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ABSTRACT

Molecular Cloning, Expression and Purification of
Fibrinolytic Enzyme from Pleurotus ostreatus

Shen, Ming-Hua
Advisor: Prof. Kim, Sung-Jun, Ph. D.
Department of Genetic Science,

Graduate School of Chosun University

Fibrinolytic enzymes dissolve the blood clots, whiare formed by the
conversion of fibrinogen into fibrin via the protgtic action of thrombin. When
clots are not lysed, they accumulate in blood esmad cause thrombosis leading
to myocardial infarction and other cardiovasculisedses. The major thrombolytic
agents are classified into two types. The plasmenaagtivators, such as urokinase,
tPA (tissue type plasminogen activator), and sti@pase, which activate
plasminogen to plasmin, and the plasmin-like prateisuch as nattokinase and
lumbrokinase, which can directly degrade the fibrin

Mushrooms constitute an important source of thrdgtlmo agents. Many

fibrinolytic enzymes were identified in fruiting dg of different medicinal

X1



mushrooms, such a&millaria mellea metalloprotease (AMMP) fromrmillaria
mellea, Grifora frondosa aminopeptidase(GfAP) fronGrifora frondosa and
Pleurotus ostreatus metalloprotease (POMTP) fromleurotus ostreatus. All of
these enzymes are Zn-metalloprotease group praash®elong to the same wood
rotting fungi. Indeed the presence of fibrinolygiczymes in fruiting body of some
mushrooms have been identified although the presehthose enzymes in their
cultured mycelia is not clear. Therefore we triedsblate the fibrinolytic enzymes
from cultured mycelia of mushroom. The purified yme was designated as
Pleurotus ostreatus fibrinolytic enzyme (PoFE).

Fibrinolytic enzyme was purified from the edible shuwoom,Pleurotus ostreatus
by ion-exchange chromatography followed by getdtibn and fast protein liquid
chromatography (FPLC). The purification protocolsued in an 877-fold
purification of the enzyme, with a final yield of586. The apparent molecular
mass of the purified enzyme was estimated to bkDg2by SDS—PAGE, fibrin-
zymography and gel filtration chromatography, whieliealed a monomeric form
of the enzyme. The optimal reaction pH and tempeeatvere pH 6.5, and 35 °C,
respectively. This protease effectively hydrolyzétirinogen, preferentially
digesting the A-chain and the B-chain overy-chains. Enzyme activity was
enhanced by the addition of €azr* and Md¢" ions. Furthermore, fibrinolytic

enzyme activity was potently inhibited by tetrasodiethylenediaminetetraacetate

Xi1



(EDTA), and it was found to exhibit a higher spmiif for the substrate S-2586
for chymotrypsin, indicating that the enzyme is &ymotrypsin-like
metalloprotease. The first 19 amino acid residde¢le N-terminal sequence were
ALRKGGAAALNIYSVGFTS, which is extremely similar tothe Pleurotus
ostreatus metalloprotease purified from fruiting body dfleurotus ostreatus
(NCBI Accession No. AAU94648.1). The gene encodingbrinolytic enzyme,
PoFE that belongs to the metalloprotease family wlased and expressed in
Escherichia coli. The gene has 867 base pairs and encodes an paiteen of 288
amino acids. Sequence analysis suggests that branofiytic enzyme from
Pleurotus ostreatus consists of a Zn-binding domain which is amino a®duence
HEXXHXUGUXH (His'*®~His?®®. The PoFE was cloned to plasmid pQE30 in the
correct reading frame, with an N-terminal 6X Hig-tsequence under the control
of the T5 promoter ankhc operator. The PoFE was inserted and orientatidhen
plasmid pQE3Qsofe was confirmed by double restriction enzyme mappifige
plasmid pQE3Q@ofe were transformed int&scherichia coli (E. coli) expression
host M15 (pREP4). All the picked clones were expeesthe PoFE with a
predicted band around 32 kDa. It is interestingate that all of the recombinant
protein was found in inclusion bodies which werafooed by the western blot
analysis.

In conclusion, the fibrinolytic enzyme purified froPleurotus ostreatus exhibits

xiil



a profound fibrinolytic activity, and also evidesceelatively high substrate
specificity to fibrin. ThereforePleurotus ostreatus may become a new source for
thrombolytic agents, and can be used to developapestic agents for the
treatment of thrombosis. In addition, the work diéxed here provides a way to
obtain a single component with fibrinolytic actiwviand a baseline information for
further study on understandingf the structure-function relationship of the

enzymes.
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Fig. 1. The pathway of thrombosis and fibrinolysis.



