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Ehrlich ascites cells have been shown to possess a protease with S-naphthylamidase activity located on the surface
of these cells This enzyme 1s protected from the mhibitory action of protemn mhibitors of trypsm (EC 3 4 21 4)
m free solution, but 1s mhibited by high concentrations of active site-directed mhibitors of trypsin We believe the
protection against mhibition is provided by the location of this protease on the cell surface We employed a
model system of trypsm coupled to Sepharose to demonstrate the protective action of an mert surface, resulting
m a marked reduction m mhibition of trypsin-Sepharose, compared to trypsin in free solution, when exposed to
both high and low molecular weight inhibitors This cell surface protease has been shown to play a role in activa-
tion of the zymogen of collagenase exported by tumour cells This role may have important implications for tu-

mour cell invasion of the intercellular matrix

Introduction

Sonicates of tumour cells have been shown to con-
tain a zymogen of a protease contained mn a granule
fraction [1,2] Ehrlich ascites cells grown in mice are
well known to be very resistant to osmotic shock and
have very tough plasma membranes It was therefore
of interest to determine whether intact tumour cells
exhibited simiar protease activity This study
describes four linked observations (1) the presence
and quantitation of this protease with casewnolytic,
B-naphthylamidase and esterase activity against sub-
strates for trypsin on the surface of these cells, (11)
unexpected mhibition properties of the cell surface
protease when exposed to molecules which inhibit

Abbreviations Bz-Arg8-naphthylamide, a-N-benzoyl-DL-ar-
ginine<g-naphthylamide, TLCK, N-a-p-tosyl-L-lysine-chloro-
methylketone HCI, NPGB, 4-nitrophenyl4-guanidino-ben-
zoate HCl, MUGB, 4-methyl-umbelliferyl-p-guamdino-ben-
zoate HCl, PMSF, phenylmethylsulphony! fluoride, CTN,
N-carbobenzoxy-L-tyrosine-nitrophenyl ester, Bz-Arg-OEft,
N-a-benzoyl-L-arginine ethyl ester HCI

trypsin 1n free solution, (1) a model system, made by
coupling trypsin to Sepharose4B, which behaved
similarly to the protease on the cell surface in the
presence of trypsin inhibitors and (1v) the role of this
protease on the surface of tumour cells in the activa-
tion of latent collagenase exported by these cells
when grown on collagen gels

We describe the cell surface enzyme as a ‘protease’
on the basis of 1ts abiity to (1) cleave a-N-benzoyl-
DL-arginine-3-naphthylaruide [3], N-carbobenzoxy-L-
tyrosme nitrophenyl ester [4], N-a-benzoyl-arginine
ethyl ester and casein, (11) be inhibited by low mo-
lecular weight active site-directed mnhibitors of tryp-
sin and trypsin-like enzymes and (1) exhibit symilar
inhibition characternistics to trypsin-Sepharose We
believe this cell surface protease to be very similar in
1ts properties to bound trypsin but for the time being
it will be simply referred to as a cell surface protease

Matenals

Ehrlich ascites cells were grown intrapentoneally
in mice [5] and collected after 8 days The pooled
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cells were separated from the surrounding ascitic plas-
ma by low speed centnfugation The cells were
washed six times in 09% (w/v) NaCl to provide a
final suspension containing 05 10® cells/ml The
washing of the cells was necessary to remove extra-
cellular mnhibitors of trypsin and also plasma proteins
since we wished to use these cells for assays of pro-
teolytic activity wath casein as substrate (see later)
The same results were obtained with cells washed 1n
NaCl or phosphate-buffered saline

Crystalline trypsin (EC 3 4 21 4), ovomucoid, soy-
bean trypsin 1nhibitor, N-a-p-tosyl-L-lysine-chloro-
methyl-ketone HCl (TLCK), a-N-benzoyl-DL-argiine-
B-naphthylarmde  HCl  (Bz-Arg-f-naphthylamide),
4-methyl-umbelliferyl-p-guanidinobenzoate HCI
(MUGB), phenylmethylisulphonyl fluonde (PMSF)
and N-carbobenzoxy-L-tyrosine nitrophenyl ester
(CTN) were obtamned from Sigma, N-a-benzoyl-L-
arginme ethyl ester HCl (Bz-Arg-OEt) was purchased
from Aldnich Chemical Company and Trasylol
(10000 KIE/ml) was kindly supplied as a gift from
Bayer 4-Nitrophenyl<4-guanidino-benzoate (NPGB)
was obtamned from B D H and tropocollagen was pre-
pared from rat-tail tendons [6] Leupeptin was pur-
chased from Scientific Marketing Associates, London
Pooled normal human serum was provided by a local
hospital

