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AR FELIBEEH, SRR - WS HERINE (Vibrio harveyi) {ERBFZEEE - E e BRI LIL
WA EY) < B o i B SR - T 23 BT M SF E W) B Ll AL o B E 0 i P SR BT T3S H IR
(Litopenaeus vannamer) Z &¢Il K1 ELIMEE R .2 2 - 5Bt —BEA 2 HHESR  Ho1aE
#1Fs 22 kDa~SEFEE Ry 4.15 16 pH Fy 6 2 60 °C I B AVE 1 @B TR E Y - &2 E] AEBSF~
bestatin~ EDTA #1 EDTA-2Na-~ 1,10-phenanthroline ~ iodoacetic acid ~ pepstatin A ~ phosphoramidon ~
PMSF J¢ L-cysteine <G4I » B HAH BB AL K S AR MR R 1V 0 il 3R - nsft FQI i
A NEFIFIALZ B A ERE R B MR (5 + 0.5 g) #Y LDso (48 hr) 435k 1.52 52 0.52 pg protein / g

shrimp » & FRER IS NEY) R b2 A0 RER 1 B End il IR S 2 B HE &

R (EEIMEESRAV B VIS -

RESESY : [GHERANE ~ HEIRSNEY) « EBLBER - RMES - MER

.=

WEHERINE (Vibrio harveyi) JEH 5 FREE
TR - BAEEE - AEEE - e R
TR NEER1.4~26 um EER 0.5~0.8 um >
BRI 1 ~ 9% & NaCl » £F thiosulfate citrate
bile salt sucrose (TCBS) R H% Bk % -
JPb B e e S MR e HE R ER IR I B o — »
BHUKEREAYIREEL -

— IS+ B < B 1 B R Yy 2R HIAH A
543 (cell surface associated properties) Kz g4}
EY) (extracellular products, ECP) 5Ff (Lee and
Ellis, 1991; Santos et al., 1992; Toranzo and Barja,
1993; Thune et al., 1993; De la Cruz and Muroga,
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1989; Lee and Ellis, 1990) - # 2 MRS N EYI2—
HHKEROYE  BEEEO S EER
(proteases) ~ W [lE'H 7 #l# 32 (phospholipase) ~ ¥
F# (hemolysins) ~ [M#EEESR (hemagglutinins) ~ HHfE
% (cytotoxins) ~ R HIMBKSE (leukocytolysins) Jz
g 2% % (lipopolysaccharides, LPS) % (Lee and
Ellis, 1990) - AN[EIfHRY Vibrio spp. ZAHSMED) -
W Ry B ABENBUR S IR T 9t
i H 0 AE IS B 2 F JJ K74 proteases
haemolysins ~ chitinase F1 phospholipase (Liu et al.,
199) » Hrh[) proteases ¥ EEEH -

Protease WRIEHTEMEARNL ~ TEFIBEHILLR 3-
D (three-dimension) 17 ESFERENIARE] » W] E#l5 ky 4
A#H (Barrett, 1980; Travis and Salvesen, 1983) :
serine proteases - cysteine proteases - aspartic
proteases Jz metallo proteases ° fR{E Goguen ef al.
(1995) ZBf5% - #EHI protease EHHERZEURE L BAfR
AlRE AR ¢ 1L rfEE EAEEE N 0 B5EIE
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CHrRIIEsr 5 2. HIHIE BB R SE - B
ANZEWGE 3. A AN EEN TP E - +
HE TIPS 4. THILA CESR - EZRIEERE
FHr E R -

Lee et al. (1999) fHiE#E RN EAIRSMED)
B ) protease (38 kDa) ¥ B (Penaeus
monodon) [MKELZ BRI FIERGZEE S &R (2005)
#E I 0 HE SOOI B AN E Y & i iR
(Litopenaeus vannamei) HeIMASH] KIPFIRAER © Liu
et al. (1997, 1999) B EMEHE IR NEY) >
B — 38 kDa 2 cysteine protease » ZASHF5E
FELLEZIEHE OB Bk (820514) Tuhffoeise - i
{bsr B BTN HE A ERS M/ EHE
FEW) » oM Hy i SRR ROl HIEREE (pH
FEE) ~ BVREE ~ BIHIR ke —fE A H
FE IR EGERUR - AT TR SN S E Y B
A ER o A R MBI AR ~ BRI I
F B RS EY) AL F o R R R
Hige - Ak R B 8L DU T s
e EQHIN R B B BUm B -

FORHEL T4

— ~ BRRIE ~ 3 (58) (bReSE

Bk (strain 820514) Ko/ A S48 H BT 5
W R 9 5 i o T BT 0 DL MSWCA (modified
seawater complete agar) 1H{l, - B HA EARREH
EOURHE - WS TCBS L > [FIRFHEA API20E
Kit (API system) - Biolog GN2 (Biolog system)
Microgen GN-ID strip (Microgen Bioproducts,
England) iRtk EE -

o~ IEHEICINEE IR MEEY) (extracellular
products, ECP) 2 1

G MSWCA plate [ Btk > SUfRE
B Y BMGIREZET cellophane 2 MSWCA
g 5 30 hr o BB - BRI L
L 0.22 um JEMEEDE - FriS i Bl atius  EY)
(Lee and Ellis, 1990) -

