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PROTEOL YTIC ENZYMES IN THE SKIN* 

111. Studies on the extractability, slability and modifler characteristics of 

the caseinolytic enzymes in the rot skin 

CHRISTER T. JANSEN AND VÄINÖ K. HOPSU-HAVU 

Bcloff and Peters ( 1) observed in 1945 that 
an extract of the rat skin prepared in dis
tilled water or in dilute buffer showed no 
proteolytic activity toward casein, while an 
extract prepared in 5 0/o potassium chloride 
in neutral phosphate buffer hydrolysed 
casein readily. With minor modifications 
this method of extraction of skin proteoly
tic enzymes has since been often used. 
Martin and Axelrod ( 12) reinvestigated the 
extractability of some proteolytic and es
terolytic enzymes from the rat skin and 
stressed the importance of the high ionic 
concentration in the extraction medium as 
well as in the assay medium. 

In these experiments, as well as in others, 
the effectiveness of the extraction proce
dure has been usually estimated on the 
basis of activity determinations carried out 
at neutral pH only, i.e. the pH which has 
been suggested to be optimal for the hy
drolysis of casein by the skin proteinases. 
It is known, however, that the skin of many 
mammalian species contains several pro
teolytic enzymes with pH-optima ranging 
from the low acidic to the high alkaline 
area (8, ro). Casein is known to be hydro
lysed in the rat skin homogenate by at least 
four separate enzyrnes (10), and it is quite 
likely that the optimal extraction of each 
one of them requires different conditions. 
The acidity, the molarity, the temperature, 

the presence of any specific ion or other 
substances in the extraction medium as well 
as the length of the homogenization and 
extraction time could effect thc final result. 
Equally, each one of the enzymes might be 
inactivated or activated by special condi
tions employed in preparative steps as well 
as in later measures of enzyme purification 
procedures, e.g. acid precipitation, heat de
naturation, freezing and thawing, dialysis, 
and storing of the preparations. With these 
facts in mind an effort was made to find 
the optimal conditions of extraction and 
handling of the enzymic activities demon
strable in the rat skin homogenatc. In addi
tion, the relation of the enzymic activities 
to some cornmon modifiers for proteolytic 
enzymes was studied, in order to get a 
rough idea of the most essential require
ments of the enzymes, such as possible de
pendence on sulphydryl groups or meta] 
ions. Information on these problems is of 
importance when efficient procedures for 
the purification of the individual enzymes 
are planed. 

Materials and Methods 

Skin samples 

Altogether twenty male adult Long-Evans 
rats, weight 260-320 g, kept in standard 
laboratory conditions, were killed by de-
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capitation. The whole trunk skin was re
movcd after shaving with an animal clipper. 
The skin was cleaned from the subcutane
ous fat, musde tissue and fascia and minced 
with scissors. The usual yield from one rat 
was 1 s g of minced tissue. 

Homogenization and extraction 

The scheme given below is that used as a 
standard procedurc. In studies on the effec
tiveness of the individual steps of the pro
cedure, several parameters were varied one 
by one in the limits given in the brackets, 
keeping the other parameters at standard 
procedure leve!. 

The minced tissue was homogenized for 
1 min (0.5-2.5 min) with an Ultra-Turrax 
homogenizer in ten volumes ( w/v) of JO 

mM phosphate buffer pH 8.o (pH 6.o-g.o), 
containing 8 per cent (0-10 per cent) of 
potassium chloride. The homogenization 
was carried out in a metal container kept in 
crushed ice during the procedure. During 
the homogenization the container was 
moved up and clown keeping the cutting 
rotator in the homogena te for 1 .5 s and 
above the homogenate surface for 1.5 s, 
intermittently. The crude homogenate was 
allowed to stand at + 4° C ( + 4-40°C) for 
2 h (0-20 h) and was centrifuged at rn,ooo 
g for 20 min at + 4° C. The sediment and 
the flotate were discarded and tht: opalt:�
cent supernatant was used for further 
studies, and it is referred to as the ( centri
fuged) homogenate. 

Acetone treatment 

In one series of experiments acetone pre
cipitation was carried out as follows: One 
hundred ml of the crude homogenate was 
slowly added to ten volumes of dry acetone 
at - 15° C with rapid stirring. The suspen
sion was allowed to stand at - 20°C for 
50 min, the precipitate was collected by 
filtration through a filter paper (Schleiher 
& Schull nr 589), and transferred to an ex
icator over concentrated sulphuric acid. The 
dry precipitate was powdered mechanically. 

