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— Abstract

Background : Human 92-kD type IV collagenase(gelatinase B), a family of matrix metalloproteinases(MMP), is involved
in the remodeling of connective tissue as well as in disease states associated with acute and chronic inflammation or

tumoral metastatic processes.

Methods : To investigate the pharmacological and enzymatic characteristics of human neutrophil type IV collagenase,
the enzyme was extracted from human neutrophils and purified by a combination of Ultrogel AcA 54 gel filtration

and Bio-Rex 70 ion exchange chromatographies.
Results :

The Purified enzyme showed a single band of molecular weight: 92-kD on the sodium dodecyl

sulfate-polyacryl amide gel electrophoresis(SDS-PAGE). Human neutrophil type IV collagenase degraded gelatin at the
specific cleavage site, but did not affect intact type I collagen. Human 92-kD type IV collagenase was activated by
aminophenylmercuric acetate and molecular conformation was changed at the disulfide bond finger site.

Conclusion : Human 92-kD type IV collagenase was inhibited by tetracycline, de-dimethylaminotetracycline and

pepstatin A, an inhibitor of aspartic proteinase,

E-64, an inhibitor of cysteine proteinase and leupeptin, an inhibitor of cystein and serine proteinase had no inhibitory

effect on human 92-kD type IV collagenase activity.

Key words : KEY WORDS: Gelatinase B, Ultrogel AcA 54, Bio-Rex 70, Pepstatin A, Tetracycline.
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Ultrogel AcA 54+ LKBAKUppsala, Sweden), Bio-Rex 70
S BioRadAHHercules, Calif. USA),
aminophenylmercuric  acetate(APMA),

albumine, ethylenediaminetetraacetic acid(EDTA), ethylene

sodium acetate,

bovine  serum
glycol-bis( A -amino ethyl ether) N,N,N' N’ -tetraacetic
acid(EGTA),
n-succinyl-ala-ala-ala-p-nitroanilide(SANA),

tetracycline, Brij 35,

n-succinyl-ala-ala-pro-phe-p-nitroanilide(SAPNA), Tris
baseZ#] 32 calcium chloridex= SigmaA}(St. Louis, Mo.
USA), HMW and LMW electrophoresis calibration kits&=
PharmaciaAH(Brussels, Belgium), SDS-PAGE& A]¢F&
BioRadAF A EFS AHE3IRL 28] RE A EFS
A, el
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a. Leukocyte extract
TR 22CoﬂA1 200 g 2 3087 U4 Belste]
W FZS A3k o714 EelE #HEFE 1.5 M Nadl
7} 50 mM CaCl2H! 50 mM Tris-HClS- ¥38Fs8}37 pH 7.32.
2 ZFE"E &9 YoM HE EH7|(Polytron
Kinematica CH-6010, Kriens-Luzern, BrikmannAh) S ©]-&
ato] Hol £=eollA 15 & F<t 3 3] 43 F, 30,000
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b. Ultrogel AcA 54 gel filtration column chromatography

WYL FZES Tris-HA £9(50 mM Tris-HCl, 150
mM NaCl, 5 mM CaCl2 , 0.1% Brij 35, pH 7.3)°.2 3
H 2.5 x 100 cm Zo]9] Ultrogel AcA 54 columne AR
&l chromatography & Al tlet. olwf A3 £xe
4CE FA 39 48 8 ml/15 mino]aL 8 miE 1
oz slom 7 B3 gelating ¥o] 37CA 4
A7} &<t incubationA] A gelating: w4171 $ kg 4k
=& SDS-PAGEE st Aetdl #allso] e 282 &
dstion, detel Fafso] de TEYRE Ropa] e
F3] 9] 50 mM sodium acetate -&4(50 mM sodium acetate,
50 mM Tris-HCl pH 7.4, 2 mM CaCl2, 0.1% Brij 35)°.2
L1g XS o ZA Aol AHE-sk3

c. Bio-Rex 70 ion exchange chromatography
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cm)S 50 mM sodium acetate &2%(50 mM sodium acetate,
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S Rol PM 10 membranel. 2 ¥==A171 & 50 mM
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HF S FAAZ & oy Ao ARSE wj7kA] -20Ce
B ek
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2) Gel electrophoresis