=~ BHEGERNHE

% Bl Bio-Rad Protein Assay Kit (Bio-Rad,
US.A) » DIAIMEHEH (bovine serum albumin,
BSA, Sigma) FotSEHEE FVE > SFARHER - HL 25
wl BRI 1.25ml 2 bio-rad protein assay kit » i
Ji& 5~15min - fEHEE 595 nm HERSEIE » LA
HANEER TER N ERE S & (Bradford, 1976)

VY ~ S R R T E

£%F hide powder azure digestibility assay » HY
30 Wl M AE&H 7.5 mg hide powder azure
(HPA, Sigma) ;2 720 ul PBS J&&+9%5] - 22 FHAHAI
HEMAZ 7.5 mg HPA 2 750 ul PBS - [AlEE
A 37 °C /KIBFE > 15 min £801A 750 pl 10%
trichloroacetic acid (TCA) #¢1EJfE> DL 850 x g it
AL 10min» B FIEWRR IR 600 nm IR -
DUROEES# 0.01 Ky 1 BT -

T~ WA HE RIS MY & 1 70 e
AL b — s M

(—) WRELIRIUR

WSS ARARIBRIIZE ECP - B E Wi
BRI E 70% - #FESS) > FFER 30 min > L
25,000 x g Ly 1 hr> BCIPINGA T 75 BE K Hh3E
FrEZISERER - LSS 100 mM BERRETE
W (E 2 M RRER SRR S 2R - (AR R
FHEA 50 mM BERSAZER(E 1M AYTRERER) -

(Z) B KM ¥ B E W (hydrophobic

interaction chromatography; HIC)

S phenyl sepharose high performance 73
A C-16/20 column (Pharmacia) > A FPLC (Fast
Protein Liquid Chromatography System, Pharmacia )
oo DL 50 mM BERRRRENR (& 1M BIRERER) V-
iy - RHEHRERELTE B AR TE AR - BL 50
mM AR ENRAR ST © BEETEN N S
el ik - VRS EHEBOEE (Abs 280 nm) Helée
CRRAE T ETT R B O R SR TG MR E B i
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WIS - KRR R SR ~ BT Bt o
(Z) BAEBRERHE

B Btz M DIE B 10% Native-PAGE
sy o YT N EIRMERRAL (Bl T casein Ry
TEIEHIER) - FEANER - DIV T =R
BREHREEH ~ B8 KR o

(70) BEBES2IR - DEAE column
chromatography

& DEAE Sephacel 78y C-10/20 column
(Pharmacia) 9 > Mfil2L 20 mM Tris AZRERR V- - 58
F FPLC SR#fmiAL » R E AR L 20 mM
Tris AZER (& 0.5M Z&4bi) REEEA > BEER
FACIMREES] IM Ry ik - A AEHEROGHE
(Abs 280 nm) RIS AR AT ER VB O AR
FRIETERIE K RSO Es  TRRaeE ~ &
Mr Bl % FEEEfT—K DEAE [BRfE72H% - 1%
TG M RIS » vk -80 °C fifHd -

() BXREE

#i b 2 f &b 3 [F Marker (Amersham
Biosciences RPN 756) DIH®! 15% SDS (sodium
dodecyl sulfate) - PAGE SEfTEEUKIIHT (staking [
BeLL 80V #E1T 15 min - B3 running [ Bt L
125V 1T BHE| dye FJKim) » BIKTREE
F silver staining kit, Protein (Amersham Biosciences)

BN R AT TR -
(V) fEtEBPEBERTIEMUEZNE

Wl 0.1% casein Jz 1% agarose > 9 ml
PBS Hifid#ik casein-agarose solution » Jf&H 3
TR AIEME A gelbond film | » f57HL ] - 35
[REfisE %L 15% SDS-PAGE CRIZIF FoR#E) | o
1.5hr # 4EZLL coomassie brilliant blue R-350
> EEHFEANSRILE . casein #38 H3 fRlHE

RO -

() FBABEDH (Western blotting)

P57 BRI R E IR RES H— i o

TR EHBENFEECA RS T 2R ik B
BRI Rl ~ B ~ R0~ Bkl - 3
AR Y& ISR S N v SR S i e
BRIRR S AR vk 73 BiEtR - DL PVDF LD > L
rabbit anti-V. harveyi 82 ECP IgM E— LG » goat
anti-rabbit IgM-AP B —fkfiis - LI NBT/BCIP 2
o A EH EDTA & TBS #& (1 <HE -

N\ EBEER

MACEH TR EDEEKR - U
commassie brilliant blue R-350 ¥:tf » Y FEREEH
& band > DL LC-MS/MS (& HHJE AT FR B VB RS 42)
HEITEFFIIAT

AN J o AR by = N T
(—) &E2 (isoelectric point, pl) ZAIE

$RHA Invitrogen BEVKRIIEFMETTHERIE
(isoelectric focus) FEVKLUHIERE L FEE: - BF
¥H pH 3-10 IEF 1.0 (Invitrogen) - fE¥EEE R
isoelectric focusing calibration kit broad range pl 3-
10 (Pharmacia) -°

(D) &8 pH B -RBIFRRERAZENMEL
RITE

1. f%3E pH {H

% PBSbuffer 2 pH FHEEE 3~10
% buffer : sample =9 : 1 }HIRSHER 37 °C 7k
WREYER 1 hr > DUHPA JPETEM: - SR E by
100% » HABRDARE F o0 lEFRoR -

