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Ehrllch ascltes cells have been shown to possess a protease with/3-naphthylamidase activity located on the surface 
of these cells This enzyme is protected from the inhibitory action of protein lnhlbitors of trypsin (EC 3 4 21 4) 
m free solutmn, but is mh~lted by high concentrations of active site-directed mhibitors of trypsin We beheve the 
protection against Inhibition is provaded by the location of this protease on the cell surface We employed a 
model system of trypsin coupled to Sepharose to demonstrate the protective action of an inert surface, resulting 
m a marked reductmn m mhibmon of trypsin-Sepharose, compared to trypsin in free solution, when exposed to 
both high and low molecular weight inhibltors This cell surface protease has been shown to play a role in acava- 
aon of the zymogen of collagenase exported by turnout cells Thss role may have important imphcations for tu- 
mour cell mvasmn of the intercellular matrix 

Introduction 

Sonlcates of tumour cells have been shown to con- 
tam a zymogen of a protease contained in a granule 
fraction [1,2] Ehrhch ascites cells grown m mice are 
well known to be very resistant to osmotic shock and 
have very tough plasma membranes It was therefore 
of interest to deterrnme whether intact tumour cells 
exhlbtted sundar protease actwlty This study 
describes four linked observations (1) the presence 
and quantltatlon of this protease with casemolytlc, 
/%naphthylamldase and esterase actlvaty against sub- 
strates for trypsin on the surface of these cells, (n) 
unexpected mhlbitlon properties of the cell surface 
protease when exposed to molecules which mhlblt 

Abbreviations Bz-Arg-~-naphthylamlde, a-N-benzoyl-DL-ar- 
gmme-fl-naphthylamlde, TLCK, N-a-p-tosyl-L-lysme-chloro- 
methyl-ketone HCI, NPGB, 4-mtrophenyl-4-guamdmo-ben- 
zoate HCI, MUGB, 4-methyl-umbellfferyl-p-guamdmo-ben- 
zoate HCI, PMSF, phenylmethylsulphonyl fluoride, CTN, 
N-carbobenzoxy-L-tyrosme-mtrophenyl ester, Bz-Arg-OEt, 
N-c~-benzoyl-L-argmme ethyl ester HC1 

trypsin m free solution, (111) a model system, made by 
couphng trypsin to Sepharose-4B, which behaved 
slmdarly to the protease on the cell surface In the 
presence of trypsin lnhlbltors and 0v) the role of this 
protease on the surface of turnout cells m 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  its abdlty to (t) cleave a-N-benzoyl- 
DL-arginme-fl-naphthylamlde [3], N-carbobenzoxy-L- 
tyroslne mtrophenyl ester [4], N-a-benzoyl-argmlne 
ethyl ester and casein, 01) be inhibited by low mo- 
lecular weight active site-directed lnhlbltors of tryp- 
sin and trypsm-hke enzymes and (111) exhibit sunflar 
inhibition characteristics to trypsln-Sepharose We 
believe this cell surface protease to be very similar m 
its properties to bound trypsin but for the time being 
it will be sunply referred to as a cell surface protease 

Matenals 

Ehrhch ascltes cells were grown mtrapentoneally 
in mice [5] and collected after 8 days The pooled 
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cells were separated from the surrounding ascltlC plas- 
ma by low speed centrlfugatlon The cells were 
washed six times m 0 9% (w/v) NaC1 to provide a 
final suspension containing 0 5 10 ~ cells/ml The 
washing of the cells was necessary to remove extra- 
cellular lnhlbltors of trypsin and also plasma proteins 
since we wished to use these cells for assays of pro- 
teolytlc activity with casein as substrate (see later) 
The same results were obtained with cells washed in 
NaC1 or phosphate-buffered saline 

