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ELASTASE AND TRYPSIN lNHIBITORS OF HUMAN SKLN AND SERUM 

Partial Purif ication and Characterization 

S. K. Junnila, C. T. Jansen and V. K. Hopsu-Havu 

From the Departmenls oj A11alo111y c111d Dem1atolo11y, U11i1·ersi1ies oj Oulll and T11rk11, Finlt111d 

Abstract. The elastase and trypsin inhibiting acllv1ty of 
human serum and skin homogenate was analysed. The 
homogenate of human skin was found LO inhibit about 
one-tcnth of the amount of elastase inhibited by the 
same amount of buman serum. Fractionation of the skin 
.homogenate by Sephadex gel filtration and ion exchangc 
chromatography revealcd one fraction capable of inhibit
ing both trypSin and elastase and one fraction which 
bound trypsin but not elastase. The first-roentioned in
hibitor was found to bear a close resemblance to senim 
a,-antitrypsin while the !alter inhibiwr of the skin could 
not be idenlified with any of the known serum trypsin 
inhibitors. 

Human serum is known to contain inhibitors to 
elastase and trypsin. Elastase inhibitors have been 
reported to reside in the a2-macroglobulin and 
3 .5 S a1-glycoprotein (<L1-antitrypsin) fractions (2). 
The same serum fractions are known to contain 
the main part, over 90 % of the serum antitryptic 
effect (I 0, 15). In thesc serum fractions, elastase 
and lrypsin are bound in the same inhibitor pro
teins. which also are capable of binding chymo
trypsin, thrombin, plasmin (3) as well as col
lagenase (4). Considerable changes in the levels 
of elastase and/or trypsin inhibitors have heen 
reported to occur in scvcral diseases, e.g. in 
familiar obstructive emphysema (5. 17), athero
sclerosis (I}. and elastosis cutis laxa (Ehlers-Danlos 
syndrome) (6). 

Several tissues. other than serum. are known to 
contain their own characteristic proteinase inbibi
tors. Rat skin. e.g .. contains an endogenous in
hibitor for one of the proteinases of rat skin (9), 
and a proteinase and its specific inhibitor have 
been demonstrated in rabbit skin Arthus lesions 
(7). In surface washings of human skin, the oc-
casional presence of elastase and/ or elastase m
hibitor has becn claimed by Loeven (8). 

fn this paper we repor! our findings on trypsin 
and elastase inhibitors in human skin. The in
hibitors of the same enzymes in human serum 
were analysed in parallel for comparison since 
most of the serum protein fractions are known to 
be present in the skin at high concentrations (13). 

MATERIALS AND METHODS 
Skin and seru,n samples 

Skin samples were obtained from the operating theatre 
in connection with ma5lecton1ies or leg amputations. 
Several skin samples wcre combined, freed from sub
cutaneotl.5 fat, minced with scissors and homogenizcd with 

an Ultra-Turrax homogenizator in ten volumes of JO mmol/ 
I phosphate buffer, pH 8.0, containing, as a rule, 8 % 
potassium chloride. The homogenate was centrifuged in 
an International Refrigerated Centrifuge at 8 000 g for 
20 min. The supernatant was passed 1hrough a Millipore llll 
filter (pore size 0.8 um), and was used for funher 
studies. All steps were 'performcd al + 4°C. 

Samplcs of human serum were obtained by venepunc
ture from 20 young heallhy adulls, let to stand al room 
temperature for 60 min, and the clot was removed by 
centrifugation. A pooled preparation of the sera was used 
for characterization studies. Skin biopsies and sen11n 
samples from healthy skin areas of 20 dermatologic pa
tients, affected by inflammatory diseases or psoriasis, 
were also collected and analysed individually. Homo
genates from the skin biopsies wcrc prepared as above, 
except that homogenization was carried out in 50 vol 
of the buffer. 

