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PROTEOL YTIC ENZYMES IN THE SKIN 

11. A comparative sludy of skin homogenates of five mammalian species
CHRISTER T. JANSEN AND VÄINÖ K. HOPSU-HAVU 

lntroduction 
Current knowledge of the peptide hydro­
lases (E.C. 3-4) in the skin has been re­
cently reviewed ( 7). It was pointed out 
t.hat info,mation on the pattem of these 
enzymes in the skin of any species is far 
from complete, and that little is known on 
the exact chemical characteristics of the 
individual enzymes. While animals of sev­
eral species have been used as test objects 
in various studies differences in methods 
and in experimental conditions have made 
comparisons between the different species 
clifficulc. Directly contradictory results are 
sometimes found in the literature. Studies 
between species in which uniform method­
ology has been used are very few (e.g. 1, 4, 
s). Furthermore, they are limited either 
with respect to the number of species 
studied or to the design of the experiments 
undertaken. Thus, hydrolysis of each sub­
strate has often been measured at one pl--I­
value alone, based on the assumption that 
all of the species show a similar pl--I-profile 
in the enzymic hydrolysis of the substrates. 

In the present study we have measured 
the hydrolysis of several substrates com­
monly used in studies of skin pro;eolytic 
enzymes, in a wide pH range so as to ob­
tain a more adequate comparison between 
the species and to establish data which 

1 E. Merck AG, Darmstadt, Fed. Rep. Germany.

could explain some apparent contradictions 
in the findings of earlier investigators. 

Material and Methods 
Skin samples 

Several samples (2-6) of skin from rat, 
cat, guinca pig and hog dorsum were ob­
tained from freshly decapitated animals. 
Samples (4) of normal human trunk skin 
were obtained in the operating room. 

The skin was freed from the undcrlying 
fascia, musde and adipose tissue, minced 
with scissors and homogenized with an 
Ultra-Turrax homogenizer for one minute 
in ten volumes ( w/v) of 10 mM phosphate 
buffer pH 8 containing 8 per cent of potas­
sium chloride. The sample tube was kept in 
crushcd ice <luring the procedure to keep 
the temperature low. 

The crude homogenate was centrifuged 
at 10,000 g for 20 minutes in an Interna­
tional Refrigerated Centrifuge at + 2° C. 
The supernatant was used in further studies 
and is referred to as homogenate. 

Substrates and buffers 

Casein1 nach Hammarsten was dissolvcd in 
10 mM phosphate buffer pH 8.o (r g/roo 
ml) and denaturated by boiling for 10 min. 
This stock solution was stored at + 4° C, 
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not longer than 5 days. N°-benzoyl-DL­
arginine 2-naphthylamide • I ICI' was dis­
solved in methanol and diluted with clis­
tillcd water ( 1 : 4) to a final concentration 
of 5 mM. Stock solutions (10 mM) of L­
tyrosine ethyl ester· Het• and N-acetyl-L­
tyrosine ethyl ester' were made in distilled 
watcr and were usecl immediately. Thcse 
substrates are referred to as casein, BANA, 
TEE and A TEE. 

The universal buffer of Britton and Ro­
binson (2) pH 3.0-12.0 was used through­
out the study. 

A �say merhods 

For the measurement of thc hydrolysis of 
the substrates by the skin homogenatcs the 
incubation medium consisted of 0.5 ml of 
buffer solution, 0.5 ml of substratc stock 
and 0.5 ml of skin homogenate. 

Vvith casein as substratc the mixture was 
incubated in a water-bath at 37°C for 60 
min, except in assays on the pig skin homo­
genate with which incubation was carried 
out for 10 hours. After incubation 0.5 ml 
of 5 per cent trichloracetic acid was added 
and the mixture was centrifuged for 15 min 
at 5000 g. Trichloracetic acid solublc pep­
tides in the supernatant wcrc estimatcd ac­
cording to the method of Folin and Ciocal­
teu (3) reading the optical density at 750 
nm. A standard curve for the hydrolysis of 
casein was prepared from tyrosine solu­
tions. The activity is cxpressed as the 
amount of tyrosine liberated by the enzyme 
preparation in a unit of time (nmole/min/ 
mg protein). 