SDS-PAGE®E Laemmli™”' 9] W o2 Agsiion o
HE o] A& oA 10% running gel#} 4% stacking gel-S A}
&3tk SDS-PAGE $-9] gel Coommassie 44 -84
(0.1% Coommassie brilliant blue R-250, 25% methanol,
10% acetic acid) ol A} 23°Coll A 3l F< FAA 2]
3 gl 2.ol(25% methanol, 10% acetic acid) 4] E20 A
A bandE 213}

3) 34 s A% oA AlE

25 g9 human 92-kD type IV collagenase®]
aminophenylmercuric acetate(APMA)9] HZ FZ7} 3
mMo] SIS 9e 37 Cold | A7 Fok A she]

A shrl It
o] FAMId gk HF ETE/ 2mMIEIES
tetracycline,  de-dimethylaminotetracycline(tetracycline 2]

‘A’ ring®] C4 91X 4] dimethylamino 717} A AEA),
N-acetyl-L-cysteine, E-64(trans-epoxysuccinyl-L-leucylamino
(4-guanidino) -butane), leupeptin (acetyl-leu- leu-arg-al),
pepstatin A (isovaleryl-val-val-sta- ala-sta)S Z}z} @31 37TC
oA 30 7+ ARIAZ] TR gelatin} 17417+ 52k 37Ce)
A WRAIZ] & SDS-PAGER. 718 9] #aff Aot vhe- At

E-2 control?} WA &4 BXHEE FHregch
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1. human 92-kD type IV collagenase®] ¥-A1F 23
A8 45 SDS-PAGESE A3} Fig. 19] lane 20149}
7ol 92-kDe] @Y bandE RIS 4 oW o] 2A
A 92,0000] H]€/d ZJEle] human 92-kD type IV
collagenase7} =7l | H A2 AT 5 AATH
lane G= 73.8 g ¢ A AIZ] type [ collagen© 24 E-=2}
F 124,0002 112,0009] F band& AT 5 SUATE

G 2 S

(94

(67

(43

Fig. 1 SDS-PAGE of purified enzyme. Lane G: denatured
type I collagen (@1, @2 chains of collagen molecule); lane
2: 200 pg of purified enzyme ; Lane S: standard molecular
markers (Pharmacia, LMW), 94 kD, 67 kD, 43 kD.
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2. APMAY 93] @A3}d human 92-kD type IV
collagenase®] ¥A} +29] W3}

AA)=E human 92-kD type IV collagenaseS 1.1 mg/ml=}
7.6 mgml FEE =59 o B34 AE 9] 7.6 mg/md
F=9] human 92-kD type IV collagenaseol] APMAE ¥
o FF T=7t 2 mMEEE tef 37Col|A] 2 A7 53t
43X A human 92-kD type IV collagenase®] 4}
Z = Raman spectroscopy 2 AN Ay Fg 2.9F 7+
tt.
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Fig. 2 Molecular conformational change of activated human
92-kD type IV collagenase by APMA. I: 22 pg of latent
human 92-kD type IV collagenase, II: 152 ug of latent human
92-kD type IV collagenase, III : 152 pg of activated human
92-kD type IV collagenase by APMA.

FE7F 11 mgml 91 13, FE7F 7.6 mgmlQl o] B8
A AFe) 2] human 92-kD type IV collagenase= I3+ 1,330
cm-19A 2z} 4, 0002} 6,000 cps?] 4 =S Ho|=H H]
A 119 FE7} 7.6 mgmlo] 3L APMAR EA3IA17] &
2] human 92-kD type IV collagenase™= 3}~ 1,330 cm-19]]
A 737} 1,500 cpsE ZHAE QT 3= 800 cm-194] A
2 peak7t YA EHATS & T AUtk o|2A 24 dH
9] human 92-kD type IV collagenaser= &M AEf 9]
human 92-kD type IV collagenase®l] H]3l] &*]3] t}=24)

1} TR WSS BAT F Ak

3. A2 43 9 = 9A a3

1) Tetracycline, de-dimethylaminotetracycline, NAC®l] ]
3+ 92-kD type IV collagenase®] &A% A Fig. 39] lane
204 HE miel 7ro] GA|S §A4F denatured type I
collagen(gelatin) 3} WH3-A]71 WS- 2HE-8 SDS-PAGEZ
B8 Az B4 124,000, 112,0009] gelatine] 3] =
o] E-2}5F 94,000, 92, 000, 67,000, 60,000, 43,000, 40,000,
30,0009] &3l AHEo] YEREO ™ lane 22 240 HE

