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Abstract. The optimal salt conccntration for ex1mc1ion of 
plasma-kinin-forming enzyme from the human skin was 
investigated. It wa, confirmed that a ,alt concentration 
higher than 1.5 M in the eMraction buffer was required 
for optimal extraction of this enzyme. An inhibitor of 
lhis enzyme was detected in the extracl with buffcr alone. 
and the coexistence of thi� enzyme with the inhibitor in 
buffer extract was also confirmed by using G-200 gel 
chromatography. 
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It has been reported that plasma-kinin-forming 

(PKF) enzyme. or bradykinin. assumes thc role of 

an endogenous mediator in somc acute inflam­
matory reactions of the skin (I, 6. 9, 12. 14). Lewi, 

extracted PKF enzyme from the skin of a rat and 

suggested that this enzyme may play a part in the 

intlammatory reaction to injury (8). Rocha e Silva 
& Rosenthal ob�erved the appearance of histamine 
and a bradykinin-like agent after inducing burns 10 
rat skin ( 12). The role of these enzyme:, in bio­
logical or pathological states of human skin. how­

ever, is not clear yet. In a preliminary report, the 
authors indicated that at least two enzyme:. could 

be extracted from normal human skin and that one 

of them released kinin from the heated human plas­

ma, suggesting a kallikrein-like enzyme (15). Seppä 

el al. demonstrated that �everal protcases could be 
cxtracted from thc human skin homogenate with 

a high salt concentration ( 13). It is also known that 
the human skin contains extractable inhibitors for 
exogenous proteases, i.e. trypsin. clastase (7), col­
lagenase (2) and fibrinolytic enzymes ( 16). In this 
study, the extractability and chromatographic be­
haviour of PK F enzyme were investigated. In addi­

tion. an inhibitor of this enzyme was contirmed to 

be present in human skin. 
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MATERIALS AND METHODS 

Extraclion of PKF enzyme from human skin 

Sample) of human skin were obtained from patients who 
had undergone mammectomy. The skin was removed and 
cleaned absolutely free of subcutancous fat, washed in 
cold de-ionized water and frozen at -20"C for I� day�. 
The frozen skin (15.4-32.7 g) was minced with scissor� 
and homogenized with Virtis homogcnizer (Virtis Co., 
Ltd.) in 10 volumes (w/v) of 0.1 M phosphate buffer. 
pH 7.4. containing potassium chloridc (from 0 10 2 M). 
The homogenate was allowed 10 stand at 0°C overnight 
and then centrifuguted at 4°C for 30 min at 15 000 g. The 
supernatant was fillered with glass fiber and dialysed 
for 3 days at 4°C with 0.1 M phosphate buffer, pH 7.4. 
which wa� changed four times daily. The dialyscd tiltrate 
was named HSE in this study. 

Evalua1io11 of PKF activity 

The ability of samples to generate kinin from substratc 
was te�ted by bioassay. using isolated rat uterus su�­
pended in a 2 ml organ bath in oxygenated de Jalon solu­
uon (llS°C) contarnrng atroprne sulfate (10 7 M). One-tenth 
ml of Lhe sample was incubated with 0. I ml of substralc 
for 2 min at 37°C and the incubated mixture was tested 
on rat uterus. Suitable dilutions of the incubated mixture 
were prepared with de Jalon solution containing atropine 
sulfate at a concentration of 10-• M. The kinin concentra­
tion in incubated mixture was determined by comparing 
the concentration it produced with that produced by kinin 
amount� of synthetic bradykinin standard (Sand Pharm 
Co .. Lid.) 

Preparation of ki11inogen 

Fresh heparinized human plasma (hcparin 5 units/ml) 
was heated at 56°C for 3 hours according 10 the method 
of Eisen (3) and u�ed as a �ubm-atc of PKF enzyme. 

Ge/-flltration 

HSE. prior to gel liltration. was concentrated 10 one-tenth 
of i1s original volume by ultrafihration. A 2.4 x60 cm 
column of Sephadex G-200 was equilibrated wi1h 0. I M 
phosphate buffer at pH 7.4. Six ml of concentrated HSE 
was applied to the column which wa� run at a now rate 
of 13 ml/hr, and 5 ml fractions were collected. 
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Fig. I. Optimal salt concentrations for extraction of 
plasma-kinin-forming enzyme. The amoum of proteins 
(0-0) and plasma-kinin-forming activity (X-X) in HSE 
extracted by buffer alone or buffer containing various 
concentrations of KCI. One-tenth ml of HSE was in­
cubaled with 0.1 ml of substrate for 2 min at 37°C and 
kinin generated was determined by bioassay. Each value 
represents the mean of five experiments. 

