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Purification and Characterization of Extracellular Proteinase

Produced by Pseudomonas aeruginosa
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ABSTRACT: A serine proteinase of molecular weight 60 kd was purified from culture
supernatant of P. aeruginosa using DEAE-Trisacryl M ion-exchange and AcA 54 gel filtration
column chromatography, and the properties of serine proteinase were characterized. By means
of SDS-polyacrylamide gel electrophoresis, the molecular weight of the enzyme was 55 kd. The
optimal pH for the activity of purified enzyme was 7.5. The activity of the purified enzyme
was completely inhibited by Di-isopropylfluorophosphate(DFP) and N-a-p-tosyl-L-lysine choloro-
methyl ketone(TLCK) but not by other proteinase inhibitors such as E-64, pepstatin A, 1,10-
phenanthroline. The purified enzyme was capable of degrading type I and type IV collagen.
Antisera obtained from humans infected with Pseudomonas aeruginosa - reacted to the purified
serine proteinase in immunoblots. These results indicate that the purified enzyme is trypsin-like
serine proteinase and this enzyme of P. aeruginosa may play an important role in tissue damage
as a spreading factor and may be useful for serodiagnosis of Pseudomonas infections.
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P. aeruginosa(=5)7F #ulsls B #
A7EA R AAE o Psjise el
metallo proteinase® ©] 52 E4J-2 alkaline pHell
&A% el = alkaline proteinase©] I(Morihara
et al, 1973; Cryz and Iglewski. 1980). 72| zx=] 9]
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FA89l  collagen® Fslsk=  collagenolytic
enzymeo]™(Carrick and Berk, 1975: Louis et al.,
1986) 22| elasting ¥l s= elastase 5o XL
= ¢JtMorihara, 1964; Gerald er al.. 1966: Schultz
and Miller, 1974; Ian and Constantine, 1979; Zena

et al., 1982: Jacquot er al. 1985).
AFEo] BAske #H]E Fol metallo prote-

inase$} cysteine proteinase(Potempa er al.. 1988)=
EA) a0k, e oFe] serine proteinase”} E3HE o]
9Ji, ©]& serine protenasex alkaline serine
proteinase ¥+ neutral serine proteinase?] HEj 2
ZA8}s, o]5 A4+t elastin?} collagend #3) 3}
9ot R wslgdriDancer and Mandelstm, 1975;
Markaryan et al, 1980: Chung and Goldberg,
1983). 2&2)v} P. aeruginosa’} #-nldh= whdal B
&) & Aaol4] serine proteinase® AL, o5 &
4o Ashshd 548 9BY wae opd WA
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ZEdch

B AF+= P aeruginosa®]l A EoA] serine
proteinaseE T 2] AAFE fie] AY3}sA
EA, collagen®] ¥l o &4 chilzle) ghlge
FaAsld 7)o ®agch

e Ny

1) TF i A =54 FE

Psudomonas aeruginosa(CUCC 90-9)& zabed 3}
AZFE st Eejd 45 100 m/e] £
Zo)| glucose(2.0 gm), polypeptone(0.5 gm), NaCl(0.
5 gm), CaCLy(0.056 gm). K;HPOL0.1 gm) 52 %
A&k wix| (pH 6.8)ell A wHeksleitiMorihara,
1964; Nigam er al.. 1981). 28] whil ] Bsfg i
AL 93 25 g4 AAulE 100 miol 7 i
o 1 ml HEste 37c2 AHE shaking water
bathel| 4 482|7F zledej oFshgi ).