With BANA as substrate incubation time 
was 3 to 10 hours. Deproteinization was 
carried out by adding 0.5 ml of 10 per cent 
zinc sulphate followed by centrifugation. 
N aphthylaminc liberated enzymically was 
estimated using azo reaction with diazoni­
um salt Garnet GBC" and reading the op­
tical density spectrophotometrically at 525 
nm (8). Standard curve for the hydrolysis 
of BANA was prepared by using various 
amounts of 2-naphthylamine instead of the 
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substrate in the assay solution. The en­
zymic activity is expressed as the rate of 
naphthylamine liberation (nmole/min/mg 
protein). 

In the assays with TEE and ATEE as 
substrate the incubation timc was 20-30 
min. The proteins were precipitated with 
zinc sulphate as presentcd. Hydrolysis of 
thc substrates was cstimatc<l by mcasuring 
the amount of the residual unhydrolysed 
substrate according to the principles of 
Hcstrin (6), taking the spcctrophotometric 
readings at 540 nm. Standard curves for the 
hydrolysis of thc esters werc prepared from 
graded concentration series of the sub­
strates. The enzymic activity is expresscd 
as the rate of substrate hydrolysis (nmolc/ 
min/mg protein). 

The actual pH in the incubation mixtures 
was measured in the middle of the incuba­
tion period with a pH-meter cquippecl with 
micro-electrodes. The enzymatic hydrolysis 
of the substrates was found to be linear in 
time under the experimental conditions em­
ploycd. The contribution of spontaneous 
hydrolysis of the substratcs was eliminatcd 
by using controls with boilcd enzyme. 

Protein determinations 

The protein concentration of the homo­
genates was measured according to Lowry 
er al. (g). Bovinc serum albumin' was used 
as standard. 

Results 

Hydrolysis of casein 

Rat: The pH-curve for the hydrolysis of 
casein by the rat skin homogenate is pre­
scnted in Fig. r. The curve presents several 
points of maxima locatcd both at thc acid 
and alkaline side of neutrality. In repeated 
experiments four separate hydrolysis op­
tima were rccognized, i.e. roughly at pH 
6.o, 7.5

1 
8.5 and 9.2. The relative height of

thc individual peaks varied when using skin
samples from different animals.

' Sigma Chem. Comp., St. Louis, USA.' E. Gurr Ltd., London. 
• Poviet Producten, Amsterdam. 
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Fig. 1. Hydrolysis of casein by the homogenates 
of rat, human and car skin. Experimental con­

ditions as given in Matt!rial and Merhods. 

Man: The pH-dependcnce of casein hy­
drolysis by the human skin homogenatc is 
scen in Fig. 1. The hydrolysis rare at any 
pl I was roughly one half of that found in 
the case of the rat skin. pH-optima were 
found roughly at pH 6.o, 7.5 and somewhat 
above 8.o. 

Cat: The hydrolysis ratc around neutrali­
ty (Fig. 1) was roughly equal to that found 
in the human skin. A definitive plI-opti­
mum was found at about pH 6. At the 
alkaline sidc a broad bell-shapcd curve was 
obtained, with optimum at about pH 8, and 
no clearcut division into more numcrous 
optima could be observed. 

Guinea pig. The pH-cun·e is presented in 
Fig. 2. The hydrolysis ratc around ncutrali­
ty was low in comparison to that found in 
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fig. 2. Hydrolysis of casein by the homogenates 
of guinea pig and hog skin. Experimental condi­

tions as given in Material and Mcthods. 

rat, man and cat skin. The hydrolysis of 
casein took placc preferentially at the acid 
side of neutrality with a prominent peak 
roughly at pH 6.o. A very low race of 
hydrolysis with no distinct optimum was 
obtained at the alkaline side. 

Hog: The rate of hydrolysis of casein by 
the hog skin homogenare was vcry low at 
any pH, roughly one tenth of that found in 
thc guinea pig, as seen in Fig. 2. The form 
of the pi 1-curve resembles that found in 
the guinca pig skin with main hydrolysis at 
the acid side, around pH 6. 