57} 2 mMo] HEZ tetracycline S 22 lane 3941
E2H 94,000, 67,000, 60,000, 43,0002] & AHET B
R lane 29 27O HF FE7F 2 mMo| HEF
de-dimethylaminotetracycline e ¥ lane 40 ®X1&F
92,000, 67, 000, 60,000, 43,000, 30,0002] &3] A= 1
Atk lane 29 279 HF F=7F 2 mMo] HEE NAC
2 2L Jane SoA= B 94,000, 92,000, 67,000,
60,000, 43,000, 40,000, 30,0002] & AH&-o] LElytt)
whEba] 74249 Jane$ lane 29} Bl ste] B W lane 3, 49]
B FAo] FA3] JAHATS & F AJSH lane 5

AME T2 B AT GAUSS T F Ak
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Fig.3  Inhibition of 92-kD type IV collagenase by
tetracycline, de-dimethylaminotetracycline and NAC. Lane G:
16.5 pg of denatured type I collagen, lane 2~5: 16.5 pg of
denatured type I collagen (a1, @2 chains of collagen
molecule) were incubated with 2.5 pg of purified enzyme in
the presence of 2 mM tetracycline(lane 3), 2 mM
de-dimethylaminotetracycline (lane 4) and 2 mM  N-
acetyl-L- cysteine(lane 5) respectively, for 17 h at 37C.
Reaction products were separated on 10% polyacrylamide gel.
Molecular mass makers (Pharmacia, LMW) were run on a
separate tract of the same gel and are indicated by the arrow
( 94kD, 67 kD, 43 kD, 30 kD, 20.1 kD and 14.4 kD).

2) pepstatin A, E-64, leupeptin®l] €]+ 92-kD type IV
collagenase 2] A= A

Fig. 49] lane 204 Hi= ule} Zro] HASH a4
denatured type I collagen(gelatin) @} ¥Hg-A]Z1 ¥H-g- Al
= SDS-PAGE® #4 8 A3 A4 124,000, 11
gelatino] FEallxjo] Exp=F 04,000, 92, 000, 67,000,
60,000, 43,000, 40,000, 30,000¢] &3] Akzo] YElto ™
lane 2¢] A HFFE %7} 2 mMo] HEE pepstatin A
E Y& lane 39XE EAXE 94,000, 92,000, 67,000,

60,0009] B3 A=Y B3 lane 29] 2744 HE B
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Fig. 4 Inhibition of 92-kD type IV collagenase by
pepstatin A, E-64, and leupeptin.

Lane G:16.5 pg of denatured type I collagen, lane 2~5:
16.5 1g of denatured type I collagen (a1, @2 chains of
collagen molecule) were incubated with 2.5 pg of purified
enzyme in the presence of 2 mM pepstatin A(lane 3), 2
mM  E-64(lane 4) and 2 mM leupeptin(lane 5)
respectively, for 17 h at 37C. Reaction products were
separated on 10% polyacrylamide gel. Molecular mass
makers (Pharmacia, LMW) were run on a separate tract of
the same gel and are indicated by the arrow( 94kD, 67 kD,
43 kD, 30 kD, 20.1 kD and 14.4 kD).

7} 2 mMo] HEE E-645 9L lane 49} lane 22] Z 719
FZ F57} 2 mMo] HEE leupeptine -2 lane 5904
= 218 94,000, 92,000, 67,000, 60,000, 43,000, 40,000,
30,0009] el AbEo] vepsth wepA 2H7o] lanes
lane 29} B]m3le] B lane 39 &4 B4Jo] AA 3] 9
AEASTS & 7 UANLH lane 48} SollM = 54 24

o A7t AL L F Ak

e
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E Ao A= human 92-kD type IV collagenase2] &F

