
CAC95049 S PASEPSACTVGATD- SNDNRSSFSNYGKVVDI FAPGTGVLS?
CAC07219 “SPASESSACTVGATT- KTDGLATYSNTGSGVDVLAPGSDI ES?®
CAC95043 “SPASEPSVCTVGATD- SSDRLSSFSNYGAAVDI LAPGSNI LS

Fig. 26. Alignment of the deduced amino acid sequenocé CmFE isolated from C. militaris with subtilisin-like
serine protease PR1 familiysubtilisin-like serine protease PR1J (CAC95048titimin-like serine protease PR1B
(CAC95046); subtilisin-like serine protease PR1G\BE3912); subtilisin-like serine protease PR1A (C%049);
subtilisin-like serine protease PR1K (CACO07219)btdisin-like serine protease PR1l (CAC95043). Trstessks
represent identical amino acids. Conserved positions doedo
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Fig. 27. Domain structure of CmFE purified from C. militaris.
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Fig. 28. Construction of expression vector pQE30 wi PCR product of
Cmfe cDNA. The constructed pQE3Cmfewere resolved by electrophoresis
on a 2% agarose gel and then visualized by EtBmistpof the gel. Lane 1,
A Hindlll DNA marker; lane 2, pQE3@mfe lane 3, pQE30&mfedigested
with Hindlll and BanHl; lane 4,Cmfe cDNA PCR product and lane 5,
pQE30 vector.
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[1I-K. Analysis of deduce amino acid sequence of CniE

1,197 base pair were coding sequences that tradskab 398 amino acids
of the CmFE. The deduce amino acid sequence of CintiREEC. militaris is
composed of two domains, peptidase-S8 and subtiNsdomain. Peptidase-
S8 (Thiszg~Assgs) belongs to subtilase family which is a family sdrine
proteases. They appear to have independently ameegently evolved an
Asp/Ser/His catalytic triad, like that found in theypsin serine proteases.
Subtilisin-N domain (Asg~Hisiig) has subtilisin N-terminal region. This
family is found at the N-terminus of a number obslisins. It is cleaved

before the activation of the enzyme (Fig. 27).

[lI-L. Gene expression ofCmfe cDNA

The Cmfewas cloned into plasmid pQE30 in the correct regdrame
under the control of the T5 promoter, with an N¥igral 6X His-tag
sequence anthc operator. The structures of the expression veatar the
Cmfeare shown in Fig. 28. Thémfeinsert and orientation in the plasmid
pQE30+mfe were confirmed by double restriction enzyme magpifhe
plasmid pQE30€mfe were transformed int&. coli expression host M15
strain. All the clones picked were expressing the=E with a predicted band
around 52 kDa (Fig. 29A). One positive clone wassem based on the
highest relative intensities for the specific bafig. 29A). All of the
recombinant protein was found in inclusion bodi&estern blot analysis
using anti-His AP conjugate confirmed the inclusimdy expression of the
6X His tagged fibrinolytic enzyme (Fig. 29B). Althgh it was confirmed by
western blot assay that fibrinolytic enzyme was egped in prokaryote, but
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A. SDS-PAGE B. ‘estern blot
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Fig. 29. SDS-PAGE and Western blot analysis of thi** -NTA affinity
chromatography of recombinant fibrinolytic enzyme. A, SDS-PAGE; B,
Western blot. Lane 1, Protein marker; lane 2, Crexteact; lane 3, Purified
enzyme; lane 4, Expressed enzyme.
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this enzyme had not fibrolytic activity. When CmsEexpressed i&. coli, it

is produced as an inclusion body. Therefore, atoveaton procedure is
necessary. In addition, becausecoli is a prokaryote it is unable to perform
many eukaryotic posttranslational modifications hsuas proteolytic
processing, folding, and glycosylation. As a restiie recombinant CmFE
produced byE. coli has low enzymatic activity after the denaturateord
renaturation procedure (Ge et al., 200%khia pastorishas been developed
into a highly successful system for the expressibrneterologous genes.
Several types of fibrinolytic enzymes, includingegtokinase and urokinase
plasminogen activator, have been expresse@.impastoris (Miele et al.,
1997; Wang et al., 2000; Pratap et al., 2000 arahglet al., 2002).
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V. DISCUSSION

In recent years, fibrinolytic enzymes have beeralisred in a variety of
organisms. However, there have been relatively feports regarding the
fibrinolytic enzymes in mushrooms. Recently, musims have begun to
elicit increasing attention, as they have beengeized as a nutritious food,
with health-stimulating properties and medicinafeetfs. Here, we have
described the purification and characterizatiosudttilisin like protease from
the medicinal mushroom &. militaris. Enzyme was purified 191-fold from
100 g of C. militaris, for a total yield of 12.9% (Table 3). The spezifi
protease activity of the purified enzyme was simitathat of the proteinase
obtained from of the subtilisine-like serine preedR1J fronMetarhizium
anisopliae var. anisopliase(NCBI accession CAC95048). The molecular
weight of purified enzyme was calculated as 52 kipagel filtration, SDS—
PAGE and fibrin-zymography, which was differentthat determined for the
metalloendopeptidases fro@ frondosa(20 kDa) (Nonaka, et al., 1995°.
ostreatug(19 kDa) (Dohmae et al., 1995) aAd mellea(32 kDa) (Lee et al.,
2005. The optimum temperature of purified enzyme waSC37but the
enzyme was exposed to temperatures of over 40&Gilthnolytic activity of
the enzyme degenerated abruptly (Fig. 18). Themapti pH of purified
enzyme was 7.0, which is comparable to those ofl BAd FP Il from
Pleurotus sajor-caju and MEF from the egg cases ©&nodera sinensis
(Hahn et al.,1900; Hahn et al.,2001). Purified @ney preferentially
hydrolyzed the A fibrinogen chain. However, all of the three-subwhiains
of fibrinogen were completely hydrolyzed. Enzymé\aty was inhibited by
Cu** and C§*, but was enhanced by the addition offCand Mdions.
Furthermore, fibrinolytic activity was potently idited by PMSF, and
exhibited a higher degree of specificity for thebswate S-2586 for