Crystalline trypsin (EC 3 4 21 4), ovomucold, soy- 
bean trypsin Inhibitor, N-c~-p-tosyl-L-lysme-chloro- 
methyl-ketone HC1 (TLCK), a-N-benzoyl-DL-arglnlne- 
f3-naphthylamlde HC1 (Bz-Arg-13-naphthylamlde), 
4-methyl-umbelhferyl-p-guanldlnobenzoate HC1 
(MUGB), phenylmethylsulphonyl fluoride (PMSF) 
and N-carbobenzoxy-L-tyroslne nitrophenyl ester 
(CTN) were obtained from Sigma, N-a-benzoyl-L- 
arganme ethyl ester HC1 (Bz-Arg-OEt) was purchased 
from Aldrich Chemical Company and Trasylol 
(10000 KIE/ml) was kindly supphed as a gift from 
Bayer 4-Nltrophenyl-4-guanldmo-benzoate (NPGB) 
was obtained from B D H and tropocollagen was pre- 
pared from rat-tad tendons [6] Leupeptln was pur- 
chased from Scientific Marketing Associates, London 
Pooled normal human serum was provided by a local 
hospital 

Activated AH-Sepharose-4B was purchased from 
Pharmacla and trypsln-Sepharose prepared according 
to the manufacturer's instructions The activity of the 
trypsm-Sepharose was assayed with Bz-Arg-13-naph- 
thylamlde and calibrated as the eqmvalent weight 
crystalhne trypsin 

Methods 

Trypsin /3-naphthylamldase activity was assayed 
fluonmetncally [3] with Bz-Arg-13-naphthylamlde 
as substrate after 1 h at 40°C Trypsin esterase achv- 
lty was measured with CTN as described by Martin et 
al [4] Trypsin casemolytac actwlty was assayed with 
12 mg casein (pH 8 0) in a total volume of 3 ml for 
2 h at 37°C followed by tnchloroacet:c acid preclpl- 
tatmn and fluram [7] assay of the solubdlsed pep- 
tides [8] In those expermaents where mlubltors were 
included m the digest, the degree of lnhlbmon m each 
tube was presented as the residual enzymic activity 
expressed as a percentage of the control enzymic 

achvlty in which no inhibitor was added In each ex- 
periment a series of screw-cap plastic tubes containing 
1 #g trypsin (or an equivalent quantity of trypsln- 
Sepharose or turnout cells) plus Incremental additions 
of a potential Inhibitor were pre-mcubated at 37°C 
for 10 min, prior to adding the substrate to give a 
final volume of 3 ml The resultant enzymic activity 
was determined after l h with Bz-Arg~-naphthyl- 
amide, 0 5 h with Bz-Arg-OEt and 2 h with casein as 
substrate, respecnvely 

Lactic acid dehydrogenase activity [9], leaked by 
Ehrllch ascltes cells during 1 h incubation in 0 1 M 
Trls-HC1 buffer, pH 8 O, was assayed to measure the 
degree of cell rupture during this Incubation period 
Collagenase activity of the washed tumour cells and 
cells exposed to Inhlbltors incorporated in preformed 
collagen gels was demonstrated in the classic proce- 
dure of Gross and Laplere [ 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- 
trophoretlc evidence of the selective cleavage of tro- 
pocollagen molecules into 0 75 and 0 25 length frag- 
ments [ 11 ] 

Results and Discussion 

DetectTon of protease 
Prehrnmary experiments with intact Ehrhch as- 

cites tumour cells demonstrated the presence of pro- 
tease activity capable of cleaving Bz-Arg-/3-naphthyl- 
amlde [3], CTN [4] and casein on the cell surface 

The/3-naphthylanudase activity of a suspension of 
washed tumour cells was shown to be directly pro- 
portlonal to the quantity of cells added to the test 
system (over the range 0 - 3  107 cells/tube) Simi- 
larly, the/3-naphthylarmdase activities of both trypsin 
and a Sepharose-trypsm suspension were shown to be 
directly propomonal to the quantities of these en- 
zymes added to the test system Independent ~-naph- 
thylarmdase assays conducted at 10 mm intervals over 
0 -1  h with each of these three enzyme systems, mdx- 
cated that the production of/3-naphthylamine was 
linear over this period of time for each enzyme sys- 
tem 

