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Human matrix metalloproteinase 7 (MMP-7) is
the smallest matrix metalloproteinase. It plays im-
portant roles in tumour invasion and metastasis.
8-Anilinonaphthalene 1-sulphonate (ANS) is a fluores-
cent probe widely used for the analysis of proteins. It
emits large fluorescence energy when its anilino-
naphthalene group binds with hydrophobic regions of pro-
tein. In this study, we analysed the interaction of ANS
and MMP-7. At pH 4.5�9.5, ANS inhibited MMP-7
activity in the hydrolysis of (7-methoxycoumarin-
4-yl)acetyl�L-Pro�L-Leu�Gly�L-Leu-[N3-
(2,4-dinitrophenyl)-L-2,3-diaminopropionyl]�L-Ala�L-
Arg�NH2. The inhibition was a non-competitive
manner and depended on the time for pre-incubation
of ANS and MMP-7. At pH 4.5�9.5, the fluorescence
of ANS was not changed by the addition of MMP-7.
At pH 3.5, MMP-7 lacked activity, and the fluores-
cence of ANS was increased by the addition of
MMP-7. These results suggest that at pH 4.5�9.5,
the sulphonic group of ANS binds with MMP-7
through electrostatic interaction, whereas at pH 3.5,
the anilinonaphthalene group of ANS binds with
MMP-7 through hydrophobic interaction.

Keywords: ANS/fluorescence/inhibition/matrix
metalloproteinase/MMP-7.

Abbreviations: AMPSO, 3-[(1,1-dimethyl-2-
hydroxy-ethyl)amino]-2-hydroxypropane sulphonic
acid; ANS, 8-anilinonaphthalene 1-sulphonate; D,
dielectric constant; DMSO, dimethyl sulphoxide;
HEPES, 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethane-
sulphonic acid; MES, 2-(N-morpholino)ethanesul-
phonic acid; MMP, matrix metalloproteinase;
MOCAc-PLG, (7-methoxycoumarin-4-yl)
acetyl�L-Pro�L-Leu�Gly; MOCAc-PLGL(Dpa)AR,
(7-methoxycoumarin-4-yl)acetyl�L-Pro�L-
Leu�Gly�L-Leu- [N3-(2,4-dinitrophenyl)-
L-2,3-diaminopropionyl]�L-Ala�L-Arg�NH2.

Human matrix metalloproteinase 7 (MMP-7,
Matrilysin) [EC 3.4.24.23] is the smallest matrix metal-
loproteinase (MMP) (1, 2). It lacks a carboxyl terminal
haemopexin-like domain that is conserved in most
MMPs. The molecular mass of the latent pro-form is
28 kDa, and that of the mature form is 19 kDa (3).
MMP-7 is composed of a five-stranded b-sheet and
three a-helices, and contains one zinc ion, essential
for catalytic activity, and an additional zinc and two
calcium ions that are considered necessary for stability
(4). Like all other MMPs, it has two consensus
sequences, HEXXHXXGXXH, in which three histi-
dine residues chelate the catalytic zinc ion, and a
methionine-containing turn (Met-turn). Hence, it is
grouped in clan MA(M) (5). In recent years, target
molecules through which MMP-7 exerts biological
functions have become apparent, including heparin
(6), heparan sulphate (6), cholesterol sulphate (7�9)
and ErbB4 receptor (10). We reported the states of
the tryptophyl residues of MMP-7 as determined by
fluorescence examination (11) and the thermal stability
and halophilic property of MMP-7 (12). We have pro-
posed that Glu198 is the catalytically ionizable group
responsible for acidic pKe (pKe1) and that an uniden-
tified protein-bound water molecule could be that for
alkaline pKe (pKe2), in the catalytic mechanism of
MMP-7 (13�15). Throughout this article, the number-
ing of amino acid residues of pro-MMP-7 is applied to
the mature MMP-7 beginning at Tyr78 (16).

