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Serratia 2] At A5 & FEsh=
TS Aol Adielx vk 71321 HaAldeltt
(34). Serratig= TEZ+ TEoBRE BeEHAoH FABA
g 7IXAY A BAE Xl AoZ gEA 7] Wil
e Ao T oiide] HAL ATh18, 38). Serratias T
| 1R8] & A (protease), 7181 B3l &2 (chitinase), AW B3] &
Zx(lipase) & AHHOE {8 TR FFHY 7RSI EAE
ME Qo] o= FAISHH?23, 24). L FAME serralysin T
WA o st F454 B E E3 & A (netalloprotease) =
bradykinin #} histamine 5 9% 4 E4 gt Fafisol
%7] wEell agAR de] ARETh(12, 22,40). TEFF serralysin
o] vl AR g4 A, Aok, HEUH, 3, 183 AA|
A thide o)8-E 4 Q' 7l W) e A7t s
A3 Aok,

ol Fe] whlE o thilzle] Mxn} o]F el 8ol
©]3) signal peptide”} 1=} A 31, signal sequence® 7HA|IL
UE preproteinE-2 o] T AEY o 2-g-S 310 Mg
STEgh & signal peptidasec] oJ3 54 -7} 4 & A&
gejo] e d = vl Type II protein secretion system= ©]-&
8=t serralysin metalloprotease= @& N wdol signal
peptide”} BFAEA] ¢FO0™ Type 1 protein secretion pathway2tal
H-2]= ATP-binding cassette (ABC) pathwaysoll <Ja]A] A&
2 EalEoh o] #H] AlAle Al 7ERe] geld® AR /1o
™, ABC Tl A xufjel A} ohild Raj it} Afste] A

R B =4

g2 9
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2ol chaperone®] 9L 3, =} §5 dujdm R =
TalA 2 periplasme ARIA] ¥ AF AR o]FAIE o

8- Et}(3). ©]3 ABC pathwayE ©|-831= MWL E Erwinia
chrysanthemi(28), Escherichia coli(15, 31), Serratia marcescens
(1), Pseudomonas fluorescens(14), Rhizobium leguminosarum(39)
ol ok

olde] Aol FtAb FAT|(Nephila clavata)?] 7
(midgut) > 2RE] -FEHH (caseinyS ¥ EEE Hojlshs o
WA B airg FHldhe AiATE 2EEer ASER
FEEFIHA 4802 o) ANMT-L Serratia proteamaculans©]
&5l 202 FAHATK3S). B Aol ol 8. proteamaculans
ox Bl vild Rl EAE soEesia 1 sl 54
< gk

=1]

il:ll-

e U
ALE DFEet =2

B ATz 324t TG A (Nephila clavata)o X E2)3F
Serratia proteamaculans strain KCTC 23905 oM@ o g Al-&-3}
Ach35). ©] ¥F = Luria-Bertani (LB), skim milk (skim milk
1%, yeast extract 0.1%, agarose 1.5%) T TY HjX|(Bactro
tryptone 0.5%, yeast extract 0.5%, NaCl 0.1%, KCl 0.05%,
CaCl, 0.02%, MgSO, + 7TH,0 0.02%)°14 30CZ 16~7} F<F vl
FHATH32).
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&ole] 405 nmoll A 3F33 %= A (Spectrophotometer  DU-650,
Beckman, USAYS ARE3le] EB%E 24319tk 0.3 mle) 2%
azocasein (Sigma, USA) S-<4(50mM phosphate $%-8<%, pH
7.6 ZEAN 0.1 miE 718t 37°CollA] 3027t ¥hgAIZ] &
FAAZATE w23 azocaseing A|AHs7] 2151 03 miS 10%
tricholroacetic acid (TCA)YE A7Fst 1A17HE<F ®HA3F ),
13,000x g & 5%7F Y42 siA AAA AT sl 15w
10% NaOHZ 7tk HF: 452 405 nmoll A FHAEE &
Ak A4 1 unilUys 912 2704 308 59 405
mm FEE 72 10 F7RA7IE dl Bag Fae) oz A
fct. Qe BSAE XEF UWAE 3l Bradford6)e]
of we} AT