The assay of tumour cell caseinolytlc activity ~s 
presented m Fig 1, m which two control senes of 
analyses were carried out smmltaneously with the cell 
surface protease assay Fluram-posltlve matenal dlf- 
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Fig 1 The assay of cell proteolytlc activity wath casein as 
substrate 0-600 /xl cells (0 5 10 a cells/ml) were incubated 
with 12 mg casein m 3 ml pH 8 0 solution for 2 h at 37°C, 
followed by preclpltatron of the undegraded protein with 
tnchloroacetlc acid and fluram assay of the solubtbsed pep- 
txdes, lane a Line b was obtained with two series of controls, 
(1) the cells alone m the absence of casein and (u) cells plus 
casein plus 100 ;aM NPGB to mhlblt the cell surface protease 
Line b represents non-enzymic products produced by the 
cells The line c represents a-b,  I e,  the enzyme dlgestmn 
products 

fuses from the cells dunng the incubation period and 
this must be accounted for by differential analysis 
Two methods provide the necessary data When a 
control senes of  tubes containing the cells and no 
added substrate is run alongside the test system, then 
line b m Fig 1 is obtained for this control series and 
represents the diffusion of  fluram-posltlve material 
from the cells A second check on this non-enzymic 
product formation IS obtained by running a second 
control senes of  tubes m which cells and substrate are 
incubated m the presence of  100 ArM NPGB (the 
latter completely inhibits the cell-surface protease, 
see later) The residual fluram-positive matenals are 
denved from non-enzymic activity (e g ,  diffusion 
from the cells) and this again is represented by the 
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hne b in Fig 1 The hne a in Fig 1 represents the 
total product formation 1 e ,  enzymic degradation of  
casein plus non-enzymic products diffusing from the 
cells The difference between hnes a and b represents 
the net protease activity, line c ,.n Fig 1 

Locanon of  protease activity 
It could be suggested that "he enzyme which we 

are studying IS located within daese cells rather than 
on their surfaces A number of  observations oppose 
this suggestion (a) When the cells were dehberately 
ruptured by sonlcatlon the observed/3-naphthylamld- 
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 chymotrypsm 
activation, whereas the enzyme described In this 
study required no prior activation (c) The cytosol 
also possessed a potent inhibitor which would be ex- 
pected to reactivate this intracellular enzyme in free 
solution [ l ]  (d) The posslbfllt) that/3-naphthylamid- 
ase was exported from the cell during the period of  
1 h at 37°C, employed for enzyme assay in these 
studies, was checked by separating the extracellular 
fluid from the cells by centrlfugatIon after 1 h at 
37°C and assaying the t3-naphthylamIdase activity of  
the extracellular fluid and the precipitated cells inde- 
pendently No/3-naphthylamidase activity was found 
m the extracellular fluid fraction, all the activity 
remained with the precipitated cells (e) Later in this 
paper it will be shown (Fig 2) that the tumour cells 
are surrounded by trypsin mhtbltors present in the 
ascxtlc plasma and mhlbitors are also exported by the 
tumour cells during the course of  1 h at 37°C, thus 
any/3-naphthylarmdase exported by these cells would 
not be capable of  measurement by direct assay ( 0  In 
order to overcome the rather tong digestmn penod 
for Bz-Arg-/3-naphthylamade assays we employed con- 
tlnuous recording spectrometry over 0 - 4  mm using 
CTN [4] as substrate, and demonstrated linear ester- 
ase activity of  these cells in this period of  tune, which 
would be difficult to achieve if the enzyme was 
continuously bemg 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 0 9% (w/v) NaC1 and 
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shown to possess protease actwlty 
From these observations we concluded that the 

protease which is located on the surface of  the 
tumour cells does not result from nonspeclfiC leakage 
of enzymes during the preparation of  the cells or the 
dlgestmn period at 37°C This conclusion was rein- 
forced by the absence of  lacnc acid dehydrogenase 
[9] m the extracellular fluid when the cells were cul- 
tured in the Bz-Arg-~-naphthylamlde buffer for 1 h at 
37°C 