Others 15%

Cardiovascular
diseases 29%

Infectious diseases
19%

Respiratory

Accident/Poisoning diseases 14%

/Violence 9%
Diabetes 2%

Cancer 12%

Fig.2. The proportion of deaths by causes in WHO regions, estimates for 2000 (WHO
2001).
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Fig. 3. Mass formation of Pleurotus ostreatus fruiting body (A), Culturing mycelia of

Pleurotus ostreatus (B).
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Acrylamide, Sodium chloride= Amresco Co.(USA)MIEZS TSt ALE36t
[0  lle-Glu—-(-OR)-Gly—-Arg—pNA(S-2222), H-D-Phe-Pip—Arg—pNA(S-
2238), H-D-Val-Leu-Lys—pNA(2251), H-D-lle-Pro-Arg—-pNA (S-2288),
pyro—Glu-Gly-Arg—pNA(S-24444), MeO-Suc-Arg-Pro-Arg—Pro-Tyr-pNA(S-
2586), Z-D-Arg-Gly-Arg-pNA(S-2765)S  chromogenic  substrates=



Chromogenix Co.(Sweden) MZE, cONAE &435t)| A5t ALZSH MMLV,
dNTPs, RNase inhibitor, Tag polymerase, DNA size marker2 primer=
Bioneer Co.(Korea) MIZS ALZ35tRULCE. Protein assay kit2t PVOF membrane
2 Bio—Rad(USA) NMEZS, €d=281aA Nl METOE DEAE Sephadex
A-50, Sephadex G-75, HiLoad™ Superdex™ 75 column2 Amersham
Pharmacia Biotech Co.(Sweden) HME& T30 AISSIASM JIE A2

S2= ME0tRL

1-1-3 SEICIHA @AMl BH e

&

ZAH DHIBH2E2 PDB(potato extract 20%, dextrose 2%) HHXIOfl

o
o

2%(w/v) EIIStH, 121°C, 1.50I20M 20E2t LA = Petridish (® 8.5

1

cm)Ofl 20meAl ZFGH04 BHXIE ZMGHACH =& & AL &3S WA 6me
cork borerE F ot XZME LDMBIX S0 36t 25£1C2 =281 D]
A HHGIACE. ZALM HAMEBHSES POBE Z=HIGHO 100me & A2tZgtA3
Ol
S| cork borer2 F ot ALEStRUCH. S = MEHHLIIMM 25+1TC, 120

o

=
—

L

= ALEotRUCH EEF2 DHBIXN A2 FALHS HE=S WHE 6mn

4

rome =2 722 11X B (seed culture)8t & 10 liter fermentorOl SSHA 2XF

@

LI

BH 2F(main culture)S &l Alot A L.

1-2. 882oSA9 2l FA

N-2-1. ZF&2 XAl

LEEIHA ZAMHE S22 =3t MES = HHELE 0IE6HH ANE

(=2

nio

M8t £ Ultrasonicator(Sonics & Materials Inc., USA)Z =& 360

6.000x g OIA E& =2l

o

o

AF=OH
=)

=
- o =

njo

3ot EFE=SZ AISOIRULH



I
0

£
Fre)
IH
)
oK
£

S
IH

ES

ol

I-2-2.

oD

iof)

Jtot™

&
FAIA skim milk plateE M ZSHALE.
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=

fibrinogen
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=
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100% Ol

=

ROl -70C=2 & Xl

FATCOIA wBHStH 12,000x g, 30

ROl -70Cc=2 HMel=

I
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=2==22 HMHHDII| #5EH microcentrifugeE 0123t 10,000rpm, 4TC, 102
25t AL

Je
o
ton
1>
ror
o
=
o)l
HU
>

2t A Zeloty, 43

-

SAO CIHE M2 Lowry¥ =9l g0l 9|8 BCATHEHAI A 2E kit (Pierce

Co., USA)E AlE2dl0d =HolTH E=CHEHES Bovine Serum  Albumin

CHHEISSIS A A2 Azocasein assay® !’ 0I25tRAC. Azocasein

assay® 2 azocasein0l Z0HZ O LI2= acid soluble materialdE2 =3

StOR A HHAESREHES BHGIHLE 0.1% Azocasein22 (50mM Tris—HClI,

pH 7.0) 300xL0f HHEHAI=2E 50uE FDIISI 37COHA 2022t BIEAIZI &
Olel XA 8 10%(w/v) trichloroacetic acid (TCA) 600445 21 =Al &&

ANZCH 0 AIZE2 102 s 230 ZXotH gtsS EXAZ =

0
0>
Al
o
Ql
12
L
E
oﬁ

microcentrifugel Al 12,000rpm, 4CTZ2 152721

H= 366nmUlA ODgts FEol HHEEHELS FEHotULH

Il -2—6. Cation—exchange chromatography
CM-Cellulose column (3.5x10cm)S 0.1N NaOHZ EAH3AIZI & 10mM

citrate—NaOH, pH 6.0 2ts8¥% o=z HIESIAIZCH 0 column0l TCHHAES

ZF=25tH 0~1.0M NaCl linear gradientS gHdAlH HEHEES Z=6IQCH
EEET= 1.0/ minlz IR 2H SEE 1.5M2 343 AL.

I1-2-7. Anion—exchange chromatography

12



sHo=Z HEFIAIZI & cation—exchange chromatographyOil A S
2l2 F=2 ot anion—-exchange chromatographyE £85I CH. 0~1.0 M NacCl

linear gradient® E&AIHA 1.0M/min =& HHEHA

1.5m= 3[==otRALt.

Il -2—-8. Gel—filtration chromatography
Sephadex G-75 column(1.5x130cm)S

o
=
|0
HU
El
I
ol
=
A
ol
V)
=3
o
7
[©)
>
(@)
>
[V
>
Q
()
(@)
>
(@]
3
[oV)
—
9

phosphate(pH 7.2) &A= M
graphyOllAl 22 4828 5, &

Il -2-9. Fast protein liquid chromatography (FPLC)
HiLoad 16/60 Superdex 75 pg column2 0|&3t04 0.05M phosphate/0.15M

NaCl, pH 7.2 2223 = 0|26t bed volumel 2HIE & EYW Z= Gel-
fitration chromatographyOlAl &2 428 S FoIH 1.0M/ming =2
SNZHEALE 2l MGHULCE.