Activated AH-Sepharose4B was purchased from
Pharmacia and trypsin-Sepharose prepared according
to the manufacturer’s instructions The activity of the
trypsin-Sepharose was assayed with Bz-Arg-G-naph-
thylamide and calibrated as the equivalent weight
crystalline trypsin

Methods

Trypsin fB-naphthylamudase activity was assayed
fluonimetrically [3] with Bz-Arg-$-naphthylamide
as substrate after 1 h at 40°C Trypsin esterase activ-
1ty was measured with CTN as described by Martin et
al [4] Trypsin casemolytic activity was assayed with
12 mg casem (pH 8 0) 1n a total volume of 3 ml for
2 h at 37°C followed by trichloroacetic acid precipi-
tation and fluram {7] assay of the solubilised pep-
tides [8] In those experiments where inhibitors were
included 1n the digest, the degree of mnhibition 1n each
tube was presented as the residual enzymic activity
expressed as a percentage of the control enzymic

activity an which no inhibitor was added In each ex-
periment a series of screw-cap plastic tubes containing
1 ug trypsm (or an equivalent quantity of trypsin-
Sepharose or tumour cells) plus incremental additions
of a potential inhibitor were pre-incubated at 37°C
for 10 mun, prior to adding the substrate to give a
final volume of 3 ml The resultant enzymic actwvity
was determined after 1h with Bz-Arg{-naphthyl-
amide, 0 S h with Bz-Arg-OFEt and 2 h with casemn as
substrate, respectively

Lactic acid dehydrogenase activity [9], leaked by
Ehrlich ascites cells during 1 h incubation 1n 0 1 M
Tns-HCl buffer, pH 8 0, was assayed to measure the
degree of cell rupture during this incubation period
Collagenase activity of the washed tumour cells and
cells exposed to mhibitors incorporated in preformed
collagen gels was demonstrated n the classic proce-
dure of Gross and Lapiere [10], after 18 h and longer
periods of incubation at 37°C Incubation of tumour
cells at 15°C on collagen gels was used to obtain elec-
trophoretic evidence of the selective cleavage of tro-
pocollagen molecules into 0 75 and 0 25 length frag-
ments [11]

Results and Discussion

Detection of protease

Preliminary experiments with intact Ehrlich as-
cites tumour cells demonstrated the presence of pro-
tease activity capable of cleaving Bz-Arg--naphthyl-
amide [3], CTN [4] and casemn on the cell surface

The B-naphthylamidase activity of a suspension of
washed tumour cells was shown to be directly pro-
portional to the quantity of cells added to the test
system (over the range 0--3 107 cells/tube) Simi-
larly, the §-naphthylanudase activities of both trypsin
and a Sepharose-trypsin suspension were shown to be
directly proportional to the quantities of these en-
zymes added to the test system Independent f-naph-
thylamudase assays conducted at 10 min intervals over
0—1 h with each of these three enzyme systems, indi-
cated that the production of B-naphthylamine was
linear over this period of time for each enzyme sys-
tem

The assay of tumour cell casemnolytic activity 1s
presented in Fig 1, n which two control senes of
analyses were carried out simultaneously with the cell
surface protease assay Fluram-positive matenal dif-
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Fig 1 The assay of cell proteolytic activity with casemn as
substrate 0—600 zd cells (05 108 cells/ml) were incubated
with 12 mg casemn in 3 ml pH 8 0 solution for 2 h at 37°C,
followed by precipitation of the undegraded protein with
trichloroacetic acid and fluram assay of the solubilised pep-
tides, line a Line b was obtamned with two series of controls,
(1) the cells alone 1n the absence of casemn and (u) cells plus
casetn plus 100 uM NPGB to mhibit the cell surface protease
Line b represents nonenzymic products produced by the
cells The line c represents a—b, 1e, the enzyme digestion
products

fuses from the cells during the incubation period and
this must be accounted for by differential analysis
Two methods provide the necessary data When a
control senes of tubes contaiming the cells and no
added substrate 1s run alongside the test system, then
line b 1n Fig 1 1s obtamned for this control senes and
represents the diffusion of fluram-positive materal
from the cells A second check on this non-enzymic
product formation 1s obtained by runming a second
control series of tubes in which cells and substrate are
incubated in the presence of 100 uM NPGB (the
latter completely inhibits the cell-surface protease,
see later) The residual fluram-positive matenals are
denved from non-enzymuc activity (e g, diffusion
from the cells) and this again 1s represented by the
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lmeb in Fig 1 The linea in Fig 1 represents the
total product formation 1e , enzymic degradation of
casemn plus non-enzymic products diffusing from the
cells The difference between lines a and b represents
the net protease activity, line ¢ 'n Fig 1