2. feilf R

ML ER o R SR B HPA IR R 4210~
20~ 30~ 40 ~ 50 ~ 60 ~ 70 Kz 80 °C SZHE » $HEH
ML IR S Ry 100% » HARILIREE
SRR -

3. BVLEMECHIE

BUliALE FoMERESE 0.25 ml o S3HIER 4
10~20+30+40~50+60~70 J 80°C {EF] 30min
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HHEBA 4 °C Pietll - L HPA JIEREE - 4 °C
E RS Ry 100% - HARRI IR 43 e
FIRL °

(=) AR _ESBHTECEODBEESR
e

AL EE H 0 R SREL 10 mM IR —
ECBEE KRG EIREG - BN 37 °C /KiGH
{EF Thr > DLUHPA JSEFIERIETE » H0HIAI RS -
AEBSF - antipain-dihydrochloride ~ bestatin ~ L-
cysteine~E-64~EDDA~EDTA~EDTA-2Na~EDTA-
4Na ~ EGTA - N-ethylmaleimide ~ iodoacetic acid ~
leupeptin ~ 2- mercaptoethanol ~ pepstatin A ~ 1,10-
phenanthroline ~ phosphoramidon ~ PMSF ~ SDS -~
TPCK J% trypsin inhibitor(soybean) 3t 21 f&# ; —
BE& B ARG ¢ ZnCl, ~ MgCl, ~ CuCly - 2H,0 -~
CdCl*H,O Jz CaCl, H: 5 -

+ ~ I HERINERINS b Bt b E 1 7
frme R i B b

TS HE LRI ECP (JREERy 05380114~
133 2 200 pg/ml) JeffifbsE HMREER (RERy
0~27~55~75+~93 J% 146 pg/ml) 53 RIVESTHEE
50+0.5g R HEAETOIR T BREHE FN
ECP {1547 85 0+0.53+0.88~1.14~1.33 % 2pg>
MALEE H o R TR Sy 040.27~0.55~0.75>
0.93 J& 1.46 pg > IEHERIATER G (EiRie T
FOER = ~ BRDYENZ A » TSR S R AC %
SRS > PR 48 hr .2 LDso ©

I\~ G REVK

(crossed immunoelectrophoresis, CIE)

BRASEAER IR TR K - R i 90 &
LT 2 Sk > PEEE TR B
HYE#EASEIUIEBEE - ARRERE A HT
ML s R F-DUMa HE RGN R ECP LIS ~ RTIIH
B AL ~ ST WS ML 2R I S T
ERANSLEIE=SANIIRE

Mook

— ~ IGHERINE Z S E

PREEEE DS HE AN B L B ik 820514 » 4R H
fE MSWCA AREEPIK  EEEE A TCBS
R Bk R API20E Kit » Biolog GN2
¢ Microgen GN-ID strip —FHERH 2 85 E 53 51 Bl
IEHERRINEH 96%~99% J& 97% HEHDUEE » #55R
TS S ME A QAN ER -

T~ W HE PR HHRRS MAEY) < 5 150 R
FR L LRER BAHBRR B

(—) BEBDEBERZIELIER

I ik PN B o A S M EE YDA R e e (.
LU HIC Ef:irBE s #5840 Fig. 1 F2H 4 |
BRIEERTRES 68 ~ 148 ml I ERE - R E A
(AR 1 O AR S 1R I B B BB 2 5 96 ~
148 ml AR NG IR Mg < o BN & IR i o DA
10% Native-PAGE #1787k 1 PAGE 4rEiEtE
ARG —H L& 0.1% casein Z agarose [BR
Fr > —3 LA coomassie blue 4t HEE B R H7
HIRIE  RERAN Fig. 2 B NHE—RERTE
51 casein HAABERIGME - K FIER sample [
10% Native-PAGE (fgeth) #1T8EWK - YN EA
TEMEAEE A BB - DI 12U A E R e
HE NG YR A 0 #E S DA B 7 aS ik (DEAE
column) 43 » F5RA 3 ERIERIRE 12 ~24
38 ~50 Kz 66 ~ 75 ml NEERE » Hi 66 ~ 75 ml
WS BRI H 43 R TS M R i
OO - R - PSS 2 RESEEFAciE
STEERER AR 68 ~ 73 ml UERE HATE M K
# (Fig. 3) » ALY T B SO B
HIE AR Ryl ECP 2 IR 2 5 1B fH K
(Fig. 4A) » FEE R ERA P BRI - e iefes
—X DEAE BN EtTEGE—REAFHE » 21
=Tk 22 kDa o iFFERE RS BERIMSHE FQTI R BRAR
H ECP Hf 2 EEHBIEMEME 22 k 38
kDa) » ARif7ERi{LYI 5y 22kDa FHHE (Fig. 4B) °
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Fig. 1 Profile of FPLC-hydrophobic interaction chromatography (FPLC-HIC) of Vibrio harveyi (strain 820514) ECP.
Sample was applied to Phenyl Sepharose High Performance column and eluted with stepped gradient of 1 to 0 M
ammonium sulfate 50 mM phosphate buffer pH 7.0 at a rate of 1T ml/min.