E = 3 ZE APL oA FET A
¥9l He ujgds 5000x g oA 1083 ARSI 0.2

m & F}X](Microfilteration, Fall Microza Hollow fiber, USA)ZE
S| AUtk FA48 498 50 mM potassium phosphate
HZH(pH 7.6)°2Z AHF DEAE-cellulose column(7 X 15 cm)ell
P v EE A S 73] Hold F, §5 400 mi/hrel A 0.1
MOARE 0.5 M7EA] NaClo] & THIE $AHA o2 8533
th 532 10kD cassette ZHFall Microza Hollow fiber, USA)
02 53 5, 20 mM potassium phosphate 4500 2 a3}
AlZ] Sephadex G-75 columndl| % 20 m/hr2 2 &ZF At
il Balad 848 7H 282 10 kD cassette HOE &
3 H, 54 A= F 200 RAF,

Hy

LM =Y

pHell Wik F&e ZA1817] 218t 5 mM ZnCLe] &4 5ol
azocaseing 7)AE ARSI pH 3.0 FE pH 12.0 7hA] ©ulz
&S 431490t pH 3.0~7.0 ¢89S v+27] H8) 25
mM citrate-phosphate® AH8-3FRIL, pH 7.0~9.0 4F&HS vt
E7] 938 25mM sodium phosphate, pH 7.0~10.0 £F&-84-8
=7} 98 25 mM Tris-HCLE, 28] pH 9.0~12.0 $HE-8H
S TE7] A3 glycine-caustic sodaS ARESIATE B2 o5
o] B2E o 37°CelM 3083 A1 F S
axe] HARES S5 98, A4E A7 10, 20, 30, 40.
50, 60, 70, 80°C °llA] 1AIZFs<t wlg] ¥kE-A1Z] H, ZnCLe] &
A} &l 50 mM phosphate 2588 (pH 7.8)%] 1% azocasein
H7RelA 37°cell A 30 wESAIR H, e e ade] o7t
£ 573t

= 2 ES)

SDS-PAGE(10%)= Laemmli (27)9) WHo g =359} A}
83 Bx}e =4 marker2E phosphorylase b (103 kD), BSA
(77 kD), ovalbumin (50 kD), carbonic anhydrase (34.3 kD), soybean
trypsin inhibitor (28.8 kD), lysozyme (20.7 kD) (Prestained SDS-
PAGE Standards, low range, Bio-Rad, USA) 5-& AFS-33 T}
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50|22 A FEelig 4 XsiHel S
wéolRol gy vAe TS AES}7] A8t CaCl,

MgSO,, CoCl,, MnCl,, ZnCl,, FeSO,, CuSO,, 183 K,S80,5
HFTEZ=7F 42 1, 5, 10mMe] HA H7FE H, 37°ClA 308
- AARE 7 o gl e Eds S48kt

w AR as AsjAlol tht AE Gobs7] 13} aspartate
protease®] A3NAS] pepstatin A (Sigma, USA), trypsin®] A=)
antipain hydrochloride (Sigma, USA), cystine protease2] A&#|<]
E-64(N-(trans-Epoxysuccinyl)}-L-leucine 4-guanidinobutylamide) (Sigma,
USA), chymotrypsin®] Z3}#12] chymostatin (Calbiochem, Germany),
extracellular protease2] A3JA| A leupeptin (Sigma, USA), serine
protease®] A 3IAQ) pefabloc SC (Roche, Germany), aprotinin
(Sigma, USA), PMSF (Phenylmethanesulfonyl fluoride) (Sigma,
USA), metalloprotese A 3) A1 phosphoramidon disodium  salt
(Sigma, USA), EDTA (Sigma, USA), 1, 10-phenanthrolineS-&
747k 1 mMe] $Y FEE 37°CA 583 AAYE § ok,
A S ST

MEZuilo 2 2E| CHYE Bl &ol

ol Aol Ao FRAOTHE Fajgt A
skim milk #jA]oll HFHAAS o] =& Fai8S ¥
& 7 ANATK35). 16S RNAS A7IMEE ]85 ATE
A FA4E gokgt A B EAE o8 ] BROlA o
W AT Serratia proteamaculans© 2. FZEJTH3S). ©] ¥
HY g g aas gRlaty] st Alan|gaat g s
TN AR ELE SDS-PAGE 9 zymogramS AME-SH] 495}
Re W 52 kDO o] A3t T Esleg 7kl Ao
B3 % THFig. 1, Lane S).
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Fig. 1. Analysis of protease by SDS-PAGE and zymogram. SDS-
polyacrylamide gel electrophoresis was performed on a 10% gel. The
gel stained with Coomassie Brilliant Blue R-250. Zymogram gel was
containing gelatin. Lanes: M, standards molecular weight; S, S.
proteamaculans culture broth; P, purified protease.
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Table 1. Purification step of the metalloprotease from S. proteamaculans.

