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Abstract

Background : Human 92-kD type IV collagenase {(gelatinase B), a family of matrix metalloproteinases (MMP), play
important roles in the degradation of the basement membrane and the migration of leukocytes and metastatic tumor
cells during inflammation and invasion, respectively.

Methods : To investigate the biochemical and enzymatic charicteristics of human neutrophil type IV collagenase, the
enzyme was extracted from human leukocytes and purified by a combmatlon of Ultrogel AcA 54 and Bio-Rex 70
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 atfect intact type I collagen. Human 92-kD type IV collagenase was inhibited by
EGTA, EDTA and tetracycline, These inhibitory effects may be related to the chelation effect of these agents since
02-kD type IV collagenase 1s a metalloenzyme.

Conclusion : Tetracycline showed the strongest inhibition effect on the gelatinolytic activity of the 92-kD type IV
collagenase, and this strong effect of tetracycline among these agents might be associated with the amide group of
tetracycline, besides the chelation effect of tetracycline. The carbonyl group of the amide group may be coordinated
to the active site zinc atom as a fourth ligand in a way that blocks the active site.
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SolAdol WE FAMIF polypeptide Ch3m4 T30l
2} ZA 442 WEE FEHeu o= interstitial

collagenase, gelatinase Yo type IV collagenase,

stromelysin} putative metalloproteinase(PUMP)7}F ltt.”
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Aol th3l chelating agent® tetracycline®l] )8+ g4~ 3
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1. X &
Ultrogel AcA 54 LKBAHUppsala, Sweden), Bio-Rex
702 BioRadAHHercules, Calif. USA), sodium acetate, am

inophenylmercuric  acetate (APMA), bovine serum

albumine, ethylenediaminetetraacetic  acid (EDTA),
ethylene glycol-bis ( 8-amino ethyl ether) NNNN' | N’

-tetraacetic acid (EGTA), tetracycline, Brij 34, n-succinyl-
ala-ala-ala-p-nitroanilide (SANA), n-succinyl-ala-ala-pro-
phe-p-nitroanilide (SAPNA), Tris baseZZ2{3l calcium
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chloride= SigmaAKSt. Louis, Mo. USA), HMW and
LMW electrophoresis calibration kitse> PharmaciaA}
(Brussels, Belgium), SDS-PAGE$ A]2F2 BioRadA| A&
= ARSI 28] BE AleFe E53 ARRSIITE
23 FEAE EH(Spectrapor dialysis membane)-&
Spectramedical AHHouston, Tx. USA) AlEE & ozt
(PM 10 concentration membrane)< AmiconAH Beverly,
MA. USA) Al#F& ARSI €2 24l o5 €
o exe] AFE ABL AL

2. & &

1) Human 92-kD type IV collagenase®] £33 2% A A

a) Leukocyte extract

HEL 2TCoA 200 g £E2 3087 94 Fa 3k
Y72 AT 3714 B8 WHTE 1.5 M NaCl
7 50 mM CaCLZ 50 mM Tris-HClS 285137 pH 7.3
oz =zAE LA U MNE EHA7(Polytron ;
Kinematica CH-6010, Kriens-Luzern, BrikmannAh& ©]
43t A 54 15 £ BT 3 F S F
30,000 g -i’-}-.‘—EE 60 B7F ¥4 AAAAHA FZ2HE F
gle] WE L FEE(leukocyte extract) 2 AFR-3FS T

b) Ultrogel AcA 54 gel filtration column chromatography

MY L F=ZSE(leukocyte extract)S Tris-HC -8 (50
mM Tris-HCl, 150 mM NaCl, 5 mM Ca(Cl, , 0.1% Brij 35,
pH 7.3) 2= JFH 2.5 x 100 cm Z°]¢] Ultrogel AcA
54 columng AR&38}] chromatography & A| 8 3T} o]
) A 2=+ 4CE FA AT § i‘—‘~$. 8 ml/15 min.
R 8 miE ] —.—QOE St o 7t B38)-8 gelatind
37 ColA 4 /\]Z_, 59t incubationA| AA] gelatine E3) A]

