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Matlystatin A, the main component of matlystatins, inhibits 92kDa and 72kDatypelV
collagenases with IC50 values of 0.3fiM and 0.56jum, respectively, while 7- to ll-fold greater

concentrations are required to inhibit thermolysin and aminopeptidase M. The inhibition is reversible
and competitive with respect to gelatin. It inhibits the invasion of basementmembraneMatrigel
by human fibrosarcoma HT1080 dose-dependently with an IC50 value of 21.6/^m.

Recent studies on typelV collagenases reveal that their activity is regulated in a complex way. Two
species of typelV collagenases, with molecular weights of 92kDa and 72kDa, exist as different gene
products,1>2) and both are secreted in latent proenzyme forms and activated in extracellular spaces. There
are also natural inhibitor proteins of matrix metalloproteinases (MMPs), designated TIMP-1 and
TIMP-2.3~5) They form 1 : 1 ratio complexes with 92kDa and 72kDa typelV collagenase proenzyme,
respectively.2'4)5) They also inhibit activated enzymes, and in this case TIMP-2 is reportedly more potent
than TIMP-1.6) TIMPs inhibit the activation process itself.7) Although recombinant TIMPs have been
extensively studied in animals to treat tumor invasion and rheumatoid arthritis, their effect has a limitation
so far, probably because of a high molecular weight nature.8 ~ 10) It is reasonable, therefore, to expect that
low molecular weight inhibitors are more effective. As reported in a preceding paper, matlystatins, new
inhibitors of typelV collagenase, have been isolated from Actinomadura atramentaria.ll) This paper
describes the biological activities of matlystatins.

Materials and Methods

Materials
Thermolysin was purchased from Sigma Chemical Co., U.S.A.; aminopeptidase M from Boehringer

Mannheim, Germany; and carbobenzoxy-glycyl-L-leucine-amide and L-leucine-/?-nitroanilide from Peptide
Institute Inc., Osaka, Japan. Humanmelanoma cells A2058 were generously provided by Dr. K.
Tryggvason, Oulu University, Oulu, Finland. Humanfibrosarcoma cells HT1080 were purchased from
the American Type Culture Collection, Rockville, MD, U.S.A.

Purification of Type IV Collagenase
In early experiments, 92 kDa typelV collagenase was prepared from cultured cells of humanmelanoma

A2058. Cells were cultured in Dulbecco's modified Eagle's medium (DMEM)supplemented with 1 mM
glutamine and antibiotics (lOO /ig/ml streptomycin, 100 units/ml penicillin) and 10% heat-inactived fetal
calf serum. The subconfluent cell cultures were washed with serum-free DMEM,to remove traces of serum,
and incubated with serum-free DMEMfor 48 hours. The serum-free conditioned medium was applied to
a zinc-chelating affinity column preequilibrated in buffer A (50 mMTris-HCl buffer, pH 7.6, 10 mMCaCl2,
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0.2m NaCl). The column was extensively washed with buffer A and then with buffer A containing 2.5 mM
imidazole, and eluted with buffer A containing 25mMimidazole. The eluate was subjected to 25~80%
ammoniumsulfate fractionation and dialyzed against buffer A. In more recent experiments, 92 kDa and
72 kDa typelV collagenases were purified from cultured cells of human fibrosarcoma HT1080. The cells were
cultured similarly with human melanoma A2058, except that Ham's F-12 - DMEM1 : 1 medium was used
instead of DMEM.The subconfluent cell cultures were incubated for 5 days in serum-free medium
containing 100 units/ml recombinant human TNF a (Genzyme, U.S.A.).12) The conditioned medium was
adjusted to pH 8.0 and passed through DEAE- cellulose preequilibrated in 50 mMTris-HCl buffer, pH 8.0.
The flowthrough was applied to Green A Matrex Gel preequilibrated in buffer B (50 mMTris-HCl buffer,
pH 7.6, 10mMCaCl2, 0.05% Brij35, and 0.02% NaN3), and the enzyme was eluted with buffer B containing
1.0m NaCl. The fractions containing 92 kDa and/or 72kDa typelV collagenase were pooled and applied
to gelatin-Sepharose (Pharmacia) preequilibrated in buffer B containing 0.5 m NaCl. The column was
extensively washed with the same buffer, and the enzyme was eluted using a 0~ 10% DMSOgradient.
This step separated 92 kDa and 72kDa typelV collagenase. The activities of typelV collagenase in these
purifications were monitored by gelatin zymogram.