Location of protease actwity

It could be suggested that ~he enzyme which we
are studying 1s located within ~hese cells rather than
on thewr surfaces A number of observations oppose
this suggestion (a) When the cells were deliberately
ruptured by sonication the observed §-naphthylamid-
ase activity did not increase (b) Previous studies of
the granule and post-granule supernatant fractions
[1] of these cells demonstrated the presence of a
zymogen which required trypsin or chymotrypsin
activation, whereas the enzyme descrtbed 1n this
study required no pror activation (c) The cytosol
also possessed a potent mhibitor which would be ex-
pected to mactivate this intracellular enzyme 1n free
solution [1] (d) The possibility that S-naphthylanud-
ase was exported from the cell during the period of
1h at 37°C, employed for enzyme assay in these
studies, was checked by separating the extracellular
flud from the cells by centrifugation after 1h at
37°C and assaying the B-naphthylamidase activity of
the extracellular fluid and the precipitated cells inde-
pendently No g-naphthylamidase activity was found
in the extracellular fluid fraction, all the activity
remained with the precipitated cells (e) Later in this
paper 1t will be shown (Fig 2) that the tumour cells
are surrounded by trypsin inhibitors present in the
ascitic plasma and mhibitors are also exported by the
tumour cells duning the course of 1 h at 37°C, thus
any B-naphthylamidase exported by these cells would
not be capable of measurement by direct assay (f) In
order to overcome the rather long digestton period
for Bz-Arg-B-naphthylamide assays we employed con-
tinuous recording spectrometry over 0—4 mun using
CTN [4] as substrate, and demonstrated linear ester-
ase activity of these cells in this peniod of time, which
would be difficult to achieve if the enzyme was
continuously bemng exported from the cells into the
extracellular fluid, or if the substrate had to pass into
the cells, be cleaved and re-exported as digestion pro-
ducts (g) The pellet (containing membrane and cell
organelles) centrifuged down from the somcated
tumour cells was washed m 09% (w/v) NaCl and
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shown to possess protease activity

From these observations we concluded that the
protease which 1s located on the surface of the
tumour cells does not result from nonspecific leakage
of enzymes during the preparation of the cells or the
digestion period at 37°C This conclusion was rein-
forced by the absence of lactic acid dehydrogenase
[9] in the extracellular fluid when the cells were cul-
tured 1n the Bz-Arg-naphthylamide buffer for 1 h at
37°C

Estimation of trypsin equivalence of Ehrlich ascites
cells

It was possible to compare the §-naphthylamidase
and casemolytic activity of the cell surface protease
directly with trypsin n free solution, which had
previously been standardized by active site titration
with NPGB [12], by the burst analysis techmique
When such a comparnison was made with Bz-Arg-§-
naphthylanude as substrate, 1 pg trypsin was equiv-
alent to 33 107 cells, and with casein as substrate
1 ug trypsin was equivalent to 5.4 107 cells These
figures must be considered approximations for two
very different assays, however 1t can be concluded
that these results are of a similar order of magnitude
and indicate that the cell surfaces are well endowed
with an enzyme capable of proteolysis and S-naph-
thylamidase activity We believe this activity 1s asso-
ciated with a single protease since all the active site-
directed reagents and active site titrants for trypsin
mhibit both activities of this cell surface enzyme

Faulure of protewn inhibitors of trypsin to inhibit the
cell surface protease

Incremental addition of 0—-20 ug soybean trypsin
mhibitor, Trasylol, ovomucoid and 200 ul pooled
human serum failed to nhubit the f-naphthylamidase
and casemnolytic activity of the cell surface protease
of Ehrlich ascites cells The ascitic plasma which ori-
ginally surrounded the tumour cells contained an
mhibitor of trypsin in free solution, Fig 2, curve a,
but this ascitic plasma had no inhibitory effect on the
tumour cell surface protease (Fig 2, hine b)

