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Binding of ¢ysteine proteinnsex of the pupain superfamily (paprin und cathepsing B3, B-like und L) to basement membrunes was studied by using

the enzymatie sctivity ol these proteinnses aguinst their spegifiv Nuvrogenic substrates, Papiin insstivitet by E&4 was used for &, determination

by campetition experiments. The binding wus charagierized using the following purametecs, the equilibrium consint. &, and the number af

substrate sitex, o, values of which were in the unge of 10°T Mand 10%, respectively, Such results would be ol signiticunt interest for (he understanding
of the bialagical role of cysieine proteinuses in tumour invasion dand olher types of tissue remodeling.

Cysleine profeituse: Quantitative binding: Basement membrane

. INTRODUCTION

Cysteine proteinuses of the papain superfamily were
able to degrade intuct basement membranes in vitro
through a slow, time-dependent process, i.e, over 24-72
h (1]. Binding of cathepsin B 1o basement membranes
was observed previously in this laboratory [1]. Conse-
quences of such interaction could be the unusual in vitro
stability of bound cysteine proteinases, associated with
the degradation of the substrate. Binding of pepsin to
collagen [1 was also reporied [2], Different pathological
stutes, such us tumor invasion and metastasis, occut
through the action of proteinases aguinst basement
membrane components [3]. Thus, the study of the bind-
ing mechanism by cysteine proteinases to busement
membranes would be of interest. As u consequence of
changes in their intracellular pracessing [3.4] these lyso-
somal proteinases are secreied by a lot of trunsformed
cells [3.5]. In order to charucterize these binding sites.
we have undertaken a quantitative study. Using satura-
tion and competition experiments, several parameters
of theinteraction of papain und cuthepsins B, B.like and
L with the bovine lzns capsule were determined, includ-
ing K, values and », i.c. the number of binding sites.
These experiments were performed by using the enzy-

Abhreviations: Calhepsin B, EC 3.4.22.1: Papain. EC 1422.%
Cathepsin L. EC3.4.22.15; E64. L-rans-epoxysucsinyl-i.-leucylamine-
4-guanidinobutane: Z, benzyloxycarbonyl: NH Mee, 4-mothyl-7-
coumarylamide; EDTA, sihylene diamine tetruacetate disodium sall;
DTE. dithioeryihritol,

Corvesportdence addrexs: M. Pagano. Luborutaire de Biochimie, Fitc-
ulté <le Médecine Broussiis Hotel-Dieu, 15 rue de 'acole de Médecine.
75270 PARIS Cedex 06, Frunce.

Published by Eisevier Science Pubfishers BV,

matic activity of the proteinases against the fluorogenic
substrates Z-Arg-Arg-WHMEC, Z-Phe-Arg-NHMEC
and papain inactivated by E64 for competition experi-
ments instead of radiolabelled enzymes. A covalent
linkuge between pupain and E64 wuas demonstrated by
the crystul struciure of this complex (6], permitting us
to develop an experimental approach.

2. MATERIALS AND METHODS

2.1, Mwwerials

Pupain (swice erystullised) was purchased from Sigma (St. Louis,
MO, USA), The Nuorogenic subsirutes Z-Phe-Arg-NHMEC, Z-Arg-
Arg-NHMEC and the epoxide inhibitor E-64 were previded by Nova.
Biochem (Laufelfingen, Switzerlund) and the Prolein Rescarch Foun-
dution (Osaka, Jupan}. Fluoresecnce measurements were sufried oul
on i Kontron SFM 25 spectroflurometer ut 4, 347 nm and 2, 440
am using NH2MEC fer culibratian.

1.1 Labaion of bovine fens capsules

Eyes were removed lrom cows killed less than 4 h previously, Pos-
terior and anterior lens capsules were taken and the adherent material
genily remaved with a blum insirument under o magnifying gluss,
Before digastion, lens cupsules were stored at -20°C.