Purification of Stromelysin and Typel Collagenase
Rabbit synovial fibroblasts have been obtained from NewZealand White Rabbits and cultured

according to the method of Dayer et al.13) The cells were cultured under the similar conditions with that
of human fibrosarcoma HT1080, except that the cells were used within passage 8 and that serum-free
medium was supplemented with lOO ng/ml of 12-0-tetradecanoylphorbol 13-acetate, 50 pMrecombinant
human TNFa and 10pMrecombinant human IL-1/?.14) Stromelysin and typel collagenase were purified
from the conditioned mediumby the method of Okada et al.15)

TypelV Collagenase Assay
Substrates used were mouse EHStypelV collagen or typel collagen-derived gelatin. EHStypelV

collagen was purified by the method of Yurchenco and Furthmayr16), and was 3H-acetylated17). Typel
collagen was purified from rat tail. After 3H-acetylation, it was denatured by heat treatment at 60°C for
30 minutes. 92 kDa typelV collagenase was activated prior to assay by 1 mMaminophenylmercuric acetate
(APMA)at 37°C for 3 hours, and APMAwas eliminated by dialysis. The assay was carried out in a total
volume of 200/d containing 50mMTris-HCl buffer, pH 7.5, 10mM CaCl2, 0.15m NaCl, 0.05% Brij35,
0.02% NaN3, 2 /ig 3H-acetyl typelV collagen or 3H-acetyl gelatin, and appropriate amounts of the enzyme.
For 72kDa typelV collagenase, the reaction mixture contained 1 mMAPMA.Assays were carried out at
37°C for 0.5~3 hours, and were terminated as described for either typelV collagen as a substrate18) or
typel collagen-derived gelatin as a substrate.19) In all experiments, the reaction was designed to be a linear
function of time. Kmand Ki values were obtained by the least square method using a computer program.

Other Enzyme Assays
Other enzymes were assayed by the following methods: Stromelysin by the method of Okada et al.,

using 3H-carboxymethyl human transferrin (Cm-Tf) as a substrate at the final concentration of 61 iug/ml;1 5)
typel collagenase by the method of Cawston and Barret;20) thermolysin by the method of Komiyama
et al., using carbobenzoxy-glycyl-L-leucine-amide as a substrate;21} aminopeptidase Mby the method of
Pfleiderer, using L-leucine-/?-nitroanilide as a substrate.22)

Invasion Assay
The invasion assay was performed by the method of Hendrix et al.23) using Costar 6.5-mm Transwell

chambers equipped with 8.0-^m pore size polycarbonate membranes.The upper surface of the membrane
was coated with Matrigel (200 fig of protein, Collaborative Research, U.S.A.). The bottom chamber was
filled with 600/^1 of a solution containing laminin (100/zg/ml) and flbronecin (50/ig/ml) in DMEM
supplemented with 10% NuSerum(Collaborative Research). HT1080fibrosarcoma cells grown as
subconfluent cultures were harvested by a brief treatment with 3 him EDTAand suspended in DMEM
supplemented with 10%NuSerum. Then 2 x 105 cells were seeded on the reconstituted Matrigel in the
upper Transwell chamber. After a 72-hour incubation, cells that penetrated through the polycarbonate
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membranewere harvested from the bottom chamber by trypsin-EDTA treatment and counted.

Results and Discussion

Antimicrobial Activities
Antimicrobial activities of matlystatins A and B are shown in Table 1. Matlystatin B inhibited the

growth of Bacteroides most prominently, and its antimicrobial activities were more potent than those of
matlystatin A. It may be possible that matlystatin A penetrates the cell membrane less efficiently because
of its bulky side chain. Recently YL-01869P, a compound similar to matlystatin B, was isolated from
Streptomyces as an antimicrobial agent and also shown to inhibit typel collagenase.24) Antimicrobial

activities of matlystatin B, however, are a little different from those reported for YL-01869P.