The yield was about 8 g per ro g of starting 
minced skin sample. For the extraction of 
the enzymes o.8 g acetone powder was 
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suspended into 10 mM phosphate buffer 
pH 8.o and Jet to stand at + 4 °C for 24 
hours. The suspension was centrifuged at 
10,000 X g for 10 min and the supernatant 
was collected. 

Desalting 

Salt-free homogenate was needed for same 
experiments. Desalting was carried out using 
gel filtration on Sephadex G-25 (Phar
macia, Uppsala). A sample of 10 ml was 
applied into a column (2.3 X 120 cm) 
packed with the Sephadex gel pretreated 
according to the manufacturer's instruc
tions. ro mM phosphate buffer pH 8.o was 
used for elution, and fractions of JO ml 
were collected at a flow rate of r ml/min. 
The concentration of proteins in the frac
tions was estimated by reading the optical 
density at 280 nm and the concentration of 
chloride ions was detennined according to 
the method of Shoenfield and Lewellen 
( 14). The fractions containing protein but 
devoid of chloride were pooled. 

Substrates, mod;f iers and other chemicals 

Casein acc. to Hammarsten (E. Merck AG, 
Darmstadt) was dissolved in JO mM phos
phate buffer pi-I 8.o (1 g/100 ml) and de
natured by boiling for 10 min. This stock 
solution was stored at + 4°C, for no longer 
than 5 days. A stock solution of bovine 
serum albumin (Poviet Producten N.V., 
Amsterdam) was prepared in the same 
way . Denatured hemoglobin (Nutr. Bio
chem. Corp., Ohio) was dissolved in 10 
mM phosphate buffer pH 8.o (2 g/Joo ml) 
and used freshly. 

Trypsin inhibitor from lima bean, Tryp
sin inhibitor from soybean, and Trypsin 
inhibitor from ovomucoid all were from 
Sigma Chemical Company, St. Louis. 

Human blood was obtained by venepunc
ture and rat blood by puncturing the heart 
of an ether anestesized rat. The blood 
samples were drained inta one fifth volume 
of 3 per cent sodium citrate and centri
fuged to remove the blood cells. The plas

ma was diluted with distilled water r : 4 
and used as a modifier. 

The universal buffer of Britton and 
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Fig. 1. The hydrolysis of casein, hemoglobin 
and albumin by the rat skin homogenatc. Assay 

conditions as given in 'Materials and Mcthods'. 

Robinson (3) was used throughout the 
study. 

Assay procedures 

To measure the rate of the hydrolysis of 
the protein substrates a mixture consisting 
of 0.5 ml of buffer of suitable pH, 0.5 ml 
of substrate stock solution and 0.5 ml of 
enzyme solution was incubated in a water 
bath at 37° C. In studies on the effects of 
the modifier substances an additional 0.2 
ml of modifier stock solution of suitable 
concentration was includcd and the sub
stratc was added after a preincubation of 
10 min. In controls the modifier stock solu
tion was replaced by water. After incuba
tion, usually 60 min, 0.5 ml of s per cent 
trichloroacetic acid was added and the mix
ture was centrifuged at 5000 xg for 15 min. 
The soluble peptides in the supernatant 
were estimated according to the method of 
Folin and Ciocalteu (5). A standard curve 
was prepared from tyrosine in identical 
conditions. The effect of the spontaneous 
hydrolysis of the protein substratcs was 
eliminated by using blank assays in which 
the enzyme was replaced by buffer. The 
effect of soluble peptides present in the en
zyme preparations was climinated by using 
controls in which the enzyme was added 
just prior to the acidification. The cnzyme 
assays in all experiments were carried out 
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at a wide pH-range, usually from pH 5 to 
pH 10. The actual pH of each incubation 
mixture wos detcrmined in thc middle of

the incubation period using a pH-mcter 
equiped with microelectrodcs. 

The proteolytic activity is usually ex
pressed as the amount of tyrosine liberated 
in a unite of time per mg of homogenate 
protein (nmole/min/mg). The protein con
centration of the homogenatc samples was 
assayed according to the method of Lowry 
ct al. (11). Bovine serum albumin (Poviet 
Producten N.V., Amsterdam) was used as 
reference protein. 

Results 

Comparison of casein, hemoglobin and 

albumin as substrare 

It was shown earlicr that with cascin as 
substratc a complex pattern of proteolytic 
activity at pH-range 5-10 can be demon
strated in the rat skin homogenate (10). 
Four separate possible pH-optima were re
peatedly encow1tered, i.e. roughly at pH 
6.o, 7.51 8.5 and 9.0-9.5. Since, howevcr,
other proteins, e.g. hemoglobin and albumin
are often used as substrates for proteolytic
enzymes and since it is known that dif
ferent proteins are hydrolysed at different
rates by different enzymes, a comparison
was made with casein, hemoglobin and al
bumin as substrate for the rat skin pro
tcinases through pH 5-10.

