KGR ERIE(1997) $374 E2%
Korean ] Vet Res(1997) 37(2) : 359~365

A, & 9 &G Staphylococcus hyicus subsp. hyicus®]
staphylokinase 3%

W E A0y R

Aotk ol
(1996 124 219 A)

Production of staphylokinase in Staphylococcus hyicus subsp. hyicus strains
of swine, poultry and bovine origin

Joon-seo Park, Cheong-kyu Park

College of Veterinary Medicine, Kyungpook National University
(Received Dec 21, 1996)

Abstract : Staphylococcus hyicus subsp. hyicus strains isolated from pigs, chickens and cattle
were examined for the production of staphylokinase after inhibition of staphylococcal proteases
by two procedures with EDTA(disodium). In one, EDTA was added to the bovine fibrin-dog
plasminogen agar medium in concentration of 0.07% and paper strips soaked in 2mg/ml soy
bean trypsin inhibitor were then applied on the agar plates. In the other, paper strips soaked in
5% EDTA solution were applied on the bovine fibrin-dog plasminogen agar plates and the
strains to be tested were then streaked at right angles with the strip.

By these procedures, staphylokinase activity was detected in 8(88.9%) of 9 strains from
diseased pigs and in 57(80.3%) of 71 strains from skin of healthy pigs, but not in any strains
from skin of healthy chickens and milk samples of mastitic cattle.

Additionally kinase activity in 9 Staphylococcus species and subspecies isolated from bovine
intramammary infections was also tested by these procedures. Staphylokinase activity was

detected in 74.2% of Staph aureus strains and in 25% of Staph xylosus strains.
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Table 1. Origin and number of Staph hyicus subsp. hyicus
strains investigated

Origin No. of strains investigated
Pigs, skin of healthy pigs 71
Pigs, exudative epidermitis 9
Poultry, skin of healthy chickens - 134
Cattle, mastitis cases 14

Ao FAITE HF3hA 37CAM 64A T G § 1
T FEdle 55 Bol A}

Fibrin-plasminogen EEHHA|
(fraction 1, type 1-S, Sigma)2 A}-8-& o] Devreses} Van
de Kerckhove®2] wyjol] A Fu)stg . 2, bovine
fibrinogen 50mge A 2] 4 g4 10mle) = syringe filter
(0.45pm, Nalgene)2 o3#gh F o]folg nHdFH
90ml 9] trypticase soy agar(TSA, BBL)el} # 7}8} 51 55T o
A 1087t §A3819t}. of 7o) plasminogen T EFYLE
Ko ANEHE 05% HA H7Hg F A HELHA
d 15miA =4 #F314c)

Plasmin 412 &X| : Hintond} Orr*7h AN G Wi
o e} soy bean trypsin inhibitor(Sigma) 2mgS HFFF
% 1mie] 3o]51 o] $4o] HFY AHAE AHA -
brin-plasminogen & $Hul A o] F:o}o] Bl T& HAlFF
£ A Zo] HA FMARTF F 37T A 18~24A7
Fstgidh.

Protease X229 XMX| AlY : EDTA(disodium salt,
Sigma)& Al&-3te] F71R] W . 2 protease A9 A
A& ANEdh RAA PPo e o gAY g2
EDTA7} #7+gl TSA, fibin H®ujA 28]l fibrin-
plasminogen FHjA & FHlE AT A7 FAEE
A e ddte] 377N A 18~24A7F vy F HEH
T G5 e o proteased] A2 AEE FAHAY. &
A 302 = EDTAS QA 84 8td 7 dAE &
A A o142 Z fibrin-plasminogen B BujA| F ool £l
g FAEE FZo| HA FMAxDsu 37CdA
18~24X12F v & 3 EDTASY 7 @A F oA pro-
tease $4 9] AAFHE BAA

: Bovine fibrinogen

E B

2], & 28l A2HY B8 Suph hyicus subsp.
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Table 2. Proteolytic and fibrinolytic activity of Staph hyicus
subsp. hyicus isolated from pigs, poultry and cattle

Bovine
strains stains

Swine Avian

ristic .
Characte strains

Proteolytic activity

On calcium caseinate agar 97.5* 97.8 100.0

On gelatin agar 100.0 97.8 100.0
Fibrinolytic activity

On pig plasma agar 100.0 56.7 100.0

On bovine plasma agar 95.0 27.6 100.0

On chicken plasma agar 93.8 100.0  100.0

On bovine fibrin agar® 1000 978 1000

Pcrccntagcs of positives.
® Bovine fibrinogen(fraction 1, type 1-S, Sigma)

hyicuss) TR R HH28s
o o] F59 ol 7129 FFo| BAME o
2e] Aol HAAR Ag e 2F7} By
2 Afagd FAueS tzte] A Y §l
2tk AbE% 7] A% plasminogend] FEULE e 8
A2 A7betA R& fibrin HHujR| A FA T FE 0]
fibrinol] ohaf 73 A Z& 31 proteaseE A H I 0
€ proteaseo] ¥ FF2 88 ALL HE FHUE ¥
A wele) #77) g8 88 YehdohFig 1), Fi
brin-plasminogen B Wl 2 A FAH 8FFF TF 13

S5 2 Table 20 A

Fig 1. Bovine fibrin agar plate. Clear zones with diffuse mar-
gins around test strains are due to protease production.