ACTA FPLC (Pharmacia Co.)& £8i5t0

W
0%
o
I
0

g ST 25t A

204 A BHE SYHO TJIS HOISIUCH Deln BAY

rir
I
Rl
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I1-3-1. FPLC & 0|88t &
N gd2disall =Xgs #elot)| ot glyceraldehydes—3-
phosphate dehydrogenase(36kDa), carbonic anhydrase(29kDa), trypsinogen
-PMSF(24kDa), trypsin—inhibitor(20.1kDa) & standard markerE O|&3dt0
size exclusiong =oALt HHE EEHEEol=2A2 standard markerE

Ssget X0z EEANAH HHE 42 SNES ECIGHAL

II-3-2. SDS-PAGE € 0|28t EXg 53

228 A2 SDS-PAGEM™'E £#5l0l EXdS =FOIULCL FIIY
S22 12%°| separating gelll 5% stacking gel2 O0|FH & SDS-PAGE gel
AOAM XHSHACEH A D 5x SDS Sample Buffer (60mM Tris—HCI, pH 6.8,
25% glycerol, 2% SDS, 14.4mM B-mercaptoethanol, 0.1% bromophenol
blue)E E&3t0 100CUH M 7228 SES8 = Protein marker(Cambrex Co.)2t
llgss &oIALE. MIIFSE gel2 Coomassie brilliant blue(CBB)
R 25022 ZM5td Destaining buffer2 EMAIZZM A HHEES
SOl CH eld Protein marker2 0lS7H2l(Rf)E %522, marker Xt

HFHE &429 olsiiel

ol
0

20| |og&L+E EFE2=Z standard curveE 2HE

Il -3-3. SDS—fibrin zymography € 0|28t 2Xt& &3

SDS-fibrin zymography A& &tolgie Kim™'s9l gtgiol 2501 fibrinogen
sZIt 0.12%(W/V)I2t ZH 12% polyacrylamide 40| £&8 & thrombin
(0.1pU/me) Bt N,N,N",N"-tetramethylethylenediamine(TEMED)E &Jt5t04 gel

S MZotd &d)|EsS +otRlt. HHES 24dS E2&ot) &Igds IS
OiAM Z0U= =2oittSsS 2Xlotd|l <ol 4TOHA 90~180vE XA L
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O3 S SDSol olol 2E4d3tE S48 MEAHS A2IJl 6t gelg
2.5% Triton X-1002 Z& &t Tris—-HCI (20mM, pH 7.2)0lA 3022t &EAIA
SDSE HMAHE = UAl EF=2 = Xl MAHGSHH Triton X-1002 MAHGHA
Ct. Dell) gel2 #4Ets 2F5EY (0.15M NaCl, 20mM Tris=HCI, pH 7.2)
CZ 1524 28 AMHE = 1 SFEAH0U E0 37C S=2I10A 15A12
BtEE AIZILH BHE0l Y = gel& CBB R 25022 &Ai5t1) Destaining

F A

d
(=)

Bt

buffer2 EMAIZO2M EDSIH LIEIY fibrin 202 K|l CHEHZE O]

1-4. N-2Z& OOl AEEH

HME SEHAZ 12% gel &AM SDS-PAGE dIIGs2 st =
polyvinylidene difluoride(PVDF) membranell transferot® 2 ponceau S=2

HMBI0  transfer RRE HCIGHRUCH. Z42fIE PVYDF membranedl A

terminal sequencing analysisE =& a&IACt. N-terminal sequence= National
o]

Center for Biotechnology information(NCBI)2 BLASTOH SE&2ZH Us
CEleltHA XA A SeHel metalloendoprotease(PoMTP) OFOl:-ab ME D Hl W

1-5. HgAx2 S4 24

N-5-1. dA&a9 JI2504d 24
HMEA2 JIEEQAHEE 246D <ot st chromogenic substrate

(Table 1) 0|&205+0 amidolytic activityE® S&GIQCH AFZZIH & chromogenic
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Table 1. List of synthetic chromogenic substrates

Chromogenic

Amino acid sequence Characteristics
substrates

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
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
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Zcle HEe 2 etEdE 20t2D| ottt E4HE 20~90TOH M 10T

g 2350 250

E
=
v
ol
©
N
o
O
0
17
o,
=
o
0
7
Q0
<

BFSAIZH 2 Fibrine 2S4S Datta®'Sol Y¥S 0125104 &0l6}
RULCt. 5ug fibrinogeng &SR8 X (20mM Tris—HCI, pH 7.4, 0.15M NaCl)0ll
thrombin(0.1NIH unit)2 &5t &20 M 1AIZtSeH BFSAIA  fibrins
ZHGHALH. Oeln s 29 45 HMelotd 37T E2II0AM AIZE=Z

B

—

A2l = 12% SDS-PAGEE +&ot( fibrin2 ZolIHE S = IotRULCE.