AE A S22 st 44dS Bt AXEUA #8351
A5t} A A ok Fol A7he 2 mM FEolA
tetracycline, N-acetyl-L-
cysteine(NAC), E-64, leupeptin ZL2] 2L pepstatin Aol 2] &}
92-kD type IV collagenase?] &Alo] AA|E+ AES v
3] Bkth WA tetracyclineZ} de-dimethylaminotetracycline
o] oJalM= 92-kD type IV collagenase®] &4do] A9 &
59 ez AHYeH o] AL 19399 Zucker” S0l
1 73} tetracycline#} de-dimethylaminotetracycline®l] ] 3k

de-dimethylaminotetracycline,

9] %+ Human 92-kD type IV Collagenase (Gelatinase B)2] SAIE 14|
M2 HE MR 72-kD  type IV
collagenase(gelatinase A)2] A AFolA BIH 2o}
H| W& 2vksltl, De-dimethylaminotetracycline™™ o o]
Aol A o] efAle] WhE ARgel wE gatAl| Wi el 7t
£ 98 5 gonz 9z A Yoix 242 7y
£ o & s ARARN ASE 20 ol A
Q384 de-dimethylaminotetracycline
o thgk B} A esk 54 A7} lofof akglth 1995
9 Albini® 5o Boyden-chamber assay2} nude mouseZ
A3 in vivo A& o)A N-acetyl-L-cysteine(NAC)©] 2}
X BPAE Aolst BAE B4 = AE o) 1%
28] 31 gelatinase AJAF Boll A g JA 28-S 7HAH
o] N-acetyl-L-cysteine(NAC)®ll 91 sulfhydryl 7]l
€] %k type IV collagenase®] 873 A7} otd F4<] 118
< AAlsh= F 7149 A Aok Wl Qo A
ol oI% Ao o5 Wuske ThEs O-kD type
IV collagenase®] &4 Aol F3Fg wA]A] X3T) o]
& olZo] W RN 8T dzol Wil <
) 5 A R 0L WA L 52 A
oA W)= superoxide aniono] 7]#uke] upajo]
3 osks 3} N-acetyl-L-cysteine(NAC) o] 9)\1_
sulfhydryl 717} o] @A 7] 4kAe] aap#Ql SAA=
SegonA o T AT 48L AT 5 9ot
3 AZtEM Boyden-chamber assayS ARE-3F A 2}E9]
HAME Algre] SaFoA] 713k AEQ] A2058
melanomad| A= HFEdo] JAHNSY Lewis lung
tumors Al EZE AFR-3F Ao A= NACTF kS v
FaTia e ws) ¢ AE A} QRS Ao
Holx = NACZ} type IV collagenase®] A4S Z% Ao
2 A 3}+= proteinase inhibitor2A] ZHg-5f= 218 ofY
232 AZETE 92-kD type IV collagenase®] X T
proteinase £43-8 Lo} B7] 95} cysteine proteinase <
AARJA E-64,
leupeptin®l] €]3F 92-kD type IV collagenase2] A4 A
AEE 43 HRo o] A S 9 92-kD type IV
collagenase®] 273 A E= AFHA] FUTh EOR
aspartic proteinase A A1 pepsin,
cathepsin D, renin®] &A1& AA|3}7]o] 83 FE2l 2
mM FEoA 92-kD type IV collagenase2] &4 oA 4
=5 54T 2 pepstatin Aol 2]3k o] G0 A4 o
A7t B Ao wEFHEY o= 9-kD type IV
collagenase @] B F-¢]of] carboxyl 71ol 2]3F whid 7}

human

ol g A /\1 =5

o A]A]

cysteine®} serine proteinase A A <1

pepstatin - AS
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1. Tetracycline®] X524 <& H%92 2 mM FEolA
tetracycline, de-dimethylaminotetracycline, N-acetyl-L-cysteine,
E-64, leupeptin 2] 3 pepstatin Aol 2] 3 92-kD type IV
collagenase®] Al oA A|FL 3 A tetracycline,
de-dimethylaminotetracycline, 22| 3 pepstatin A°l &l
B4 BAo] A AEH), o]F tetracyclineo] £]3F B4
AA 7} 7 AT

2. 2 mM &E9 pepstatin Aol &J3fA] 92-kD type IV
collagenase®] @Ao] A3 AAEE Aoz Hol
92-kD type IV collagenase®] T & 7} £ 28 7|2
o= 7+ & o2 aspartic proteinase &3 Aol Q)
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