Fig 2. Bovine fibrin-dog plasminogen agar plate with plasmin
inhibitor paper strip. Two plasmin zones(stain 1 and 7)
with sharp margins which are inhibited by plasmin inhibitor
are shown. Protease zones in plasmin zones of these two
strains are also visible.

7“}"] A7t HestHA 4dg FHAE YE L 9l

o] 2739 W plasmin inhibitore] &} 9

31] A 2|7} B2 o2 M (Fig 2) staphylokinaseAl A A
TFgol &E + YA

dojz e g 1059 FATF ol EDTAY Hj

HeHREEE 25 AFRE Table 3o)H9 2o

EDTAY 0.1% $E& TAFF ¢&d 4%& FUn

Table 3. Growth of Staph hyicus subsp. hyicus on wypticase
soy agar containing various concentrations of

EDTA
. EDTA® concentration(%)
Strain
0.05 0.07 0.1 0.3

N 12 +4e° et ++
N 15 o et ++
N 16 4 4+ ++
N 38 4+ s ++
A5 . e+ -+
R 17 et o +
R9 ot Jrane. +
R 30 e+t +++ ++
CK 6 4+ e +4+
E1l e 4+ +

EDTA(d.lSOdlllm salt, Sigma).
® Symbols : +++, good growth ; ++, moderate growth ; +,
poor growth ; -, no growth.
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Fig 3. Bovine fibrin-dog plasminogen agar plate containing 0.
07% EDTA with plasmin inhibitor paper strip. Four plasmin
zones which are inhibited by plasmin inhibitor are well
shown after inhibition of protease.

Fig 4. Bovine fibrin-dog plasminogen agar plate with 5%
EDTA paper strip. Plasmin zones produced by 4 sta-
phylokinase-positive strains(strain 1, 3, 4 and 7). Protease ef-
fects are strongly inhibited. Plasmin zones in wide zones pro-
duced by protease are shown(strain 3 and 4).

B AR e e FFd g Folg By 2y
007%4 FEAME A FAFF 5T HSAHE

Az Y2 A FEIYE 2po]7} AAHHA FE
zgzﬁc}. EDTAZ 007% SA 37§ fibrin-plasmi-
nogen 3 Sl X o] & protease] B4 Z8HA oA

of et FAE 8FFF 4T FAM(Fig 39 #F 1,3, 4
2 7) AA} 4EHHA GAT FEY £8o] B
53 o)E 4759 £l plasmin inhibitor2 A}
&} soy bean trypsin inhibitorol] 93] W& A Fo] #
#5]o] staphylokinase A4 FAHFF Yol &2 + Y
9.

Fibrin-plasminogen % Buh x| Adoll 4] 5% EDTA &9
AN Ao H4of ©hE FHE KB H(Fig 4) E4E o
# U7} EDTAY 93] protease &410] A5 1 protease
o 93] 71el 9 A 9IH plasmin zone(Fig 49} F3F 3¢ 4)
ol 4A #2¥ + AU

EDTA #7} 2 F 3 7Hibrin-plasminogen 3 #u] x| & A}
23t HA, § 28 A Staph hyicus subsp. hy-
icus®] staphylokinase A+ 58 ZAAMEH Z 3= Table 49|
Aot g ojg FATFF dH AFHY FAME
staphylokinase FAje] AAHA gt chet HAFf
FFAA o] T2 AL FEY F AN HAFY
FFA A EDTAE H7hetA] @& S oz E
40%9] T3 qto] staphylokinase AHA ¥Al 02 ElG O
L} EDTAS)] ]3] protease 2H-&3 AR A| 7o ut} o] &
29 ANFFY AMLL 81.3%E A FAHUY. F
g 259 1473FF 120FE EDTAC] 94 A
g2 e F& HRA83 zoned FAHAUL ol
zone-< plasmin inhibitore] & &S W] &gt

H71d o2 EDTAE 713} fibrin-plasminogen 3 %)

Ag 439 229 Q2R Red =TT

Table 4. Staphylokinase test results obtained with Staph hy-
icus subsp. hyicus of swine, poultry and bovine ori-
gin on fibrin-dog plasminogen plates with and

without EDTA
No (%) of positive strains
No of detected on medium® containing
Origin strains  0.1% bovmc 0.1% bovine fibrinogen
tested Oﬁ;Zn;()ggcn 0.5% dog plasma
plasma 0.07% EDTA®
Discased pig strains 9 4(44.5) 8(88.9)
Healthy pig strains 71 28(39.4) 57(80.3)
Avian strains 134 0 0
Bovine strains 14 0 0

