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ABSTRACT: Although the number of patients with Acanthamoeba keratitis has increased dramatically since the
widespread use of contact lens, it is still very hard to cure the disease. The proteases from the Acanthamoeba were
reported to play important role in the pathogenesis of keratitis. In this study, the inhibitors for extracellular serine
proteases of A. castellanii were screened from the extracts of 230 mushroom samples collected from various regions
of Korea. The mushrooms were extracted with methanol and water (65°C). Filtered and concentrated extracts (0.3
mg/ml) were preincubated with proteases before addition of peptide substrate N-succinyl-ala-ala-pro-phe p-anilide.
The selected extracts showing strong inhibitory effects were characterized. Although inhibition with single extract
was not so high enough, the complete inhibition was achieved with combination of two extracts. The selected extract
showed little effect on other serine proteases such as thrombin (human and bovine) and on general protease such

as protease K.
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thamoeba castellanii= ©] 9]
yolt}. Acanthamoeba®l 2|8k
o] Hy¥E § & FEE= zhgo] FTUISIHA 1
A7) 2R F718thal B U E A tH(Beatie ef
al., 1990; Davis et al., 1987; Gatti et al., 1998; Ishibashi,
1997; Logar and Kraut, 1997; Murdoch et al., 1998,
Schaumberg et al., 1998). L&} oA %= A. castellaniiol
olgt 7wt A B7F ATFd] ofE AAQL H, o=
Acanthamoeba w5791 W} A Aol Tt Aol =}o]
7} B3l Zhdbol|A] o] olijulE AFEAIE e TEE
A717} o] 7] wjEolth(lllingworth and Cook, 1998).

Acanthamoeba®l &3l 71 Zt2H2 herpes Hhol#
2o oJgt Zhutd o 7 Q X1%]7] 43 (Wang ef al., 1997),
o} 559| 541 (Larkin and Easty, 1990; McCulley
et al., 1995), B35 A. castellaniiol~] U= HARIE
2 18] AlE Zge] TE7F wobA A7tk (Mattana ef
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o &84 g oletar Azt
o] Maze] AEZH (matrix)ye -3l 3}
Zjuto 2 RE] B E I ulgA
HAZ 2 F9 53 matrix metalloprotease
family7} AFH ] A&, &3, A8 @Alol] Zlo] 3o
Stob= AR o] YE AT (Fini ef al., 1998; He et al., 1990).

A. castellanii®] 7FG712te] digt A& F3 o] ofy
up7b Zher gl B2 v s $3 S0 &4
S Yo7l Aol 8eH o (Niederkorn ef al., 1992),
in vitrool| x| Ztete]] F-2bsle 3-S50 vizkste] 35,
25°ColM = F-AEARE, 4°CollM = F2EA] F=Tthe= At
2lo] "M tH(Morton ef al., 1991). =3k Zfatof A o] H
2712kl 8k A A3 Acanthamoeba®] mannose 23+
el A3} Zheke] mannose Ato]o] FE AR O R o] ol
B}7} Z}etel B2 (Cao ef al., 1998), 248 Zhutel|A]
mannose”} T Bo| =F5 o] opjute] XS 8ol
Al E™ (Jaison et al., 1998), A4S 2= methyl-a-D-
galactoside”} Acanthamoeba®] F-2+S AT 4 29|
UM tH(Yang et al., 1997). 53] ZREAN= 9]g 7+

al., 1997). Zhatde
A o] 7
& B4e] %ol

L
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Holl dist A+ A3 SR == otvlulrt @ FAkw
T AE3 AN ARRSPE  Acanthamoeba® 2.9
azF o g A7 = 9dSo] wEF tHKilvington and
Larkin, 1990).

FA7HA P ARAT AEEA gkort Az
ABAE NEstr] gk AF7F S A== ol
th(Linquist, 1998; Tahara et al., 1997). Zt2t ] x| g9
= ZIAE7E 7V Tasir, 2719s siMe A
polymerase chain reaction(PCR) WHo] ARE-= <t}
(Lehmann et al., 1998).