ZHR(crude extract)ye= WE P aeruginosa I
As WE AalEel7] (6.000gX10 min, 4C)%}
metricel membrane filter(0.2 ym., Gelman Science)
E AHgste] #AE sbAE] Al A 28T o) E
vl ool -2 90% ammonium sulfate 2 A, 5&8}o]
FREALR ARE3R
2) Eagdr 53 9 J|13ME MY

4 AT A2 Rege(1989)59 wyjoz A
Al&hed=d). A4 10 w#) culture tubeol] @, whad 2l
el aAe] Azt FgA71Ael amino fluorescent
carboxyl terminal leaving group(AFC)e] Z3gtsl
carbobenzoxy-arginyl-arginyl-7-amino-4-trifluro-
methylcomarin(CBZ-arg-arg-AFC) X<=carboben-
zoxyphenylalanyl-arginyl-7-amino-4-trifluro-
methylcomarin(CBZ-phe-arg-AFC; Enzyme Sys-
tem Products, Livermore CA)E 10 p(10 gy d]
A geko] 500 W =EE 02 M Tris-HCI buffer
(pH 7.5)% A71sldch ejx 2 &8l opg 37CE
A= incaubatorol A 3087 ¥FSAIZl 3 F A4
SYEE FEIG. A0 g-HEE Tuner
flourometer Model 11l (Tuner seqioa Co. CA)E
Abgslo]l )" AFC (excitation wavelengh 400
nm; emission wavelengh 505 nm)FS 33 3}ed
Abstodct ol 4 FAE ej(unin)E AA s
ol&) AFCE AF8-3le] EFE=141 (standard curve)S
21438191 tHunit=n mole AFC/hr - m/).

FAEA Ao g 71 HS Adsly] ¢ =&
Zoll MR} A 71"l CBZ-arg-arg-AFCe} CBZ-
phe-arg-AFC-& 7t7} 2h8-A1A EAo] A Jehd
7135 S5 & ARg-sheich
3) =X pH

AAE G4 v]xE pHEl odgke A3l 2
ekEgalel pHE 30014 1007F4] 059 714z
HEA7|m A Jae] $A4S sk old pHE
3.0014 4.07b21= 0.2 M sodium citrate bufferg-
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pH 40014 pH 5072+ 0.2 M sodium acetate
buffers, pH 50914 pH 7.57}*]+& 0.2 M sodium
phosphate buffers, pH 7.5914 pH 9.07}x]+ 0.2
M Tris-HCI buffer 2283 pH 9.5¢l14] pH 10.07}
2]+ 0.2 M sodium carbonate bufferg 7}z x}-4-
ko] B4 84S SAsAY oy Y w2 &
A& Bol pHE 49 #HA pHE AAsch
4) chHE Bellgae| HA|

(1) Ion-exchange chromatography.

ZEARNE A Bal E4E HAs]) 9s)
20 mM Tris-HCI buffer (pH 8.0)2 Z&AE FA43F
o T Fgd o 335l DEAE-Trisacryl M
column (2.6 X 15 cm)ol] E3A|H} oju F2s o
WAL 0.0 Mol A 0.5 M7EA] NaCl “5%-7-#8) (linear
salt gradient)® §-Z&tich 2t £ cila] ofe
2 280 nmE  TAHE  spectrophotometer
(Shimadzu, Japan)2 Z#3 o1& A4 FAEE
Zxstodeh. oldl BAo] ¥A vehd FHSE 4
A3t ¥5 Z37] (EYELA Freeze Dryer FD-)Z
gk Te3 o5 the AARAY A2
AHg-stsic,

F5 AHAE A8+ 20 mM sodium phosphate
buffer(pH 6.8)% 743 F 5o 5gdeoz o
¥ DEAE-Trisacryl M column(2.6X12 cm)el
e §3 4170 O B S a2 4 A ol
unbinding proteins A A3}, 0 MolA 0.5 M7}#]
NaClZ FE7HE Fo] F35 hias 8547
o}

(2) AcA 54 gel filtration column chromato-
graphy.