Purification step Total protein (mg) Total activity (U) Specific activity (U/mg)  Purification (fold) Yield (%)
Extracellular fraction 395 217.3 5.5 1 100
DEAE-Cellulose 5.1 176.3 34.7 6.3 81
Sephadex G-75 30 69.8 211.6 384 33
TR F A0 22 chiE BaEac] B218 A

iR E Ao B FRE) el WA wE Ba S proreamaculans) ] E2E SAD Tl BajEse] 84
G4 wgA o ZHE filtration?} DEAE-cellulose ¥ Sephadex S o 714 EelHQ 240 AR G E R a4

G-75 AZREIYAE s 4 2239 0.15M 3
0.2M NaCl Fx8] E8oA dfjde] Rafso] Aluferet
BBl S W 63 Wl B B4oz BEEE e wezt
848 7MA= E8E A Sephadex G758 AFE-3F gel
filration £-2)& AlZ=3l99.om 384 v & E4& /e #

S E2)3l%th(Table 1). SDS-PAGEE E&|8}3L Coomassie
Brilliant Blue R-2502 A43}aL densitometryE AR&-8te] 123}
Axt HF A9 eFEE 95% FEE AAEATHFg. 1, Lane
P). ¥2]d AAE SDS-PAGE 3 23 zymogram®.& 243 )
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Fig. 2. (A) Effect of pH on the activity of protease. The enzyme
solution were pre-incubated at 37°C for 30 min ( @ ) and 120 min ( O).
(B) Effect of optimum temperature on the activity of protease.
Relative activity was determined at pH 7.6 and at different
temperature by a standard activity assay. The values obtained at 37°C
were taken as 100%. Relative activities are the range for two
independent experiments.

42 pH 807 8590 M 7Y &2 A4S BAom pH 5.0%
12,00 0loll A Ho) 49 80% HEE 7HAL e Ao #F

EAthFig. 24). 4849 HH2oE ZAB] S5 4 °C
o} 80°C Atolol|A] E2x0] 84S E£319S ul 37°CelA &)
9] A4S VYehion 45CoAE ¢k 24% 2 70°Col A= ok
16%] E-do] AA=EE RAos W ckFg. 2B). 18y 4°C
oA 15°C Atelol A= Ao 49 40% A= 848 A
tHFig. 2B).
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Ak WA &= EEE 548 37°ColA] 57 %OJ 1 mMe] &
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antipain, aprotinin, pefabloc SC,

chymostatin, phosphorarmdon,
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HFig. 3). 31A|TF AHFAQ] metalloprotease2] A 3A|$] EDTAS}
zinc metalloprotease®] A A2 L& Z 1, 10-phenanthroline
=& 588 DARELY 28-S At Fe. 3). 55
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Fig. 3. Proteolytic activity of protease in the presence of protease
inhibitors.
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Table 2. Effect of protease inhibitors (EDTA and EGTA) in the
activity protease.

ImM 5mM 10 mM 20 mM 50 mM
EGTA 110 87 71 68 65
EDTA 85 31 9

AAE e Aol el B Ealls= ATk Table

40|20 cHiE Ealisol et ds

Zgholth(1l). B Aere tst 40129 & Reld
Fho] whld Bzl tiste] 2ARIAL 1, 5, 10mMY] F
TE OU 4 ol Ca¥, Co¥, Cu™, Fe¥, Mg¥, Mn*,
Zn* 53 o] vkt Cu?*E AlLlg BE T4 o]0l &
2o vl A Bal5-g oF 1.5 W SR RIAAD, Teld
ezl g thekst 34 o] g &E AR 93
o, ¥4 SmM®| EDTAS] % BHoX wjdet & TA| &
ol Wiyl S FAIAT 0-20 mMY TR

Ca2+’ C02+, CU2+, F62+’ Mg2+, Ml’l2+, an+%“% ;‘{_]a]vs-],gi_% U‘H,
5mMe] FEol S AR Ae g50les kA ¥ &

o] w3 i 2~4 v A=E EA0] SR 53] ™

94_ Mn2+&- 2:51_;{—]?1— %—/‘3‘9} %7}%‘ E—%iﬁ]'(Flg 4).