0l0

Matsubara®S 9| gteig 0|28t0f Fibrinogendl CHEt 2dHEAME & ols)

ALt Fibrinogen(548)0ll S& 22| §4E Xelot® AlZEZ 37C =27
OIA BEEAIZI = A% 22 ZYHOZ SDS-PAGEE =aotH =olIHES

EOI5tA L

Il —6. Total RNA isolation

Total RNAE =£2|st)| 6t 2= Al =XI|IRF= diethylpyrocar—

bonate (DEPC)Z HM2latd D, RNAE Trizol™ reagentE 0I5t 22I56tRULS.

LEI2IHA ZARL 100mg0ll Trizol™ reagent 1me2 &EIIAID| D 522t BIEA|
H ZEFE & 0.2m Chloroform2 E&56t0 A0 A 5228 BI=2AI21 &
12,000X g= 4TCOIA 1522t |AZLI0IULCH ASHS MEE eppendorf

tubell 221 = 0.5Mm2| jsopropanolE EHIIoIH A=20 M 1582+ BFSAIRACH.

12,000x g=Z 4TOHA 10=2F F& 2ot €2 FHES0 75% GEt=s 1m



S &IIotd &8 & 7,500x g2 HA22|6t0d RNA pelletS
RNA pelletE SIIEUHA HAZAIA2O RNase free—water0l =0 purityE &

gt = -20C0 220t cONA &0l Ol=ot ALt

ne
$Q
[wl
2

I-7. d82olles FEX0 CHEt SO0IA primer & X%

4 ZXet =EtelHA AR Z

=
o
@
=2
on
JHIJ
e 9
$0
rr
10
B
P
Mo
02
o
u!
o:|:|

£ ENMEBHELS N-ZH O0I=AMED “El2IHA KA
£2H =clZH& metalloprotease R & AHAY640032)2] SIIME S HILEA
ot start codonFASFH stop codonRRANA PCRE =& & = ULE
Bioneer(Korea)Oll 2/ ZI5t0 primerE HMIZGIRUCE. Sense primer= 5 endd|
BamH | restriction siteE &Jtotd 5'-GGATCCATGTTGCGCTCCATCCTGTT
AATTG-3'2 ot antisense primer= stop codon F 0l AHjnd Il restriction

siteE &Ittt 5'-AAGCTTTTACACTGGTGCTGCTACCCTGGC-3'2 ot Lt.

I -8. Reverse transcription—polymerase chain reaction (RT-PCR)

LEleIHA ZAMZEE F=&E Total RNA2H oligo (dT)is & MMLV
reverse transcriptase2 ZE&oId SMA BIESE2 SFFLCH 248 total RNAL

10pmol oligo (dT)E 65TCOIAl 102 S¢ot BtSAIZI & dNTPs, RNase inhibittor ,

o

A2t Set SHAteS

MMLV reverse transcriptases mixture2t 42T 0l A

OII

S siCh B4

 cONA= -20C0Ol 22otHAM AtE0tULCEH

r

ol

A& C

[ Jpy—

o

NA

rr

MI&SE primerE 0183t 94.0COHIA 522t BISAIZ!

0

denaturation® 94.0CH A 1=, annealing® 63.0CH A 30=x, extension2
72.0COIM 1224 35cycleZ2 ot PCR=S &3l Ct. PCR product= 1.2%
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agarose gel2 HIIY=ol¥ D ethidium bromide(EtBr)2 Jaist = &0l
ot Ct.

I1-9. Cloning € {8t g§&aNE

E.colifl EEXES S competent cell@ E.coli DH50E AIE56 Bt 1D
-70C0l EBE26tHA AIZSIF L Ligation® Promega Co.(USA)2l g0

et =alAHCE Ligation BtSH 1048 WOl fresh PCR product 1.54£, 2x
ligation buffer 544, pGEM-T easy vector (25 ng/#£) 118, T4 DNA ligase (3.0
stotd, 4TOAM

2
rfol

ol
Ol

Weiss units) 1ux, ZLZ4% 15wms HIISH =

overnightot® ligationAlIZACHFig. 4). Ligation &8 1042t competent cell

JOUE EEolH & A2 = 302 st €350 EXIotd 42TCHAM 90= ¢t

LB JIXBHXION =20t 37TCOHA 12A12F =S¢t Hioted EMEHS

B
o
rlor
=
i
J
mo
S
o
&
~
=4

LotACH. EEMEBME Eelot)|l Aot HdE
ampicillin0l &SR & LB HUXBHXIO 12A12F SO BHLS = HHYH 5mS
%G5t0d plasmid DNA isolation kit(Quiagen Co., USA)Z recombinant DNAQI
PGEM T-pofeE =clotLt. VectorOl &&= DNAJEH Z&3| 4T/UA=X2

HEE &Qlot)| fIotH Hetsh EcoR I 2 EHE = 0|XS EtBOl §RE

o
o
P
>
Qi
(=)
]
MUzt
Qj
9
[l

0.8% agarose gelZ &I|H=E A2l & X2

I1-10. DAN &JINE 24
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S22 &g & vector= SP6 primerE€ ALEot0H EIIAMEES Z2FoOIAL. S|
NEEdE J=USXJAARL FFEL0 A2t =ESHACH Automatic
DNA sequencer(model: ABI PRISM 377, Perkin Elmer, USA)S Ol&3dtHd
DNA gJlAgs Z&HoRCH =ol=E FIIMEE National Center for
Biotechnology Information(NCBI)2] BLASTUHIA LSEtelHA KA =HS

metalloendoprotease(PoMTP)2l EIJIAZE D Hl Lot S48 L.