Matlystatin Inhibition of TypelV Collagenases

Table 2 summarizes the concentrations of matlystatin-group compounds required for 50% inhibition
(IC50) of 92 kDa and 72 kDa typelV collagenases, typel collagenase, and stromelysin. Matlystatin A, the
main component ofmatlystatins, inhibited 92 kDa typelV collagenase most potently among 5 components.
It is also the case for stromelysin. Actinonin, another hydroxamic acid of microbial origin, is reported to
inhibit aminopeptidase M.25) Therefore, inhibitions of aminopeptidase Mand thermolysin were also tested,
to evaluate the effect on other zinc enzymes. The IC5Osof matlysatin A for typelV collagenases are at
the order of 10"7m, while those for thermolysin and aminopeptidase Mare at the order of 10~6m. As
for stromelysin, it appears to be more sensitive to
matlystatins than typelV collagenases, but Km value
for 3H-Cm-Tfis very high, and to be precise, it will
be necessary to employ native substrates to makea
direct comparison ofIC50 values. In the experiments
shown in Table 3, 92kDa typelV collagenase
was preincubated with varying concentration of
matlystatin A at 37°C for 30 minutes, and the

concentrations of matlystatin A were reduced to
one-tenth at enzyme assay. As indicated, the

inhibition of matlystatin A was completely revers-
ible, as it depended on the concentration of the

Table 1. Antimicrobial activity ofmatlystatins A and B.
MIC Og/ml)

Organism Matlystatin

A B

Bacteroides fragilis subsp. fragilis
Staphylococcus aureus 209P JC- 1
Bacillus subtilis ATCC6633
Escherichia coli NIHJ JC-2
Streptococcus flexneri IID 642
Candida albicans YU 1200
Trichophyton asteroides
T. interdigitale
T. rubrum

12.5 0.012
50 1.5

12.5 0.1
>100 >100
> 100 25
>100 >100
>100 >100
>100 >100
>100 >100

Table2.

IC50 (llm)

TypelV collagenase

92 kDa 72 kDa
Stromelysin Thermolysin Aminopeptidase

M
A

B

D

E

F

0.30

1.43
3.64

19.3
1.82

0.56

1.72
12.9

20.4

15.3

1.2
1.2

28
59

5.1

0.08

0.09
0.64

2.4
0.27

3.30
3.30

16.2
18.2

1.82

2.21
9.95
6.70

14.0

Enzymeassays were carried out as described in Materials and Methods.
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Table 3. Reversible inhibition of 92kDa typelV
collagenase by matlystatin A.

Concentration ofmatlystatin A (fiM) _ f .J v/^ ' Relative activity
At preincubation At enzymeassay

0 0 100

0 0.17 68.0

0 0.33 46.2

0 0.83 15.1

1.70 0.17 69.2

3.30 0.33 46.2

8.30 0.83 14.5

Enzyme assay was carried out as described in
Materials and Methods, except that the enzyme was
preincubated with matlystatin A at 37°C for 30 minutes
and the concentration of matlystatin A was lowered to
one-tenth at enzymeassay.

Fig. 1. Lineweaver-Burk plots for the inhibition of

92 kDa typelV collagenase by matlystatin A.

Fig. 2. Inhibition of in vitro invasion through basement
membrane Matrigel by matlystatin A.

The enzyme assay was carried out as described in
Materials and Methods, except that the concentra-
tions of 3H-acetyl gelatin were varied as indicated. The
points in the reciprocal plots are the experimentally
determined values, while the lines are calculated from
the fits of these data to the rate equation for competi-
tive inhibition.

inhibitor at enzymeassay, not on the concentration
at preincubation. Double reciprocal plots showed

that the inhibition was competitive with respect to
gelatin (Fig. 1). The Km value for gelatin is 40ng/ml
and the Ki value for matlystatin A is 1.60 x 10~7m.

As shownin the preceding paper, matlystatins share a structure containing hydroxamicacid, pentyl or
butyl succinic acid, and piperazic acid.11* In culture broth of the producing strain, the compounds were
also found in which hydroxamic acid were reduced, and they were inactive (data not shown). As zinc
ion is in the catalytic center of MMPs,it is strongly deduced that matlystatins exert their action mainly
by forming a linkage between hydroxamic acid and zinc ion.

Matlystatin A Inhibition of In Vitro Invasion Assay
Matlystatin A inhibits the invasion of basement membrane Matrigel by human fibrosarcoma HT1080

dose-dependently with an IC50 value of 13.0jig/ml (21.6/zm) (Fig. 2).
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