Esnmanon of trypsin equtvalence of  Ehrhch ascttes 
cells 

It was possible to compare the ~-naphthylamldase 
and casemolytlc activity of  the cell surface protease 
directly with trypsin in free solutmn, which had 
prevmusly been standardized by actwe site titration 
with NPGB [12], by the burst analysis technique 
When such a comparison was made with Bz-Arg-/3- 
naphthylamade as substrate, 1 /.tg trypsin was eqmv- 
alent to 3 3 10 7 cells, and w~th casein as substrate 
1/xg trypsin was eqinvalent to 5.4 10 7 cells These 
figures must be considered approxamatlons for two 
very different assays, however :t can be concluded 
that these results are of  a slmdar order of  magmtude 
and Indicate that the cell surfaces are well endowed 
with an enzyme capable of  proteolysls and l~-naph- 
thylamldase act:vlty We beheve fillS activity as asso- 
crated with a single protease since all the active site- 
directed reagents and active site tltrants for trypsin 
inhibit both actlvmes of  th:s cell surface enzyme 

Fadure of protein mhtbttors of  trypsm to mhlblt the 
cell surface protease 

Incremental addmon of  0 -20 / . t g  soybean trypsin 
inhibitor, Trasylol, ovomuco:d and 200 gl pooled 
human serum failed to Inhibit the 13-naphthylamldase 
and caseinolytlc actwlty of  the cell surface protease 
of  Ehrhch ascltes cells The asCltlC plasma wtuch orx- 
ginally surrounded the tumour cells contained an 
Inhibitor of  trypsin m free solutmn, Fig 2, curve a, 
but this ascmc plasma had no lnlubltory effect on the 
tumour cell surface protease (Fig 2, line b) 

The ewdence presented above could be Interpreted 
in two different ways (1) simply that the surface en- 
zyme is not trypsin-hke and therefore would not be 
inhibited by mhlbltors of  trypsin and 01) that the sur- 
face to which the enzyme is bound changes the pro- 

~100~  
0 

0) 
c 

7 5  n 

¢o 

tO 

50 

E 
o 

~. 25 

[z 

~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

b 

I t I I 
0 25  5 0  7 5  100 

)JI Asc l t l c  P lasma 

Fig 2 The mh:bition of free trypsin ~-naphthylamldase 
activity by asc:tlc plasma Curve a shows the Inhibition of 
6 xtg trypsm incubated for 1 h with Incremental additions of 
ascltlc fired The dotted line b shows the lack of mhlbmon 
exhibited by 200/A cells m the presence of ascltlC fluid 

perties of  a trypsm-hke enzyme In such a way that its 
inhibition kinetics have been modified by comparison 
with trypsin m free solution The data which we pres- 
ent below Indicates that the cell surface enzyme 
behaves hke trypsin bound to Sepharose beads and 
shows that it is perfectly possible for authentic tryp- 
sin molecules to behave in the manner described for 
the cell surface protease For these reasons we feel 
justified In believing the cell surface enzyme to be 
'trypsln-hke' although we refer to it simply as a pro- 
tease 

In view of  the data In Fig 2 and the observed 
protease ac tmty  of  the Ehrhch ascltes cells (Fig 1) 
It would really have been surprising If tins enzyme 
was mhlb:ted by the trypsin mlubltors present In the 
ascmc plasma, serum, or by ovomucold, soybean 
trypsin mlubltor and Trasylol The cell surfaces must 
have been In close contact with protein lnlubltors of  
proteolyhc enzymes (in free solutmn) and would be 
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likely to be presaturated with these when the cells 
were obtained from the tumour-beanng mice 

Inhtbttton of tumour cell surface protease wtth acttve 
stte dtrected agents for trypsin 