Relative activity (%)
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Fig. 4. Reactivation of EDTA-treated protease by metal ions.
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o B dAFddAMe A F3A 22 FATEd S
proteamaculans?| A 1) == Tl AR s § 4 0] AElskHQl B4
£ AR o FElE gARd aas o] 71 AskE
2 BEAo = Qlale] o He B Aol oln BHarg v 9l
serralysin ol &5l WA B4 Alg®ch A, o] &
Hde] BRI serralysin w8 THRARS| G409} T2 52kDE
SDS-PAGECA AU 4, & SldFs|aie HE9)
2 PHlEs 5A4o)Y azocaseing 7|1RAZ AMGg A thE
O serralysin 9] 48} AT} ISl AlA|, wle
pH 9%} W2 2=l oM diFoR & 848 /X
itk YA, F4rol2e] 22A1%1 EDTAS) <JshA 8490] BA3)
AE won 7Zn*, Ca¥, Mn*5 F% oo o3 &Ao] &
7bAth X3 Zine  metalloprotease®  AHIMAIQA 1, 10-
phenanthroline®l] o] &38| AslEe F44 DA AL
o] B4 7HA 2 Q7] Witk o]# semralysin 7ol &3k HH]
A SNARSNELE  Pseudomonas  aeruginosa (13, 19,20,21),
Pseudomonas fluorescens (25,30), Pseudomonas brassicacearum (10),
S. marcescens (8,28,36), Erwinia chrysanthemi (29), Erwinia
catarova (33), Photorhabdus luminescens (5) 53 -2 U)AE9]
A B3 g vk glok

2FANA BEH Serratia 40 &3 B MuEe] FA®
Avt HAde 7R HeR d#A Jvk3n). Avrt 8%
Holo| AglelS FUste A 23 Al AEe AslE
45 WS $AFEE £ 9, o] AvlY ] Al s
proteamaculans?}t EH8h= 544 DRARI G4V He WY
o] =8} pHAlA 4ol Hom Anle 43E EolFE A%
& & ol A 4= Sk 3, o] A Aol e
Ol Serralysin T8 ©HARINEAE 159 S50 HUA
o2 A8eh= FeZ ¥ol16, 17) ©| S. proteamaculans A
= ol Hdy FAE 43 MiAE = flot dubE e
2 Serratia®} FAFS AHAMTOZ LA XenorhabdusSt
Photorhabdus%:9) &8s AldEo] EGAEEI ZEHYAA F
AAAE 7R = AeR2 RUHUTH2,26). Xenorhabdus
nematophila(9)$} Photorhabdus luminescens(4, 5) 5 Il 7+
@it Az 4 Aelivk IS fdshe HAAE BA
7HRAAL Ut

HAfel &
B A7 200445 H7|e vAERAA E871s/ T
&

| o2 F£YEHFUTHMGC0900413). Aol =
-8 F4 @FERIdENLe] e Hloj| k. A=)
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ABSTRACT : Biochemical Characterization of an Extracellular Protease in Serratia proteamaculans

Isolated from a Spider

Kieun Lee!, Chul-Hee Kim', Hyun-Jung Kwon, Jangyul Kwak, Dong-Ha Shin?, Doo-Sang
Park, Kyung-Sook Bae, and Ho-Yong Park* (Insect Resources Laboratory, Korea Research
Institute of Bioscience and Biotechnology, Tacjon 305-333, Korea, 'Department of Biology,
Chungnam National University, Tagjon 305-764, Korea, nsect Biotech Co., Ltd., Taejon 305-

811, Korea)

Serratia proteamaculans isolated from the midgut of a spider formed big halos around the bacterial colonies,
indicating that the bacterial strain produces an extracellular protease. Activity staining of the extracellular pro-
tein fractions using zymogram also demonstrated that the major protein with an estimated molecular mass of 52
kDa contained a high proteolytic activity. The protease was purified to near electrophoretic homogeneity from
the culture supernatant after filtration and ion exchange and size exclusion chromatography. The purified
enzyme had a relatively high proteolytic activity between pH 6.0 and 10.0 and at broad temperature range. The
proteolytic activity of the enzyme was not inhibited by phenylmethylsulfonyl fluoride but strongly inhibited by
1, 10-phenanthroline and EDTA. The activity also was dependent on the presence of Ca** and Zn** ions. These
observations indicate that the enzyme is a metalloprotease.