En�ymes, s11bstrates and b11fters 

Bovine pancreatic trypSin (Sigma, lot 58B-8000) was dis
solved (5 mg/ml) in 0.025 N HCI containing 5 mmol/1 
Ca Cl,. A 1 : 100-200 dilution in distilled water of the 
enzyme stock solution was used in the assays. Hog 
pancre,uic elastasc (Sigma. lot 78B-0670) was dissolved 
in distilled water (50-200 µg/ml). Bovine pancreatic u
chymotrypsin (Sigma lot 358-2050) was dissolved in the 
same way as trypsin. 

Remazolbrilliant Blue-elastin for elastase was preparcd 
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Fig. I. The inhibition of elastase by human serum and 
,kin homogenate :11 different dilu110M. Assay conditions 
a, given in Materials and Methods. 

from claslin powder (Sigma, lot 298-0950) and rcma20l
bnlhant-Bluc B (RBB, Farb\,erke Hoechsi A. G., Frank
furt) according to Rindcrknecbt el al. (12). N"-benzoyl
DL-argininc-p-nitroanilide (BAPA, Sigma) was dissolved 
in distilled "ater (1 mmol I). Soybcan trypsin mhibitor 
(SBTI) wa, obtained from Sigma Chem. Co. Tri,-HCI 
buffcr (0.1 mol, I, pH 7.8) was used in assays with trypsin 
and chymotryp,in, and 0riuon-Robinson universal buffer 
( 11) pH 9.0 in ussays with elastasc. 

Distribution of proteins was ob�r..-ed by mcasuring
ab,orbancy at 280 nm and distribution of chloride by 
u,ing the method of Schocnfeld & Lcwellen (I 4). 

Assny merhotl, 

For the mea,urement of elastase inhibition. thc mcuba
tion medium con�isted of 100 1, I of the samplc to be 
analysed, 200 // I of buffcr solution un<l I 00 // I of the 
enzyme 50Jutio�. Af ter u preincubation period' of 5 min 
a1 37•C, 3 mg of REltl elasun wa, added, and 1be1r 
mixture ""' incubatcd at 37°C for I 6 h. The dilution of 
thc enzyme solution was adjustcd to allow u maximal 
inhibition of 60-80%. Rcaction wa, terminated by add
mg 200ul of a 10°0 solution of zinc sulphate. The tubes 
were ce'ntrifuged at 2 000 g for l 5 min, and the amounl 
of RBB libcra1ed in the superna1an1 was mea,urcd with 
a Hitachi-Perkin Elmer UV-Vis spec1rophotometer at 
595 nm. Tube, in which the cnzyme was addcd at the 
end of the incubation period were u,ed as blank,. Tube, 
in which 1h: inhibitor sample was replacc<l with a 
,1iitable buffcr scrvcd as additional controls. The rcaction 
was found to be linear in time under the conditions and 
incubation umes osed 1n the experiment. The inhibitor 
concentration was expresscd as the amount (11l:) of en
zyme inhibitcd by 0.1 ml of the inhibitor solution. In 
the assays on th! individual skin biopsies and serum 
samples, the amount of ela�1ase wa, 3 ug per lllbe and 
lhe skin homogenatcs ( I : 50) were used undilutcd wbile 
the serum samples werc dil111ed I : 150 with thc homo
genization buffer. 

In assays for trypsin inhibitor, the incubation medium 
consisted of I 00 ,ul of suilably diluted inhibitor solution, 
100 µl of thc 1rypsin solution and 100 ftl of buffer 
solution, which was preincubated at 37°C for 5 min. 
After addition of 100 ,111 of the BAPA soluuon, incuba-
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1ion wns cnrried oul lll 37°C for 5-30 min. The dilution 
of tbe enz> me solution was adjustcd to allow a maximal 
inhibiuon of 60-80°0 . The reaction was terminale<l by 
adding 200 ,ul of I mol/ I acetutc buffcr. pH 4.2, con
taining 5 % of pbosphotungstic acid. After centrifuga
tion al 2 000 g for 15 min, ab,orbancy wa.� read with 
spectrophotometer at 383 run. Blanks and controls wc1c 
prepared as for assays for elastasc inhibitor. The inbibi
tor conce111ration was cxpressed as in tbe case of elastasc 
inhibitor. 