In our assay systems we have used 1 pg trypsin/ 
3ml ~e,  13 10 -SM, or an equivalent quantity of 
tumour cells We determined the kinetics of lnhlbi- 
tmn of the tumour cell surface protease In the pres- 
ence of incremental additions of NPGB [12], MUGB 
[13], TLCK and 4-amino.benzamidme (Fxg 3) All 
these reagents were capable of causing inhibition of 
the cell surface protease, however, the concentrations 
of these reagents reqmred for ttus inhibition were 
much greater than would have been expected for the 
inhibition of trypsin m free solution (see later) The 
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F~g 3 Inhibit ion of  Ehrhch  ascRes cell surface protease by 
low molecular weight mhibl tors  The mlt~al actlvaty of  the  
cell surface enzyme is represented by  100 at the  point  indi- 
cated by  the  arrow A Curve a represents incremental  addi- 
t ion of  4 -ammobenzamldme  with corresponding inhibit ion 
o f  t~-naphthylamldase actlvRy Curve b is a composRe curve 
for the  effects o f  incremental  addRmns  of  eRher NPGB or 
MUGB on the casemolytic activity, these agents  had identi- 
cal inhibitory action Curve c represents  TLCK m h l b m o n  of  
the  O-naphthylamldase actawty All results were presented as 
percentages o f  the  control  at A 

cell surface protease was also inhibited by PMSF 
which inhibits serme enzymes, including trypsin, and 
similar Inhibition was observed with leupeptm, a pep- 
tide specific for trypsin-like serlne enzymes (see 
later) The fact that all these reagents are site-specific 
for trypsin (or trypsln-hke evzymes) demonstrates 
the validity of our belief for this class of enzymic 
activity being used to describe the cell surface prote- 
ase 

Inhtbttlon of trypsm-Sepharose by protem Inhtbztors 
Serum contains seven known lnhabitors [14], each 

of which reacts stolchlometrically with trypsin in free 
solution, sumlady ovomucoid and soybean trypsin 
Inhibitor react StOlCtuometrlcally with trypsin in free 

solution by interaction of the enzyme actwe site with 
a specific site-directed locus on the Inhibitor We were 
able to demonstrate Stolchlometrlc interaction of 
trypsin m free solution with ovomucoid and soybean 
trypsin inhibitor (in this case 1 3 10"aM being 
required to inhibit 1/sg trypsin m a 3 ml test system) 
On the contrary, non-stolchlometric mhlbmon of 
trypsm-Sepharose was observed with these proteins 
(Figs 4 and 5) Much higher concentrations of these 
protein lnhlbators were required to cause partial 
inhibition of an equivalent quantity of trypsin-Sepha- 
rose For example, 1 5 10- 'M soybean trypsin 
Inhibitor (10/.tg/3 ml) caused 60% inhibition of tryp- 
sm-Sepharose and 1 2 .10-TM ovomucold (10 #g/ 
3 ml) caused 40% inhlbmon of trypsm-Sepharose 
(Fig 4) 

Clearly the presence of trypsin linked to the sur- 
face of Sepharose beads has markedly changed the 
mhlbmon charactenstics of the original trypsin m 
such a manner that it is much less readily inhibited 
by protein mhibltors of trypsin m free solution In 
fact the Sepharose-bound trypsin as now behaving 
rather like the turnout cell surface protease (de- 
scribed above) in its mhlbitmn by proteins, although 
Sepharose offers less protectmn than the tumour 
cell surface 

We can see the same type of change when free 
trypsin and trypsm-Sepharose were pretreated with 
incremental addition of pooled human serum (Fig 5) 
None of the seven mhlbltors of free trypsin was cap- 
able of causing inhibition of trypsm-Sepharose when 
30 gl serum were added to the test system, whereas 
1/al serum inhibited 1/zg trypsin m free solution 
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Fig 4 Inhibition of trypsln-Sepharose and trypsin m free solution by soybean trypsin inhibitor and ovomucold, assayed with 
Bz-Arg-~-naphthylam]de The initial actwity of 1 ~g trypsin or the equivalent quantity of trypsin-Sepharose IS represented by 100 
at the point indicated by the arrow A Curve a ovomucold and curve b soybean trypsin inhibitor on trypsm-Sepharose The dotted 
line c represents the mlubltlon of trypsin m free solutmn by either soybean trypsin inhibitor or ovomucold, which have almost 
identical effects 