The results are presented in Fig. 1. It was 
found that casein is the most sensitive sub
strate when the enzymic hydrolysis is 
measured as the libcration of tyrosine using 
the methods of this work. The general form 
of the pH-curve obtained with albumin as 
substrate was roughly identical to that ob
tained with casein, but the hydrolysis rate 
was much lower, about one fourth of that 
of casein. The pH-curve obtained with he
moglobin as substrate was roughly of thc 
same form at the neutral and alkaline 
range, the rate of hydrolysis being about 
half of that obtaincd with casein. The form 
of the pi 1-curve obtained at acidic pH
values differed, however, markedly from 
that obtained with cosein as substrate. No 
optimum was obtained at pi I 6 and the 
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hydrolysis rate was very low. Higher hy
drolysis rates were obtained at lower pH
values. This is due to the presence of pro
teolytic enzymes active toward this sub
stratc at pl I-values more acidic than pI-1 5 
(4). 

On the basis of these findings casein was 
used as substrate in all f urther experiments 
of this study. 

Exrractability of r/ie prorcolyric acrivities 

1. Homogenization. Homogenization of thc
skin tissue is difficult because of its tough
ness owing to its high collagen content. No
comparative data on the effectiveness of
various homogenization procedures are
available in the literature. Preliminary
studies with different homogenisators (Pot
ter-Elvehjem, Biihlcr, \,Varing Blendor, and
Ultra-Turrax) showed that a superior dis
integration of the tissue was obtained with
thc Ultra-Turrax. To determine the length
of the homogenization period necessary for 
obtaining an optimal yield of proteolytic
activity thc homogenization time was varied
from 0.5 to 2.5 min.

When extending the homogenization time 
from 0.5 min up to 1-1.5 min an increasing 
caseinolytic activity over the whole pH
range (tested between pH 5-10) was ob
tained. A further increasc in the homo
genization time 2ave a clt•arly lower yicld 
probably bccause of inactivation of the cn
zymes, even while the temperature of the 
homogenate, measured immediatedly after 
the homogenization, was below 17° C. 

For further work homogenization with 
an Ultra-Turrax homogenizator for 1 min
ute was considered suitable. 

2. Salr concenrrarion. Since the salt con
centration of the extraction medium effects 
the extraction of proteolytic enzymes active 
at neutral pH (1

1 
12) it was studied whether 

the same is true for all the proteinases in 
rat skin. Skin samples were homogenized 
in 10 mM phosphate buffer, pH 8.o con
taining o, 2, 4, 6, 8, or I o per cent ( w/v) 
potassium chloride. Aftcr homogenization 
the crude homogcnates werc allowed to 
stand for 2 h at + 4° C, and were centri
fuged. Potassium chloride was added to ob
tain a final concentration of 10 per cent in 
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Fig. 2. The influcncc of salt conccntration on 
the exmictability of thc caseinolytic enzymes 
in the rat skin. Assay conditions as given in 
'Materials and Mcthods'. The pcrcentage values 
give the concentrations of potassium chloride 

used in the different cxtraction procedures. 

all of the samples and the proteolytic activi
ty was assayed 90 min later. 

The results obtained at four of the salt 
concentrations arc presented in Fig. 2. Only 
minimal proteolytic activity was present in 
the extract with buffer containing no added 
potassium chloride. A concentration of 2 

per cent of potassiurn chloride in the buffer 
extracted effectively the proteolytic activity 
at pH 5-6. A further increasc in thc salt 
concentration neither increased nor de
creased the yield of this activity. On the 
other hand, the yield of the enzymes active 
ot olkaline pl 1 wa, constantly im;n:ased 

with increasing salt concentration up to 8 
per cent KCI in the extraction medium. 
Extraction at a salt concentration of 10 per 
cent, however, gave a lower yield of these 
activities, especially of the most alkaline 
one. 

On the basis of thesc findings it can be 
concludcd that an extraction medium with 
8 per cent of KCl is suitable when high ex
traction yield of the proteolytic enzymes is 
desired. 