I-lydrolysis of BANA 

Rar: This substrate was hydrolysed very 
slowly and an incubation timc of even up 
to ten hours was needed in order to obtain 
reliablc optical densities for the spcctro­
photomctric mcasuremcnts. The pH-curve 
obtaincd with the rat skin homogenate is 
presented in Fig. 3. The hydrolysis was ob­
tained mainly on the acidic side of neutrali­
ty. One peak was recorded at a pH some­
what below 6 and another lower optimum 
somewhere betwccn pH 6 and 7. 
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Fig. 3. Hydrolysis of BANA by the homogenates 
of rat and human skin. Experimental conditions 

as given in Material and Methods. 
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Fig. 4. Hydrolysis of BANA by the homogenates 
of cat and guinea pig skin. Experimental condi­

tions as given in Material and Methods. 

Man: The shape of thc pH-curve given 
in Fig. 3 resembles that obtained from the 
rat, having a higher maximum at pH some­
what luwer than 6 and a more alkaline 
lower one. In this case, however, the sec-
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ond optimum seems to lie further on the 
alkaline side, between pH 7 and 8. 

Cat: The pH-curve obtained with the cat 
skin homogenate differs markedly from 
those of rat and man, as seen in Fig. 4. 
Two pH optima, one on the acidic side and 
one on the alkaline side was recognized. 
The enzyme(s) active on the acidic side 
had an optimum at about pH 6 and the 
hydrolysis rate was about equal to that 
found in the rat and the human skin homo­
genates at the same pH. The hydrolytic 
activity at the alkaline side was markedly 
higher and its pH optimum was som.ewhere 
around pH 8 . 

Guinea pig: The peak of hydrolysis of 
BANA by guinea pig skin homogenate (Fig. 
4) showed hydrolysis at the acidic side of
neutrality with a maximum at about pH 6,
like the other species. Very little hydrolysis
was obtained at the neutral and alkaline
range.

I-log: No measurable hydrolysis could be 
obtained, even after an incubation for 20 

hours. 

Hydrolysis of TEE 

Rat: The hydrolysis of this substrate by the 
rat skin homogenate was relatively fast, 
and the pH curve showed two possible 
maxima, somewhere below pH 8 and 
around pH 9, as seen in Fig. 5. 

Man. Around the neutrality the rate of 
the hydrolysis by the human skin homo­
genate was roughly half of that obtained in 
the rat. The main activity was measured 
between pH 7 and 9, where a nonsym­
metric peak was recorded. A lower activity 
was observed at higher pH, between 9 and 
10 (Fig. 5). 

Cat: The hydrolysis of TEE by the cat 
skin homogcnate took place at a clearly 
wider pH range, i.e. betwecn pH 6 and 10

1 

suggesting optima at pH 7 and g, as re­
vealed in Fig. 5. 

Guinea pig: The guinea pig skin homo­
genate hydrolysed this substrate more slow­
ly than the hom.ogenates of the other spe­
cies. A broad pH curve suggested two op­
tima, one around pH 7 and the other 
around pH 8, as seen in Fig. 6. 
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Fig. 5. Hydrolysis of TEE by the homogenates 
of rat, human and cat skin. Experimental con-

ditions as given in Material and Mcthods. 

Hog: Hydrolysis of TEE by the hog skin 
homogenate was obtained almost exclusive­
ly above neutrality. Two possibie maxima 
can be detected, one at about pH 8 and the 
other one at about pH 9, as seen in Fig. 6. 

l-lydrolysis of ATEE

Rar: Also this substrate was hydrolyzed by
the rat skin homogenate mainiy at the alka­
line side, between pH 7 and ro. Repeated
experiments suggested the presence of two
alkaline pH optima, one at about pH 7.4-
7.9 and another at about pH 8.8-9.2, with
fairly intense enzyme activity and a clearly
lower activity optimum at about pH 6. The
results of one of the experiments is shown
in Fig. 7.

Man: The human skin homogenate hy-
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Fig. 6. Hydrolysis of TEE by the homogenates 
of guinea pig and hog skin. Experimental eon-

ditions as given in Material and Methods. 

drolyzed this substrate optimally around 
pH 8 and 9, and practically no hydro]ysis 
was measured at pH 6. The pH curve is 
seen in Fig. 7. 

Cat: The broad pH curve showed two 
possible maxima, one at about pH 7 and 
another one at about pH g (Fig. 7). The 
hydrolytic activity was fairly high. 