MMP-7 has been detected in lesions of prostate (17),
colon (18), brain (19), stomach (20), lung (21) and
breast (22), and degrades extracellular material com-
ponents, including gelatins of types I, III, IV and V,
type IV basement membrane collagen, fibronectin,
vitronectin, proteoglycan, laminin and elastin (1�3,
23�25). This suggests that MMP-7 plays important
roles in tumour invasion and metastasis. From this
viewpoint, the development of MMP-7 inhibitors is
considered to be of therapeutic benefit. We have re-
ported inhibitory effects of alcohols (26), synthetic
MMP inhibitors thiorphan and R-94138 (27), lignans
(28) and green tea catechins (29, 30) on MMP-7 activ-
ity in the hydrolysis of (7-methoxycoumarin-
4-yl)acetyl�L-Pro�L-Leu�Gly�L-Leu-[N3-
(2,4-dinitrophenyl)-L-2,3-diaminopropionyl]-
L-Ala�L-Arg�NH2 (MOCAc-PLGL(Dpa)AR).

8-Alininonaphthalene 1-sulphonate (ANS) is a
fluorescent probe widely used for the analysis of
proteins (31, 32). It has hydrophobic and hydrophilic
groups. It emits large fluorescence energy when the
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anilinonaphthalene group binds with proteins through
hydrophobic interaction, whereas it does not emit
fluorescence when the sulphonic group binds with pro-
teins through electrostatic interaction (33). To explore
the mechanism of the binding of MMP-7 with natur-
ally occurring sulphated glycosaminoglycans, such as
heparin, heparan sulphate and cholesterol sulphate, we
think ANS is a useful probe due to the following rea-
sons: (i) there is a possibility that the binding sites of
MMP-7 for ANS are similar to those for the sulphated
glycosaminoglycans and (ii) the binding of MMP-7
with ANS is more easily characterized than that for
sulphated glycosaminoglycans. In this study, we de-
scribe the interaction of ANS and MMP-7 by examin-
ing the effects of ANS on MMP-7 activity and the
effects of MMP-7 on ANS fluorescence.

Materials and Methods

Materials
MOCAc-PLGL(Dpa)AR (lot no. 491214, molecular mass 1093.2
Da) (34) and (7-methoxycoumarin-4-yl)acetyl-L-Pro�L-Leu�Gly
(MOCAc-PLG; lot no. 510913, 501.54 Da) were purchased from
Peptide Institute (Osaka, Japan). Their concentrations were deter-
mined by the denoted molecular weight. ANS (lot no. CM10-118,
299.34 Da) was from AnaSpec Inc. (San Jose, CA, USA). Its con-
centration was determined spectrophotometrically using the molar
absorption coefficient at 350 nm, e350, of 5,000M

�1 cm�1 (35, 36). 3-
[(1,1-Dimethyl-2-hydroxy-ethyl)amino]-2-hydroxypropane sulpho-
nic acid (AMPSO) was from Wako Pure Chemical (Osaka, Japan).
All other chemicals were purchased from Nacalai Tesque (Kyoto,
Japan).

Expression and purification of MMP-7
Expression in Escherichia coli and purification of recombinant
MMP-7 were carried out, as described previously (37, 38). Briefly,
mature MMP-7 (Tyr78�Lys250) was expressed in BL21(DE3) cells
in the forms of inclusion bodies, solubilized with 6M guanidine HCl,
refolded with 1M L-arginine and purified by sequential ammonium
sulphate precipitation and heparin affinity column chromatography
procedures of the refolded products. The concentration of MMP-7
was determined spectrophotometrically using the molar absorption
coefficient at 280 nm, e280, of 31,800M

�1 cm�1 (37, 38).

