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Studies on the Virulent Factors Produced by Aeromonas salmon-
icida, a Causative Agent of Furunculosis in Salmonidae-I

Purification of the extracellular protease of Aeromonas
salmonicida Ar-4 (EFDL)

Kenichi Tasima*, Tsuneto TakamASHI**, Yoshio Ezura*®
and Takahisa KiMmura*

Abstract

In the present paper we conducted the purification of the extracellular
protease of Aeromonas salmonicide Ar—4 (EFDL) as a virulent factor of this

pathogen.
The experimental results can be summarized as follows:
1. A. salmonicida Ar—4 (EFDL) protease has been purified 173 fold in

11.39, yield.
2. The purified protease was almost homogeneous by electrophoresis on

polyacrylamide gel.
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T~¥iEFAL, REOREEE OREME € 0 v TORNE2RA I, BTERTIE, YUREREED
A, salmonicida T T/ n 7 7 —¥ELAEOBOEKELZRBY, Z20EETLZ a7 7~¥DO RN
2RAIZDT, #OHERCOOTHRET 3,

- I

1. #EHELLTICEREE HEREEL U TTFDOTHERTEROEUERT A, salmonilida HHRD
s & H ¥ 4 MEIEMDER L b > 72 Ar-4 (EFDL) #R%BHU TRV, F 18R, FigeT
FERTHRHLUHREO vy 7 ~YEEOREREN, TobBBR-*X0.7%, "7 T b
> 1.09%, &1 0.2% OMEOEH% 500m]l FKD 7 5 X 2 300ml FEEL 72 4 D % FHuvy, 20°C, 27
R RIS 2 1T 5 712,

2. FOFT—EEMNEE TeFv—CEH22% hE4 MY 2 EBRSEE (pHS.8) %
EEBRHL LT oy 7 - YRIER BT 5 F B M OBER I % 30°C T 20 HHIRUE 3 v,
Anson-BEDHEWVEINTHEL 2, T2 5 2% »¥ 4 B HEK 1ml & R 1ml 2R
UT 30°C TRUGS BT, 0.4M =H{LERE (TCA) ¥k 2ml %2 MA THERML T i 2E1E
I, Z0O#30°C, 205 WERL TRESOBAR 2L 812k, W@LIZ. % OEE 1ml
FHYH, THi€ 0.4M NaCO; B 5ml 2 M4, I5IN 7=/ —ARFK Iml 2MATHULLE
ftk, 30°C T 20 DEFEL THREZFH I, 660nm THAEL I, LB iRk 0.4M
TCA BREMATHMRFU 2 REHEE 2 NA, LMEENE & REOBRIER1T-72 O % ATz,
Tl u s 7~ EiEk L BT R UG 1 43 660nm izdsi) 2 JRRIEZR 0.001 3MS ¥ 35 iEE s
U, BHHEALIZESE lmg Yo B IEE LTERDLI,

3. EARREANE: BEEBBEEDHEX Schacterle and Pollack D HEDICE TN T T2, ¢
ZOLERIK 1ml & 7o Y MRRERSREEIE 1ml 2EML 1248, SR TIERT 10 2HBEL 12,
Z0H% /9N 7= 7 — VAR 4ml 2MATHL { BAL, HEbi 55°C OEEME T ER 54
PUREEL 7248, HAT 1 AWAHLU TEDIT 650nm €3l 3 BRELREL, FHHEOFEF LT 3
B RO TIRROBIE 21T - TERU ZRERY» S BEAREEZREL 2, HB&LTRO0.2M Y
Z -0 1N ERREE (pH7.8) 2V, Ahd & FBOWE2T-75,

4. BRE Fo57~¥OERII Fig.1 ©FRT C & 12T Shieh and MacLean DAL
UTiTo720 FIEIZRDED TH 3,

1) #AE Ar-4 (EFDL) % 1. TR~ BSRCIREBIERE, Rk 9,000xg (5°C) T204y
R LAHEL, ZOEB 2EROB T b 2REL LB DETOMA, CORAKY 0°Cie
15 >R, 20,000xg (5°C) TI15AMELABEL, Bo5Nnl2kBe40.2M Y X -0,1N 1
BRRREE (PH 7.8) WIEMRL FRERIC L T 16 BT (0°C) Lz,

2) 1) ko> THSNIEABRRKICHL TR RELEMA T 85% MFfns L1, 4°C i 30 43H
BB, 20,000xg (5°C) T200MEOSEEL, LRZED THRROBE BERCEEL, RSk
RL T 16 BEEIENT (0°C) Uiz,

3) 2) THLNNEBEABKPEEERCIYBEL, Ch#® 2.7x46,3cm @ DEAE-®.b o — X
BT ARERUIL, B85 7 2R FORBOBERCEBLLIZ DR, I BEHKELT
NaCl %2 OM 549 0,5M T THEEAC WIS linear gradient 1€ X h Bl % 47577, ZEHHEE
{2 5mi/12min & LTz, BEH#ETH, £752v a0 T 7 ey 7 —¥EESIOEHER A
EL, TuF7r—¥EET I 7Y 0 DAY TRBERICSL T 16 BFREET (0°C) L1z,