Ion-exchange column chromatography& A14] 3}k
o] HB AR A8 02 uM Tris-HCI buffer(pH
152 FA43 F B S5EdoR H3¥H Ulrogel
AcA 54 gel filtration column(1.6X50 ¢cm; LKB)el|
FAAIA AHA sk

A G TAERE FEsty) Ja) ek FdE
Z79] columnel] standard marker protein(bovine
serum albumin: 66.000. ovalbumin; 43,000, chymo-
trypsinogen; 25,000, ribonuclease A; 13,000
Pharmacia)s %319 3 FEF2Al(standard
curve)yS 2HAAskAch zejar & F Aol M
& 39 Kav g AHAsled o]ES] RAlEkE
AA skt
5) chilE F

Za A0} 7 AA oA A B wh Ak Lowry
et al (1951)8) wpyel whe} AH=Feiqdch old #F
b A 2 bovine serum albumin(10-70 ug: Sigma)
& ARg-EksT)

6) Sodium dodecyl sulfate-polyacylamide gel
eletrophoesis(SDS-PAGE)

ZEAE 72 A gAE g AA S HE
vl #2817] $18) Laemmli(1970) WS oFzh
#slo] AAlstdr). 2 0.1% SDS9 0375 M Tris-
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HCI buffer(pH 8.8) 2] polyacrylamided] %
€ 7.5%N4 125%77] Tl g & gel & AH4-3lgich
sample buffer= 2% SDS, 0.125 M Tris-HCI buffer
(pH 6.8), 2% 2-mercaptoethanol, 20% glycerol %
g]3 0.01% bromphenol blueE EFA|A 7+ AA|
A gt FEFoR Egsie 95CelA 387
TR F 25 mAR 1AE AFE o 447 ot
H714F stsdch

gl #AERE AHdsly] $93led standard
marker protein (phosphorylase B; 94,000, bovine
serum albumin; 67,000, ovalbumin; 43,000,
carbonic anhydrase; 30,000, trypsin inhibitor; 20,
100, e-lactalbumin; 14,400: Parmacia)g 7+& =
Astely A7 Fahe] o5 Al olEAe
(relative mobility; Rf)E 4AH&E3sldon, oj7deg &
F3FA(standard curve) 2HAEla AHAE #49
Rf && d-&A1A EAb=ks AbAsldo)

7) EHIE &20f cist Amelxie| &}

A el 2xKinhibitor)7} EA#A e nlx& axp=
B3] f8 LAY A QAE AbLshe] FAe
24& FA3ACk ol AAAAE HrleiA] e
2T BAEE 100%2 312, 3 ke} uk-gA)
A vehd A2 EE vasn} 48" AHQ
2}e] FH+= serine proteinase?] JA|Ql=A}]l diiso-
propylfluorophosphate(DFP 10~* M; Sigma)N-a-
p-tosyl-L-lysine chloromethyl ketone(TLCK 10°*
M. Sigma), N-tosyl-L-phenylalanine chloromethyl
ketone(TPCK 107* M: Sigma) <. cysteine
proteinase®] <JA|<IAFel  L-trans-epoxysuccinyl-
leucyl-amide (4-guanidino) butan(E-64 10° M:
Enzyme System Product, Livermore; CA),
iodoacetic acid(l mM Wha Kwang Lab.Japan),
N-ethylmaleimide(NEM 10 mM; Sigma) £&.
metallo proteinase®] J#|q12}4] ethylene diamine-
tetraacetic acid(EDTA 10 mM; Yakuri CO.
Japan), 1.10-phenanthroline(10”™* Sigma) %<
aspartic proteinase®] <]z}l pepstatin A(10°°
M: Penisula Lab.. INC, CA)E 7}7} Ap&3)gic)
28]3 serine®} cysteine proteinase®] ub o3z ql
214l leupeptin(10™° M: Penisula Lab.. INC.. CA)&
AHg-3kel o).