3. Lengrh of extracrion. It has been cus
tomary to let the disintegrated skin tissue 
or acetonc powder to stand for variable 
periods in the cxtraction buffer (homo
gcnization huffer) for extraction of thc en
zymes. The length of the extraction period 
employed varies considerably, from 30-40 
min (1, 9, 15,) to 3-4 h (6, 7, 12). Only 
few authors offer any reasons for their 
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choice of time (1
1 

12)
1 

and no systematic 

data on this subject have been reported. 
A batch of crude homogenate (200 ml) 

was prepared and allowed to stand at 
+ 4°C. Samples of 10 ml were withdrawn
immediately and after 1

1 
21 3

1 
4

1 
5

1 
10 and 

20 h. Each sample was centrifuged ar once 
and stored at + 4°C. The caseinolytic ac
tivity at pH 5-10 was measured in the 
samples simultaneously, after the with
drawal of the last sample. 

The caseinolytic activity in the samples 
taken at zero time was high, even while an 
increase in yield took place during the ex
traction up to 2-3 hours. This increase was, 
however, quite variable, being in repeated 
experiments 10-70 per cent of the zero 
time value. The activity in the samples ex
tracted for more than 4 h remained con
stant. These data point out that optimal 
ac;tivity is obtained by using an extraction 
period of 2-4 hours, even while consider
able yield can be obtained without any pro
longed extraction measures. 

4. Exrracrion remperature. Extraction of
the proteolytic enzymes has been carried 
out at a wide variety of temperatures, 
ranging from 1 ° C (12)

1 
through room tem

perature (11 6, 15) to 38°C (r, g). We 
wanted to study systematically whether the 
extraction temperature effects the yield of 
any of the enzymic components catalysing 
caseinolysis. After the usual homogeniza
tion samples of the crude homogena te were 
allowed to stand at + 4

1 
+ 10, + 20, + 30, 

or + 40 ° C for 30 min af ter which they 
were centrifuged and the proteolytic activi
ty was mcasured at pH 5-10. 

It was found that the caseinolytic activi
ty obtained was, throughout the pH-range, 
the better the lower the extraction tem
perature. The activity obtained at 40°C 
was about 25 per cent lower than that ob
tained at + 4°C. On the basis of this find
ing it is evident that a low temperature of 
extraction is to be preferred. 

5. pH of extraction. Extraction proce
dures have usually been carried out at pH 
7.0-7.5 (1

1 
7, 10, 12). Since, however, the 

isoelectric point of enzyme proteins may 
vary markedly and the extractability de-

pends upon the isoelectric point, it is pos-
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sible that different enzyme proteins are ex
tracted diff erently depending on the pH. 
Therefore, samples of crude homogenate 
were extracted at pH 6, 6.5, 7.0, 7.5, 8.o, 
8.5 and 9.0. Before assaying, all of the 
samples were brought to pH 7.5 and assay
ed with casein as substrate at a pH-range 
of 5-10. The pH-profiles obtained for the 
hydrolysis were identical, even while the 
proteolytic activity at any pH was some
what ( ro-20 0/o) lower in the extracts made 
at more acid pH. This suggests that the 
pH of extraction has no selective effect but 
evidently alkaline medium gives better 
over-all yields. 

6. Acerone rreatment. Both acetone pow
der and minced fresh tissue has been used 
as the starting material for the extraction 
of the proteolytic enzymes in the skin. A 
better yield of caseinolytic activity (meas
ured at pH 7-7.5) from fresh skin than 
from acetone powder has been reported by 
some investigators (r), while the opposite 
has been claimed by others ( x 2). 

Crude homogenate was clivicled in two 
parts, one of which was extracted directly 
in the usual way, while the other one was 
made acetone powder and extracted ac
cording to the scheme given in Material 
and Methods. Both of the extracts were 
tested with casein as substrate. It was 
checked that the concentration of chloride 
ions was the same in both of the enzyme 
solutions. 

The proteolytic activity in the acetone 
powder extract was considerably (30-50 0/o) 
lower than in the extract prepared from 
fresh skin tissue as shown in Fig. 3. This 
difference was demonstrable throughout 
the pH-range but no selective lack of any 
of the components of the caseinolytic com
plex could be clearly demonstrated. 

7. Freezing-thawing and Triton-X-100.

These procedures are known to disrupt 
tissue partides and to effect the solubiliza
tion of several tissue components, where
fore it was considered to be of value to 
test their effect on the extractability of the 
skin proteinases. Triton X-100 (0.1 %) was 
added to a batch of crudc homogenate im
mediatedly after the homogenization. An
other batch was freezed and thawed three 
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Fig. 3. Comparison of the caseinolytic activity 
extractable from aceton-powderized rat skin
tissue and from a comparable amount of fresh 
rat skin tissue. Enzyme assay conditions as 

given in 'Materials and Methods'. 

times, while a third batch served as con
trol. AU the samples were simultaneously 
centrifuged an<l assaye<l for proteolytic ac
tivity (pH 5-10) with casein as substrate. 
No increase nor decreasc of thc proteolytic 
activity could be observcd after any of the 
treatrnents. In separatc experiments on 
centrifuged homogenate it was ascertained 
that Triton X-100 did not affect the assay, 
and that neither one of the procedures 
effected the stability of the cnzymes. 