Amebicidal 84S UYepl= Bdo] A& FEE F
A gAEo] 71 At R 0)(Chu ef al., 1998), 2 <
T M= Y A WAL FESEZHE 4. castellanii)
A|322] serine THY A E-5)| g 40] A A S FAsIAT

ME o

Al E

1997 795 1998 108704 W& 5 2~3U7F 53
H=o] ofg] 2ozt 2w AU A5 2 A At
oA oje) ellol AAA 23052 WAL AT

HA EEo HE

WA AR SA WAl BRS A%k Akl 29
sldom, FAlol WA 45°CollM ARAA 2 BA o

BolA AolM BaASIT

Ao & #F
23]o] ARE-3F N-succinyl-ala-ala-pro-phe p-anilide(4can-

thamoeba®] @73 820 7]4), N-p-tosyl-gly-pro-
arg p-nitroanilide(AFa} &2 EERIC] 7]4), Alda} 49
thrombin, protease K, casein L 2] A]|¢F&2 Sigma A=
B ACSHE oS Tt ARSI 2o AHE
eSS Gatstatoa sttt Aol AHHE +F
A. castellanii= 733t 3t AFA) =8k} L= uRAL
ERE 2 0okt
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FolM FAA & FE2AS
CHEES T R 9ot
ol A, o}, sFsto] 99 w543 . M
2 28 FE2d9 A3y A =5 H7EE F 65°CollA

s % NS o3} FFAIZLH,
S8 BE FEES 20°C WA 2AsA
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A. castellaniic| Hj¥
1818 Z2k2=390 200 mi2] PGY®IA] (proteose peptone

2%, yeast extract 2%, NaCl 1%, 5 mM sodium phosphate
dibasic, 5 mM potassium phosphate monobasic)& 2L
A. castellanifs 53t 797 vigste] wigdS W=
3L o] kel S TR wiA| o 1%E FFst] A2l
5~79 FRt AR F st

A. castellanii THYEESNS 20| E2

WS 4. castellanii(12]E))E 94
4°C, 10%) Asds #Eeletal o] 4sHol| ammonium
sulfates 80%7F HA HAs] H7He & A48t
(30,000 g, 4°C, 30%), HHdE DNHRIA LS AT
HAHE S-S F248-9(0.05M sodium phosphate, 0.1%
PEG, pH 8.0)°ll %] & FA4{eol] gof 3k A7k kAo =
128 F4E&HE Al | v FA3T. 2284
RIZE 5 A& A4S 47 ATl 300 W ¥o
A =20°CellAM &Rkt

2313 (3000 g,

o 12 A

A. castellanii THYEEs|E 20| EMEY

chl AR g o] S48 Rottenberg 5(26)2] WL
2 ZH3l). ¥-8-8-9(0.05M sodium phosphate, 0.1%
PEG, pH 8.5) 0.4 mlol] 5% DMSOel| ¢ w1712 N-
succinyl-ala-ala-pro-phe p-anilides 40 pyls LI (EFF
= 58 uM) 37°C oA SEZE ulget 3 60 wie] a4
AN Fx, @A 30 mg/ml)yS EFsIAL 127
SAIZ F WA A]8-M(0.11 M trichloroacetic acid, 0.22
M acetic acid, 0.33 M sodium acetate) 0.5 m/i& 3713}k
o Bk FAAZ F ¥R FFE(405 nm, Abys)E =
3te] S AT

XMalid A232|d

0.4 mle] &2 WHE-gdo] G4 60 s T3 § 3
255 FAF ¥57) 03 mg/ml HE=E Hrkste] 37°C)
A sEZE uikstaL 718e AH7kste] 1A% F<F whAIR1

At o] EENL €402 Rottenberg 5(1981)°] W
W R Sl ARSI 1 i) BN 938
(0.05M sodium phosphate, 0.1% polyethylene glycol
8000)°ll 7] N-p-Tosyl-gly-pro-arg p-nitroanilide(0.1 mM)
I EFRI(10 unityE H7Fste] 25°CollM 227k vhe-& A
|71 HCE H7hste] wkg-& BAAZ 5 Abys &
gate] e 2AREIATE 3 0.5 mg/mie] WA F=
3 aaE el sE widetal 71dE AUk &