Zl & ¥FE AFES sodium dodecyl sulfate-polyacryl

—

O
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amide gel electrophoresis(SDS-PAGE)E 3} gelatinolytic
activity7F = B3IE-E IS O™, gelatinolytic
activity7F A+ £ T Folxd Z+e Fy9 50 mM
sodium acetate 8H(50 mM sodium acetate, 50 mM
Tris-HCl pH 7.4, 2 mM Ca(Cl,, 0.1% Brij 35)0. 1112
JMNE e A Bl ALgshack

c) Bio-Rex 70 ion exchange chromatography

Bio-Rex 70 ion exchange matrix® =21¥ column(3.0
x 27 cm)< 50 mM sodium acetate £-<H(50 mM sodium
acetate, 50 mM Tris-HCl pH 7.4, 2 mM CaCl, , 0.1% Brij
3502 TYPAIZI © Ultrogel AcA 54 column
chromatography o4 2% A FZF column®l| F3AH
o] BRI T Haulx] e o] §Hs
column< WA U7} & sodium acetate S 0.05 Mol
A 07 M7EA] Ad F&= | (linear oradient) =
chromatography & A183IATE 52 7 ml/S minl &
st on g AT 7T mi¥ BE Zhzhe] F8of gt
oelatinolytic activity S SDS-PAGEZE. I3 A g4 A

E JEY = BEEL FokA PM 10 membrane O &
F=A1Z] & 50 mM sodium acetate €4 (50 mM sodium
acetate, 50 mM Tris-HCl pH 7.4, 2 mM CaCl, , 0.1% Brij
35) WollA 3wt &1t FAAIZ] & o2 Aol A&
2 w7k 20T B st

!

2) Gel electrophoresis

SDS-PACEE Laemmli?®<] oz A8 sl o
tE-2 o] AFoA 10% running gel 3} 4% stacking gelS-
AHE3FA T SDS-PAGE F-¢| gel2 coommassie H2Y -§
24(0.1% coommassie brilliant blue R-250, 25% methandl,
10% acetic acid) WA 23 CollA 154 B2k GAA 7]
S gAl Lol (D5% methanol, 10% acetic acid)o| A} A A]

A bandE Q1T

3) B4 E43Y SR A A
AAE a4 HE sE27F 3 mMo| HEE

aminophenylmercuric acetate( APMA)E @31 37 Coj|A] 3

AlZF &9t x| gt @A AT o]l ade] HF
7} 20 mMEEE EGTA, EDTA, tetracycline S z+zF @7
37ColA 30 #7F ¥rgA1Zl ol denatured type I
collagen gelatin)® 17 A17F 52 37 Col|lA] ¥HA|Z] X
SDS-PAGEZ. 7]d9] E3l Az} vk %\_‘_r%a%; control
I v A §4 BHEE S

4 3
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1. Ultrogel AcA 54 chromatography®ll 2]t 92-kD type
[V collagenase®] <z} H-¢]

WS 235 132 mgoll thEk Utrogel AcA 54 size
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Figure 1. Purification of 92-kDa type IV collagenase by
Ultrogel AcA 54 chromatography. The column (2.5 x 100
cm) was equilibrated with 50mM Tris-HCI buffer, pH 7.3,
containing 0.15 M of NaCl, 5 mM CaC ¢, and 0.1% Brij 35.
The sample from leukocyte extract was applied and 8ml of
fractions were collected at a flow rate of 8 ml/15 min. All
chromatographic procedures were performed at 4C. -
protein profile.
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Figure 2. SDS-PAGE of fractions isolated by Ultrogel AcA
54 chrornatography. Lane (! denatured type | collagen: lanes
of the fraction 27-72: 45 (ug of denatured type I collagen
were incubated with 70 xf of aliquots of sample isolated by
Ultrogel AcA 54 chromatography for 17 h at 25C. Reaction

products were separated on 10% polyacrylamide gel (panels
A and B)., The positions of degradation products of collagen
are marked. Lane S, molecular mass markers were run on a
separate tract of the same gel and are indicated.