Protein determination 

The protein concentration was estimated according to 
the method of Lowry et al. (10) using bovine serum al­
bumin (Merck Co., Ltd.) as reference protein. 

RESUL TS 

Optimal sa/r concenrrarions for 

extracrion of PKF enzyme 

Seppä et al. reported that proteases of human skin 

could be extracted from homogenate with a high 

salt concentration (13). In order to determine the 

concentration of salt required for most effective 

extraction of PKF enzyme, the frozen and minced 

skin sample was separated into equal parts and each 

was homogenized with 0.1 M phosphate buffer at 

pH. 7.4 containing different concentrations of 

potassium chlo,·ide (from O to 2 M). Protein and 

PKF activity of HSE prepared as described under 

Materials and Methods were measured. As shown 

in Fig. I. the protein concentration of the extract 

remained constant from O to 2 M concentrations 

of potassium chloride. A salt concentration higher 

than 1.5 M in the extraction buffer was required 

for optimal extraction of PKF enzyme. This en­

zyme. which can generate approximately 160 ng of 
kinin from substrate, was extracted with 0.1 M 
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Fig. 2. The inhibitory effect of buffer extract towards 
plasma-kinin-forming enzyme. One-tenth ml of active 
HSE extracted with PO, buffer containing 2 M KCI was 
incubated for 5 min at 37°C with various amounts of in­
active HSE extracted with buffer alone. The mixture 
was incubated with 0. I ml of substrate for 2 min and 
tested on rat uterus. Each value represents the mean of 
three experiments. 

phosphate buffer contammg a salt concentration 

higher than 1.5 M from I g of original skin. A salt 

concentration lower than 1.5 M gave a lower yield 

of enzyme, and HSE extracted with buffer alone 

did not possess PKF activity. It was also con­

firmed that none of the HSE caused contraction 
of the rat uterus, nor did they effect the contrac­
tion caused by a standard preparation of synthetic 

bradykinin. 

An inhibitor of PKF enzyme 

in buffer extract 

Lewis reported that PKF enzyme could be ex­

tracted from acetone-dlied rat skin with a 2 M po­

tassium thiocyanate solution and that some of the 

potassium thiocyanate extracts contained an in­

hibitor of PKF enzyme (8). It has been reported 

that the buffer extract of human skin homogenate 

contained inhibitors of proteases extracted from 

homogenates with high salt concentrations (4). In 

the present study. efforts were made to ascertain 

whether or not some inhibitors of PKF enzyme 

are present in HSE extracted with buffer alone. An 

active HSE extracted with 0.1 M phosphate buffer 

at pH 7 .4 containing 2 M potassium chloride was 

incubated for 5 min at 37°C with various amounts 
of inactive HSE extracted with buffer alone. The 
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Fig. 3. Gel filtration of HSE extracted with PO, buffer 
containing 2 M KCI. One-tenth ml of each of the frac­
tion� obtained was incubated with 0.1 ml of substrate 
for 2 min at 37°C and kinin generated was determined 

by bioassay. 

mixture was incubated with 0, I ml of substratc at 

37°C for 2 min and tested on rat uterus. Fig. 2 

shows that HSE extracted with buffer alone con­

tains an inhibitor of PKF enzyme. 

Sephadex G-200 gel fihration of HSE 

extracted with 0.1 M plzosphute b11ffer 
(I( pi-I 7.-1 COll/(1(11i11g 2 J\II 

potassium chloride 

HSE concentrated by ultrafiltration was fraction­

ated with Sephadex G-200 gel filtration. The distri­

bution of proteins and PKF enzyme is shown in 

Fig. 3. Proteins were eluted as three main peaks 

and PKF activity was eluted in the fractions of the 

second protein peak. 