Fluorometric analysis of the MMP-7-catalysed hydrolysis of
MOCAc-PLGL(Dpa)AR
The reaction buffers were 50mM acetate�NaOH buffer at pH 3.5
and 4.5, 50mM MES�NaOH buffer at pH 5.5 and 6.5, 50mM
HEPES�NaOH buffer at pH 7.5 and 50mM AMPSO�NaOH
buffer at pH 8.5 and 9.5, each containing 10mM CaCl2.
Pre-incubation (2,484 ml) was initiated by mixing 40 ml of the
MMP-7 solution (2 mM in the reaction buffer), 0�250ml of the
ANS solution (5mM in the reaction buffer), and 2,194�2,444ml of
the reaction buffer. After pre-incubation at 25�C for 10min, the
reaction was initiated by adding 16 ml of the substrate solution
(234 mM) dissolved in DMSO. The initial concentrations of
enzyme, MOCAc-PLGL(Dnp)AR and DMSO were 32 nM, 1.5 mM
and 0.64% v/v, respectively. The reaction was measured by following
the increase in fluorescence intensity at 393 nm with excitation at
328 nm with a Shimadzu RF-5300 fluorescence spectrophotometer
(Kyoto, Japan) for 1min at 25�C. The temperature was maintained
in a range of �0.2�C. The peptide bond of the Gly�L-Leu residues
was cleaved by MMP-7, and the amount of the product, MOCAc
-PLG, was estimated by fluorescence intensity by comparison with
that of the MOCAc-PLG solution.

The increase in the fluorescence intensity at 393 nm due to the
production of MOCAc-PLG (�FI393) of the reaction mixture is af-
fected by the presence of ANS. Hence, FI393 was measured with
various concentrations of ANS in the absence and in the presence
of 0.46mM MOCAc-PLG. Based on the results, the �FI393 observed

at x mM ANS was corrected by multiplying the following term:

½ðFI393 of 0:46 �M MOCAc-PLGÞ � ðFI393 of bufferÞ�

½ðFI393 of 0:46 �M MOCAc-PLG plus x �M ANSÞ

�ðFI393 of x �M ANSÞ�

( )

The MMP-7-catalysed hydrolysis of the MOCAc-PLGL(Dpa)AR
substrate was carried out under pseudo-first order conditions, where
the initial concentration (1.5 mM) of the substrate was much lower
than Km (60 mM) (28). The Michaelis�Menten equation is, then, ex-
pressed as Eq. 1:

vo ¼
kcat
Km

� �
½E�o½S�o � � � � � � ð1Þ

where vo, kcat, [E]o and [S]o mean the initial reaction rate, the mo-
lecular activity, the initial enzyme concentration and the initial sub-
strate concentration, respectively.

HPLC analysis of the MMP-7-catalysed hydrolysis of
MOCAc-PLGL(Dpa)AR
Pre-incubation (950 ml) was initiated by mixing 16 ml of the MMP-7
solution (2 mM in the reaction buffer), 0, 25, 50, 100, 150 or 200ml of
the ANS solution (1mM in 50mMHEPES�NaOH buffer at pH 7.5)
and 934, 909, 884, 834, 784 or 734ml of the reaction buffer. After
pre-incubation at 25�C for 10min, the reaction was initiated by
adding 50 ml of the MOCAc-PLGL(Dpa)AR (0�2.8mM) dissolved
in DMSO (the total volume of 1,000 ml) at 25�C. The initial concen-
trations of MMP-7, MOCAc-PLGL(Dpa)AR and DMSO were
32 nM, 0�140 mM and 5%, respectively. The reaction was stopped
at an appropriate time by mixing 100ml of the reaction solution with
400 ml of 1% trifluoroacetic acid (TFA). The mixture (100 ml) was
then applied to reversed-phase HPLC performed on a TSKgel
ODS-80Ts column [4.6mm (inner diameter)�150 mm] (Tosoh,
Tokyo, Japan) equilibrated with 0.1% TFA. A linear gradient was
generated from 20% to 70% (v/v) acetonitrile at a retention time of
5min over 20min at a flow-rate of 1.0ml/min. The absorption of
elutes was detected at 335 nm. The substrate and its two products,
MOCAc-PLG and L(Dpa)AR, were separated (12). They were eval-
uated by the respective peak areas. The vo was determined from the
time course of the production of MOCAc-PLG. The kinetic param-
eters, kcat and Km, were determined based on the Michaelis�Menten
equation using the nonlinear least-squares methods. The HPLC ap-
paratus, consisting of a solvent delivery system CCPM, a UV moni-
toring system UV-8010, a computer control system PX-8010 and an
integrator Chromatocorder 21, was from Tosoh.