Fig. 2 Protein profile and protease
activity distribution of pool of fraction
25-37 from FPLC-HIC on 10%
Native-PAGE. (A) 10% Native-PAGE
of pool of fraction 25-37 from FPLC-
HIC; (B) Zymogram of 0.1% casein of
(A).

(D) tEBDEBERMURRIEHER
1. CIE 5%

DL e ISR (strain 820514)  ECP KeififL.
HHT R R UR > RTPUSHERSLE ECP 2
PUMGE Fo il - LU CIE 43 Bl B Rl e SR ER
ECP BEHFHLA/NRREIZIBEN (Fig. SA) - Tfk
{LE R R A R — A L - B A
DL s/ NI LB (Fig. 5B) > BE/RILMAEE F 57
il SR < B AR R B -

2. Western blotting /5%

Se LR IaRR S (ECP) R &AL BR AT iL
LR EEYUR - R PUSHERINE ECP Zht
IMIE FsPifE » DL western blotting 43 A ARG REER
HAEH I b 2 ML B > B ER AL E
AZWE D HASAE —BI% (Fig. 6A) -|fi
DIt (o iR R HU - T Hima i RN
ECP Z¥HilllyE B Piis » DL western blotting 4347
FERAEAE 22 kDa fEHE (Fig. 6B) » HyRIt
AR 57 Rl A AR ) -
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Fig. 3 Profile of FPLC — anion exchange chromatography (A) Ist FPLC-DEAE of pool of cut gel (10% Native PAGE).
(B) 2nd FPLC-DEAE of fractions 66-75 from the Ist FPLC-DEAE. Sample was applied to DEAE column and eluted with
stepped gradient of 0 to T M NaCl 50 mM Tris buffer pH 8.0 at a rate of 1 ml/min.

M E As H C D1 D2 M E As H C D1 D2

Fig. 4 Protein profile and purified protease (22 kDa) activity distribution of each purification step of ECP of Vibrio
harveyi (strain 820514) on 15% SDS-PAGE. (A) 15% SDS-PAGE of each purified steps. (B) Zymogram of 0.1% caesin
of (A). M: marker protein; E: ECP; As: ECP (70 % ammonium sulfate); H: HIC partially purified protease; C: Cut Gel;
D1: 1st DEAE partially purified protease; D2: 2nd DEAE purified protease.
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Fig. 5 Crossed immunoelectroproresis gel. (A) Vibrio harveyi (strain 820514) ECP against R a Vibrio harveyi (strain
820514) ECP. (B) Purified protease (22 kDa) against R a Vibrio harveyi (strain 820514) ECP.

52kDa
45kD,
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45kDa 30kD.
28kDa

18.8kD

M E As H C D1 D2 M M D2 D2 D2 M

Fig. 6 Western blotting each purification step of Vibrio harveyi (strain 820514) ECP. (A) Each purification step of ECP
of Vibrio harveyi (strain 820514) against R a Vibrio harveyi (strain 820514) ECP. (B) Purified protease (22 kDa) against
R a Vibrio harveyi (strain 820514) ECP. M: marker protein; E: ECP; As: ECP (70 % ammonium sulfate); H: HIC partially
purified protease; C: Cut Gel; D1: 1st DEAE partially purified protease; D2: 2nd DEAE purified protease.
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7.35
6.8 5M—
pH
Fig. 7 Isoelectric focusing gel profiles 6.55
of each purification step of Vibrio
harveyi (strain 820514) (pH 3-10 IEF 5.8 5hm—
1.0 Gel (Invitrogen)) ECP. M: marker 4.55

protein; E: ECP; As: ECP (70 %

ammonium sulfate); H: HIC partially

purified protease; C: Cut Gel; D1: 1st

DEAE partially purified protease; D2: ggS
2nd DEAE purified protease.

-
—
M

(=) EEBDEBERZFIEDTIER
L —seRetEor i

f#F pH 3 ~ 10 IEF 1.0 Gel (Invitrogen) 1T
LR g - BT R B — T md R
ELETT - REREBLAALE A R R S B Ry
425 (Fig.7) s £ pH6~9 I » BAEENIEERIG
M (Fig. 8A) ; Bo#{FHIREE Ky 60 °C (Fig. 8B) ;
B2 e MBS - AE 60 °C IRFHIE MR Ty
4°C iz 45% KL - R ER A REEEH
B (Fig. 8C) -

2. JNHIR fe S R L 8 1 ) iR <

TG ARG B o i I 3R o 52 31 26 e 0 ol 7
# > fJFL AEBSF -~ bestatin ~ EDTA ~ EDTA-2Na »
1,10-phenanthroline ~ iodoacetic acid - pepstatin A ~
phosphoramidon ~ PMSF k7 L-cysteine & 52 2= ]
VT « i EDDA ~ EGTA & CuClLe2H,O Hia[H]
Hil—FLLERYTEE (Table 1) - #EHILERIEE 2>
fEBE = a[gERIF H 7 metalloprotease [ serine

protease FHEHTFE -
() FEEEBDHEERERIER

ML H 0 fERESRIE LC-MS/MS S FAERER
AR HE RN VhpA (ZARELE(E Ry 12% (Fig. 9) -
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Fig. 8 General characteristics of purified proteinase
(22 kDa) of Vibrio harveyi (strain 820514). (A) The
optimum pH; (B) The optimum temperature; (C)
Thermostability. Hide power azure (HPA) was used as
the substrate.
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Table 1 Effects of various inhibitors, chelating agents
and divalent metal ions on the purified protease activity
of 22 kDa of Vibrio harveyi (strain 820514) ECP