Sepltadex G-200 gel filtration o
f 
HSE 

extracted h'ith buffer alone 

The concentrated buffer extract-which is known 

to possess inhibitory activity against PKF enzyme 

-was fractionated with G-200 gel liltration. Fig. 4

shows that it is elutcd in the fractions of the third

protein peak. different from the protein peak of

PKF enzyme. lf the absence of PKF activity in 

buffer extracl is due LO coexistence with the in­

hibitor. the PKF activity in buffer cxtract should
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Fig. 4. Gel tiltration of HSE extracted with PO, buffer 
alone (0-0). In order 10 determine the inhibitory ac­
tivity of the fractions. 0.1 ml of the active HSE which 
can generate 2 ng of kinin from substrate was incubated 
with 0. I ml of the fractions obtained for 5 min at 37°C. 
Then the mixture was incubated with 0.1 ml of sub­
'itrate for 2 min at 37°C and kinin generated was deter­
mined by bioassay. One unit of the inhibitor was ex­
pressed as the amount of inhibitor necessary 10 com­
pletely inhibit I unit of plasma-kinin-forming enzyme 
(PKFE) and one unit of PKFE was defined as the amount 
of enzyme which can generate I ng of kinin from sub­
stratc. <•-•> The pla�ma-kinin-forming activity of the 
fractions wa, determincd by the same method as that of 
HSE extracted with PO4 buffer comaining 2 M KCI. 

be detected in the second protein peak. Therefore. 

the ability of each fraction to generate kinin from 

substrates was also test ed by bioassay. As shown 

in Fig. 4. PKF activity was detected in the second 

protein peak and the total activity detected was 

equal to that of HSE extracted with optimal salt 

concentration. 

DISCUSSlON 

Lewis reported that PKF enzyme could be ex­

tracted from acetone-dried rat skin with a 2 M 

potassium thiocyanate solution. but not with a 2 M 

potassium chloride solution (8). These results sug­

gest that PKF enzyme of the skin remains firmly 

bound, making the enzyme im,oluble, and there­

fore a 2 M potassium thiocyanate solution (but not 
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potassium chloride) had to be employed to free 

1he enzyme from thc substructural elements. Con­
trary to Lewis·s resuhs. in 1he present 'iludy PKF 

enzyme could be extracted from 1he human skin 
with 0. I M phosphate buffer at pH 7 .4 when con­
taining a potassium chloride concentration higher 
than 1.5 M. This difference may be due to the 

difference in species, extracting method. or sen­

sitivity of bioassay. It has also been reported that 

ome of the potassium thiocyanate extracts con­

tained an i nhibitor of PKF enzyme (8). In the pres­
ent study HSE extracted with optimal salt con­
centration containcd only PKF enzyme. and not 

its inhibitor. On the other hand. HSE extracted 

with buffer alone possessed an inhibitor. buL no 
PKF activity could be demonstrated. However. it 
was confirmed that PKF enzyme coexi!,ted with 
its inhibitor in HSE extracted with buffer alone. 
This was confirmed by the finding that the total 

PKF activity which was equal to that of HSE ex­

tracted with optimal salt concentration. was de­

tected in the second protein peak and was dif­
ferent from the third protein peak obtained by gel 
filtration of HSE extracted with buffer alone. It 

was also confirmed that the inhibitor content in 

HSE extracted with bulfer alone was at least 1.5-
fold greater than that of PKF enzyme. The!>e resulb 
suggest that PKF en.i:yme may be present as an 
inactive complex together with its inhibitor in nor­
mal skin. uns th::it pot::issium chloride prohahly 
serves to dbsociatc the enzymc-mhibicor complex. 
allowing the enzyme to be most efTectively ex­
tracted. These results, moreover. raise the pos­

!>ibility that the interaction between PKF enzyme 

and its inhibitor may be reven,ible. It ha� been 

reported Lhat several proteases could be most ef­

fectively extracted from the human skin homo­
genate w1th a high potassium chloride concemra­
tion, and that inhibitors of 1he proceases were 
present together with the enzymes in the extrac1 

with buffer alone (4). The authors also reported 
that the protease inhibitor in the extract with buf­
fer alone wa� identified as a 1-antitrypsin by thc 

immunodifTusion method (5). It is considered tha1 
the inhibitor of PKF enzyme detected in HSE ex­
tracted with buffer alone by the author� is dif­
ferent from the protease inhibitor detectcd in buffer 
extract by rräki & Hopsu-Havu. as al-antitrypsin 
irhibits proteases irreversibly (1 1). In the prelim­
inary report. it was �uggested that PK F cnzyme in 
the human skin might be kallikrein-likc enzyme 
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which is localized in the sweat glands and plays 

a role in microcirculation ( 15). The roles of thi� 
PKF enzyme and its inhibitor in the biological and 
pathological states will be investigated and dis­
cusscd in a �ubscquent papcr. 
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