The evidence presented above could be interpreted
in two different ways (1) sumply that the surface en-
zyme 15 not trypsin-like and therefore would not be
mhibited by inhibitors of trypsin and (u) that the sur-
face to which the enzyme 1s bound changes the pro-
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Fig 2 The mhibition of free trypsin g-naphthylamidase
activity by ascitic plasma Curve a shows the inhibition of
6 ug trypsin incubated for 1 h with ncremental additions of
ascitic fluid The dotted line b shows the lack of inhibition
exhibited by 200 ul cells in the presence of ascitic fluid

perties of a trypsin-like enzyme 1n such a way that its
mnhibition kinetics have been modified by comparnson
with trypsin 1n free solution The data which we pres-
ent below indicates that the cell surface enzyme
behaves hike trypsin bound to Sepharose beads and
shows that 1t 15 perfectly possible for authentic tryp-
sin molecules to behave in the manner described for
the cell surface protease For these reasons we feel
justified 1n believing the cell surface enzyme to be
‘trypsin-like’ although we refer to 1t simply as a pro-
tease

In view of the data ;n Fig 2 and the observed
protease activity of the Ehrlich ascites cells (Fig 1)
it would really have been surprising if this enzyme
was mnhibited by the trypsin inhubitors present in the
ascitic plasma, serum, or by ovomucoid, soybean
trypsin inhibitor and Trasylol The cell surfaces must
have been 1n close contact with protemn inhibitors of
proteolytic enzymes (in free solution) and would be



likely to be presaturated with these when the cells
were obtained from the tumour-bearing mice

Inhubition of tumour cell surface protease with active
site directed agents for trypsin

In our assay systems we have used 1 ug trypsin/
3mlie, 13 10®M, or an equivalent quantity of
tumour cells We determined the kinetics of inhibi-
tion of the tumour cell surface protease in the pres-
ence of incremental additions of NPGB [12], MUGB
[13], TLCK and 4-amino-benzamidine (Fig 3) All
these reagents were capable of causing inhibition of
the cell surface protease, however, the concentrations
of these reagents required for this mhibition were
much greater than would have been expected for the
inhibition of trypsin in free solution (see later) The

100 ge— A

3

% Residual enzymic activity, 200 ul cells equivalent to 100
b

1
o] 5 10

10 M inhibitor

Fig 3 Inhibition of Ehrlich ascites cell surface protease by
low molecular weight inhibitors The nitial activity of the
cell surface enzyme 1s represented by 100 at the point indi-
cated by the arrow A Curve a represents incremental addi-
tion of 4-ammobenzamidine with corresponding inhibition
of g-naphthylamidase activity Curve b 1s a composite curve
for the effects of incremental additions of either NPGB or
MUGB on the casemolytic activity, these agents had identr-
cal inhibitory action Curve c represents TLCK nhibition of
the g-naphthylamidase activity All results were presented as
percentages of the control at A
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cell surface protease was also inhibited by PMSF
which inhibits serine enzymes, including trypsimn, and
sumilar inhibition was observed with leupeptin, a pep-
tide specific for trypsin-ike serine enzymes (see
later) The fact that all these reagents are site-specific
for trypsin (or trypsindike enzymes) demonstrates
the vahidity of our belief for this class of enzymic
activity being used to describe the cell surface prote-
ase

Inhibition of trypsin-Sepharose by protein inhibitors

Serum contains seven known inhibitors [14], each
of which reacts stoichiometrically with trypsin 1n free
solution, similarly ovomucoid and soybean trypsin
mnhibitor react stoichiometrically with trypsin in free
solution by interaction of the enzyme active site with
a spectfic site-directed locus on the inhibitor We were
able to demonstrate stoichiometric interaction of
trypsin n free solution with ovomucoid and soybean
trypsin inhibitor (in this case 13 10®M being
required to inhibit 1 pg trypsin in a 3 ml test system)
On the contrary, non-storchiometric inhibition of
trypsin-Sepharose was observed with these proteins
(Figs 4 and 5) Much higher concentrations of these
protein nhibitors were requured to cause partial
inhibition of an equivalent quantity of trypsin-Sepha-
rose For example, 15 107" M soybean trypsin
nhibitor (10 pg/3 ml) caused 60% inhibition of tryp-
sin-Sepharose and 12107 M ovomucoid (10 pg/
3ml) caused 40% inhibition of trypsin-Sepharose
(Fig 4)