Fluorometric analysis of ANS
Pre-incubation (1,000 ml) was initiated by mixing 100 ml of the ANS
solution (250 mM in the reaction buffer), 400ml of the reaction buffer
and 500ml of the MMP-7 solution (1,000 nM in the reaction buffer)
at 25�C for 10min. After the pre-incubation, the fluorescence spectra
were measured with excitation at 380 nm and emission at
400�600 nm with a Shimadzu RF-5300PC fluorescence spectropho-
tometer at 25�C.

CD measurement
Pre-incubation (500 ml) was initiated by mixing 164 ml of the reaction
buffer and 336ml of the MMP-7 solution (10.4 mM in the reaction
buffer) at 25�C for 10min. After the pre-incubation, the CD spectra
were measured using 2-mm cell with Jasco J-820 (Tokyo, Japan)
spectropolarimeter equipped with a Peltier system of cell tempera-
ture control. Ellipticity was reported as mean residue molar ellipti-
city [�] (deg cm2 dmol�1). The spectrometer conditions were: spectral
range 200�270 nm; 100 mdeg sensitivity; 0.2 nm resolutions; 0.2 s
response time; 50 nmmin�1 scan rate; and 5 accumulations. The
control baseline was obtained with solvent and all the components
without the proteins.

Results

Inhibition of MMP-7 activity by ANS
Figure 1A shows the effects of increasing concentra-
tions of ANS on MMP-7 activity in the hydrolysis of
MOCAc-PLGL(Dpa)AR. MMP-7 (32 nM) and ANS
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(0�500 mM) were pre-incubated at pH 3.5�9.5 at 25�C
for 10min followed by the reaction at the same pH at
25�C. As shown in the inset, the fluorescence increased
linearly with increasing reaction time (inset for without
ANS and with 200 mM ANS at pH 7.5; data not shown
for other ANS concentrations and/or other pH). At
pH 3.5, MMP-7 did not exhibit activity. At pH
6.5�8.5, it exhibited the highest activity. It is known
that MMP-7 has a bell-shaped pH-dependence activity
with the pKe1 and pKe2 values of 4.2�4.6 and 9.7�9.8
(13�15). The pH dependence of activity observed in
the absence of ANS was in good agreement with the
previous results. At pH 4.5�9.5, the initial reaction
rates decreased with increasing ANS concentration,
indicating that ANS inhibits MMP-7 activity. The
ANS concentrations giving 50% inhibition (IC50

values) at pH 4.5, 5.5, 6.5, 7.5, 8.5, 9.5 were 120, 64,
90, 96, 92 and 135 mM, respectively. On the other hand,
sodium sulphate (0�500 mM) did not inhibit MMP-7
activity (data not shown) suggesting that anilino-
naphthalene group of ANS is required for the inhib-
ition of MMP-7 activity.

Figure 1B shows the effects of pre-incubation time
on MMP-7 activity. MMP-7 (32 nM) and ANS
(50 mM) were pre-incubated at pH 7.5 at 25�C for
0�35min followed by the reaction at pH 7.5 at 25�C.
The initial reaction rates decreased with increasing
pre-incubation time and reached the minimum at
10min, indicating that ANS exhibits slow-binding in-
hibition of MMP-7.