8. All-over eff ectiveness of rhe extrac
tion. It was considered to be of importance 
to establish to what dc�ree protcolytic ac
tivity still remained with the solid phasc 
after the cmployment of our standard ex
traction procedure, and particularly, wheth
er certain activities would be found mainly 
or solely in the solid phase. Beloff and 
Peters ( r) state that af ter their extraction 
procedure about 50 per cent of the pro
teolytic activity (as measured at neutrality, 
only) still remained with the solid phase. 

The flotate and precipitate, usually dis
car<led, were collected and resuspenced in 
extraction buffer by a short ( 1 o s) homo
genization proccdure, and tested for casein
olytic activity (pH 5-ro). The pH-curvc 
obtained from the flotate was similar to 
that obtained from the supernatant, the ac
tivities being

1 
howevcr1 very low (roughly

r/20 of the activity in the supernatant). 
This suggests that all of the main compo
nents of the caseinolytic activity were pres-
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ent to a low degree in the flotate. The 
pH-curvc from thc precipitate, on the other 
hand, showed vcry little activity at thc acid 
pH (about i/20 of that found in the super
natant), but a fair share of the alkaline 
components (roughly r/ 4 of the activity in 
the supcrnatant) was demonstrable. Thus, 
about 25 per cent of the caseinolytic ac
tivity dcmonstrable at the neutral and alka
line pl-1 and about I o per cent of thc acidic 
activity will be left in the solid phase when 
employing our standard scheme of homo
genization and extraction. On the other 
hand no additional subunit of caseinolytic 
activity-not demonstrable in the homo
genate supernatant---could be detected in 
the solid phase. 

Tlte stability of r'1e caseino!ytic activiry 

in the /1omogenate 

1. Acid treatment. Precipitation of micro
somal particles and of inert proteins at pH
5.0-5.2 is an often used step in purification
procedures for cnzymes. Any one of the 
components of the proteolytic activity 
might be precipitated in this procedure, 
either in an active or in an inactive form. 
This was tested by adding I N I !Cl to a 
batch of centrifuged homogenate (20 ml) 
bringing the pH to 5.0. The homogenate 
was alluwed to stand in ice water for 5 
min, and centrifuged in a refrigerated 
centrifuge at 5000 xg for 5 min. Thereafter, 
the pH was brought up to 7.5 with I N 
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Fig. 4. The effect of acid treaunent at pH 5.0 
on the caseinolytic enzyme complex of the rat 
skin homogenate. Details on the experiment 
are given in the text. Enzyme assay as given in 

'Materials and Methods'. 
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NaOH, and the proteolytic act1V1ty in the 

supernatant was determined with casein as 
substrate (pH 5-10). As seen in Fig. 4 the 
main part of the acidic caseinolytic activlty, 
the peak at around pH 6, was lost while 
the main part of the alkaline caseinolytic 
activity was retained in the solution. To 
test whether the acidic proteolytic activity 
was precipitated in an active fonn thc pre
cipitate was dissolved in the original vol
ume af the extraction buff er and assayed 
for caseinolytic activity at pH 5.8. Half of 
the activity !ost from the solution was re
covered from the precipitate in an active 
form. Precipitation at pH 4.0 produced a 
practically complete loss of the acid activity 
peak from the solution, but the amount of 
activity recoverablc from the precipitate 
was not increased. Thesc experiments prove 
that preferentially the enzyme(s) active at 
acid pH is precipitated and also inactivated 
by acid treatment. 

2. Heat treatmenr. To clarify the heat
stability of the proteolytic enzymes, samplcs 
(ro ml) of centrifuged homogenate were 
kept in a water bath at temperatures of 50, 

55, 60, 65, 70, 75 and 80°C for ten rninutes 
whereafter the proteolytic activity was 
assayed (pH 5-10). The control samples 
were kept at + 4 °C. As shown in Fig. s

the activity decreased throughout the pH
range with increasing temperature. The en
zymic activity of pH 6 was clearly more 
thermolabile than the other caseinolytic 
components, the treatment at 60 °

C causing 
a complete loss of activity. At 70°C no 
proteolytic activity was left at any pH. 