Concentratio Rglqtive
Reagents n activity (Zf
(mM) 22 kDa (%
of control)
None 0 100
Inhibitor
AEBSF 5 2.69
dAiT1t§I/F(;IZ:(I)nchloride > 103.17
Bestatin 5 0
E-64 5 107.68
EDDA 5 20.08
EDTA 5 1.54
EDTA-Na, 5 3.27
EDTA-Na, 5 54.56
EGTA 5 38.42
N-Ethylmaleimide 5 83.29
L-Cysteine 5 4.43
Leupeptin 5 102.69
2-mercaptoethanol 5 122.39
Methanol - 70.99
lodoacetic acid 5 0.77
Pepstatin A 5 0.67
1,10-phenanthroline 5 0.96
Phosphoramidon 5 1.34
PMSF 5 0
SDS 5 112.67
TPCK 5 87.42
gglypt)s;r;llnhibitor, _ 15.75
Divalent metal ion
CaCl, 5 120.66
CdCl; - H,O 5 98.28
CuCl; - 2H,0 5 22.51
HgCl, 5 86.84
ZnCl, 5 96.92

= ~ IS HERIN RIS MAEY) Bt bR E 53
firle R i

I FCAL AL N A B LB 1 53 et
(22 kDa) $EIH 48 hr 2 LDso 5331 Ryig wois
& 152ug & 0.52pg EHHGHIES PBS B
W B IEAE TR (Table 2) -

VY ~ S RIS MEEY) B LER 1 50
i R R S 2 s

DA e RN AR S M EE W) S A LR 1 0 il
FH AIRMAETIE A I A - SR N REE
vk 3 ~ 8% Tris-acetate Gel ERZZIMAT ~ [MIHRE
HhEE I R MBS 34 2 8L -

(—) CIE st e
1. RFPUE SR M AL SR
(1) In vitro 558

IM#EEL PBS {EH 30 min - #&% Y HayEHE
koA BAA =Y ARE arc 1 RyIMEESR
arc 2 FRyBEIIEE K acr 3 #HEHI Ry S5 — T =NAYIML
BRSBTS - MRS EY R E S
fRE R E G MR EIME N (arc 2) ZPTHIN
BRI 82 MiALE A R R R e
ERRIMEER (arc 1) ZPBINETHEZ8ES > (HLL
ATECRFEA AL PBS Ao YR A A -

(2) In vivo 5%

BEvd ST AR SRS EY) 2.0 pg Bkl
LS ERER 0.7 ng > WEEHRIE F i IR
HEATAE X Bk 531 - AR PBS fHtLEA
SRR =N s Ml SEY) i bR E o
fRERERME MR EMmEN (arc 2) ZP0HH
IH MR BE . fi b RS
MEER (arc 1) ZPLIINE LT = & B2
(Fig. 10) »

2. RFPIHIRENLE A PUMTERH (arc 2)
(1) In vitro 558

PBS #HASE FE R EA —E 0N > ks arc2
Folt 2 H S 55— 00N » AR SME Y & i A4
FEEIMEH (arc 2) ZYLIINE RN

8 LR H 2 ERERE G REEIE N (arc 2)
FEAANFS -

(2) In vivo 5

NS NEED) Bt b o e SR e e il
MATFEEEH (arc 2) ZPUHELE MR AR
L (Fig. 11) -
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Fig. 9 Purified proteinase (22 kDa)
on mass spectrometry report.

Protein View

Match to: gi|49823288 Score: 369
VhpA [Vibrio harveyi]
Found in search of C:\Temp\masEOQ.tmp

Nominal mass (M ): 85726; Calculated pI value: 4.84

NCBI BLAST search of gi|49823288 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Vibrio harveyi
Variable modifications: Carbamidomethyl (C),Carboxymethyl (C),Oxidation (M)
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P

Sequence Coverage: 12%

Matched peptides shown in Bold Red

[

MRIRKRLIAV AVAGVMIMSV HAGESVILTK PVNFINFSGL NSQLGVNNAS

51 SFRKQVKSIHL KKRGVYKVKI QONVWGVPVW GHSLNATQSF KGGALKIVQG
101 SYLRVNDLDR SFVKPKLNRA DALKVASKNL QDKGFAVKFL RNVEDELFIY
151 QDGRKTRLVY VVSYLLANSL QPSRPFTMLD AHSGEVIDRW EGIAHAQIGT
201 GPGGNEKTGM YEYGTDYHFL DVQEDGINCV MESENVVIVN LNGGTEGSTP
251 YSYECPRNEF QEINGAYSPL NDAHYFGNIV FDMYRNWFDT APLTFKLMMR
301 VHYGTGYENA FWDGQAMIFG DGESYFYPLV SLDVSAHEVS HGFTEQNSGL
351 VYANQSGGMN EAFSDIAGEAR AEYYMRGEND WMVGKDIFKE DGALRYMDDP
401 SRDGSSINHA QDYYDGLNVH YSSGVFNKAF YHLATTDGWD TRKKAFELFVL
451 RANQIYWSQDS NFWEGACGVK SAATDLGYDA SAVVNAFGIV GVEPCREPPL
501 PPEPEYQRLE NGTAVTISGG TGSKTYFDIE VPEGKSQLTI NLAVPNGDPD
551 IYVGLDYAPS PTENICSSLS VSDEVCVIEN PEQGRYTINV FGYAGYDDAE
601 LSATYDDSSA NVPPVASFDQ SVSGKIVQLR STSSDSDGNI VSYQWSLGDG
651 NSQTGETVSH TYAAAGDYSV TLTVIDDAGS ATSTIQTVII EEGQTDAFPL
701 KLNFGNKFPN GKARVRLSWK YSTDDYFIVK RDGKNVGATD FQSYVDQFEH
751 NGTIDVEYQV CTSGNVCSET KRYRFLKPNK