8) Collagen #3ls &

BAE &40 collagen Hsll5L sty 93
AAE & 20 w (1.3 pg)ell collagen Type I(calf
skin, Sigma)# collagen Type IV (Human
placenta. Sigma)& 7hz} 80 ug¥ E§sle] 37T
incubatorell zt7} 24, 48, 72417} wbeA|Zc) 783
°]52 Laemmli(1970) ol wa} dr)edzs &
coomassie brilliant blue R-2500.2 o] 4l &lo]
collagen®] 3 el 5 yasloic) Ojz2Le Ha"
faE Hrshz] oka collagengte AF&8ksdc)
9) g3y &

Faaeh GAY Ao FUHS xasl] s
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Towbin et al (1979)8] uhgel we} #asigct =
axe AHARYD BAE AVYEF F transfer
electrophoresis unitg& ©]-8-3}3 80 voltoll4] 347t
&<t nitrocellulose membrane(NCM)el| transfers}
gt 28] NCM2 1847} E2t blocking buffer(3
% skim milk in PBS. containing 0.05% Tween 20)
2 blocking3dldt}. °1S& P aeruginosadl| 73
2} ¥ H(primary antibody)3} blocking buffers
1:1002.2 3]43}e] 37Ce A 24|7F w+-$-A13c) B
$°] ¢ NCM secondary antibody?! horsera-
dish peroxidase (HRP)-conjugated goat anti-
human Ig2} blocking bufferS 1:10002.2 3] 5}
37CAA 2417F ¥REAIACk 2ElE 005% 33-
diaminobenzidine(DAB; Sigma)$} 0.001% hydro-
gen peroxide(H,0,)¢] ¥3% PBSE 5-158 ¥
HRSAIA A4S #]lEgT) o) AAkqle S
HETOE AME3te] vlm Pl

2

1) 713 M= AE

Za4n9t §4713 el CBZ-phe-arg-AFC¢} CBZ-
arg-arg-AFC®] S =& v]w3t A3} Table 14
B upe} zo] zaio &4 CBZ-arg-arg-AFC
7} CBZ-phe-arg-AFC Ht} <F 13 ¥& A4S
2ok 28l2R aso #yE EAs7] Y3 7]
A8 CBZ-arg-arg-AFCE AAs}oc).
2) == pH

45842 pHE dA 7HHo 2 WA AA)
" 5o 48 34 A3 pH 65478 &Ao)
Z7}4sl7) Alzbsled pH 7.5014 o] &AL 1}e}
Wew, pH 8.0 oAbl = Ao F43) s}
(Fig. 1).
3) A Fsligae| HA|

zZ238.45 DEAE-Trisacryl M column chromato-
graphy(12h 5 AA]gte] 7} %-3o) i defs) &2
BAS SA A 529 FAo] 23 57-680 4
A vehd ol $Y 58 F3sle] wZslckFig
2). z2g3x oA DEAE-Trisacryl M column
chromatography(Rxh-& AA|sled&=d], &4e 34
o £33 68-78l4 EA e} ] o] FA.
53t obg AAY AlEE AgslgicHdata not
shown ). ZE3F o] 5 F& HAH A8+ AcA 54 gel
filtration column chromatography(3xh& AlA]3tgd

Table 1. Acuvity of the extracellular proteinase of

Pseudomonas  aeruginosa  against  synthetic

substrate.

Substrate Activity*
CBZ-phe-arg-AFC 2,720
CBZ-arg-arg-AFC 36,650
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=, 2 Adt B GAdo] £ 233} 24914 FA)
velgedl, ol EHES 53] EE AY9

A5 2 AM-3lgch

2o gYo] & #8 F M & 248 ¥
238 o] B35S BFEFA A4q A o] A9
Baleke oF 60 Kdo|sithFig 3).
4) HH| SAE HHT H=

7+ AA A 3 o A(total protein), F FAHE
(total activity), ®B] 4 E(specific activity) 3! HA%
(purification fold)& 4F&3F A= Table 204
B wpeh et

100

Relative activity (%)

> 1 i A

45 55 65 15 8.5 9.5
pH

Fig. 1. Relative activity of the serine proteinase of P.
aeruginosa different pH.