3. Dialysis. A decrease in ionic strength
produced by dialysis decreases the solubili
ty of proteins and can thus cause specific 
precipitation of some enzyme proteins. This 
has been used to separate rabbit skin pro
teolytic enzyrnes C7). Dialysis is also an 
often used preparative step for further 
purification measures of em:ymes and 
therefore the behaviour of the caseinolytic 
activity <luring dialysis was studied. 

The centrifuged homogenate (so ml) 
was dialysed at + 4°C for 12 h against 100 

volumes of distilled watcr, changed at 6 
hours. The sample was centrifuged and the 

sediment was suspenced in the original vol-
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Fig. 5. The effect of heat on the casei.nolytic 
rnzyme complex of the rat skin. Details on the 
experiment are found in the text. Enzyme assay 

as given in 'Materials and Methods'. 

ume of water. Potassium chloride was add
ed both to the supernatant and to the 
suspenced sediment to obtain a salt con
centration of 8 per cent, and the prepara
tions were assayed for caseinolytic activity. 
The original proteolytic activity was totally 
recovered. The acidic activity was found 
almost exclusively in the supernatant, 
while the neutral and alkaline activity was 
distributed to an equal degree in the pre
cipitate and in the supernatant. Thus, a 
partial fractionation of the caseinolytic ac
tivities could be produced by dialysis. 

4. Storage. Since the enzyme preparation
is to be stored, because of practical reasuns, 
at various temperatures <luring a purifica
tion procedure, it was important to find 
out whether the proteinolytic profile is 
changed <luring storage. Therefore, centri
fuged homogenate samples (100 ml) were 
stored at -40° , +5° and +25 °C for up 
to 3 weeks. Small aliquots (s ml) were 
withdrawn from the samples at regular 
intervals and tested for proteinolytic ac
tivity with casein as substrate at pH 6, 7.5, 
8.6 and 9.4. 

The enzymic activity remained constant 
<luring the whole period at - 40°C and 
decreased only 10-20 per cent <luring stor
age at + 25°C. On the other hand, the ac
tivity was decreased considerably, 50-70 

per cent in 3-5 days, at + 25° C. 
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Modif ier characteristics 

I. Potassium chloride. The existence of an
optimal salt concentration for the enzyme
activity, as distinct from the optimum for
extraction, has been recognized since the
work of Beloff and Peters ( r). They carried
out their enzyme assays at pH 7.0 and
little is known on the effect of salt ions
on the proteolytic activity at other pH
values.

Centrifuged homogenate (30 ml) was 
desalted as described in Materials and 
Methods. The concentration of chloride 
ions in the preparation obtained was found 
to be 15 mM. To this preparation, known 
amounts of potassium chloride were added 
to obtain in the assay solutions the final 
concentrations of 5

1 
140, 275

1 
410 and 550 

mM, and the caseinolytic activity (pH 5-
10) was assayed. Fig. 6 presents the effect
of the salt concentration on the caseinolytic
activity at pH 6.3, 8.41 and 9.2. The data
are derived from the pH-curves obtained at
the different salt concentrations. It is evi
dent that changes in the salt concentration
effect these proteolytic activities and each
one in a different way. The activity meas
ured at pH 6.3 was decreased with the in
crease in the salt concentration, activity at
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Fig. 6. The effect of the potassium chloride 
concentration on the hydrolysis of casein by 
the rat skin caseinolytic enzyme cornplex. The 
data presented are plotted from full range pH
curves, and the readings have b�cn taken at 
those pHs at which distin-::t optima for the 
hydrolysis of casein are found. Further details 
on the experiment are given in the text. En-

zyme assays as given in 'Mat2rials and 
Methods'. 
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8.4 was optimal at a concentration about 
200 mM while the activity at pH 9.2 was 
optimal at a concentration of about 300 

mM. 
This suggests that for an optimal assay 

of the caseinolytic activity at each one of 
these pH areas different concentrations of 
salts are to be used. 

2. Heavy meta/ ions and cysteine. Earlier
data have shown that a part of the skin 
proteolytic activity is inhibited by heavy 
metals, like HgClz (13). To find out 
whether any of the caseinolytic compo
nents demonstrable as an optimum in the 
pH-curve is especially sensitive to heavy 
meta! ions, a test was made with mercuric 
and copper ions. It was found that a con
centration of 0.1 mM of HgC]z or of CuCh 
in the assay system for the caseinolytic ac
tivity caused no significant changes in the 
form of the pH-curve between pH 5-10 

with only a slight (10-20 %) over-all de
pression of the activities. On the other 
hand, a concentration of I mM of either 
one of the metals caused marked inhibitory 
effects as seen in Fig. 7. Both of the ions 
caused roughly a 50 per cent inhibition of 
the acidic caseinolytic component. The 
copper salt caused an even more marked 
inhibition on the alkaline side of neutrali
ty, and a complete inhibition of the alka
line activities was accomplished by mer
curic ion. It is thus evident, that even 
while some of the proteolytic enzymes in 
the rat skin are sensitive to fairly high con
centrations of these heavy ions, no exces
sive sensitivity, which could hamper the 
common purification procedures, could be 
detected. 