Clearly the presence of trypsin linked to the sur-
face of Sepharose beads has markedly changed the
mhibition charactenstics of the ongnal trypsin 1n
such a manner that 1t 1s much less readily mhibited
by protemn inhibitors of trypsin mn free solution In
fact the Sepharose-bound trypsin 15 now behaving
rather like the tumour cell surface protease (de-
scribed above) 1n its mhibition by proteins, although
Sepharose offers less protection than the tumour
cell surface

We can see the same type of change when free
trypsin and trypsin-Sepharose were pretreated with
mcremental addition of pooled human serum (Fig 5)
None of the seven inhibitors of free trypsin was cap-
able of causing mhibition of trypsin-Sepharose when
30 wd serum were added to the test system, whereas
1 i serum inhibited 1 ug trypsin 1n free solution
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Fig 4 Inhibition of trypsin-Sepharose and trypsin in free solution by soybean trypsin inhibitor and ovomucoid, assayed with
Bz-Arg-g-naphthylamide The mitial activity of 1 ug trypsin or the equivalent quantity of trypsin-Sepharose 1s represented by 100
at the pomnt indicated by the arrow A Curve a ovomucold and curve b soybean trypsin inhibitor on trypsin-Sepharose The dotted
line ¢ represents the inhibition of trypsin in free solution by either soybean trypsin inhibitor or ovomucoid, which have almost

1dentical effects

Fig S Inhibition of trypsin in free solution but not trypsin-Sepharose by pooled serum, assayed with Bz-Arg-g-naphthylamide
Conditions were as for Fig 4, line a trypsin-Sepharose and line b trypsin in free solution

Inlubition of trypsin and trypsin-Sepharose with
active site dwrected agents

Active site titrants for trypsin, NPGB and MUGB,
both react stoichiometrically with respect to the
product formed 1n the burst analysis techmique [12,
13] We found that a 10-fold increase in concentra-
tion was required to produce complete inhibition of
trypsin 1n free solution and an approx 100-fold
increase 1 concentration was required to inhibit sur-
face-bound trypsin in the form of trypsin-Sepharose
(data not shown)

Again 1t can be concluded that the incorporation
of trypsin 1n the surface of the Sepharose beads has
altered the mhibition kinetics of the surface-bound
trypsin, making this less readily inhibited by active
site titrants for trypsin The plots of these data were
simiar to those shown m Fig 3 where the tumour
cell surface protease was under study

Inhibition of trypsin, trypsin-Sepharose and tumour
cell surface protease with TLCK

The active site directed agent TLCK-inhibited
trypsin in free solution, trypsin-Sepharose and the
tumour cell surface protease almost equally well
(Fig 3) although 1t was shightly more effective against
trypsin 1n free solution

E'sterase mhibition assayed with Bz-Arg-OEt

The nhibition of trypsin, trypsin-Sepharose and
the protease on the surface of Ehrlich ascites tumour
cells each assayed with Bz-Arg-OEt, followed the
same patterns as descnbed above for Bz-Arg-8-naph-
thylamide and casein assays It can be concluded that
the esterase, f-naphthylamidase and proteolytic activ-
ities of these enzyme system were similarly inhibited
by these mhibitors and that the state of the enzyme,
1e, 1n free solution, bound to Sepharose or bound to



the cell-surface, defined the type of inhibition
kinetics obtained

Inlubition of tumour cell surface protease with leu-
peptin and PMSF

The aldehydic peptide, leupeptin, 1s a specific
mhibttor of trypsin and trypsin-like serine proteases
The mhibition of the cell surface protease by leupep-
tin and by PMSF required approx 10-times as much
of these inhibitors as was required to produce an
equivalent degree of inhibition of trypsin in free solu-
tion (data not shown) The evidence demonstrated
the involvement of a serine residue in the active site
of the cell surface protease which was also inhibited
by the trypsin-directed agent, leupeptin

Role of tumour cell surface protease m collageno-
lysis

The evidence presented above can be summarised
as follows (1) the protease on the surface of Ehrlich
ascites tumour cells 1s much less readily inhibited by
active site directed agents than is free trypsin, (1)
protemn wnhibitors of trypsin caused little or no mea-
surable inhibition of the cell protease