I1-11. Construction of expression vector for recombinant fibrinolytic

emzyme

PGEM T-pofeE BamH |, Hind Il B3I €2 PoFE RAEXE =Y

]

=42 HMelst pQE30 expression vertor0ll ligation ot CHFig. 5). Ligation

[‘lI

SR 10uLLH0l pGEM T-pofeE HMetss BamH |, Hind NZ ZEHolK
22 insert DNA 34, 2x ligation buffer (250mM Tris—=HCI, pH 7.8, 100mM
MgCl,, 20 mM DTT, 4 mM ATP)54¢, pQE30 vector (25ng/uL) 1401 T4 DNA
ligase (3.0 Weiss units) 1#4& EHIIst £ & Z&36I0 4CUH M overnightdtt
ligationAlZICt.  Ligation product®! pQE30-pofeE E.coli DH5a0l E&
MEot SEAZCH L2HE THEZE vector&& DNA sequence analysisE
ot &ot= EHEOl cloning EIAUSS ECIGHRULH L3S RIS =FHME=sE £
coli M15[pREP4]E AE3dIULt. pQE30-pofe 1042t competent cell S0 E
SgotH &2 A=2=F 302 =2 230 EFXIot) 42TCOHAM 90x= =S¢ heat
shock oFRUCH Z2HIZ 2~32 =t L0 LXIotl LB 5004F JtotH

o
Z MU LOtACH. B

+=HOZ 37COHAM 1TAIZE =2 150rpm<e St NEZEE
1001g/me ampicillin, 254g/m¢ kanamycinOl &S= LB DHMBHXIN =26t

37COIA 12A12t =St BHZotRACH. £ JHel colonyE F ot HXIbBH ot

21



plasmidE isolationgt & 2t primer2 PCR3IX recombinant strain2

EolotA Lt

I1-12. Expression and purification of fibrinolytic enzyme

&2l colonyE F ot 10mé HH X (254g/m kanamycindt 1004g/me ampicillin

£ R0 12A12t S HHLs = 50045 FGt 30me HHXl (254g/me

Z".

kanamycindt 1004g/mt ampicilling &%)l E&3tACH 37COH M ODsoot Ol
0.5-0.701 & MK XNEHILE = z=SsZIH ImMOI EHEE IPTGE
HOIGIO! 4AI2F SOF BHGIRUCEH HBHSHES 4,000k g WA 152 S¢
HAZeIotH NEZE 28 = 1me lysis buffer (50mM NaH,PO,, 300mM NaCl,
10 mM imidazole, pH 8.0)2 MZE &&AI2l ¥ lysozymesZIt 1.0 mg/me
. NIZZE sonicator2 145t
= 47T, 10,000x g Ol 30= S0t HAZELE T ASHS 3|5tRULCE. lysis
buffer2 ZBE3tAIZI Ni-NTA spin columndl AZHS 50 700x g, 2=
St FAZCIoHH A sS &S = SDS-PAGE =40 AtSoACH L&
700x g, 2& S¢o YAZelcle gEe=zE 6004 washing buffer (50mM
NaH,PO4, 300mM NaCl, 20mM imidazol, pH 8.0)& ALZ3t0 Ni-NTA spin
columng S washing8t & 2004 elution buffer (50mM NaH,PO,4, 300mM

NaCl, 250mM imidazol, pH 8.0)2 6X His—tagged proteing &SR8t columns

o

SXtdl elutiongld 2 =& 5t) SDS-PAGEE £=&otACH 2 AWM
A2 2H 1040l 5x SDS-PAGE sample buffer 2.5 & €11 72 S0 20l

SDS-PAGEE +&5tRULt.

ol
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pGEM® T-easy Cloning
Vector
3,015 bp

Fig. 4. Construction of cloning vector for recombinant pofe
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FE : 5-GGATCCATGTTGCGCTCCATCCTGTTAATTG-3'

BamHlI }Fibrinolytic enzyme gene isolated frompleurotus ostreatus mycelia HindIII

L\ 3'-CGGTCCCATCGTCGTGGTCACATTTTCGAA-5': RE

©T —

58 &

PT5 - LacO- Lac O- RBS MCS = Stop.

BamHI

Sphl

SacL

Kpnl
HindIIl

AmpR

pPQE-30 Expression
vector

3,461 bp

Col E1 Ori

Fig. 5. Construction of expression vector for recombinant pofe
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II-13. SDS-PAGE

THE A2 SDS-PAGEM™'E £#5I0l EXHS =24AGIUCH FIIY
=2 12%2 separating geldt 5% stacking gel2 O0IF0H & SDS-PAGE gel
AOAM XHSHACEH A D 5x SDS Sample Buffer (60mM Tris—HCI, pH 6.8,
14.4mM B-mercaptoethanol, 25% glycerol, 2% SDS, 0.1% bromophenol
blue)& E&0ot 100CHAM 722 SES = protein marker (Cambrex co.