40r

Absorbance 280nm
[and
(=)
1§

-
L i L’
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FAEA0 F Al 306 mgeleyt FHE AA
A ol Ultrogel AcA 545 713 72 00612 mgo.2
A Fa=EAct F =N ZEAE 604,800
unite]gl o} HAE &4 41,5044 unit2 GA]
aE ok 28y B|8AECA 285 4E 19765
unit/mgelglevt AAE A4+ 678,176.5 unit/mg2
aA etk o] A AR ZEhe TE Ao
v]a] 34310 AA= ]}

5) HHIE g0 S H

7t A A Alge] A AdE fEkr 2
(Fig. 4), A A(lane B)E= A 77holl A % o
ul Al bandEo] vrelytar, 12k DEAE-Trisacryl Mg
E3474 BE AAE A8(lane Oy I 7} 28
Zxo}h ZFasEdch =g 27"} DEAE-Trisacryl M2
B3 A1A B AAG Alge AR 22 9l
bandge] 13 AAH Aaxc dAF FFage] #
=g (lane D), 3F AAAIQ] ultrogel AcA 54
£ #A Alg(lane E)e w sl <A bandr}
veht 547 £ AAEASS 3 U9k
e 7] ME‘AJ")“"] T AAE 549 A
Ab23F A3} 55 KdolthFig. 4).

6) m|eIXKinhibitor)e| &n}

7“*]54 Aae oz F7o JAUIAE AHEA1A

A4 S AT Z3) Table 304 B ule}
7t} cysteine proteinase®] 5o A=} (specific
inhibitor)?] E-64. iodoacetic acid ¥ NEMe| A&
o) FAdo] AL AAFA] ¥kt 22] aspartic
proteinase2] Eo] dA|edAll  pepstatin A9}t
metallo proteinase®] d¥t AA|¢1zlel EDTA 2 I,
10-phenanthrolinedl| A& o] 72| JA=A ¢

100

3
Relative activity(%)

‘10 20 30 40

Fraction number

Fig. 2. First DEAE-Trisacryl M ion-exchange column(2.6 X 15 cm) chromatography of crude extract in 20 mii

Tris-HCI buffer pH 8.0.

Fractions(F. No.) were assayed for activity with CBZ-arg-arg-AFC (@) and monitored for protein
content(C) absorbance at 280 nm. Bar indicated pooled fractions containing proteolytic enzyme

activity.
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Fig. 3. Ultrogel AcA 64 molecular sieve column chromatography of proteinase.

P. aeruginosa proteinase prepared by Ist and 2nd DEAE-Trisacryl M ion-exchange column
chromatography were further purified by ultrogel AcA 54 gel filtration. The insert shows a calibration
standard curve of the column using proteins of known molecular weight (BSA.. 66.000: Ovalbumin.
43.000: Chymotrypsinogen. 25.000: Ribonuclease A. 13.700); the peak of activity as indicated(p).
Symbols are as in Fig. 2.

Table 2. Summary of purification of the extracellular proteinase in Pseudomonas aeruginosa

Step Total protein Total activity Specific activity Purification Recovery
(mg) (unit)* (unit/mg) fold (%)
Crude extract 306.00 604,800 1.976.5 1.0 100.0
Ist DEAE-Trisacryl M 31.54 313,728 9.947.0 5.0 519
2nd DEAE-Trisacryl M 448 291,102 64.978.1 329 48.1
Ultrogen AcA 54 0.061 41.504 678.176.5 343.1 6.9

stk 22} serine proteinase®] Eo) ozl Qlxtel
DFPell A= &Ao] kA3 oJAEgleny, =gt
trypsin-like serine proteinase?] j#l]ql#}lel TLCK
N Hx gdo] A9 oAl whH chymotrypsin-like
serine proteinase®] A|lx}e) TPCKollA] A&
b A3 el skl 283 serine
proteinase®} cysteine proteinased] UubH3) oI
Akl leupeptindll = &Ado] A=) o] 4k
AIES FTgshd HAY E4E trypsin-like serine
proteinase & & =

