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ABSTRACT: A fibrinolytic serine protease was purified from the fruiting bodies of an edible mushroom, Albatrel-
lus confluens. The enzyme had a molecular mass of 30086.41 Da, as measured by MALDI-TOF mass spectrometry.
The N-terminal amino acid sequence of the enzyme was Glu-Thr-Val-Thr-Glu-Thr-Thr-Ala -Pro-Trp-Gly-Leu-Ser-
Arg-lIle. It displayed optimal activity at 50°C and within a pH range of 8.0~10.0, suggesting that the enzyme is
an alkaline protease. The enzyme was stable up to 30°C. The enzyme displayed a strong substrate specificity for
the synthetic peptide, N-Suc-Ala-Ala-Pro-Phe pNA. The enzyme activity was completely inhibited by addition of

PMSF, indicating that the enzyme is a

serine protease. No inhibition was observed following addition of E-64, pep-

statin, or EDTA. The activity of the purified enzyme was decreased in the presence Fe'* or Co™, and the enzyme
was completely inhibited by addition of Hg”'. From these results, we propose that Albatrellus confluens could be
used for biofunctional foods development and has potential therapeutic value for the treatment of vascular diseases.

KEYWORDS : Albatrellus confluens, Fibrinolytic serine protease, Vascular diseases
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© 2 ARE-Sl fibrinogen, plasmin(P 4895, 3 units), thrombin,
bovine serum albumin, glycine3} protease inhibitore=
Sigma(St. Louis, Missouri 63178; USA) #|¥#<-, DEAE-
cellulosei= Whatman(Maidstone; England) A%, Phenyl
Sepharose column (HiTrap Phenyl FF), LMW Electro-
phoresis calibration Kit= Pharmacia(Little Chalfont
Buckinghamshire; England) A& ARE-3}

grgsgae EHl
BE A AL 4°ColA skt AR S WAl A
A °F 40 g& 20 mM Tris-HCl $-589 (pH 8.0) 2
I ZA FE0 12,000 rpmol| A 1A17F A EE] shed
2 A e dFgAdoF HPE DEAE-cellulose
column(20 x 200 mm)°ll S EUL 8N 200 mi=
Aol & F 0.0~0.5M NaCl®] 5= 7]&7|2 && A1zt
A g &4 52 2o} 1.4 M ammonium sulfate?}
¥3%¥ 10mM Tris-HCL, pH 8.0 &% &o=2 ¥3le
Phenyl Sepharose column(HiTrap Phenyl FF: 1 m)ol] &
2l 5 1.4M~0.0 M ammonium sulfate®] 5% 7]
712 EHET. 2RSS B EoF 20mM sodium
phosphate £+ (pH 6.0)°] FA4AZ] 3 FU3 o= &
o=z wg HY A1 fast protein liquid chromatography
(FPLC)2] Mono S column(5.0 x 100 mm)ll =313}
&F & 3 miE o] = 3 0.0~0.3 M NaCl & 7]
712 &5 AT 7F £89 34284 S S & 24
o] & Ft-& ol Agol A&ttt
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Haverkata-Trass®] fibrin plate] (Haverkate and Traas,
1974)°1 w2l 2% gelating-2oll =21 0.7%(w/v) fibrinogen
£ 10 mi2F 0.05M barbital 58 (pH 7.5)00 =<1
thrombin(100 NIH units) 50 g5 & 412 % o= petri
disholl Fo} fibrin®S YHERT 84 898 20 w¥
fibrin plate 91l g $ 36°CollA 8AIZF
At &ael of3) fibrin?to] g-af = 8-
sto] AoiEel s S48t BT RS
AHEEH oM, plasming A&EH o2 845}
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Biosystems)< ©]-83lo] AA3NOH, gel> coomassie
blue R-250)2 A3t tt. MALDI-TOF/MS ©f 2] &
A 2L )22} AAATLA SN A