HoIQICH MIIGsSE gel2 CBB R 25022

I -14. Western blot analysis

MI|Hs= CHHAE S 100VHIMH 9022 PVDF membrane transferdtACt.
Skim milkE s&JF 5%JF &= TBSTE2 (20mM Tris—HCI, pH 7.5, 137mM
NaCl, 0.1% Tween20)0l =0{ blocking solution® M X504 membranes

&1 8 Al

rH

OF shaker 210 = =1 &=0 FUCH A2 = TBST

0l

HOZ 1524 43 MFHS = 1:1000 HIE= TBST EH0 3A8t 6X His-

ol

PERHOZ 1584 43 MIEE

r

tag antibody@ 4TCOH A 12A12F Hel & ¢
Z 1110002 HI=2 TBST =0 3 A&t alkaline phosphatase conjugated
antibody(sedondary antibody)2 &20A 2AI2t HMelotFCH  alkaline

phosphatase secondary antibodyOll 28t Bts2 &0I5l)0] <6t

NBT/BCIPE HMclotd HEHE bandE =QIoHRULCE.

IOI'
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n-1.

2 trypsin

sHx=e

o
o

2% Skim milk plateOil

= lysis

X0
180

S A

2

0l
Rl

-

<0

ok

n
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Fig. 6. The assay of proteolytic and fibrinolytic activity from crude extracts of
Pleurotus ostreatus mycelium. A, Proteolytic activity was measured by using skim
milk plate; B, Fibrinolytic activity was measured by using fibrin agarose plate. 2048
of crude extract was placed in each hole and incubated at 37C for 12 hrs. Tripsin

and Plasmin are used as positive control.
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Fig. 7. Cation—exchange chromatography of fibrinolytic enzyme from AP. ostreatus
mycelium on CM-cellulose column. The protein sample was applied to the column
(3.5x10 cm) equilibrated with 10mM citrate—NaOH buffer (pH 6.0). The protein was

eluted with 0~1.0M NacCl linear gradient at the flow rate of 1.0m¢/min at 4C.
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Fig. 8. Anion—exchange chromatography of fibrinolytic enzyme from P. ostreatus
mycelium on DEAE-Sephadex A-50 column. The protein sample was applied to the
column (3.5x 10 cm) equilibrated with 20mM Tris—HCI buffer (pH 8.0). The protein was

eluted with 0~1.0M NaCl linear gradient at the flow rate of 1.0m¢/min at 4<C.
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Fig. 9. Gelfiltration chromatography of fibrinolytic enzyme from P£. ostreatus
mycelium on Sephadex G-75 column. The protein sample was applied to the column
(1.5x130 cm) equilibrated with 0.05M phosphate buffer (pH 7.2) containing 0.15M

NaCl. The protein was eluted at the flow rate of 0.1m¢/min at 4C.
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Fig. 10. Gel-filtration chromatography of fibrinolytic enzyme from P. ostreatus
mycelium on HiLoad 16/60 Superdex 75 pg column. The protein sample was applied
to the HiLoad 16/60 Superdex 75 pg column equilibrated with 0.05M phosphate
buffer (pH 7.2) containing 0.15M NaCl. The protein was eluted at the flow rate of 1.0

me/min at room temperature.
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Table 2. Purification yields of fibrinolytic enzyme from P. ostreatus mycelium

Total Proteolytic ~ Specific
\Volume Recovery Purification
Purification step protein activity activity
(ml) (%) fold
(mg) (Unit) (Unit/mg)
Homogenate 250 N. D. N. D. - - -
Crude extracts 500 6,782 8,424 12 100 1
DEAE Sphadex
5 3.98 1,573 395 18.7 329
A-75
Sephadex G-75 3 0.91 635 697.8 7.5 581.5
HiLoad 16/60
2 0.52 548 1053 6.5 876

Superdex 75 pg

Note. N.D., not determined. Protease activity was measured by using the azocasein

assay, as described under Materials and methods.
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Fig. 11. Molecular weight determination of PoFE using size—exclusion on HilLoad
16/60 Superdex 75 pg column. The standard markers and purified enzyme was
eluted through a Superdex 75 equilibrated with 0.05mM phosphate buffer containing

0.15M NaCl, pH 7.2, at a flow rate of 1.0m{/min.
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Fig. 12. Molecular weight determination of PoFE using SDS-PAGE and fibrin
zymography. M: protein standard marker; lane 1: purified PoFE on SDS-PAGE; lane

2: purified PoFE on fibrin zymography.
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Fig. 13. Homology analysis of purified fibrinolytic enzyme amino acid sequence from
Pleurotus ostreatus. The shadow indicates similar amino acid residues between the
purified enzyme and other proteolytic enzymes. PoFE: the purified fibrinolytic enzyme
from P.ostreatus; AAU94648: metalloprotease from Pleurotus ostreatus; AAQO7436:

metalloprotease 1 precursor from Coccidioides posadasii.
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Fig. 14. Amidolytic activity on the several chromogenic substrates. Amidolytic activity
was measured spectometrically using the chromogenic protease substrates such as

S2222, 82288, 52238, S2251, S2444, 52586 and S2765 .
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Table 3. Effect of metal ions on the activity of thdibrinolytic enzyme from

P. ostreatus mycelium

Metal ions Concentration( mM) Relative activity (%)
Control - 100
ce* 1.0 118
co™* 1.0 96
cu* 1.0 87
Fe* 1.0 91
Mn** 1.0 94
Mg?* 1.0 122
Zn* 1.0 114