Trvpncase soy agar (BBL) was used as nutrient base.
® Bovine fibrinogen (fraction 1, type 1-S, Sigma).
¢ EDTA (disodium salt, ngma)
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9] T Z FF A X staphylokinased] A AW EE #A}3}
AE viTable 5) TAIE 9FFF 2T FAAMT o] 549
5o AAH ). AAVS Staph aureus?) 74.2% TF
7} 218 3 Staph xylosus®] 25% 7} staphylokinase A
A FHoE Yetgrt

Table 5. Occurrence of staphylokinase in Staphylococcus
species isolated from bovine mastitis®

Species® No. of strains  No. of strains .
pecics L %
tested positive

Staph aureus 105 78 74.2

Staph simulans 55 0 0

Staph hyicus subsp. 53 0 0
chromogenes

Stapi;t hyicus subsp. 14 0 0
yicus

Staph xylosus 12 3 25.0

Staph sciuri 9 0 0

Staph epidermidis 5 0 0

Staph haemolyticus 5 0 0

Staph lentus 1 0 0

* Test for staphylokinase production was performed on bovine
fibrin-dog plasminogen plates with 0.07% EDTA and
plasmin inhibitor was also used here.

® Staphylococcus species were identified by the API STAPH
system and conventional biochemical tests.

n &

& A3t A U fibrin-plasminogen ¥ Tl A & A& 8}
of Tx7P7 staphylokinase AT HAFE Tl
9lo} iFE e FAAHCEE potase EHZHE sta-
phylokinase &4-& FWals Zolm of ALdE soy
bean trypsin inhibitor®} -2 plasmin inhibitorE & & &
o2 o] Zbsd A & Ao 28y ofd FF
)M proteasec] & HFAHE W& zone T sta-
phylokinase zoned] #9lo] ofHA H1 o]y A4S
Staph hyicus subsp. hyicus$} 28 733t protease €44 1}
Bl T2 FdY 4F TFAX £38 YeA "ok
o] Ao A Staph hyicus subsp. hyicus?] protease BA] &
AMAANZD BHOZ protease F4 AAAZ ¢z o
E 2% EDTAZ M9 3}d fibrin-plasminogen ¥ 9u) 2] of
007%9 =7t HA A7t Ed v FFA 5o
gL F2| FOoWA poteased EFHOZ AHAAZ

o) wa} staphylokinase zone-& go]3tA #&E - Qe
A} AHE A4S F AR 281 5% EDTA £

do] Ha 377 Lo Wie] oM E protease zone
o] &2 8} staphylokinase zone2 =3 7 E A A4
e A

Drapeau et al °& Staph aureus V8 757+ 2+Al g pro-
teaseE A A BtT 7 BAL XA R adto] Qo di-
isopropyl fluorophosphatesl] & &j A= 1 &AJo] x| H1}
EDTAY] &&= H&S ¥x tvhy a1 H
Arvidson ef al **'& 5 FFE Mgk 3% 72 pro-
teaseZ 22| F A3 AL o] 5 protease 3& EDTA 7
A B4UE Busglh o Aol FAIS Staph hyicus
subsp. hyicus? % HAFHY A #5794 FHHY &
T2 A9d A ¥F= 007% EDTA A7} fibrin-plasmi-
nogen ¥ ujA oA protease B0l AMs AAHE
£ 5 o olg TFd o AAE protease Ar-
vidson®'ol] ©]8) 25 ¥ Staph aureus®] protease 30 33
e Aoz dadd. 2y FAT 259 779 o
H¥o| A= EDTAY 93] AA A & & & §&
protease zoned] PA S B = o} B wa} o] #F
o] protease E4& h2A eSO U plasmin inhibitor
o] A& 9fs)A staphylokinasedt= 72 F YA
#1 Takeuchi ef al " A 4Z2HEFY HZdz B
B %2 3} Staph hyicus subsp. hyicus No. 111 52| & 4]
¥ protease = EDTAS) o)&) =1 &4 o} A3tA dAE L
H23g vt gl

EHAEAM 42 EHFG o] TE g Ed A
% &3] B E7|E 8 Staph hyicus subsp. hyicus= £
glgle] et #Ftel B7hA BN FRE AolE
Bo F3 glch Phillipse} Kloos™ ag3
Takeuchi et al ¢ protein A AHAo] Ha} A%# FFo
Mo B gn gt g4 FFodA F2dL 8
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TFE 44 998 TN ey 84 &%
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FAXE SR FFEHE Kolg 235 YEhY
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, Hoover et al**
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el F9% #2471 8 98 222 Alrdrh
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F Ut o] HM FAH T2 T o8 FEF
staphylokinase At & £ F3 9 gFo A g 84 5 of
&5 Q. Staph aureuss 742%9) TF7} o] 49
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79 972 Z Staph aureus®} 74.2% T3} Staph xylosus
9] 25% 77} staphylokinase %4 0.2 BA H Y}
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