We sought a phystologically important enzyme
system which might demonstrate a physiological role
for the tumour cell surface in zymogen activation
Tumour cells placed on reconstituted collagen gels
[6,15] in petr1 dishes and kept at 37°C produced
massive zones of fibril lysis around the sites of appli-
cation within 18h (Fig 6) Inclusion of soybean
trypsin inhibitor, Trasylol or ovomucoid in the col-
lagen gel failed to inhibit fibril lysis although the
inclusion of 5 mM EDTA i1n the collagen gel caused
complete wnhibition of fibril lysis, as would be ex-
pected from the knowledge that mammalian collagen-
ase requires Ca* for activity [16] The inclusion of
100 uM TLCK. NPGB or MUGB 1n the collagen gels
prior to placing the cells on the gel surface resulted in
no fibnl lysis These agents are directed towards tryp-
sin-like enzymes and have no action on manifest col-
lagenase, these agents must have had their inhibitory
effect on the process of fibrl lysis at the stage of zy-
mogen activation, 1e, activation of a precursor of
collagenase exported by the tumour cells In order
to demonstrate this export of a zymogen of collagen-
ase we employed collagen gels containing 100 uM
TLCK plus 05 pg/ml chymotrypsin and compared
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Fig 6 Lysis of collagen tibrils by tumour cells Tumour cells
were dropped on the surface of reconstituted collagen fibrils
and placed at 37°C over a black surfice After 18 h fibril lysis
18 shown as black zones at the sites of cell application, sur-
rounded by white areas of undegraded collagen fibrils

cells on these gels to sumilar cells placed on gels con-
taining TLCK only The controls, with TLCK-1nhib-
ited cells, produced no fibrl lysis but the gels supple-
mented with chymotrypsin exhibited good fibnl
lysis (sumular to Fig 6) at the «tes of cell deposition
within 18—24 h Since chymotrypsin 1s not mnhibited
by TLCK and has no ability to cause collagen fibnl
lysis, the observed regain in collagenolytic activity in
the TLCK plus chymotrypsin gels can only have been
caused by chymotrypsin activation of a zymogen of
collagenase exported by the tumour cells The evi-
dence of Fig 6 indicates that the exported zymogen
of collagenase 1s normally activated by ntact tumour
cells resulting 1n fibril lysis surrounding the site of
apphcation The failure of protemn mnhibitors to
prevent collagen fibril lysis whilst low molecular
weight-active site mhibitors of trypsin-like enzymes
prevented collagen fibril lysis, coupled with the
kinetic data already presented, indicates that the
tumour cell surface protease plays a crucial role in
this activation of the zymogen of collagenase

It could be argued that the tumour cells were not
viable for 18 h at 37°C and the collagenolytic activity
was of lysosomal ongimn, 1e, cathepsin Normally
cathepsins are not exported as zymogens requiring
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tryptic or chymotryptic activation We also used soni-
cated cells which did not induce collagen fibril lysis in
18 h, which suggests that live cells with intact mem-
branes were required to produce active collagenase
outside the Cells The time required to demonstrate
collagen fibrl lysis 1s controlled by the slow rate of
collagen degradation rather than the rate of export
of zymogen and 1ts activation to manifest collagenase
We were able to demonstrate good fibril lysis when
tumour cells were placed on collagen gels for 1h
prior to bemg washed off the surface with 0.9% (w/v)
NaCl the washed gel developed zones of collagen
fibril lysis in 18 h under the sites on which the cells
were oniginally placed This evidence indicates that
live cells produce mamifest collagenase within the first
hour of contact with the collagen gels

Product of collagen fibr lysis
When the collagen gels were maintained at 15°C

A o o

Absorbance

Migration

Fig 7 Gel electrophoretic separation of collagenase degrada-
tion of collagen fibrils formed ar 15°C Collagen fibrils
exposed to Ehrlich ascites cells at 15°C for 18 h, on denatura-
tion yielded a mixture of undegraded g- and o-chains plus
075 and 0 25 length fragments The positions of 8, «; and
ap bands were defined with standards derived from tropo-
collagen

we were able to demonstrate the presence of 0 75 and
0 25 length a-chains, charactenistic of mammalian col-
lagenase activity (Fig 7), on polyacrylamide gel elec-
trophoresis [17]

We conclude that Ehrlich ascites cells possess a
protease located on the cell surface This serine en-
zyme can be inhibited by low molecular weight inhib-
itors of trypsin but not by a number of protemn inhib-
1tors of trypsin 1n free solution This protection from
inhibition can be simulated to some extent by trypsin
coupled to the surface of Sepharose in a model sys-
tem The cell-surface protease plays a role in the acti-
vation of the zymogen of collagenase (the latter being
exported from the tumour cells) to manifest collagen-
ase The extracellular collagenase plus the cell surface
protease produce collagenolysis of the surrounding
collagen fibris i the immediate neighbourhood of
tumour cells placed on collagen gels
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