The tryp,in binding protein (TBP) is known to protect 
trypsin from thc action of SBTI wilhout markedly affec1-
ing the activity of the cnzymc townrd BAPA. Thus, assay, 
for thb protein were performed by allowing trypsin to 
preincubatc at 37°C with the fractions to be analyscd 
for 15 min, after which 100 ,ul of buffcr comaining 
SBTI (tw,cc the amount of tryp,in) wn, nddcd. Sub
;.tratc solution was added 15 min later and the mixture 
incubate<l for 15 min. The amount of TBP was ex

pressed a, the amount (ug) of non-ST81-inbibitablc 
1ryp.:in in assay. All of the

0 
numerical data reported mc 

based on al lea<l thrcc independent determinations. 

Cl1roma1ographic 11ro�edures 

Gel chromatography was performcd in a 10 x 100 cm 
column packed with Scphadex 0-100 (Pharmacia, Upp
sala) and cquilibrated "'ith 10 mmol I Trb-1 ICI buffcr, 
pH 7.0. fhe �ample applied to the column was 240 ml 
of cither skin homogcnate or a I : 16 dilution of serum 
in I 0 mmol1 I phosphatc buffcr, pH 8.0. Equilibnition 
huffer was used for clution, which was carried om u, 
an up.\ard, run by u,ing a peristaltic pump. Fract1on 
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Fig. 2. Elaslase and lrypsin inhibition and trypsin bin<.ling 
by human .erum fractions. Fractionation on Sephadcx 
G-100 is shown in the upper part o{ thc figure. Fractiona
tion of the pooled preparations on DEAE-cellulose is 
shown in 1he lowcr parts of the figure. Assay conditions 
as given in Materiab and Methods. 
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volume was 14 ml, tempernture + 4•C. The chromato
graphic fractions containing inhibitors were pooled and 
concentrated 4-8 folds using membrane ultrafiltration 
(Diaflo UM-10 and PM 30 membranes). 

DEAE-cellulose chromatography was carried out in 
co!Ltnms (2 x 25 cm) packed whh microgranular DEAE
cellulosc (Whatman DE J I), cquilibrated with 10 mmol/1 
Tris-HCI buffer, pH 7.8. A linear gradient of NaCI 
(0--0.3 mol/I) in the above buffcr was usecl for clution. 
The distribution of proteins and inhibitors was followed 
and the activc fractions were poolcd. 

Characrerizatio11 11roced11res 

The pooled inhibitor preparations werc dialysed againsl 
10 mmol/l Tris-HCI buffer, pH 7.8 and protein con
centration adjusted 10 1 mg/ml by using the ultrafiltra
tion device. Heat stability of the inhibitors was tested by 
exposing the samples of inhibitors Lo different tempera
tures in a water bath for 15 min. pli stability was 
tested by exposing the inhibitor samples to different pH
values (2.5-7.0) for 30 min al 37°C by adding 0.1 N HCI 
whereafter the samples were neutralized witb 0.1 N NaOH 
and tested for inhibitor activily. 

RESULTS 
Elastase inhibition by serum and skin lzomogenate 

The inhibition of elastase (3 µ per assay) by dif
ferent dilutions of human serum and skin homo
genate (0 % in respect to KCJ) is shown in Fig. 
1. A 50 % inhibition was obtained by using a
serum dilution of 1 : 250 or a skin homogenate
dilution of 1 : 25. Serum thus contained tenfold
the amount of inhibitor present in an equal weigbt
of human skin.