Inhibitory manner of ANS against MMP-7 activity
To determine kcat and Km of MMP-7 in the hydrolysis
of MOCAc-PLGL(Dpa)AR separately, the initial re-
action rates in the absence and in the presence of ANS
were measured. It was necessary to increase the con-
centration of MOCAc-PLGL(Dpa)AR up to 140 mM
that is higher than the Km value (60mM) (28), and
fluorescence detection was not available because of
the inner-filter effect of the substrate. Accordingly,
the products were detected by HPLC on a TSK-gel
ODS column (12). All the plots showed saturated
profiles (Fig. 2A). The plot of [S]o/vo versus [S]o
(Hanes�Woolf plot) in the absence and in the presence
of ANS showed non-parallel lines intersecting at the
X-axis, suggesting that the Km value was 52 mM and
that the inhibition is non-competitive (Fig. 2B). The
kcat values with 0, 25, 50, 100, 150 and 200 mM were

A

B

Fig. 1 Fluorometoric analysis of inhibition of the MMP-7-catalysed

hydrolysis of MOCAc-PLGL(Dpa)AR by ANS. (A) Effect of pH and
ANS concentration on the initial reaction rate, vo. Pre-incubation of
ANS and MMP-7 was carried out at 25�C for 10min. The reaction
was carried out with 32nMMMP-7, 1.5mMMOCAc-PLGL(Dpa)AR,
0�500mMANS and 0.64%DMSO at pH 3.5 (open square), 4.5 (solid
square), 5.5 (open diamond), 6.5 (solid diamond), 7.5 (open triangle),
8.5 (open circle) and 9.5 (solid circle) at 25�C. Inset shows the
time-dependency of the reaction with 200mM ANS (open circle) or
without it (solid circle) at pH 7.5 at 25�C. (B) Effect of pre-incubation
time on vo. Pre-incubation was carried out at 25�C for 0�35min. The
reaction was carried out with 50 mM ANS (open circle) or without it
(solid circle) at pH 7.5 at 25�C. One of the representative experiments
is shown.

A

B

Fig. 2 HPLC analysis of inhibition of the MMP-7-catalysed

hydrolysis of MOCAc-PLGL(Dpa)AR by ANS. The reaction was
carried out with 32 nM MMP-7, 0�140 mM
MOCAc-PLGL(Dpa)AR, 0 (open circle), 25 (open triangle), 50
(open square), 100 (solid circle), 150 (solid triangle) or 200 (solid
square) mM ANS, and 5% DMSO at 25�C, and stopped at an ap-
propriate time. (A) Effect of the initial substrate concentrations, [S]o
on vo. Solid line represents the best fit of the Michaelis�Menten
equation using the non-linear least-squares methods. (B)
Hanes�Woolf plot. One of the representative experiments is shown.
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determined to be 1.6� 0.1, 1.2� 0.1, 1.1� 0.1,
1.0� 0.1, 0.7� 0.1 and 0.5� 0.1 s�1, respectively.
Based on this, the reaction rate can be described as
Eq. 2:

vo ¼
kcat½E�o½S�o

Km þ ½S�o
� �

1þ ½I�oKi

� � � � � � � � ð2Þ

where [I]o is the initial inhibitor concentration and Ki is
the inhibitor constant. The Ki value of ANS at pH 7.5
was calculated to be 110 � 20 mM from Eq. 2, which
was similar to the IC50 at pH 7.5 (96 mM) as described
above.

Effects of MMP-7 on the fluorescence of ANS
Fluorescence spectra of ANS in the absence and in the
presence of MMP-7 were measured (Fig. 3). The shape
of the fluorescence spectra of ANS measured at pH
3.5�9.5 in the absence of MMP-7 were almost the
same, although the intensity of those at pH 3.5�4.5
was slightly higher than that of those at pH 5.0�9.5
(Fig. 3A). On the other hand, the spectrum observed at
pH 3.5 in the presence of 500 nM MMP-7 was drastic-
ally changed in comparison of that in its absence
(Fig. 3B): the fluorescence intensity at 490 nm (FI490)
with 500 nM MMP-7 was 200% of that without it
(Fig. 3C), and the wavelength giving the maximum
fluorescence (�FImax) with 500 nM MMP-7 was shorter
by 20 nm than that without it. On the other hand, there
were no differences in FI490 (Fig. 3C) and �FImax

(Fig. 3D) among the spectra without MMP-7 at pH

3.5�9.5 and those with 500 nM MMP-7 at pH 4.0�9.5.
These results suggest that the anilinonaphthalene
group of ANS does not bind with hydrophobic regions
of MMP-7 at pH 4.0�9.5, but binds at pH 3.5.