4 3) THOLHNIuFT—¥FERT Iy o U RREERCE DBEL, cheitRie RUX
23D DEAE-%®7 y 7y 72 A0 # 5 it REAL 12, 2B 5 5 213 FHRROEE R CEELL
12 b DRV, FHRREIE T NaCl linear gradient i€ & b I %17 - 17, WHIEEEIZ 5ml/20min & L
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Incubatied at 20°C for 27 hr on a shaker

d
Centrifuged at 5°C for 20 min. (9,000 x g)

{
Added cold aceton and stood for 15 min. at 0°C

l
Centrifuged at 5°C for 20 min. (20,000 x g)

{
Dissolved precipitate in T'ris-HCI buffer (pH 7.8)

i
Dialyzed at 0°C against Tris-HC] buffer (pH 7.8) for
16 hr

{
Brought to 85%, saturation by the addition of powder-

ed ammonium sulfate

i
Stood for 30 min. at 4°C

{
Centrifuged at 5°C for 20 min. (20,000 g)
{
Dissolved precipitate in Tris-HCI buffer (pH 7.8)

4
Dialyzed at 0°C against Tris-HCI buffer (pH 7.8) for
16 hr
{
Concentrated by lyophilization
{
DEAE-cellulose column chromatography
i
Active fraction of protease

\
Dialyzed at 0°C against Tris-HCl buffer (pH 7.8) for

16 hr

|
Concentrated by lyophilization

{
DEAE-sephadex A~-50 column chromatography

|

Active fraction of protease

{
Dialyzed at 0°C against Tris-HCl buffer (pH 7.8) for

16 hr

l
Concentrated by lyophilization

l
Purified protease

Fig. 1. Procedure for purification of protease of Aeromonas salmonicida
Ar—4 (EFDL).

17e BHKTHR, £752v 228200 TF a7~ YEEBIVEARLIEEL, FuF7— 7%
M7 50y 2 2EHAERTRBERCEL T 16 BN 0°C) U, Ch%HREERIc X b BEL
L DRREM S F T —FE LT,
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5. 74 RUBEABICLZH—HOBRE BUBBROSBRE B3 Fuy T~ YORNMESS
FABIDIC, F 1 AV BLEKGZT-120 7 1 20 BREKGREKKBIERE VT, 72790
73 k20 (5x90mm # 5 RE) iwREERML, 1.5mA OEEREBEL CERT 3 RHERERR
FIKT 592 10B CREL, 7% BEERTHEL 2.

= #

1. 7O0F7—EOBE HRE Ar-4 (EFDL) BOELT 3 7 ny 7~ YO, Wik Fig.
1 RU 1 BT 1re BB 2 HMNOES % Table 1 fRL I, TabbLRTRDHR
Bk Ly b ENOABRICKS T 3 7 e F 7 — Y OB (LEEORNER) &, 7 b LRE
43T 32 £, WREILEES T 101 fE & LR-U 2, C ORZILHES % DEAE-€ v r~ X7 5 AR
LIBa ORI % Fig 2 RRL . BEIA SN 5CEL, BARDE~ 2 HK/Ah 2 DOBEMTH
FUehs, FuF7—VEEY — 2 aARIBED 0, 1M 50 6 WHU D S 0A T, BED 2
SPBHBEDE — 2 D5 LEOE — 2 O & —HKU 12, THAKEME 0.3M U ETREARS LY
FuF 7 —FEROY — 23 EHLTL S 512, LOFPusr 7 —¥EEL— 07504 3>
R, SROFETHE - BEEL It/ 0 7 7 — YBREOKBMER 1728 Th -2, I6IN%E
DEAE-%7 y ¥ v 7 2 A-50 # 5 »ic BEL 2BESORHR % Fig. 3 1tRL 1L, ZORKR, Fa¥
7 FEEY - B IIBEREE - 282N FNR 1 2T04 6N, WHEORMRER—H LI, LD
S u 57— PEMEESE, DEAE-tAn—R3 5620 < by 57 40— OHE AR RERED
0.1M A0 STEHUIED 2 s DTH o1z, Liiliic 7 v 7 7 — ¥EEES S 5 RBEAKES O
H2a b g o128 &b, COBETHIEY S a7 —¥OMENERL >TbDEBA, by
KTUR, 7as7—¥EEE—207 5 7y 2 v 2EYD, WROHETHE - RELIZ w77 ~
FPREFIED LIEHE IR 3, 290 units/mg T, HHR 173452 2, [REIZ1L3% TH -7,