Guinea pig: The hydrolytic activity was 
centered around neutrality, i.e. between pH 
6 and 8. A lower activity was observed at 
about pH 9

1 
but was not recorded in all 

samples (Fig. 8). 
Hog: Good activity was measured be­

tween pH 7 and 10
1 

the pH activity curve 
showing two bel! shaped optima, one of 
the111 between pH 7 and 8 and the other 
between pH g and ro (Fig. 8). 

Discussion and Conclusions 

The skin homogenates of all the species 
studied showed proteolytic activity. The 
profiles of the pH curves for the hydrolysis 
of casein were, however, quite differing 
and the only consistent finding was the 
presence, in all homogenates, of an enzymic 
activity operating optimally at about pH 6. 
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Fig. 7. Hydrolysis af ATEE by the homogenates 
of rat, human and cat skin. Experimental con-

ditions as giver� in Material and Methods. 

The hydrolysis rate of casein at this pH 
was about equal in all of the homogenates 
studied, except for the hog skin homo­
genate, whkh exhibited an activity of only 
one tenth of that found in the other spe­
cies. The species with the enzyme pattern 
most closely resembling that of man were 
the rat and the cat. On the other hand the 
pattern of caseinolytic proteinases in the 
guinea pig and the hog skin is quite dif­
ferent from that found in the human skin. 

These findings are in general agreement 
with the data for thc hydrolysis of casein 
at pH 7.5 by the skin homogenates of sev­
eral species reported by Golubow et al. (s). 
To our knowledge no extensive species 
comparisons on the pH dependence of the 
proteolytic activity of the skin havc becn 

reported previously. 
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Fig. 8. Hydrolysis of ATEE by the homogenates 
of guinea pig and hog skin. Experimental con­

ditions as given in Material and Methods. 

BANA, a chromogenic substrate for en­
dopeptidases (proteinases) was hydrolysed 
by more than one enzymic activity in all of 
the species studied, except for the hog, 
which did not hydrolyse this substrate 
measurably. All of the species showed a 
hydrolytic peak at around pH 6. This kind 
of proteolytic activity coincides as to its 
pH-optimum with that found with casein 
as substrate at about pH 6, and the same 
proteolytic enzymes may have acted on 
BANA and casein. The more alkaline op­
tima at pH 7.5 in the human skin and at 
about pH 8 in the cat skin do also coincide 
with caseinolytic optima. 

The hyclrolysis of BANA, which is a sub­
strate readily hydrolysed by proteases re­
sembling bovine trypsin in their substrate 
specificity, suggests the presence of pro­
teases of this kind in the skin of the above 
species. The hydrolysis of BANA by skin 
homogenates has not been studied earlier 
even while some earlier investigators have 
used BAME, BAEE, T AME or T AEE as 
substrates (10, 13, 14, 15). These substrates 
are generally split by enzymes attacking 
also BANA. The latter substrate is

1 
how­

ever, to be preferred since it is chemically 
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more closely related to natura! peptides 
and consequently is a more specific sub­
strate than thc corresponding esters. 

The ester substrates TEE and A TEE were 
also hydrolysed by the skin homogenates of 
all of the different species studied. This is 
in agreement with thc findings of Golubow 

et al. (s) who tested the hydrolysis of TEE 
at pH 6.5 and that of ATEE at pl-J 8.o, 
only. Tbey did not, however, find any ac­
tivity toward TEE in their human samples 
and activity toward ATEE was found in 
only part of the samples. 

The pH-dependence of the hydrolysis of 
these substrates showed marked variations 
from species to species. These substrates 
were hydrolysed mainly at the alkaline pH 
range, the hydrolysis of ATEE by the 
guinea pig, however, presenting a marked 
exception. Some of the pH optima appear 
to coincide with caseinolytic peaks, while 
some of them did not have any correspond­
ing optimum in the pH curves of caseinoly­
sis. The correspondance between the es­
terolytic and caseinolytic pH optima was 
rather good in the rat skin and to some 
degrce observable in the human and the 
cat skin, while no correspondance what­
soever was found in the guinea pig and the 
hog skin homogenates in which enzymic 
proteolysis was optimal at acid pl:-I while 
the esters were hydrolysed optimally at 
alkaline pH. The hydrolysis rate of the es­
ter substrates by the bog skin homogenare 
was equal to that found in other species, 
even while the caseinolysis was less than 
one tenth of that found in other species. 