2.3, Purification af human cysteine-proeinases

Human liver cathepsing B and L were purified using a new HPLC
method [ram this laboratory [7]. The cathepsin B-like proteinase from
human malignant aseitic Muid was [solated as previously reported [8].
Purified proteinases were characterized using SDS.-PAGE., gel-lectro-
focusing. and catalytic properties against synthetic substrates [2.8).
Cathepsin B and B-like were ulso studied by iinmunoblotting [7.9]. The
active site of these proteinises was titraled with EG4, thus the concen-
lrations given here refer Lo aclive concenirations,

24, Inactivation of papaia by EG4

2100 {.4610°" M E64 was added to 2 mlof 2,410 M papuia in
the aetivation buffer. Binding was performed over 10 min at room
temperatune, Excess of inhibitor wis removed by dialysis overnight by
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shaking aguinst the stusting bufler ux u control experiment. the enzy-
mutic uctivity ol blocked pupain was checked uguinst Z-Phe-Arg-
NHMEC,

2.5, Binding assu)

Binding studiex were performed in 0.1 M phosphate bufTer contain.
ing | mM DTE und 2 mM EDTA at pH 6.8 {or both pupain and
cathepsin Belike, und ut pH 6.0 for cathepsing B und L. respectively,
For washing. lens cupsules were thuwed und insubated a1 37°€ for 33
h with sontinuous shaking in 1¢ ml of the ¢hosen bulles, Binding
kinstics were determined in the {ollowing wuy: 2 ml of buffer with ar
without u wushed lens cupsule wux inéubated under shaking with
various congentrations of papain, or ane of the three cuthepsins. The
uskay withoul eazyme was used ug control. At difTerent times, aliquots
of 20 x4l were removed and assayed (ar the enzymatic setivity ol the
cyiteine proteinase apainst ZPhesArgoNHMEC or Z:Arg-Arge
NHMEC for pupain, cathepsin L und the twa other cathepsins, re-
spectively, The ussay was stopped a2 in {7]. and the fluoressence of the
NH.MEC was eslimuted (7). For the time dependency of the binding
of pupain and cuthepsin B, an asay was performed every 15 min for
2 h. For the cathepsin B-like proteinuse, the time interval of the
binding study was shortened 1o | h. In this latter case, the lime interval
between (he ussays was shortened to § min, Rexults are expressed as
I/E vi. T for bath binding und contrel experiments, Using these plots,
the total enzyine coneeniration (E,} und the {ree enzyme congentration
(E;} were calculated from the cantrol and the binding experiments,
respectively. The bound proteinuse (E,) wis deduged {tom E,~E,.
From these results, the binding curve E, vs. E, could be drawn,

Displacement experiments of bound proteinuses were performed
under satursting conditions. After binding. the lens capsules were
washed quickly in 10 m! of activation bulfer, and incubated in 2 mi
of the same buller containing a variable amount of E64-papain com-
plex, 20 gl aliguots of both binding and displaceinent media were
taken for enzymatic activity measurements, as deseribed sbove, Con-
centration of bound proteinises was culeulated us nbove. Quangity of
displaced proteinases were estimated after subtraction of nan.speeilie
displacement. i.e. by it control experiment curried oul under the sume
conditions without addition of papain, The displicement wis culeus
Iatzd from the ratio:
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E hound

Scatchurd plot. i.e. EJE, vi. E, wis used 1o caleulite Ay values where
E, = maximil coacentrition bound x fraction displaced. E, = concens
trtion of EGd-pupgin-complex used For the displasement, and By =

E|" E‘-

3. RESULTS AND DISCUSSION

From binding kinetics, the muximal binding was ob-
served within 30 min with complete saturation. A satu-
rable dose-dependent binding curve was found at 37°C
with the four cysteine proteinuses used in this study
(Fig. 1 A-D). Displacement of these proteinases by Eqd4—
papain complex is shown in Fig. 2A-D. These latter
results allow us to determine the dissociation constant
for each proteinase basement membrane equilibrium
{Fig. 3A-D). Data are summarized in Table I, Dissocia-
tion constants were found in the 1677 M runge and the
number of binding sites was in the 10¥ range. The
weight of a lens capsule was estimated at 50,64 % 15.4
mg (1 = 100) [1]. On this basis, about | binding site was
present for 50 pg of basement membrane, Nevertheless,
a high degree of variation wus observed in the competi-
tion experiments when the proteinase was changed (Fig.
2). It could be linked to the use of the sume competitor,
i.e. E64 pupain, for the displacement of the four differ-
ent eysteine prateinases, The souree of such varistions
could be some structural differences in the binding site
of each cysteine proteinase for the basement membrane.
However, these dilferences were not significunt on the
Scatchard plet. This method was unable to analyze
these small molecular differences.
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Fig. 1. Specific binding eurve of four eysicine proteinases to bovine lens capsules at 37°C. Each point is the mean = 3.D, of triplicate determinations.
(A) Papuin, pH 6.8, (B) Cathepsin B, pH 6.6, (C) Cuthepsin B-like. pH 6.5. (D) Cathepsin L, pH 6.0,
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Fig. 2. Displucement of cysieine proteinuses by the papasin-E6é complex at 37°C. Each poini is the mean % 5.D. of triplisaie determinations. (A)
Papain, pH 6.8 (B) Cuthepsin B. pH 6.0, () Cuthepsin Balike, pH 6.8, {D) Cuthepsin L, pH 6.0,