N-Terminal amino acid analysis

g 549 oppAat MEL 7| 2HE AdATA
(A&)2] precise protein sequencing system(Applied
Biosystems Model Procise-491)S AF&-3Fo] 24 31T,

ZX pH

aao] @A mA= pHO| FFS AR 0.1
M sodium phosphate buffer(pH 5.0~7.5), 0.1 M Tris-HC1
buffer(pH 8.0~9.5), 0.1 M carbonate-bicarbonate buffer
(pH 10~10.5)% AFE3ISG 3 7122 N-Suc-Ala-Ala-Pro-
Phe pNAS AE-8le] 36°ColA Fgal kel w33}
= 7}-./‘%?_:3]] @—}\49_ _Jz_/\]_g].oﬂg]_ = 3mM9/] 7];1 50 ,Ul
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405 nmollX §4% ¥skE S35t
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o} 3mM 71Z-Ed 50 woll 0.1 M Tris-HC1 buffer(pH
8.5) 925 uiSt T 25 S WI A T 405 nMolA &
BE WstE A AHES 7|2 2= D-Phe-Pip-Arg
pNA, N-Suc-Ala-Ala-Pro-Phe pNA, Phe-Ala pNA, Ala
pNA, Lys pNA, Pro pNA, Gly pNA, Leu pNA 5°] it}
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SAEM0 0jX= 25 27t ol2a g4 HMaixel

AAGE 5ae] B gk F5 ol YFH 8o
A A 2] FFe Lol 7] 25t 2 mMe] CaCl,, CoCl,
ZnCl,, CuSO,, FeCl,, HgCl,, EDTA, 1,10-phenanthroline
3 ehA Baj g #s|A2) PMSF(phenylmethylsulfonyl
fluoride), E-64(trans-epoxysuccinyl-L-leucylamido-(4-
guanidino)-butane)®} 0.4 mM®] Pepstain AS 72 3
o] dxgallas &N 42> - fibrin plated] %] 3oL
36°C WiR10] B 8A17F F Sl WA S B

4g st

Dol F thdFHAAo A SRR TS
A=A RGN aLE B2 PA A TH(Table 1). 224
BBl g4t DEAE-cellulosedol
A 3 Y Uston, o] &4 RS FHARRE
Z22}9]2l Phenyl Sepharose?S o]-&3sfe] Hz|st Az}
ammonium sulfate®] S FEoA A FEo| et
t}. o]& tA] FPLCE Mono S columne ©|-&35}e] £
3l &4 23S SDS-PAGER 613 A3 BAe 32
kDa®] T w2 el on, MALDI-TOF/MSS ©]-8-3f
of 243 A= 30086.41 DaS g2 o] GhE GEHAR
o]Fo] 2l AL A AT FHF SAloA el
Fao HBAL 3049 Umgl 2 HAldA £33 g
gl aihwM s v F EAolthFig. 1). o] EALS
ghojgo]HAl(32.7 U/mg; Kim and Kirn 2001) Ro=
ZEA|qk, Ao ¥4 (22,78 U/mg; A, 2005), B
HA(17.02 U/mg; Kim and Kim, 1999), &5o|HA
(11.42 U/mg; Kim, 2002)2] v]&A Ht} & A& & 5
AATH e Ao WA 30 kDa2 WAl
A3}, SUEHAl(Shin and Choi, 1998)°.2HE F|gh

B4 72ar, WU HA(18.5 kDa)? dmldo|#iAl(18.1
kDa)o 27 gt 83l gl vjgtq] FS ¢
AN, olelo| = AIHASE Pleurotus sajor-caju(Shin
and Choi, 1999)°] st A+%= deiA ot

gHEs g40 HA
&

N-Terminal amino acid MY £
o] 49 15HA7FA] N-terminal amino acid g &

Table 1. Purification of fibrinolytic enzyme from Albatrellus confluens

Purification step  Total protein (mg) Total activity (U)

Specific activity (U/mg protein)

Recovery (%) Purfication fold

Extract 9270.00 9184.00
DEAE-cellulose 74.06 844.11
Phenyl sepharose 21.58 495.70
Mono S (FPLC) 12.29 374.72

0.95 100.00 1.00
11.40 9.19 12.00
2297 5.40 24.18
30.49 4.08 32.10
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Fig. 1. MALDI-TOF spectra and electrophoregram of the purified enzyme. lane 1. molecular mass marker, lane 2. purified

enzyme.