Effects of pH on the CD spectra of MMP-7
CD spectra of MMP-7 in the absence of ANS were
measured at pH 3.5�9.5 (Fig. 4). Each spectrum was
characterized by negative ellipticities at around
206�230 nm with the peaks around 208 and 225 nm,
indicating that there is little difference in secondary

A C

B D

Fig. 3 Effect of pH and MMP-7 on the fluorescence of ANS. Fluorescence spectra were measured with excitation at 380 nm and emission at
400�600 nm for 25 mM ANS in 50mM acetate�NaOH buffer at pH 3.5, 4.0 and 4.5, 50mM MES�NaOH buffer at pH 5.0, 5.5 and 6.5, 50mM
HEPES�NaOH buffer at pH 7.5 and 50mM AMPSO�NaOH buffer at pH 8.5 and 9.5, each containing 10mM CaCl2 at 25

�C. (A) Fluorescence
spectra in the absence of MMP-7. (B) Fluorescence spectra in the presence of 500 nM MMP-7. (C) Fluorescence intensity at 490 nm (FI490).
(D) Wavelength giving the maximum fluorescence (�FImax). FI490 (C) and �FImax (D) of ANS in the presence of 500 nM MMP-7 (open circle)
and in its absence (open triangle) were plotted against pH. One of the representative experiments is shown.

Fig. 4 Effect of pH on the CD spectra of MMP-7. CD spectra were
measured for 7.0 mM MMP-7 in 50mM acetate�NaOH buffer at pH
3.5 and 4.5, 50mM MES�NaOH buffer at pH 5.5 and 6.5, 50mM
Tris�HCl buffer at pH 7.5 and 50mM AMPSO�NaOH buffer at
pH 8.5 and 9.5, each containing 10mM CaCl2 at 25

�C. One of the
representative experiments is shown.
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structure. The ellipticities at 206�230 nm at pH 3.5
were slightly smaller than those at pH 4.5�9.5. The
contents of a-helix, b-sheet, calculated based on the
reference spectra (39), at pH 3.5 were 31, 31 and
38%, respectively, and those at pH 4.5�9.5 in average
were 31, 34 and 35%, respectively. This suggests that
MMP-7 did not receive a drastic structural change at
pH 3.5.

Effects of alcohols on the fluorescence of ANS
Fluorescence spectra of ANS in the presence of ethanol
and 2-propanol were measured (Fig. 5). The fluores-
cence intensity increased with increasing concentra-
tions of ethanol (Fig. 5A) and 2-propanol (Fig. 5B).
FI490 of ANS increased with increasing alcohol con-
centrations (Fig. 5C). �FImax of ANS decreased with
increasing alcohol concentrations and reached 487 nm
at 80% ethanol and 482 nm at 80% 2-propanol
(Fig. 5D). Relative FI490 of the ANS solution in the
presence of ethanol was defined as the relative value of
FI490 to that without ethanol. Figure 5E shows relative
FI490 of the ANS solution in the presence of ethanol
against dielectric constant (D) of the solution, calcu-
lated as described previously (40). The relative FI490 of

2.0 of ANS, which was observed in the presence of
500 nM MMP-7 at pH 3.5, corresponds to the D
value of 72.