FHE 2ARA FEE0] Gaol HAE JTL A
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A. castellaniidl] 2814 A7 gL AHS 7P

© A Aol AN ofH7EA] A 8A7F IO, T %ol
F* contact W29 ARg-o] A o] ofule] ejgh 7}
grdo] F538tal A= FAOIth A castellaniiol €18+ 7}
o] Il o] opWnlrh EH|EeE AlES] serineth
AR 8Tt Zlo] Btk Aol BFE A (Cao er

al., 1998; Leher et al., 1998; Cho et al., 2000; Kahn et
al., 2000), ¥ AFANME 4. castellanii®] THHEAES &

=
2% oPse B4S

=25 ol AHske Bl FEER

18to] Aojxl M ze] @ dS TA= ARSI
t}. Peptide 7] N-succinyl-ala-ala-pro-phe p-anilideZ
ARgste] 40 S SIS W S48 0] serine
Tl B g4 AFAQ] 0.1 mM diisopropyl fluorophos-
phateol] 2]3] 98% ©]’¢, 1 mM phenylmethanesulfonyl
fluoridel] €13l 100% A8 &]ojA o] &47} ojn] B
2 serine @A g A SRS THCho
et al., 2000).
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Ae] Mg & FEEo] EA)
ZAFeto] Table 19 YERASITE. A

=

|

Mycena polygamma’}t 7V¢ =& A =g Btk & F

E52 o] B} ¥A 32~79% AN Mycena sp.7t

Table 1. Inhibition of protease activity of A. castellanii by
different solvent extracts"

Inhibition” (%)

Mushroom

methanol extract water extract
Mycena polygamma 92+3 3243
Boletellus emodensis 6642 40+4
Collybia confluence 5543 77+2
Mycena sp. 93+4 7943

*All experiments were carried out in triplicates.
"Extract was added to 0.3 mg/ml.
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Fig. 1. The values of IC;, were detemined for each extact.
Different amounts of Mycena polygamma (O), Mycena
sp. (&), Boletellus embodensis (&), or Colybia con-
Sluence (@) extracts were preincubated with protesase
and then protease activity were determined. All experi-
ments were carried out in triplicates.
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A
Q.
=
=]

M =& AdlEE: Bk AN H
polygammaS} Boletellus emodensis= V&
o] =2 WA Collybia confluences =
o] oW Mycena sp= & FEEY HEES
oA HlS23 Asl] 45 UERIT

A wekE FEE SA4S AR f18t
£ TEE HSA7IRA G40 miA= 9
Absted 1 A3FE Fig. 19] YRS o] 28& o]
o IC,& AR, IC,0] o150l He 248
o= Mycena polygamma®} Mycena sp.oIX= 22+ 0.07,
0.06 mg/ml ©]1N3L, BAJo] 2 Boletellus emodensis® X

[e)

DAL=,
= 0.2 mg/mlo1™ Collybia confluence|X+= 0.25 mg/ml
o)A th(Fig. 1).

-

A. castellaniie= F 5572 serine DA EIHIALE A

¥o|g2 WEata 4 fdde ¥ 247 o 8%
qgS 3tk ARo] Bl At (Mitra er al., 1995; Cao

et al., 1998; Leher et al., 1998; Cho et al., 2000; Kahn
et al., 2000). & 840 EXS gIFOT JAlele &

Aol 7bg S48 ABAZ ALY 5 9 AYoR B

ATNHE F B2E FAY A ELANAY &
Mol Forge FUAW, B ATolA AME WA 22
o 975 B Ak A9E 9tk ol A
£ F A2l AR e 482 7N @ ) 2RER
% Eae] RS BN AT & e Ak,

DEAE-cellulose ©]2w3l AZntEady S spd 3 &
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Table 2. Inhibition of protease activity by two combined meth-
anol extracts®