Fractionation oj serum inhibitors 

Gel chromatographic fractionation of serum pro
teins into two major protein fractions is presented 
in Fig. 2, upper part. Trypsin-binding protein was 
eluted in the first protein peak and trypsin in
hibitor was present in the second. This chromato
graphic distribution is concordant with the well 
known fact tbat trypsin-binding protein is ar 
macroglobulin, while the trypsin inhibitor is a1-

globulin. The hydrolysis of RBB-elastin by elastase 
was inbibited by factors present in both of the 
protein peaks coincident with the distribution of 
proteins reacting with trypsin. This result could 
be anticipated on the basis of the known fact 
that armacroglobulin as well as a1 -antitrypsin act 
as elastase inhibitors, too. On the basis of calcula
tions on the size of the inhibitor peaks, it was 
estimated that about 10 % of the total elastase 
inbibitor was present in the first peak and about 
90 % in the second. 
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Fig. 3. Elastase and tryp,in inhibition by the fractions 
of human skin. Fractionation of the homogenate on 
Sephadex G-100 is shown in the upper pari of the 
figure. Further fractionation of the pooled preparations 
on DEA E-cellulose chromatography is shown in the 
lower parts of the figure. For dctails see text. 

The fractions containing TBP and those con
taining trypsin inhibitor were pooled separately, 
as shown in Fig. 2. upper part. The preparations 
were concentrated 4- and 7 .5-fold, respectively, 
and subjectcd to ion exchange chromatography on 
DEAE-cellulose. The results of the chromato
graphies arc shown in Fig. 2, Jowcr part. The 
TBP-preparation was fractionated into tbree main 
protein components. The second protein peak con
tained both tbe TBP and elastase inhibitor activi
ties as a single peak (Fig. 2, lower left), eluted 
out at a 0.19 mol/I concentration of NaCI. The 
proteins of the trypsin inhibitor preparation, on 
the other hand, were eluted as two separate peaks. 
Trypsin and elastase inhibitor activities were eluted 
concomitantly, as a single peak, at a NaCI con
centration of 0.18 mol/I, in the early fractions of 
the second protein peak. 

Fractionation of skin inhibitors 

Skin homogenate proteins were separated into two 
main peaks, the elution characteristics of which 
corrcsponded to those of the serum protein peaks 
(Fig. 3, upper part). As in the case of serum, 
the second protein peak contained inhibitor ac-
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Fig. 4. The heat and pH stability of serum a,-macroglobu
lin and u,-antitrypsin. 4-4, elastase inhibition; •-•, 
trypsin inhibition; 0-0. trypsin bincling. For details see 
text. 

t1vtty toward both trypsin and elastase, eluted in 
a single peak. The first protein peak, on the other 
hand, contained no elastase inhibitor and no TBP 
but, instead, a trypsin inhibitor. 

Again, the fractions with inhibitor activity were 
pooled, concentrated. and subjected to ion ex
change chromatography on DEAE cellulose. The 
results are given in Fig. 3. lower part. The trypsin 
inhibitor of the first preparation was e luted as a 
single peak at a NaCI conccntration of0.130101/L 

in the later fractions of the main protein peak 
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Fig. 5. The heat and pH stabiliry of the skin trypsin 
inhibitor and of the skin trypsin-,,Jastase inhibitor. •-•, 
elastase inhibitor; •-•, trypsin inhibition. For details 
see text. 
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Fig. 6. The scattcrgram showing the correlation between 
eltc;tase inhibition by human serum and skin. For details 
see text. 

(Fig. 3, lower left). A considerable part of the 
inhibitor activity was !ost, bowever, during the 
ion exchange chromatography, since only about 
20 % was recovered in the fractions. Assays for 
elastasc inhibitor and TBP were negative. DEAE
chromatography of the second inhibitor prepara
tion showed a single peak with inhibitor activity 
toward elastase and trypsin, eluted at NaCI con
centration of 0.1 7 mol /1. between two main pro
tein peaks. 

Srabiliry characterisrics 

In tests for thermal and pH-stability. the trypsin
binding and elastase-inhibiting activities of the 
first serum peak, which contains armacroglobu
Jin. showed closely similar inactivation curves 
(Fig. 4. left part). The activities were fairly labile, 
showing a SO% inactivation at 60-61 °C and at 
pH 4.3-4.6. The elastase-inhibiting and trypsin
inhibiting activities of the second serum peak. 
which contains o 1-antitrypsin, were also fairly la
bile, being inhibited to a 50 % leve! at 59-63 °C 
and at pH 4.0-5.3 (Fig. 4, right part). 