Discussion

Mechanism of inhibition of MMP-7 activity by ANS
We have analysed the inhibition of MMP-7 activity by
various compounds (26�30). Alcohols inhibit MMP-7
activity competitively with Ki values of 0.66�4.80mM
(26). It is suggested that MMP-7 has the
inhibitor-binding site for alcohol with the size large
enough to accommodate the length of four-carbon
chain and the bulk of tertiary alcohols (26).
Thiorphan and R-94318, which were originally de-
signed as inhibitors of enkephalinase and gelatinase,
respectively, inhibit MMP-7 activity competitively
with the Ki values of 11.2 and 7.65mM, respectively
(27). Lignans also inhibit MMP-7 activity competi-
tively with the IC50 or Ki values of 50�280 mM (28).
It is suggested that non-polar character of the diben-
zylbutyrolactone structure is important in the inhib-
ition (28). Green tea catechins with the galloyl group
inhibit MMP-7 activity non-competitively, with the Ki

A C

B D

E

Fig. 5 Effect of alcohols on the fluorescence of ANS. Fluorescence spectra were measured with excitation at 380 nm and emission at 400�600 nm
for 5 mM ANS in 50mM HEPES�NaOH, 10mM of CaCl2, pH 7.5 with various concentrations of alcohols at 25�C. (A) Fluorescence spectra
with 40, 50, 60, 70 and 80% of ethanol. (B) Fluorescence spectra with 40, 50, 60, 70 and 80% of 2-propanol. (C) Fluorescence intensity at 490 nm
(FI490). Relative FI490 was defined as the relative value of FI490 in the presence of ethanol to the value in its absence. The broken lines in the inset
mean that 15% ethanol corresponds to relative FI490 of 2.0. (D) Wavelength giving the maximum fluorescence (�FImax). Symbols for alcohols
(C and D): ethanol, open circle; 2-propanol, open triangle. (E) Relative FI490. Dielectric constant, D, is calculated according to Eq. 2. The broken
lines in the inset mean that relative fluorescence intensity of 2.0 corresponds to the D value of 72.
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values of 0.47�1.65 mM (29). In this study, it is demon-
strated that ANS inhibits MMP-7 activity in a
non-competitive manner with the Ki value of
110� 20 mM (Fig. 2). The degree of inhibition depends
on the time for pre-incubation of ANS and MMP-7
(Fig. 1B). ANS fluorescence is not changed by the add-
ition of MMP-7 at pH 4.0�9.5 (Fig. 3), suggesting that
the sulphonic, but not anilinonaphthalene, group of
ANS binds with MMP-7 through hydrophilic inter-
action. From these results, there is an interesting ten-
dency speculated that hydrophobic inhibitors inhibit
MMP-7 activity competitively, while hydrophilic in-
hibitors inhibit it non-competitively.

Considering the cleavage site of MOCAc
-PLGL(Dpa)AR by MMP-7 and the structure of thior-
phan (27), the binding of substrate and inhibitors to
the S10 pocket of the active site is the most important.
It is thought that the S10 pocket is hydrophobic and
prefer hydrophobic residues, such as Leu, Phe and
Trp, but is not large enough to accommodate the ani-
linonaphthalene group of ANS.