Mushrooms Inhibition® (%)
Mycena polygamma 85+2
Collybia confluence  Mycena sp. 98+2
Boletellus emodensis 60+3
Mycena sp. 98+2
Mycena polygamma Boletellus emodensis 78+3
Mycena sp. Boletellus emodensis 96+2

*All experiments were carried out in triplicates.
°Each extract was added to 0.15 mg/ml.

ae o] Ay 4] &3 adE wx Yy tE 3
gaE 7}sH BojA 1.0 M NaClZ "lo] ¥ 4= dohe
AHA S o] & FRER gt}

St FEZEE A castellanii®] 5 a4
Al XWH’S]'E Ags A8t F Al
At F 540 SHE AAG= A
Bho] A4S S8 Al 4 U=
H &} TH(Table 2). Table 1941 AR&-3F k2] WH0.15 mg/
mg)S] HetEFEES T8t A =S

FLoA gt FEET AME-SE 9ol A== Mycena
polygamma?IX= 64%, Mycena sp.oA< 68%, Boletellus
embodensiso|A+= 25%, 1813 Colybia confluence®A]
32%2] AsE BT Z17+e] A AErt oFgk 9ol e
T WA Al AElehd a4 S48 Al 9A
SR Collybia confluence$} Mycena polygamma *¢
ol9] Z3}). o] APAAT}E= F S49 HHo| EI AR

E FEE 9si g ;ﬂ‘GH‘?:LE Zig etk 2
gt o BgsiA ddskHA £ A5t et
= Aol degd Zlow *(EZ]-%E}_

Serine protease®l 4. castellanii®] A|E$] T AR q
2E Adlshes @Ao] -t AHE WAFEEC] ¢
2 serine protease|= 2 G5 Ho|= AE ZALS)
S A7k 229] thrombin®] &g
= S FAFst] L A5 Table 30 VERAITE

x

HE 2E HAle 7k -4 thrombin®l] 79| &S
] [e]

gl

7] o] 2zEo] ©
vl

A

el @tk o] Al FEE0] tE IEE A
rotease Kol o3} 0111% GBS HAA = ZAFSH

b
T,_rxﬂr

Table 3. Effects of selected extracts on human and bovine
thrombin activity and protease K activity”

Thrombin activity” (%) Protease K°
Mushrooms

human bovine (%)
Collybia confluence 87+2 7345 87+4
Boletellus emodensis 103+£3 96=+3 105+3
Mycena polygamma 103+4 81+4 1034
Mycena sp. 98+3 70+£2 10745

*All experiments were carried out in triplicates.
"Extract was added to 0.3 mg/ml.
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A3} o] FEELS YE protease KOl t3lodx = 4
W XA 29T, o] A £ Ao AEE F
o) T T Aps o] el 2 L o
= %o A castellanii®] ME2] serine proteasedl| =
He] AAZHE-S & 5 o], & AFdA] AEE %%
o] ZttAS AEY F de 2EE NEE 5 de ks
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& Aot} o O}Uﬂ‘ﬂ}Oﬂ’ﬂ Lo serine T LSl
G 7o) el 8% g AL vk &

Aot B AFME= A castellanii®] A EL] serine T
i are] 45 Aslste 80l 7 FEFES
230% WAl UﬂEP FEERTE Asich HAs
Rl E(65 O)F F&3 F o3} F5381 o] 55
0.3 mg/ml®] FEZ a49F vHgA17] 3 712 N-succinyl-
ala-ala—pro—phe p-amhd S Y g4 FAS A3
st olg@Al A

T Aleg 7R FEES Y

H FEES 7}?<ﬁ BAE dAsided, 3 FEFER
FAo] s A=A ERey F FEES U
of Abgst 24 s A = AT o] F=
2 T2 serine AR &R A7k Ao EFH]
I A Q) T F R § 491 Protease Kol S 7|
A %k,

HAle| =

Wael 4L woE BUIERTATLY YW,
=2} BIAL Acanthamoeba castellanii®] 92 3 &
Aelthetae] LB wAtsl walel R, A%, EEA,

(e}
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