2. BRNTOFT—HEON—HORE 1 il TELhT a7 7~ ¥OH—iconT, Hk
OETEBL 125 1+ X/ BRKEBNC L 5 7 a7 7 — ¥OKEMRIT X h BFL 12, HMAEEDO S w7
7~ YRPDF X 2 BRI S — 13 Fig. 4 RL L, 78 + VILEES TR BEBED/ S Fid
3EA LN, UL, WELRESTE7 € b ERESTA LN SHEOKRI VY FHBHR

Table 1. Purification of prorease of Aeromonas salmonicida Ar-4 (EFDL)

Total . Specific . .
Fraction Volulm © | Activity*| units** Protein activity Y(I)eld Rg&atltw{e
(m}) (x10%) (mg) (units/mg) (%) | purification

Supernatant of 5, 000 0.18 900.0 46, 000 19 100 1
culture medium

Aceton 131.4 3.45 453.3 746 608 50.4 32
precipitation

(NH,),80, 7.3 | 40.50 295.7 154 1920 32.9 101
precipitation

DEAE-cellulose 49.0 4.00 196.0 60 3267 21.8 172
column chroma-
tography

DEAE-sephadex 5.1 20. 00 102.0 31 3290 11.3 173
A-50 column
chromatography

*: expressed as 660 nm O.D. min.”! ml~?
**. a unit of protease activity was defined as that amount which yielded 0.001 O.D. at 660
nm unit of change per minute under the conditions mentioned in the paper.
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Fig. 2. Fractionation of protease of Aeromonas solmonicida Ar-4 (EFDL) on DEAE-
cellulose column
—o— protease activity —e— protein
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Fig. 3. TFractionation of protease of Aeromonas salmonicida Ar-4 (EFDL) on DEAE-
sephadex A-50 column
—o0— protease activity —e— protein

L, N riz2&Eote B DEAE-#Vvu —RH 5 A2 a v 757 4 ~1320 DEAE-® 7
FF 9P ZXAB0 NS L S5 T 4 - ERMBERICON, B BEEONIVENSTVRIZE
DI IEL, PEEOFBERRT N FIIHEKD DEAE-27 7 F v 7 X A-50 # 5 nBEE b D
ThitE -1,

— 108 —



HES : A salmonicida DELT2 7w 77 — 2O

PDLEDRERD 6B b BRI (, Bk
I CZOIEIHEELISVEN a7 —+F
KIRET 24 DTH S ELONT, BRAED
S 77 ~¥it, DEAE-® 75 92 A H 5
LOERMD 6 REEY -2 ¢t BAEY — o3t
T 5—2DE~2s0DAELTHRHINT
b8, AEET 1+ X 7 BRIKENC & 5 BREHER
D5, bFeah s REOEARVBEAL TH
ZDLELDND, L LHEROD Fig. 4 © 4
WRL L BRKEN AL LR OB IR ERE
BLUT60pg ThH-TtBTDER 40ug iTH
CUIBEiIcidE -2 o s Fizlian e
poll, AU ERRPERAEDT 1 kT35
v 7 10B OYERABEHER I BBRAYIC Sug
THBL e b, BB S 077 - YHESC
BUIREEHEDOEE S 5pg/40pg » 6
5pg/60pg, THbbH 12,5% » 5 8,3% FREE&
BEaNn I,

% %®

35 Ar-4 (EFDL) RO EE T35 n >
7 — ¥ OREHETN, 22— Bbh3Fn
77— YW R/ ENTEE, UbL, 7
4 RO BRIKENC & 25— EORER T2 &
5, KSuF7y—¥OMEEIIZIP 0% ik
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Fig. 4 Polyacrylamide gel disc electr-
ophoresis of protease of Aeromonas
salmonicida Ar—4 (EFDL) at diffe-
rent stages of purification (see Fig. 1)

protease obtained after precipi-

1.

tation with acetone

2. protease preparation after pr-
ecipitation with ammonium sulfate
protease preparation after chro-

3.

matography on DEAE-cellulose

4. Protease preparation after chro-
matography on DEAE-sephadex A-
50

EEALNT, TOBRMEOREMES ZHLIEM 3, 290 units/mg, FMIIZ 173 2, INERIZ 11.3% T -
7o & L 5T Shieh and MacLean® § EI#RIZ A, salmonicida OFE. T 3 Fu 57 — ¥ DEER 17
W, BRI TR 1, 750 units/mg, I 500, IR 28% T, 7 4 R 2 BREKENC b BH—IokE
I n77—¥RHTN5, AL AEEREK, RIS OSSR FENRIL S C L) b EER
BTATWLO0, RFRTHELSNIHERS o7 7 ~ ¥ id§R® Shieh and MacLean® D 741 &l
N, HEETILME BRETH2/5THY, HRREEDRY S sy — B EZBALN 5,
SEBEIXRG T HB AN PBORBEBEABTCOVTY, £7uF 7 — PESOBMMED 00% 5
BTHD L6, DBROBFLIHRMCTHERLBILOL E AL 0N, FINHRED oy
7 —¥ORRETF &L TORFHC I, CCTBLNIEN S oy 7 - YES RO THIEBREL

BELDEBALND,

X

3
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