7) Collagen2dlls &t

A= A7) collagen Type 13} IVE &8 4
= 7S g A3k A" 24 collagen Type
I(lane A, B, C and D)3} IV(lane E., F. G and
H)®| a, p-componentE A3 Esfjsle] ANzZe
3422 band (I, 11, )7} 354kl Fasgdc).
ol4e]  ZHx= AW trypsin-like  serine
proteinase= collagen®] triple-helical regionz}
non-helical region®] peptide bond& &
ok A 7= elFig. 5).

8) &aly mi

P. aeruginosa} ¥8|3l= 2854 9 AHA"H 549
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A B C D F

94.0
67.0

43.0

30.0

Fig. 4. 7.6%-12.5% gradient SDS-PAGE analysis of

P. aeruginosa proteinase at various stages of
purification.
Lane B. crude extract; Lane C, active peak
from Ist DEAE-Trisacryl M : Lane D, active
peak from 2nd DEAE-Trisacryl M: Lane E,
active peak from Ultrogel AcA 54; Lane A.
molecular weight protein markers: phosphor-
ylase B(94.000), bovine serum albumin(67,
000). ovalbumin(4113.000). carbonic anhyd-
rase (30,000), trypsin inhibitor(20.100) and a-
lactalbumin(14.400). Arrow indicated purified
enzyme.

A BCDEFGH

B Chain -
a Chain—~ |
Product 1

Product 1 Product 11

Product 111
Product 11

Product I

Fig. 5. Collagenolysis of type | and IV by the purified

enzyme. Collagen type | and IV were incubated
at 37C with a serine proteinase purified from
P. aeruginosa.
Lane A. collagen type I control: Lane B-D.
incubated for 24. 48 72 hrs. with collagen
type I: LaneE. collagen type 1V control: Lane
F-H, incubated for 24. 48. 72hrs. with collagen
IV.  Degradation is indicated by the
disappearance of band(arrow) from 7.5%-12.5
% SDS-PAGE.

KOR. JOUR. MICROBIOL

Table 3. Effects of various inhibitors on the activity of
purified extracellular proteiase from Pseudo-
monase aeruginosa

o % Relative

Inhibitors activity*

None 100.0

E-64(1107° M) 1247

lodoacetic acid(l mM) 118.5

N-ethylmaleimide(NEM: 10 mM) 122.6

Pepstatin A(107° M) 126.7

Ethylenediaminetetra- 136.0

acetic acid(EDTA: 10 mM)
1.10-phenanthroline(l1 mM) 88.7
Diisopropylflourophosphate 1.5

(DFP; 107* M)

TLC(107* M) 35

TPCK(10 * M) 144.3

Leupeptin(10 * M) 39.2

The concentration of inhibitors tested is shown in
parenthese.

*The activity against CBZ-arg-arg-AFC substrate in
the absence of inhibitor was taken as 100%.

E-64: L-trans-epoxysuccinyl-leucylamide(4-guanidio)

butane.
TLCK:
TPCK:

Fig. 6.

N-tosyl-L-phenylalanine chloromethyl ketone.
N-a-p-tosyl-L-lysine chloromethyl ketone.

ABCDEFG

94,0 -
67.0 —

43.0 —
300 —

20.1 —
144 —

Immunoblot analysis of crude extract and
purified serine proteinase from P. aeruginosa
under denaturating conditions. 7.6%-1 2.6%
polyacrylamide gel electrophoresis and  elec-
trophoretic  transfer of crude extract and
purified  proteinase onto nitrocellulose
membrane was performed as described in
Materials and Methods.