Sensitive sulfhydryl-dependent enzymes 
may be oxidized during the homogeniza
tion procedure or bound by meta) ions and, 
therefore, would not show up in the assays 
unless reactivated by reducing agents. 
Therefore, the effect of cysteine, added to 
the incubation medium at a concentration 
of I mM was tested. A moderate activation 
( 10-20 0/o) of the caseinolytic components 
active at pH 6 and at about pli 7.5 was 
demonstrated. 

3. Natura/ proreinase inliibitors. It is
known since the works of Beloff (2), that 
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Fig. 7. The effect of some meta\ salts on the 
caseinolytic enzyme complex of the rat skin 

homogenate. Enzyme assay as given in 
'Materials a11d Methods'. 

serum inhibits a part of the skin proteolytic 

complex, and Martin and Axelrod showed 

that some natura) trypsin inhibitors have 

an inhibitory effect (for references see 8) 
on certain components of this complex. 

However, these data are fragmentary and 

no uniform picture is easily obtainable. 
Therefore, the effect of several natura! in
hibitors on the hydrolysis of casein by rat 

skin homogenate was tested throughout pH 

5-10. The data are presented in Fig. 8. As 
can be seen, the enzymatic caseinolysis at 
neutral and alkaline pH was not much af
fected by ovomucoid and soybean trypsin 
inhibitors, while marked inhibition was ob

tained with lima bean trypsin inhibitor as 

well as with rat and human plasma. The 

acidic enzymatic caseinolysis was about 

halved by all of the inhibitors tested. 

Discussion 

From earlier studies it was known that the 
pattern of proteolytic enzymes in the rat 

skin is quite complicated. Since the activi

ties of the individual enzymes overlap ex

tensively at each pH-value it is self-evident 

that all enzymologic studies performed on 

rat skin proteinases at the homogenate leve! 
can give only summary data of enzyme 

function. In addition, each of the enzymic 
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Fig. 8. The effect of some natura! proteinase 
inhibitors on the caseinolytic enzyme complex 
of the rat skin homogenate. Enzyme assay as 

given in 'Materials and Methods'. 

activities may be modified by other com

ponents of the homogenate, e.g. by the 

binding of beneficial or harmful agents, by 

inert proteins present in the homogenate, 
etc. A certain amount of basic information 

can, however, readily be obtained from 

studies on tissue homogenates. Since sys
tematic basic information on the whole 
proteolytic enzyme complex of the rat skin 

is not found in the literature, this kind of 

study wa� considered necessary. 
Since it is known that tissue proteinases 

hydrolyse various proteins at a widely dif
ferent rates, it is evident that proteinase 
assays with one single protein as substrate 

are only non-specific measurements of the 

total proteolytic activity in the tissue. With 

one protein as substrate, some proteinases 

may not be measured at all while the rela

tive contribution of some other enzymes to 

the total proteolysis may be accentuated. 
An example was obtained with hemoglobin 

as substrate for the rat skin proteinases, 
since the enzyme(s) active at pH 6, re

vealed as a distinct peak of optimum with 

casein and albumin as substrate, was not 

demonstrable with hemoglobin. On the 

other hand, proteolytic activity at pH lower 

than s was very low toward casein and 
album.in but marked toward hemoglobin. 

On the alkaline side of neutrality the en-
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zyme pattern demonstrated with all of 
these substrates was similar, but because 
of the markedly higher sensitivity of the 
assay with casein, this is to be preferred 
as substrate. Most of the earlier works on 
rat skin proteinases havc been carriecl out 
at a neutral or slightly alkaline pH and 
therefore the usual choice of casein as a 

substrate is to be considered advantageous. 
A systematic study of the individual 

variables jn the scheme for the homogeni
zation and extraction of the proteolytic en
zymes, designed by us on the basis of pre
liminary experiments, showed that the pro
cedure is to be considered appropriatc. It 
pointed out that a fairly high salt concen
tration, i.e. about 8 per cent of potassium 
chloride is essential for a successful extrac
tion of all of the components of the casein
olytic enzyme complex active at pH 5-10. 