Fig 5 Inhibition of trypsin in free solution but not trypsm-Sepharose by pooled serum, assayed x~lth Bz-Arg-f3-naphthylamlde 
Condmons were as for Fig 4, line a trypsm-Sepharose and line b trypsin m free solutmn 

Inhtbtnon of trypsm and trypsm-Sepharose with 
acttve site directed agents 

Active site tltrants for trypsin, NPGB and MUGB, 
both react stolchlometncally with respect to the 
product formed m the burst analysis technique [12, 
13] We found that a 10-fold increase m concentra- 
tmn was required to produce complete inhibition of 
trypsin m free solutmn and an approx 100-fold 
increase in concentratmn was required to lnhlbat sur- 
face-bound trypsin m the form of trypsxn-Sepharose 
(data not shown) 

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

Inhtbmon of trypsm, trypsm-Sepharose and tumour 
cell surface protease wtth TLCK 

The active site directed agent TLCK-mh~b~ted 
trypsin m free solution, trypsm-Sepharose and the 
tumour cell surface protease almost equally well 
(Fig 3) although it was shghtly more effective against 
trypsin m free solution 

Esterase mhlbztton assayed with Bz-Arg-OEt 
The inhibition of trypsin, trypsm-Sepharose and 

the protease on the surface of Ehrhch ascltes tumour 
cells each assayed with Bz-Arg-OEt, followed the 
same patterns as described above for Bz-Arg-j3-naph- 
thylamlde and casein assays It can be concluded that 
the esterase, j3-naphthylarmdase and proteolytlc activ- 
ities of these enzyme system were similarly mtublted 
by these mhlbltors and that the state of the enzyme, 
I e ,  m free solution, bound to Sepharose or bound to 



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

Inhzbmon of  tumour cell surface protease wtth leu- 
peptm and PMSF 

The aldehydlc peptlde, leupeptm, xs a specific 
inhibitor of  trypsin and trypsm-hke serme proteases 
The mhlbmon of  the cell surface protease by leupep- 
tin and by PMSF required approx 10-times as much 
of  these mhlbltors as was required to produce an 
eqmvalent degree of  inhibition of  trypsin m free solu- 
tion (data not shown) The evidence demonstrated 
the involvement of a serlne residue m the active site 
of  the cell surface protease which was also inhibited 
by the trypsin-directed agent, leupeptm 

Role of tumour cell surface protease tn collageno- 
lysls 

The evidence presented above can be summansed 
as follows (1) the protease on the surface of  Ehfllch 
ascates tumour cells is much less readily inhibited by 
actwe site &rected agents than is free trypsm, (11) 
protein mhlbltors of  trypsin caused httle or no mea- 
surable inhibition of  the cell protease 

We sought a physiologically important enzyme 
system which might demonstrate a physiological role 
for the tumour cell surface in zymogen actwatlon 
Tumour cells placed on reconstituted collagen gels 
[6,15] m petrx &shes and kept at 37°C produced 
masswe zones of  fibril lysls around the sltes ofapph-  
cation wathm 18 h (Fig 6) Inclusion of  soybean 
trypsin inhibitor, Trasylol or ovomucold in the col- 
lagen gel faded to mhlblt fibrd lysls although the 
lnclusxon of  5 mM EDTA in the collagen gel caused 
complete lnhlbmon of fibril lysls, as would be ex- 
pected from the knowledge that mammahan collagen- 
ase requtres Ca 2÷ for activity [16] The inclusion of  
100/xM TLCK, NPGB or MUGB m the collagen gels 
prior to placing the cells on the gel surface resulted in 
no fibril lysls These agents are &rected towards tryp- 
sm-hke enzymes and have no action on manifest col- 
lagenase, these agents must have had their inhibitory 
effect on the process of fibril lysls at the stage of  zy- 
mogen activation, 1 e ,  actwat~on 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 #M 
TLCK plus 0 5 /.tg/ml chymotrypsm and compared 
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Fig 6 Lysls of collagen llbrils by tumour cells Tumour cells 
were dropped on the surface of recanstltuted collagen fibrils 
and placed at 37°(? over a black surface After 18 h fibril lysls 
Is shown as black zones at the sites of cell apphcatlon, sur- 
rounded by white areas of undegraded collagen fibrils 