Table 2 Lethal test of at 48 hr (A) ECP and (B) purified proteinase (22 kDa) of Vibrio harveyi (strain 820514) for
Litopenaeus vannamei (5.0 + 0.5 g) by intramuscular injection

(A)
Dosage Death number  Death number of Total death / Total LDso rotein/e shrimp)
(ug protein/g shrimp) of 1% day 2" day number 50 (ug protein/g shrimp
0 0 0 0/6
0.53 0 0 0/6
0.80 0 0 0/6
1.52
1.14 0 1 0/6
1.33 2 0 2/6
2.00 6 — 6/6
(B)
Dosage Death number  Death number of  Total death / Total LDso rotein/e shrimp)
(ug protein/g shrimp) of 1 day 2" day number 50 Hg P 8 p
0 0 0 0/6
0.27 1 0 1/5
. 1 2/6
020 1 / 0.52
0.75 3 2 5/6
0.93 5 0 5/6
1.46 5 1 6/6
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Fig. 10 Profiles of CIE gels of normal prawn plasma pre-incubated or pre-challenged with Vibrio harveyi (strain
820514) ECP and purified protease (22 kDa) against Ra plasma. (A) Pre-incubated with PBS (control); (B) Pre-incubated
with ECP for 30 min; (C) Pre-incubated with purified protease for 30 min; (D) Re-challenged with PBS (control); (E) Re-
challenged with ECP (2.0 ug protein/g body weight); (F) Re-challenged with purified protease (0.7 ug protein/g body

weight).

3. RFPUFRIRIME BYUNIEH (arc 1)
(1) In vitro 88

PBS #H{EH —EV B BIMESR (arc 1) 5 H
fashEY ML E B R R M ESR (arc 1)

(2) In vivo 58

SR BRI SN EY) R LR A o R R B
MEEF (arc 1) WMHAREEE (Fig. 12) »

(Z) 3 ~ 8% Tris-Acetate Gel 24f
1. In vitro 55
ORI

PBS s AEY) (100 pg/ml) Kidli{bE H 57
fiElE=2 (100 pg/ml) {ERSHMUIHERIMMESER 10 ~

20 ~ 30 ~ 48 ¢ 60 min > #E5EEUR FHRIMREFERE
AR S EEY) Bl b o 3 g SR R PR R
290 ~500kDa 22 FATFREE ML - RNk
ifi 66 ~ 160 kDa & [ HAFRIAHEIIETZ -
THLIFEEFRERIER 60 min 52288 Ry HARE -
160 kDa DA FAYEE T8 2HK 0 T 66 ~ 160
kDa A% T IF&MRE R (Fig. 13) -

Q) fERRE

RERMRE S NEY) B liAb B o Rl (2550~
75~ 100 ~ 125 ~ 200 ~ 300 J 400 pg/ml) Z ¥
EETEE - BRI 2 K W B8
7R 160 kDa DL R H7 R ik » 22 EA
ifi 66 ~240 kDa Z[H7E{EFIRE Ky 100 pg/ml L4
TEATAEZEE > BEMFERHEBEE 125
pg/ml DL E o B o ARG - i
GNEEPIRIVE R ECAIAL S o iR (Fig. 14) -
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Fig. 11 Profiles of CIE gels of normal prawn plasma pre-incubated or pre-challenged with Vibrio harveyi (strain
820514) ECP and purified protease (22 kDa) against R a coagulogen. (A) Pre-incubated with PBS (control); (B) Pre-
incubated with ECP for 30 min; (C) Pre-incubated with purified protease for 30 min; (D) Re-challenged with PBS
(control); (E) Re-challenged with ECP (2.0 pg protein/g body weight); (F) Re-challenged with purified protease (0.7 ug
protein/g body weight).

Fig. 12 Profiles of CIE gels of normal prawn plasma pre-incubated or pre-challenged with Vibrio harveyi (strain
820514) ECP and purified protease (22 kDa) against R a hemocyanin. (A) Pre-incubated with PBS (control). (B) Pre-
incubated with ECP for 30 min. (C) Pre-incubated with purified protease for 30 min. (D) Re-challenged with PBS
(control). (E) Re-challenged with ECP (2.0 pg protein/g body weight). (F) Re-challenged with purified protease (0.7 ug
protein/g body weight).
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Fig. 13 3-8% Tris-Acetate Gel of
Litopenaeus vannamei plasma
pre-incubated with Vibrio harveyi
(strain 820514) ECP and purified
protease (22 kDa). Lane 1: pre-
incubated with PBS (control) for
60 min; lanes 2-5: pre-incubated
with ECP for 10, 20, 30 or 60 min;
lanes 6-9: pre-incubated with
purified protease for 10, 20, 30 or
60 min; lane 10: marker.