2. Bio-Rex 70 ion exchange chromatography®l 2|3}
92-kD type [V collagenase2| 3-¢]

th3 AA #FHOZA Bio-Rex 70 ion exchange
chromatography & 888 A Fig. 33 748 AxE <9)
Ch gradient&  AlZgE 9 10 WH~31 ¥ FEI71A]
gelatinolytic activity 7} §1 AP &Fe] il 2 o] Rzl k| of
L2 9 sodium acetate 5% 0.5~0.7 M A}o]ol| A 92-kD
type 1V collagenase 7} -5 %] o] v}gtt}, 55 ¥H~58 ¥ -

2 cathepsin Gt}

Bio-Rex 70 ion exchange chromatography®l] 2]} -
3k 02-kD type IV collagenase®] J/4& JALEE
SDS-PAGE®l| ¢]ste] F4 %+ 4= Fig. 49 2ot Fig
4ol|A M= npe} 7ro] 32 H~44 WM F-Flo| A 92-kD
type IV collagenase®] €A %= 7) LEFGE O o] &= 38 W
<44 W B S Hold FEHAZ o] F Hule 35 ml
o)1 AL protein X%+ 1.1 mg/mlO. &A1 3.85 mge| ai

& AUt

me

il

3. 92-kD type IV collagenase 2| F-A&F S4 32} A A
¢!

AA$E G425 SDS-PAGESH A3} lane 20418} 710
92-kD2| ©d bandE AT F AUG. o] BAE
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Human 92-kD type IV Collagenase (Gelatinase B)2] #2| 2} EA]

denatured type I collagen (gelatin) 3} WFS-A]AH G4 A
=8 AlES 23 lane 30X 9} 7Fo] EAFEF 124,000,
112,0008] gelatine] HEa]&o] HL Hzlako] 100,000,
94,000, 92,000, 60,0008] F3&)] AF=o] YEF o™ lane G
oF v BH lane 39| A} 124.000, 112.000¢)

gelatin® @H3] 71 Fo| F2d AL & 4 Ak
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0 C
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Figure 3. Purification of 92-kDa type IV collagenase by
Bio-Rex 70 ion exchange chromatography. The column (2.5
x 100 cm) was equilibrated with 50 mM sodium acetate
containing 50 mM Tris-HCI, pH 7.4, 2 mM CaCl; and 0.1 %
Brij 35. After sample (the gelatinolytic enzyme partially
purified by gel chromatography on Ultrogel AcA 54) was
applied, the column was washed with the same buffer until
the absorbance at 280 nm reached base-line. Elution was
performed at pH 7.4 with linear gradient of sodium acetate

from 0.05 M to 0.7 M. 7 ml fractions were collected at a
flow rate of 7 ml/5 min.
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Figure 4. Enzyme activity of fractions isolated by Bio-Rex 70
ion exchange chromatography. Lane G: denatured type I
collagen; lanes of the fraction 0-61: 73.5 pg of denatured
type I collagen were incubated with 70 pf of aliquots of
sample 1solated by Bio-Rex 70 ion exchange chromatography
for 17 h at 37 C. Reaction products were separated on 10%
SDS-polyacrylamide gel (panels A and B). The positions of
degradation products were marked. Lane S. molecular mass

markers were run on a separate tract of the same gel and are
indicated. |

Figure 5. Analysis of purified enzyme and its gelatinolytic
activity on the SDS-PAGE. Lane G: denatured type |
collagen; lane 2: purified enzyme; lane 3: 73.8 g of
denatured type I collagen was incubated with 200 g of
purified enzyme for 4 h at 37 C. Reaction products were
separated on a 10% SDS-polyacrylamide gel. Molecular mass

markers were run on a separate tract of the same gel and are
indicated.
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3 mM APMA®R 37 Col|A] preincubation¥ 92-kD type
[V collagenase©l| 20 mME| &5 EGTA.
EDTA —12]32 Sl 37CollA 30 ¥
ZF Wk8-A1 71 9~ denatured type | cnll;lgcn(gclallin)-'if-]- 37C
ol A 17 A1ZF FF WA F REg AHE-E SDS-PAC

tetrac yLImL = filzfl

gl A3l= Fig. 63 72ty

T TS
EGTA(lane 5). EDTA(lane 6)

12| 3L tetracycline(lane

el elalfjA] & Ao BAdo] B5F A& AL

kTt

1 FolA

tetracycline®l] 2|k A7} 7}

Figure 6. Inhibition of 92-kDa type IV collagenase by EGTA.
EDTA and tetracychine. Lane G, 14.7 /4 of denatured type
I collagen, 3~4, 14.7 ng of
denatured type I collagen were incubated with 2.2 g of
lane 5~7: 14.7 pug of
denatured type [ collagen were incubated with 2.2 4 of
purified enzyme in the presence of 20 mM EGTA (lane 5),
20 mM EDTA (lane 6) and 20 mM tetracycline (lane 7),
respectively, for 17h at 37C,
separated on a 10% SDS-polyacrylamide gel. Molecular mass

lane 2! purified enzyme; lane

purified enzyme for 17 h at 37C;