Lane B-D. h uman antiserum infected P.
aeruginosa  with  crude  extract  from P,
aerugitiosa: Lane E-G. human antiserum
infected P. aeruginosa with purified enzyme:
Lane A. normal human serum. Molecular
weight  standards are indicated. Arrow
indicated purified enzyme.
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FAAHS A% A5}, 284 F-F(lane B, C and
D)yl A= & B2 dd4& 2= bandd #EE &
lglem, E3] Fxpsk 55 Kd F-9lol4 713 a3t
FHAAS Bodh 28l &5 HA" 5o B3
(lane E, F and G)ollAx 7133 3kAdo] 33ts
ot 2eEE A" S4e 55 Aveld 7
FUAL 23 e AeE A4HKFig 6).

= 9

P. aeruginosa®) extracellular proteinaseol] &
917+ Morihara (1963)e] 2J3] xS 2 A=y
o, 2 F o7 At o hid Eaaio
EAe| B3 A7t A= girt

P. aeruginosa®] A Fa|E ik i
ool Fxo} wix|o] H3 Aol web S ¥
Edl(Bjorn et al, 1979; Cryz and Iglewski, 1980),
E3] 4 wiAlelA Ca™” iond &4 A4l I
>l 7leg ¥ustchWillson, 1930). ¥ T
ol A% ufz|ol CaCly0.056 gm/liter)& H7}sl=z
ael Aol A3 Ae® depbgrHdata not
shown).

P. aeruginosas| ] A ¥ elastase®] #A pHe
8.0olwj(Morihara, 1964), alkaline proteinase2] 2%
pH: 10022 B33 vl it} (Morihara et al.
1973). 22} 2 Aol A A= trypsin-like serine
proteinase®] #A pH+ 7.52 viepych a8l &
AeF = elastase=  39.5 Kdeo]al, alkaline
proteinaset 48 Kdo|glor}, 2 A4 H7ed%
Aol vleld trypsin-like serine proteinase®] ¥-3}
e 55 Kde g vepdr}. 28BR o)F aLnEd
1 EAe] o Aer Azxich

P. cepacia, P. fragi, P. fluorescens 5|4 metallo

X_-l

Pseudomonas  acruginosa 7} F-8|dl= F-v]Bol|x DEAE-Trisacryl
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proteinased XA s 259 EAL Huslelc)
(Porzio and Pearson. 1975; Fairbair and Law,
1986; Makevitt et al., 1989). 2] 12 Morihara(1964)
7} P. aeruginosa*l A A whdAd Ralair:e
serine proteinase®] 5o] JA|elzlel DFPel|] &4
3kijo] A= #] ¢kov metallo proteinased] Uub
o} Al ¢1#}4l 1.10-penanthroline®} EDTA¢]| oA 5+
metallo proteinase & A3} o]E &HAo BAS
R st Kessler ef al., 1982; Zena et al., 1982).

B Ao Be AHA®  &A4E serine
proteinase®] o] A|qlxtel DFP9} trypsin-like
serine proteinase®] 5o] A glx}ql TLCKe 23]
2ol Aol gAs] oA AAE Aae
trypsin-like serine proteinase2 %4 =it}

P aeruginosaol Al  AAE  trypsin-like serine
proteinase”} ZAAZ2 AE F collagend &g
T e 7HE TEAR H 23 74 AR 454
collagen Type I3} basement membrane2] & A
4 Type IVE 25 E&ld 4 sle Aol iy
gk ole} e AsbE P oaeruginosadl A Eu| 5=
alkaline proteinase®] 543 722 oFAe vt}
(Gerald et al.. 1966; Carrick and Berk, 1975; Zena
et al., 1982; Louis er al., 1986). ZL2] 2.2 o] & A|HFo|
Hu)she oje] B4 7}3-dl alkaline proteinase®}
trypsin-like serine proteinase+= collagen-& +-3i3}
o] o7 FAe #HAd-E doie dgle] Hox
A7,

=3 AAF trypsine-like serine proteinaset
ol 733k dglAdo] 3)8-& immunoblot Aol 4
A £ oldok o9t e HI= Makevitt 5
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