Fig. 14 3-8% Tris-Acetate Gel of
Litopenaeus
pre-incubated with Vibrio harveyi
(strain 820514) ECP and purified
(22 kDa).
marker; lane 2: pre-incubated
with PBS (control); lanes 3-6 and
11-14: pre-incubated with ECP
(25, 50,75,100, 125, 200, 300 or
400 ug protein/ml) for 30 min;
7-10 and 15-18: pre-
incubated with purified protease
(25,50, 75,100, 125, 200, 300 or
400 pg protein/ml) for 30 min..

vannamei plasma

protease Lane 1:

lanes

2. In vivo &

RHESR IS N EY) R WL H R R 1 L

L_JL.JQLJLJ‘LJLJI_J_J“J'

500kDa

290kDa
240kDa

500k
290k 0 B
240kDa PR el
LA
..uuu...m W}‘
160kDa ‘...n"..'
116kDa e
97kD :
. 12 HE
66kD
8 -
55kD 2 gt bl B et S $ 4 ey el
12 3 4 56 7 8 91011 12 13 14 15 16 17 18
L |
— ~ HbE A SRR R

FHRIMATE B A5 Ry 10 mg/ml > A5 R0 H i

IM#kELF 500kDa DL REFFAEA > HAE 300~
500kDa ZEHEHNZ - [fifF 250kDa LI RNZ

HEAFHEEEE L (Fig. 15)

LUAERFSE R 1 53 B E i /KIS FQOIM B FLA-
11 J FLN-108 ZHHIESNE Y88 B = FEANE 57
T B ZEBESHUBE (metal-chelater-sensitive) [
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500kDa

290kDa
240kDa

160kDa

116kDa

97 kDa

66kDa

55kDa

1 2 3 4

6 7 8 9 10

Fig. 15 3-8% Tris-Acetate Gel of Litopenaeus vannamei plasma prechallenged with Vibrio harveyi (strain 820514)
ECP and purified protease (22 kDa). Lane 1: marker; lanes 2-4: pre-challenged with PBS (control); lanes 5-7: pre-
challenged with ECP; lanes 8-10: pre- challenged with purified protease.

MEERME#R (alkaline protease) » 731 &35y
84 kDa (21 kDa ZPU%Hg) ~ 49 K 46 kDa (23 kDa
RS o 84 kDa HEHMEESRAE pH8.0 J 55
CCHFEECAIENE J* 40°C MREMRS (Fukasawa
et al., 1988a) » 49 k¢ 46 kDa & [/ fiEEZAE pH
8.0 J& 50 °C R ATEM: - it 45 °C MEEM
= (Fukasawa et al., 1988b) ; Liu et al (1997) ti3g
1€ 53 Bt 5 8 9 L M o IS AfE QIR (strain: 820514)
AL — DA B R ey
38kDa» HAE pHB8.0 J 50°C WHRATENE &
BAREMN  HE®RZBE S 5 H RSB
(autodigestion) 5 [ ElIJ& JTUH: B R /K857 B e
AECHNES (strain AP6) W] 33E5H Bl it H — T B
Tk & | E ML B R (Zine-
metalloprotease) » 43 &k 35 kDa » HAFE pH 9.0
K 37 °C FPERAIEM: (Jeanette ef al., 2003) - 7K

BRI HELRINES (strain 820514) ZHHIfSMNEY)
Ao EE—H S5 Ry 22 kDa FEERRE ML
EHHEMEESR - HAE pH6.0 K 60C FFEmRA
TN 1R 50 °C MRREMS » FREFENI K&
JBALZ R - FIRT 0 R SR B AN ] 5 2
MEEREAL - T — R H A A 5158 il
BA G HN - MEARABIE RIS B0y E H 5
2 &M (0.52 ug protein / g) Lk Liu et al
(1997) R lifb. . 3 F1 40 i B 38 2 7 M R v
(0.3 pg protein / g) SKAVIE - (HE B AEBURERH &
BHEE 0 WEE RS - HEHZISHE R
5B (strain 820514) S—FHE IR « A5
ML H o iR &k 22kDa pl Jy 4.25-
#& LC/MS/MS E 7 » BURERGHECINE VhpA
FEIEE By 12% > HAESS 258 ~296~377~395
403 ~ 443 amino acid JEAHEIFY o i1 VhpA &2
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T8 E 86 kDa s pl B 4.84 > ZF1 quorum
sensing systems FR#EELRIFRIIHR.CEHAE (Mok
et al.,2003) » [KIFE 73 EA 5 BRATR - HEERMH
T HERIRSE 2 T R -