The present results characterize the binding phenom-
enon of cysteine proteinases to basement membranes.
As shown from both K, und binding sites values, the
uctive site of the proteinuses was not involved in the
binding on the busis of the following assumption: (i)
displacement of active cysteine proteinases wus found
using E64 inactivated papain, i.e. papain with a blocked
uctive site [6] and (ii) similar K, values were found for
the four cysteine proteinases: in contrast, when peptide
substrates were used, different K, values were observed.
For example. with Z-Phe-Arg-NHMEC as a substrate,
K, wvalues were 390 and 6 uM for cathepsin B and
cathepsin L. respectively (7). The mechunism of base-
ment membrane digestion could be the following: active
cysieine proteinases are bound, many peplide bond
cleavages accur simultaneously, and numerous peptides
are solubilized. A 72 h time dependency was observed
for the digestion [1]. This could be a consequence of the
binding since bound cysteine proteinases did not u-
tolyze, in constrast to diluted purified cysteine pro-
teinases {1].

From this mechanism, the digestion was dependent
en the location of the proteinase binding sites inside the
basement membrangs. These sites probably represent
the number of substrate sites accessible to proteinases.
MNevertheless. the number of binding sites did not corre-
spond to the number of peptide bonds hydrolyzed: as
reported before [1] only a partial digestion of basement
membranes by ¢ysieine proteinases was observed in
vitro. The number of binding sites represent only the
number of potent digestion sites. These sites could be
located on the collagen 1V network: this major protein
constituent of busement membranes binds other mem-

brane constituents i.e. laminin, proteoglycan and fi-
branectin [10). Cansequently, it could be the source of
the proteinase binding. Another type of collagen (type
1i collugen) was also found to be able to bind pepsin {2].
Nevertheless, same binding sites could be asseciuted
with the supramolecular structure of collagen IV and
linked to the spatial organisation of the basement mem-
brane. Further studies using isoluted basement mem-
brane constituents and combinutions of such constitu-
ents could be useful for the molecular study of the bind-
ing sites.

In vivo, a large number of protecinase binding sites
could be associated with the dissolulion of basement
membrans observed during tumour invasion {l1]. A
proteolytic cascade [12] linked to the secretion of pro-
teinases of different classes by malignant cells, could
increuse the efficiency of both binding and digestion.
Some years ago. cysleine proteinases, such as cathepsin
B. were located cutside malignant cells and around tu-
mour islets by immunohistological methods [5). This

Tuble |
Cyslcine proteinase Linding paramelers 1o bovine lens capsules
(s (M) Number of binding sites
Sipsufe
Papain 30107 4.6-10%
cB 561077 a2.5-10
CB-like 561077 132.10"
CL 1.1.10°7 12.3.10"

Thexse results were culculated from the Scaichard plols drawn in
Fig. 3.
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Fig. 3. Scaichard ploti for eysicine proteindies binding to bovine lens cupsules ut 32°C. Each paint is the menn = S.D, of triplicate delerminations.
(A) Papuin, pH 6.8, (B) Cathepsin B. pH 60. {C) Cuthepsin Blike, pi 6.8, (D) Cathepsin L, pH 6.0,

extracellular location argues for a basement membrane
binding. In conclusion, in this report the molecular
busis of busement membrune digestion is pointed out.
In future, a better understanding of tumour invasion
and other cellular migration processes could be depend-
ent on the devslopment of such relationships.
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