2] ZA3-=Glu-Thr-Val-Thr-Glu-Thr-Thr-Ala-Pro-Trp-Gly-
Leu-Ser-Arg-1le@ 2 AF7H] L&A YA &2 NZ&
FAAY. Y528 B2 Zh= serine protease?] TIARE
WdolmAle] PGl aiet 25 vws A3 ofH
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Fig. 2. Effect of pH on the fibrinolytic activity of purified
enzyme from Albatrellus confluens. 0.1 M sodium
phosphate buffer (pH 5.0~pH 7.5), 0.1 M Tris-HCI
buffer (pH 8.0~pH 9.5), and 0.1 M carbonate-bicar-
bonate buffer (pH 10.0~pH 10.5) were used with N-
Suc-Ala-Ala-Pro-Phe pNA. The maximal enzyme activity
was expressed as 100%.
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Fig. 3. Effect of temperature on the fibrinolytic activity of
purified enzyme from Albatrellus confluens. The
purified enzymes was incubated at temperatures from
30°C to 80°C for 3 hrs. Maximal enzyme activity was
expressed as 100%.
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Fig. 4. Thermal stability of fibrinolytic activity of the purified
enzyme.

Table 2. Substrate specificity on the purified fibrinolytic

enzyme
Substrate Relative activity (%)
D-Phe-Pip-Arg pNA 6
N-Suc-Ala-Ala-Pro-Phe pNA 100
Phe-Ala pNA 1
Gly pNA 2
Ala pNA 0
Leu pNA 1
Lys pNA 2
Pro pNA 0
Fibrin +
Fibrinogen +

+, positive hydrolysis

Table 3. Effects of various divalent ions and protease inhibitor
on protease activity

Concentration Residual activity

Reagent

(mM) (%)
None 1 100
Cca* 1 100
Co™ 1 74
Zn** 1 100
cu™ 1 98
Fe** 1 90
Hg™ 1 0
PMSF 1 0
Pepstain A 0.2 107
E-64 1 102
1,10-phenanthroline 1 96
EDTA 1 100

E-64: trans-epoxysuccinyl-L-leucylamido-(4-guanidino)-butane. PMSF:
phenylmethylsulfony! fluoride.

AEIe= 79 vEgeA Fsdth. AAENE o] aae
A3 R % Al JEg zelell gk Aol S5 &
At EAE AaA(fibrin)2t -4 (fibrinogen) =

3 6}°}£}(Table 2).
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3TAE AA A 7 iAol Al 2 RE
e g aie] HEde 3049 Umgellor,
MALDI-TOF/MSZH-E] #A}7Fo] 30086.41 Da°] T}
2 opu|ieAt FZ=  Glu-Thr-Val-Thr-Glu-Thr-Thr-Ala-
Pro-Trp-Gly-Leu-Ser-Arg-1le2 2 ¥3 52, pH 8.0
A1 pH 10.0¢] H-2 HelolA & 43S YEH = alkaline
protease®, HALEE 50°ColH, 30°C7A]= UIAZ €
o eHdst a4 o] a4E A 717 N-Suc-Ala-
Ala-Pro-Phe pNAS 73817 Ealstgi o, Hg'' 0]
o] M7t &4 Aol eHdd] At sth A EAR]
PMSFe| #H7t2 ddgaidAdo] AleAe ZAA=HFE
serine T3 EAYULS & = AU}

AR 2
2 A= 20079 % A ] A-H]e] Yo
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