cells on these gels to slmdar cells placed on gels con- 
taming TLCK only The controls, with TLCK-mhlb- 
1ted cells, produced no fibril lysls but the gels supple- 
mented with chymotrypsm exhibited good fibril 
lysls (sxmllar to Fig 6) at the ~ltes of  cell deposmon 
wlthm 1 8 - 2 4  h Since chymotrypsm xs not inhibited 
by TLCK and has no abdlty to cause collagen fibnl 
lysls, the observed regain in coUagenolytxc activity m 
the TLCK plus chymotrypsln gels can only have been 
caused by chymotrypsm activation of a zymogen of  
collagenase exported by the mmour  cells The evi- 
dence of  Fig 6 re&cares that the exported zymogen 
of  coUagenase as normally actlxated by intact tumour 
cells resultmg m fibril lysls surrounding the site of  
apphcatlon The failure of  protein mhlbltors to 
prevent collagen fibrd lysls whilst low molecular 
welght-actwe site mhlbltors ot trypsm-hke enzymes 
prevented collagen fibril lysls, coupled with the 
kxnetlc data already presented, ln&cates that the 
tumour cell surface protease plays a crucial role m 
this actwatlon of  the zymogen of collagenase 

It could be argued that the turnout cells were not 
vmble for 18 h at 37°C and the collagenolytlc actwxty 
was of  lysosomal origin, 1 e ,  cathepsm Normally 
cathepsms are not exported as zymogens reqmrlng 
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tryptlc or chymotryptIc activation We also used som- 
cated cells which did not induce collagen fibril lysls in 
18 h, winch suggests that hve cells with intact mem- 

branes were required to produce active collagenase 
outside the ~ells The time reqmred to demonstrate 
collagen fibril lysIs is controlled by the slow rate of 
collagen degradation rather than the rate of export 
of zymogen and its activation to manifest collagenase 
We were able to demonstrate good fibril lysls when 

tumour cells were placed on collagen gels for 1 h 
prior to being washed off the surface with 0.9% (w/v) 
NaC1 the washed gel developed zones of collagen 

fibril lys]s m 18 h under the sites on which the cells 

were originally placed This evidence lnd]cates that 

live cells produce manifest collagenase within the first 
hour of contact w~th the collagen gels 

Product of collagen ftbrtl lysts 
When the collagen gels were mamtamed at 15°C 

i~ tD tll 

o o o 

[3 c~1 ~2 

it 

_A 

Mlgr'otlon 

Ftg 7 Gel electrophoretlc separation of collagenase degrada- 
tion of collagen fibrils formed a~ 15°(2 Collagen f]brtls 
exposed to Ehrhch ascltes cells at 15°(2 for 18 h, on denatura- 
tion yielded a mixture of undegraded 0- and c~-chams plus 
0 75 and 0 25 length fragments The positions of #, a 1 and 
c~ 2 bands were defined with standards derwed from tropo- 
collagen 

we were able to demonstrate the presence of 0 75 and 
0 25 length a-chains, characteristic of mammahan col- 
lagenase actlvxty (Fig 7), on polyacrylanude gel elec- 
trophores]s [17] 

We conclude that Ehrhch ascltes cells possess a 
protease located on the cell surface Tins serlne en- 
zyme can be lninblted by low molecular weight mhlb- 
1tots of trypsin but not by a number of protein u~lb-  
ltors of trypsin in free solutmn Tins protection from 
mhlbmon can be simulated to some extent by trypsin 
coupled to the surface of Sepharose m 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 extraceUular collagenase plus the cell surface 

protease produce collagenolysls of the surrounding 
collagen fibrds in the Immediate nelghbourhood of 

tumour cells placed on collagen gels 
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