Reaction conditions are as described under materials and methods.
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Table 4. Effect of protease inhibitors on the actiwy of the fibrinolytic enzyme

from P. ostreatus mycelium

Protease inhibitors Concentration( mM) Relativevitgt (%)
Control - 100
PMSF 1.0 78
TLCK 1.0 81
TPCK 1.0 74
EDTA 1.0 52
aprotinin 1.0 88
peptstatin A 1.0 88

Reaction conditions are as described under materials and methods.
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Fig. 15. Effect of pH on the activity of the fibrinolytic enzymes from P. ostreatus
mycelium. Enzyme activity was assayed in the pH range of 2-10. 0.5M glycine—HCI
(pH 2.0~3.0), 0.5 M acetate (pH 4.0~ 5.0), 0.5 M Tris—HCI (pH 6.0~8.0) and 0.5 M

glycine—NaOH (pH 9.0~ 10.0) buffers were used with 0.1% azocasein.
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Fig. 16. Effect of temperature on the activity of the fibrinolytic enzymes from P. ostreatus
mycelium. The purified enzyme was incubated at temperatures from 20 to 90T for

30minutes.
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Fig. 17. Fibrinogenolysis and fibrinolysis pattern exhibited by the purified fibrinolytic
enzyme from P. ostreatus mycelium. The enzyme was incubated with 10ug of
fibrinogen or fibrin in 10mM of Tris—HCI buffer (pH 7.2) at 37°C for up to 1hr. Lane
1: control, without enzyme; lane 2: after 5min of reaction; lane 3: after 10min of
reaction; lane 4: after 15min of reaction; lane 5: after 30min of reaction: lane 6: after

1hr of rection.
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Fig. 18. Identification of the PoFE protein encoding gene from P£. ostreatus mycelium.
RT-PCR was performed using PCR primers which were designed for the conserved
seguences in metalloprotease encoding gene from F£. ostreatus fruiting body. M:

100bp ladder DNA marker; Lane 1: PCR products.
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564 bp —» < 500bp

Fig. 19. Identification of cloned ~1.2Kb PCR product. The constructed pGEM T-pofe
were resolved by electrophoresis on a 0.8% agarose gel and then visualized by EtBr
staining of the gel. Lane 1: A /Hindlll DNA marker; lane 2: pGEM T-pofe/ Hindlll;
lane 3: pGEM T-pofe/ EcoRl : lane 4: pGEM T easy vector/pst|l: lane 5: 100bp ladder

DNA marker.
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Fig. 20. Identification of cloned ~860bp PCR product. The constructed pGEM T-pofe
were resolved by electrophoresis on a 0.8% agarose gel and then visualized by EtBr
staining of the gel. Lane 1: 100bp ladder DNA marker; lane 2: A/Hindlll DNA marker;

lane 3: pGEM T-pofe/Hindll; lane 4: pGEM T-pofe/ EcoRl. laneb: pGEM T-easy

vector/pst|.
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32T ¢ T T €C G TG C A AGATGSGTSGACCT CATTGTG T T 42

571C A G A C A CCC TCACCAATTT CGGATTATCTT G T 600

691T ¢ ¢ G C A TTG CGTGTTT CGTAGT CATCTT CATCCAT2

9016 ¢ AT ACACCTGATTCAGCTGATGATATCTGT T 93

AT G G A A A 1140
1170
1200
1230
1260

Fig. 21. Nucleotide sequence of pofe (1269bp) gene encoding the precursor form

of the fibrinolytic enzyme of P.ostreatus mycelium. Shade indicates exons.
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Fig. 22. Schematic representation of the structures of premature gene(pGEM T-

pofe 1.269bp) and functional gene(pGEM T-pofe 867bp). Exons are indicated by

filled boxes and numbered from E; to E;.

54



1 ATGTTGCGCTCCATCCTGTTAATTGCACTCTCCTGCTCCGCCTAC/15

16 v L G s T P R P R Q R v c G s 30
46 GTGCTGGGGAGCACACCCAGACCCAGGCAAAGGGTTTGCGGGTCG Y0

91 C AACCAAGCCAAGAAAGTGTCCAAAGGGCGGAGGCCCATTTTGAC 13D
46 g L R s N v s L K K E s s F T 60
136G6G6CCTTAGAAGCAACGTCAGCCTGAAAAAAGAGAGTTCTTTCACC 180
61y A v H W H v v s Q N s T v R 75
18l GTCGCAGTGCACTGGCATGTCGTCAGCCAGAATTCCACGGTCCGT 225
7% g G N 1 P D s Q 1 T D Q 1 Q v 90
226 GGCGGGAACATCCCCGATTCCCAAATTACGGACCAAATCCAAGTC 270
91 L N D A y A y s G P s P E L A 105
27Tl T TGAATGACGCGTACGCGTACTCGGGCTTTTCATTTGAACTTGEC ASLD
106 g T T R T v N A T W F G K A g 120
316 A\ GTACCACACGTACGCTCAACGCTACATGGTTTGGCAAGGECCGA A 360
121 p E s I y Q D E M K A A L R Kk 135
36l cCGGAGAGTATATACCAAGATGAAATGAAGGCGGCCCTGCGAAAG 405
136 ¢ G A A A L N 1 Y s v G P T s 150
406 G GAGGAGCCGCTGCTCTAAACATTTACAGCGTAGGGTTTACTTC T 450
51 g Y y Y G L L G y A T P P F A 165
451 G GTTACTACTACGGGCTTCTAGGATACGCAACGTTCCCATTTGEC A 495