Binding of MMP-7 with ANS
The pI value of MMP-7 is 5.9 (3). The pKa value of the
sulphonic group of ANS is less than 2 (41, 42).
Considering that (i) the sulphonic group is negatively
charged at pH 4.0�9.5, (ii) the fluorescence of ANS is
not increased by the addition of MMP-7 at pH 4.0�9.5
and (iii) MMP-7 binds with heparin, heparan sulphate
and cholesterol sulphate (6�9), it is suggested that
ANS binds with the positively charged surface regions
of MMP-7. MMP-7 has 11 Lys residues and 8 Arg
residues. Figure 6 shows overall structure of MMP-7.
When MMP-7 is viewed with the active site on the
centre, only three Lys residues (Lys235, Lys239 and
Lys243) and two Arg residues (Arg143 and Arg180)
are on the surface, while the reverse side shows Lys
and Arg residues all over the surface (4, 6) (Fig. 6),
suggesting that ANS could bind with the regions far
from the active site of MMP-7. Regarding this, it was
reported that the binding site of MMP-7 with choles-
terol sulphate is located on the other side of the active
site (7), and that the amino acid residues of MMP-7
involved in the binding to cholesterol sulphate are
Ile106, Arg110, Arg128, Trp132, Arg248, Lys249 and
Lys250 (Fig. 6B) (8). In this article, we speculate that
several cholesterol sulphate molecules bind with
one MMP-7 molecule because five basic residues
(Arg110, Arg128, Arg248, Lys249 and Lys250) con-
tribute to the binding (8). Although the binding sites
of MMP-7 for ANS have not been identified, we specu-
late that several ANS molecules bind with one MMP-7
molecule. It was also reported that MMP-7 that binds
with negatively charged liposomes retains the activity,
whereas while MMP-7 that binds with positively
charged liposomes loses it (43). Therefore, in a physio-
logical condition, MMP-7 might bind with sulphated
glycosaminoglycans on the surface of tumour cells
through the basic regions far from the active site.
Identification of the binding sites of MMP-7 for
ANS is the next research subject.

FI490 of ANS with 500 nM MMP-7 and without al-
cohol at pH 3.5 was 200% of that without MMP-7 and

alcohol at pH 3.5 (Fig. 3C). FI490 of ANS with 15%
ethanol without MMP-7 at pH 7.5 was 200% of that
without alcohol and MMP-7 at pH 7.5 (Fig. 5C). This
increase in FI490 of ANS corresponds to the dielectric
constant (D) value of 72 (Fig. 5E), suggesting that the
environment at the binding sites of MMP-7 for ANS at
pH 3.5 is more hydrophobic than water (D¼ 78).

ANS has been used to explore conformational
changes of proteins as a hydrophobic probe (44�48):
in the complex of ANS with arginine kinase (44) or
bromelain (45), ANS fluorescence was first increased
and then decreased with increasing concentration of
guanidine hydrochloride, suggesting the presence of a
partially unfolded intermediate between the native and
the fully unfolded states. In the complex of ANS with
citrate synthase, ANS fluorescence was increased by
the addition acetyl�CoA or ATP, which is ascribed
to the ligand-induced conformational change (46). In
the complex of ANS with phospholipase A2, ANS
fluorescence was increased by the addition of Ca2þ,
which is ascribed to the binding of Ca2þ with the
active-site aspartate residue (47). In the complex of
ANS with interleukin-6 (IL-6), ANS fluorescence was

A

B

Fig. 6 Overall structure of MMP-7. The MMP-7-hydroxymate in-
hibitor complex is based on the Protein Data Bank no. 1MMQ (4).
MMP-7 residues (Tyr78�Lys243) are represented by a CPK model.
Black, Lys, Arg, Ile86 or Trp132; Gray, Asp or Glu. Arg244, Ser245,
Asn246, Ser247, Arg248, Lys249 and Lys250 are not shown because
they are not contained in 1MMQ. The hydroxymate inhibitor is
represented by a ball and stick model. (A) MMP-7 viewed with the
active site at the centre. (B) MMP-7 viewed from the opposite side.

V. Samukange et al.

538



increased by disrupting the intramolecular disulphide
by dithiothreitol (48). In this study, MMP-7 did not
exhibit activity at pH 3.5 after pre-incubation without
ANS for 10min at pH 3.5 (Fig. 1A). The fluorescence
of ANS was increased by the addition of MMP-7 at
pH 3.5, but not at pH 4.0�9.5 (Fig. 3). This can be
explained by that at pH 3.5, MMP-7 receives a struc-
tural change and the anilinonaphthalene group of
ANS binds with hydrophobic regions of MMP-7 al-
though the degree of structural change of MMP-7 at
pH 3.5 is thought to be small according to the results
with CD spectra of MMP-7 (Fig. 4). Characterization
of this structural change of MMP-7 and identification
of the binding sites of MMP-7 for the anilinonaphtha-
lene group of ANS are also important research
subjects.
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