This salt concentration is higher than that 
used in most of the works on skin pro
teinases, in which the schemc of extraction 
designed by Beloff and Peters, employing 
5 per cent of potassium chloride, has been 
followed. It is lower than that suggested by 
Martin and Axclrod, who used I .34 M 
( = rn per cent) potassium chloride. It is 
apparent, however, that the extracts pre
pared according to any of the above in
vestigaturs contain a part of all of the pro
teinases extractable at 8 per cent of salt 
concentration, only the yield is lower. The 
length of the homogenization and of the 
extraction as well as the pH and tempera
ture of the extraction medium appeared 
each one to have a certain optimal range, 
even while all of the modifications used in 
earlier investigations should give satisfac
tory results. It was further apparent that 
the use of any special methods for extrac
tion, such as freezing and thawing, Triton 
X-Joo or acetone precipitation, do not im
prove the result of the extraction. In fact,
the acetone treatment seemed to give yields
inferior to those obained with a direct ex
traction. The all-over effectiveness of the
extraction method used in this study was
found to be quite good for each of the
compoents of the caseinolytic complex.

All the main components of the pro
teinolytic enzyme complex appeared to be 
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fairly stable during storage and during 
several physical treatments whkh are often 
used as steps in procedures of enzyme 
purification. This suggests that successful 
schemes for the purification of each of 
these enzymes may be designed without 
any extreme safety measures. Only the en
zyme(s) hydrolysing casein at acid pH is 

considerably less resistant to acid and heat 
treatment than the other activities. All of 
the enzymes were found to be fairly un
affected in the homogenate by the few 
meta! ions and cystein tested. More exten
sive studies on this line were not consider
ed intelligible since it is often found that 
even very characteristic features of enzymes 
may be demonstrable only when purified 
enzyme preparations are used. 

The fact that many of the skin protein
ases were found to be effectively inhibited 
by natura! enzyme inhibitors renders i t  
quite likely that a part of the proteolytic 
activity in the homogenate may be in an in
active form and thus not demonstrable by 
usual assay procedures. This is in agree
ment with the reports of Beloff (2) as 
well as of Martin and Axelrod (13) on the 
presence of proteinase inhibitors in the 
blood and skin. 

Beloff and Peters (1) already showed 
that there is a certain optimum of the salt 
concentration in the incubation medium for 
the enzymatic caseinolysis at neutral pH in 
the skin homogenate. Martin and Axelrod 
( 13) confirmed this finding, and, in addi
tion, demonstrated that still higher concen
trations of salt caused an increasing dis
sociation of an inhibitor from an enzyme
inhibitor complex. Our findings demon
strate that several components of the
caseinolytic complex are affected by the
salt concentration in the incubation medi
um, each one in a different way. The two
most alkaline cascinolytic activities, those
demonstrable as optima at pH 8.5 and 9.2 

in the pH-curve, were activated, the for
mer optimally at about 300 mM and the
!arter at about 200 mM of potassium chlo
ride. The acidic caseinolytic activity, on the
other hand, was slightly inhibited by the
addition of salt. Since the effects were,
however, relatively low the assays may be
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performed throughout the pH-range at one 
single salt concentration, preferentially at 
200-300 mM of potassium chloride.

The results obtained in this study con
firm and further expand many of the find
ings of earlier investigators. At several 
points they clarify same of the confusion 
caused by variances and limitations in ear
lier reports. The results give basic data on 
the main characteristics of the entire 
caseinolytic enzyme complex of the rat 
skin, and provide a basis for further studies, 
which are to be directed toward the separa
tion of the individual enzymes. 

SUMMARY 

A scheme for the extraction of the casein
olytic enzymes active at pH 5.0-lo.o in the 
rat skin was presented, and the effective
ness of the individual steps of the proce
dure was analysed. The salt concentration 
of the extraction medium was found to be 
of decisive importance, 8 per cent of potas
siurn chloride being optimal. Variations in 
the extraction time, pH, and temperature 
were of minor importance. Repeated freez
ing and thawing, Triton X-roo, and acetone 
precipitation offered no advantage. The 
yield of thc extraction was about 80 per 
cent. The enzyme complex was fairly stable 
toward storage, heat, acid treatment, dialy
sis, and meta! ions. Distinct differences be
tween the individual sub-units of the 
caseinolytic complex were, however, ob
served. Soybean and ovomucoid trypsin in
hibitors bad little effect on the caseinolytic 
complex, while the lirna bean trypsin in
hibitor as well as human and rat plasma 
caused a marked inhibition, especially on 
the alkaline side of neutrality. An increase 
in the ionic strength decreased the enzy
matic caseinolysis at acid pH, while it en
hanced the caseinolysis at neutral and alka
line pH, optimally at a concentration of 
200-300 mM of potassium cb.loride.
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