166y G Y s P K D D G v v 1 H Y A 180

496 T ATGGGTACAGTCCAAAGGATGACGGTGTTGTGATCCATTACGC c 940

181 g v P G G N L D T Y N L G M T 195
541 T cGGTTCCGGGGGGCAACTTGGATACATACAACCTCGGGATGACC 98D
196 4 T H E v G H W F G L Y H T p 210
986 G CAACGCACGAAGTCGGTCACTGGTTTGGCCTCTACCACACCTTc 630
211 g G G c D E p G D Y v D E p p 225
631 CAAGGAGGTTGCGACGAACCTGGAGACTATGTTGATGAACCCCCTO7S
226 s L T K L w M P R c I D T L 240
676 C T GAGTCTTACAAAACTTTGGATGCCCCGTTGTCTTGACACTTTG /720
241 ¢ K F D I H N Y M D Y T p 255

CATCCATAACTACATGGACTACACCGAT /65

A
721 A\CAGCGAAGTTTGACC
E

256 p Q R Mo 270

G
766 G ATGAGTGCATGACCG CCGAAGGGCAGGGTCAGCGCATGSI0

271 E Q s W Y R G v E A R v A 285

O 5 z O
o
o
>

8llaGgaAaGa GGGGCGTCGAGGCCAGGGTAGC A 890

286

=
@]

AGTCCTGGA

o]
=
=
@]
@]

0
>
o)

856G cac TGTAA

Fig. 23. Nucleotide sequence of the POFE cDNA and the deduced amino acid

sequence.
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Fig. 24. Multiple alignment of the full length metalloprotease sequences from P. ostreatus mycelium(PoFE), P.

ostreatus fruiting body (AAU94648.1), Coccidioides posadasii (AAQ07436.1), Metarh

liae var.

1zium anisop

(CAB63909.1) and Neurospora crassa (CAD71082.1). The shade is 100% sequence identity. The

jae

/i

anisop

alignment is generated using clustalx software.
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Fig. 25. Multiple alignment of the Zinc binding domain sequences from A.

ostreatus mycelium(PoFE), P. ostreatus fruiting body(AAU94648.1), Coccidioides

posadasii (AMAQO07436.1), Metarhizium anisopliae var. anisopliae (CAB63909.1)

and MNeurospora crassa (CAD71082.1). The
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Fig. 26. The Zn binding domain of PoFE purified from AP. ostreatus mycelium.
A, Tube diagram of Zn biding domain (HEXXHXUGUXH); B, Ribbon diagram
of normal metalloprotease which need 7 Ca®" ions. Above diagrams were

created by using Cn3D programme in NCBI.
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ASN glycosylation site NVSL NSTV
N{P}STI{P} s 4

o>
£

n

PKC phosphorylation site

TPR SPK TAK TYR
[STIX[AK] s 'y N
0

169 2] 276

a+g

PKA phosphorylation site
[AK] (2)X[ST] =
54

CK2 phosphorylation site
[STIX(2)[DE]

Tyrosine kinase KAEPESIY
phosphorylation site t

[RK]X(2,3) [DE]X(2,3)Y 1"

v v v v v v
Zn binding domain HEVGH

HEXXH
195

Fig. 27. The structural analysis of PoFE sequence by using Gene runner
programme. The motif of N-glycosylation site(N{P}[STI{P}), The motif of
protein kinase C phosphorylation site (STIX[RK]), The motif of cAMP-and
cGMP-dependent protein kinase phosphorylation site ([RK](2)X[ST]), The
motif of casein kinase Il phosphorylation site ([ST]X(2)[DE]), The motif of
Tyrosine kinase phosphorylation site ([RK]X(2,3)[DE]X(2,3)Y) and the Zn

binding domain (HEXXH) site are included.
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9,416 bp —»
6,557 bp »
4,361 bp >

2,322 bp
2,027 bp—»

< 1,000 bp

< 500 bp

Fig. 28. Construction of expression vector pQE30-pofe. The mature form of
pofe (867bp) was cloned into pQE30 expression vector. The constructed
pQE30-pofe were resolved by electrophoresis on 0.8% agarose gel and then
visualized by EtBr staining of the gel. Lane 1: A/ Hind Ill DNA marker; lane 2:
pQE30-pofe/Hind IIl; lane 3: pQE30-pofe/Hind Ill+BamHl; lane 4: pQES30
vector/Hind Ill; lane 5: 100bp ladder DNA marker.
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A. SDS-PAGE B. Western blot

1 2 3 1 2 3
176 kDa

11910a |
75 kDa _y|

49 kDa —p

2910a_. 32 kDa

Fig. 29. Induction of recombinant PoFE in £. co/i M15 (pREP4) strain.

A, SDS-PAGE analysis of PoFE protein expression. B, Western blot analysis
of PoFE protein expression. Lane 1: Protein standard marker; Lane 2: Protein
sample from recombinant £.co// without treatment of IPTG; Lane 3: Protein

sample from recombinant £.co// after treatment of IPTG for induce the PoFE.
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