T~ AR RIS M EY) Rl b
SRR SR T IR 2 2

(—) IBHRNEHRINEYRMACEE DR
BREBBRRNESIZE

1E 88 S0 5 Be b - OF ST W L B (K] Vibrio
alginolyticus IS EY LML BOIEE H 7
PSRRI VE A - 3 i e I bk 28 v 4 1ML 2 P 9k
(Chen, 1999) - HiRLGHE IR RS - filshE
W) K 43 AL o2 B0 EE 1 5 e e 2 A e 19 A1 ik
B > BRTURISIMIR A PR AR - 3 S R B M bk
G EEER BnE S - HE DS EY)
MRS S SRR s 8 R IHER (78, 2002) - 52
(2005) DAMSHE RN B HE ~ RS MY 5 E i
BRI AMVE RS o KSR DGR S Y S Ik e S s 11
EHEERE -5 (2006) DL V. alginolyticus Hifg
Je ARG M EE Y ML bR 2 g 111 2 3 A5
e S M E Y B EnE B LR N - AE R
LA w5 e FOIM R MR A1 ZE ) B AL 2R 1 o e e 32
(22 kDa) #f F1iEEINE TR SN - R
TSRS EY FiE - MM A g
BEERRISBIG ES - L o R R
AINBHEE - (H R B & R LR O T F
BHE N B HEH R AR T &M RS
FEERE - FHB g I8 PR 22 B AR 2 A S [T
b MEAAEXOR - BE kML a1
R EEE BRI LIEE (Durliat, 1985 ; Martin et
al., 1991) » F5HAHGE - FPEEEERNDIRE NS
D RESES: - HET B FE DI RERH (IR 2 2 i

(D) IBRNEHRINEYRMAICEE DR
BREHOBRNERTE

Lee et al. (1999) #&H BB AE 2 BN HE LR
S NVEYIER - B AR RIMEE R &
A 2 EBREE T o E LR SRR R
ALSHATRYRL 0 - BERTIRIMAEEL V. alginolyticus #Hl

WS EEY) B BOLE H o ERER TR R - 3%
BECHIMEE R & R MR - (HEeEm
W I AR B 0 B R 2 (Chen, 1999) © 55
46 SEHERIfRE: (Taura syndrome virus) 47 H
i - I ARBR o S A L A B - TR HE
T 7 T K 2 P 4 L B 32 e Bl oG P
it Ji¢ #Y (Song, 2003) o #5 (2006) t %% B 4% V.
alginolyticus 5 bR SGHHNL S MEE P BB i - LI
MR & A RAL BRI S - AERRIRE
FEAHR M EYI SR 2 Rk A R B 5 > T
it B o R R AL B S H R R & B
Z BRI BE 3R & i I S A S B AT B (2005)
ZAERAHE] o B FHEMNE RS EY)
AR B R B - AN ZE MiALEE 1 0 il
{2 Ry — 35 o T R L bR S R AR Y
A7 - S E YR Bt s -

(=) 3 ~ 8% Tris-Acetate Gel D7 21F5Y

RS aBR A - AR B SN E YRR b2
RS EESRIEA - SbEaE (R st
PIRIRiAL . 3R B o R SRR A N > T SR
B 5% MRS EE Y EEIRIR & Ml L R 1 70 fie
SR IE I SE 2 IR - 2R > W& D2 BAR R
o FEEHEIE (100 pg/ml DUF) B - EdrEhgm
HH (400 kDa) SERRIHE » EANE LU
% (FB 751 82kDa KELJTArEEL) - (HAE &
(200 pg/ml L) Hifs {5852 B - #a41 K
Bt I AT s R LR 2B - 58
HIREE IR R AN A IR A B e e - &
WS A SN Y R AL o R =R
(22kDa) > s R B Ry NI B - 2R Y] 1
figens; A FCIM R R B0 BRI - BR 1 EGERIRT 72
AT AB ML U A AR PRI H AR BRI 74 - W0
BRI A R e P B B AR R PR TR R
FHEEE A SIS AHRR T -

225 30k

SLEEL (2005) WA B S22 1 R I B AH B AT 1 e
MWL, B SRSk E R R
ML, AR, =
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The Purification and Characterization of Vibrio harveyi Extracellular
Products and Its Effects on Hemolymph of White Shrimp,
Litopenaeus vannamei

Pei-Shan Lee'”, Kuo-Kau Lee?, Po-Yuan Hsu® and Ping-Chung Liu?

!Eastern Marine Biology Research Center, Fisheries Research Institute
’Department of Aquaculture , National Taiwan Ocean University:
3Kaohsiung Medical University

ABSTRACT

A common pathogen of shrimp, Vibrio harveyi, was used in the present study. Firstly, the protease of V.
harveyi extracellular products was isolated and purified to then be used in the subsequent evaluation of their effects
on clotting factors and hemocyanin in white shrimp, Litopenaeus vannamei. The isolated and purified protease,
being unstable in hyperthermal condition, possessed a molecular weight of about 22 kDa, an isoelectric point of
4.15, and its maximum activity was at pH 6 and 60°C. It is able to be inhibited by AEBSF, bestatin, EDTA, EDTA-
2Na, 1,10-phenanthroline, iodoacetic acid, pepstatin A, phosphoramidon, PMSF, and L-cysteine, revealing
characteristics of serine and metal forms. The 48 hours LDsy of V. harveyi extracellular products and purified
protease injected into L. vannamei (5 = 0.5 g) are 1.52 and 0.52 pg protein/g shrimp. The decreased coagulogen
levels in haemolymph were observed in shrimps injected with of V. harveyi extracellular products and its purified

protease; however, the effect on haemocyanin was insignificant.

Key words: Vibrio harveyi, extracellular products, protease, coagulogen, hemocyanin

*Correspondence: 299 Lane 291 Sec. 2 Zhiben Rd., Taitung, Taitung 950, Taiwan. TEL: (089) 514-362 ext. 207; FAX:
(089) 514-366; E-mail: pslee@mail.tfrin.gov.tw




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