These findings point out that TEE and 
A TEE are possibly hydrolysed in mamma­
lian skin homogenates by some proteolytic 
enzymes, as reported by Martin and Axel­
red for the rat skin (n, 12), but also by 
several esterolytic enzymes with minimal 
caseinolytic activity. Therefore, these sub­
strates cannot be used to measure pro­
teolytic activity without prior knowlcdge 
of the characteristics of the individual en­
zymes of the total enzyme pattern. Thus, 
earlier data collected using these or other 
esters as substrate cannot be tmequivocally 
interpreted in the terms of proteolytic en­
zymes. 
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The diversity and complexity of the skin 
enzyme pattern in these species, as disclosed 
by the variability in the profiles of the pH­
curves for the hydrolysis of casein, BANA, 
TEE and ATEE by the skin bomogenates 
forces to conclude that meaningful com­
parisons bctween species cannot be made 

by assaying the enzymic activities at only 
one pH or at a narrow pH-range, as has 
been often done. Equally, studies at limited 
pH-ranges can. give only incomplete infor­
mation on the possiblc changcs in thc ac­
tivity of proteolytic or other hydrolytic en­
zymes in different experimental or patho­
logical conditions. 

Our data suggest that the rat is a suit­
able laboratory animal for studies on skin 
proteinascs since the cnzyme pattern in this 
species, more than in the others, resembles 
that found in the human skin. On the other 
hand, the deviations of the other species 
from the human enzyme pattern render 
these less suitable for studies intended to 
clarify chemical problems similar to those 
encountered in the physiology and pathol­
ogy of the human skin. The hog, the skin 
of which resembles grossly as well as 
microscopically the human skin more than 
the skin of the other species, deviates more 
than. the other species from the human skin 
as to the proteolytic enzyme pattern. 

It is quite evident that such an en7,ymic 
complex as is present, e.g. in the rat skin 
homogenate, cannot be intelligibly studied 
until specific assay methods for each one 
of the enzymes are available. Specific assay 
methods can, on the other hand, be devel­
oped only after the separation and thorough 
characterization of the individual enzymes. 
Elaborate studies in this line on rat skin 
proteinases were carried out by Martin and 
Axelrod (for ref. see 7.) about a decade 
ago, using the enzymologic methods of that 
<late. Thcir studies have, however, not been 
repeated nor their findings verified in other 
investigations. More efficient chemical sep­
aration techniques have since been devel­
oped, allowing more extensive purification 
and thus more thorough characterization 
of enzymes. Results from studies employ­
ing modern techniques of enzyme research 
applied to the study of rat skin proteolytic 
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enzymes will be reported by the present 
authors in later publications. 

SUMMARY 

The hydrolytic activity of the skin homo­
genate of man, rat, cat, guinea pig and bog 
was cumpared throughout the pH-range 
5.0-10.0 with casein, N-benzoyl-arginine 2-

naphthylamide (BANA), tyrosine ethyl es­

ter (TEE) and N-acetyl tyrosine ethyl ester 

(ATEE) as substrates. With casein as sub­

strate, the pH-curve revealed four possible 

maxima in the rat skin, three in the human 
and cat skin and only one in the guinea pig 
and hog skin. All of the species showed a 
distinct activity peak at about pH 6.o. With 
BANA as substrate, two optima were re­
vealed in tbe rat, human and cat skin, one 

optimum in the guinea pig skin, and no 
hydrolysis in the hog skin. One of the op­
tima in each species was at about pI-1 6.o. 
With TEE and ATEE as substrate, hydroly­
sis was obtained at the alkaline side of 

neutrality and 2-3 possible optima, de­
pending on the species, were recorded in 
the pH-curves. The pattern of the enzymes 
active toward the substrates used in this 
study varied markedly from species to spe­
cies, the enzyme pattern in the rat skin rc­
sembling that of the human skin more 
than <lid that of other species. Rat skin was 

suggested to be used in experimental studies 

on proteolytic enzymes intended to clarify 
phcnon1cna sin1.ilar to thosc cncountered in 
the physiology and pathology of the human 
skin. 
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