Reaction products were

markers were run on a separate tract of the same gel and are
indicated.
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Human 92-kD type IV Collagenase (Gelatinase B)2] #2]¢} §4

Fig. 69} lane 5, 6, 7o Z}Zt yebd vEe} o] 20 mM o)
EGTA, EDTA 28} 1 tetracyclineol] &Jsf4] &4 &4 o}
dASHA A HA=E, ol 718l o] chelaterE ol
ols] FA9] catalytic domainoll Y& Zn" U B2} ol
ZA8h= Ca™ 59 34 o]&°] 3 chelation) = 0]
& A9 conformation®) ¥3lH ALY §4AREE] F4& 0]
Lol FjEojA 7hpE-8l &/d(hydrolytic activity)ol 4
A57 wEo 2 Az tetracyclinedl 93 84 &
3 AA 7t 22 F52) EGTA% EDTA) o3t AAH Y
1989\  Zucker o] R &
tetracycline®t de-dimethylaminotetracycline(tetracycline &

‘A’ ring®] C4 XA dimethylamino 7]7F AAE
7000 sk AAE H <Y (small cell lung cancer) M FE<
human 72-kD type IV collagenase(gelatinase A)2] < /'ﬂ].
Aol A B g Aol X st Zucker 52 ©)F
st Ast 7t @A) ol e g X AAHE tetracyclineo]
de-dimethylaminotetracycline®] &3} &3} chelation
effect)Zt 29t AwWEy Yo oz =23l G}
(chelation effect)?}o} EDTAY  EGTAS= €8] & T}
E i) gA) 71do] S Aol T wx
A= 7FA] AQFE metalloenzyme e} WS 717& 7)< 3h
T EFY olE2 AMEA, AR o]E2Z 1990 Vallee
o} Auld”7F BE 8 R0 A, o] 5L thermolysin®™ £

1278 2) zinc metalloenzyme=-°l] W3l o|v] B3 ¥ x-ray

N

N,
o
1l
=
S
.
flo ©

i

d

of 93t AA FZE(x-ray crystallographic structures)=
PR M A7 A3t o) gl Rdste ok
A= BT 348 #AE 75 Al obr|eihe] side
S BhaL U3, ] HA wiHRFEA

HO7} Zn ok wi 9] Agg kAL glew, Zn™" o A s
el

Akel v 9] A% ¥l T & histidine >> glutamate > aspartate
2hal et &4 ©]2-<2 Springman}

Van Wart $7%o] Akt Ao BA, BE matrix
metalloproteinase= &4 ‘el A propeptide domain
] AA ez &4 B9 Zn”

o} vj 9] AgHe 3} JEH APMAS} & 7] &
AU GlA b B a4 osia] ZnTt g v AT

£ 33 U= cysteineo] & ARG iR Em) o] § 47}

= cysteine 2} 4]

_I_J

o] )+ cysteine©|

A3} "ok sf=  “cysteine switch” Adolt}

o] ¥ SHHS TSI FE3RWY tetracycline©]rt
de-dimethylaminotetracycline®l] 23+ 92-kD  type IV
collagenase®] A Ao oA 552 23t a3 9
ol & 7|02 A, o|M¥E A3t € 92-kD type IV
collagenase )} Zn" ol th3t A 4 v YREA B BE2RT}
Zn'ol d AX (orbita) AAES dis) 2R A ¥E
(crystal field splitting)™*S o AlsHA GLA7)=
tetracycline®]Y} de-dimethylaminotetracycline2} amide”}
& FAJ3l= carbonyl 717F A=A 92-kD type IV
collagenase®} catalytic domain®)) ¥ Zn"" W &4 A
conformations IHE F=IAE “cysteine switch® &

“off” & e EFAEE R g V) W EolBta
FZH} ol FE28 HF 7] /A tetracycline©]
L} de-dimethylaminotetracycline®] amide 718 A 3t=
carbonyl 718} 22 219 carbonyl 71\ A8 Z|(functional
group) 5 25 = AdF o7 A AR T AU XFAIZ
FEfol A B Ao itk A AES FAb g e E

{7F ot

a4 &

-

1. Ultrogel AcA 54 &R AZvfE 2839} Bio-Rex
70 ol 2@ Aol ETeiele] ¥ O REUE Bl
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