70



chymotrypsin. These results indicate that puriBedyme is a serine protease.
The N-terminal sequence of the first 19 residuess WeLTTQSNV
THGLATISLRQ, which is very similar to that of theaulstilisin-like serine
protease PR1J frodMetarhizium anisoplia@ar. anisopliase (NCBI accession
CAC95048). The amino acid sequence of purified sreywas compared
with the published sequences of the other subdigFig. 16), and was found
to show 68.4% identity with subtilisin PR1J, lownhology with subtilisin
PR1B (CAC95046), PR1G (CAB63912), PR1A (CAC9504®R1K (CACO
7219) and PR1I (CAC95043) fronMetarhizium anisopliae(Bagga, et
al.,2009. The specific activity of 248 of purified fibrinolytic enzyme was
3.3 folds higher than 1.0 unit of plasmin as shawhig. 13.

Considering the fibrinolysis pattern it was fouriit the purified enzyme
rapidly hydrolyzed the:-chain, followed the-y chains and more slowly the
B-chain. On the otherhand, fibrinogenolysis patteifn purified enzyme
revealed that it rapidly hydrolyzedeABB andy chain. Therefore, purified
fibrinolytic enzyme fromC. militaris is a direct-acting fibrinolytic and
fibrinogenolytic agent, as it acts via direct clage of fibrin and fibrinogen,
not by plasmino- gen activator such as SK, UK d@A&lds shown in Fig. 19
and Fig 20. These results indicate that purifiezlyare is not only can apply
on the thrombolytic therapy but also use to previemtmation of blood
clotting in vain.

There is a renaissance of interest in using fitlyienzymess targets for
developing therapeutic agents. Protease genesdeonral bacteria, fungi,
and viruses have been cloned and sequemgtd the prime aims of
overproduction of the enzyme, delineation of thé rof the enzyme in
pathogenecityand alteration in enzyme properties to suit its wmrcial

application. Despite the extensive reseamghseveral aspects of proteases,
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there is a paucity of knowledgdout the genetic analysis of fibrinolytic
enzymes.

Despite the several reports on the cloning andesgzing the protease gene
from different sources, there is a little infornaettion genetic analysis of
fibrinolytic enzymes fromC. militaris. The successful expression of the
recombinant CmFE provides a way to obtain a sirmgdenponent with
fibrinolytic activity.

A fibrinolytic enzyme fromC. militaris was purified and found that the
sequence of 19 N-terminal amino acids showed a dhgfnee of homology to
that ofsubtilisin-like serine protease PR1J (NCBI accesdio. CAC95041)
and subilisin-like serine protease PR1 family pedffrom Metarhizium
anisopliae var. anisopliae.

At present more than 200 proteases have been eddigithesuperfamily of
subtilases (subtilisin-like serine proteasesh representatives both in
micro-organisms (archaea, bacteiuagi and yeast) and in higher eukaryotes
(Siezen & Leunissen, 1987All the enzymes belonging to this superfamily
have incommon a core structure, the catalytic domain, asttarizedy the
presence of ‘structurally conserved regiomgijch correspond to common
secondary structure elements. Mafsthe subtilases characterized so far are
extracellular andre subdivided into six families, according to Hegjuence
similarity. The subtilisin family includes true dilisins as well as minor
intracellular proteases (Siezen. & Leunissen, 1987) one of the most
extensively studiedof all proteins, due to its commercial importance
(Harwood, 1992,; Wells, 1988). Subtilis;nsynthesized as a pre-pro-protein,
translocated through tleell membrane via the pre-peptide (or signal pejptid
and finallyactivated by autoproteolytic removal of the projmgp (Power et

al., 1986 which functions as an intramolecular chaperonen(&h et al.,
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1997. This protease is not essential for eitij@wth or sporulation, but is
probably used in nature as a scavengimgyme.

The subtilisin-like fibrinolytic enzyme geréfnfg of C. militaris was
cloned and its nucleotide sequence was determifled.full lengthCmfe
cDNA was 1,197 nucleotide long. The nucleotide sege revealed one
large open reading frame, composed of 1,197 base which was preceded
by 138 bp of 5untranslated sequence and followed by 42 bp of 3'-
untranslated sequence terminating with a poly @l By comparing the
partial encoding 5-ends and 3’-ends cDNA sequeate&Cmfe with the
published sequences of the other subilsin-likensgprotease family found to
show 89% and 93% identity with subtilisin-like s®¥i protease PR1J
(AJ251922) respectively. Furthermore the completgusnce ofCmfe was
compared with the published sequences of the sudhike serine protease
PR1 family, and was found to show 92% identity wstibtilisin-like serine
protease PR1J (AJ251922).

1,197 base pair were coding sequences that tradslaib 399 amino acids
of the CmFE. The deduce amino acid sequence of CindREEC. militaris is
composed of tw