The trypsin-inhibiting activity of the first peak 
of the skin chromatogram. on the other hand, was 
found to be quite labile to temperature, with a 
complete inactivation obtained at 60°C. The pH
stability curve, on the other hand. showcd es
sentially no inactivation at pH-values higher than 
4. with a rapid decline in activity below this
value (Fig. 5. left part). The stability curves for
the inhibitor activities of the second skin chro
matographic peak closely resembled those of the
inhibitors of the second serum pcak, with 50 %
inactivation at 63-68 °C and at pH 4.8-5.5.
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Correlation oj serum and skin elastase-inhibitor 

levets 

The scattergram in Fig. 6 presents data on the 

normal skin and serum elastase inhibitor levels 
in the patient material. No correlation between 

the inhibitor levels in the two tissues can be 
figured out. Tt was also impossible to relate any 

of the exceptionally high or low values to any 
specific dermatologic disease condition in this 
material. 

DISCUSSTON 

The two distribution peaks of trypsin inhibition 

in the serum gel chromatogram are identifiable by 

their chromatographic behaviour and inhibitor 

characteristics as due to the presence of o1-anti

trypsin and lrypsin-binding protein (o2-macroglob

ulin). The chromatographic distribution curves 

of the two elastase inhibitors found in the semm 

coincide exactly with that of the trypsin inhibitors 

suggesting the same inhibitor proteins in both of 

the peaks to be inhibitory toward both trypsin 

and elastase. The concept that c, 1 -antitrypsin as 

well as a2-macroglobulin could also inhibit elastase 

is supported by the conclusioos of Baumstark 

(2) and Eisen et al. (4), based on different kinds

of studies. In addition, the parallel destruction

of the trypsin- and elastase-inhibiting capacities

in our tests on temperature and pH-stability of

the inhibitor preparations point to the same direc

tion. In this study, the minor trypsin-inhibiting
components of the human serum (10, 15) were

not identified and, thus. it remains to be elicited

whether these. too, are capable of inhibiting elas

tase.

The lower molecular weight protein fraction of 

the skin inhibited both trypsin and elastase. The 

identical chromatographic behaviour of these two 

inhibitor activities in both Sephadex and DEAE

cellulose runs suggests that they are due to the 

action of a single protein-a conclusion further 

supported by the stability tests. A comparison 

of the chromatographic and stability cbaracteris

tics with those of serum (1 1 -antitrypsin discloses a 

marked similarity. and suggcsts these inhibitors 

to be identical. This view is supported by recent 
immunochemical findings on the presence of u,

antitrypsin in the skin (13). 

The higher molecular weight trypsin inhibitor 
of thc skin appeared to differ markedly from the 

inhibitors discussed above, because of the lack 

of inhibition of elastase and, in addition, because 

of its greater pH-stability. The broad and biphasic 

elution curve in the Sephadex chromatography of 
this inhibitor could reflect the presence of two 

separate inhibitor proteins. The presence of one 

inhibitor peak, only, in the DEAE chromatogram 

would, in that case, signify that onc of the in

hibitors has been either retained in the column 
or inactivated during chromatography. The bi

phasicity of the Sephadex elution curve could 

altematively be due to the fact that a strongly 

active BAPA hydrolysing trypsin-like enzyme. 

known to be present in the same fractions (16). 

rendered the inhibitor assays somewhat erroneous. 

This iahibitor cannot yet be identified with any 
of the proteinase inhibitors reported to be present 

in the serum. The skin inhibitor described by 

Hayashi et al. (7) was reportcd to have a molec

ular weight of 12 500 and not to inhibit trypsin. 

It cannot thus be identical with any of the skin 

inhibitors described by us. The inhibitor de

scribed by Martin & Axelrod (9) in the skin was 
not described in such terms that definite con

clusions on ils similarity or dissimiliarity to any 

of our inhibitors could be made. Preliminary find

ings in our laboratory, however, suggest that some 

of the characteristics of this inhibitor resemble 

those of the skin elastase-trypsin inhibitor (to be 

published). 
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