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A Trypsin-Like Protease in Guinea-Pig Skin 

W e  are  i n t e r e s t e d  in d e t e r m i n i n g  t he  endogenous  
chemica l  m e d i a t o r s  respons ib le  for t he  b iphas ic  increase  
in va scu l a r  p e r m e a b i l i t y  in  t he  i r r ad i a t i on - i nduced  inf lam-  
m a t o r y  skin  ~, a n d  r epo r t ed  t h a t  some of t he  p ro t e in  
f rac t ions  o b t a i n e d  f rom n o r m a l  or i r r ad i a t ed  gu inea-p ig  
skin  e x t r a c t  caused  a n  i n f l a m m a t o r y  response  a n d  a 
r e l a t ive ly  p ro longed  increase  in va scu l a r  p e r m e a b i l i t y  to  
p l a s m a  p ro t e in  2. The  increase  in vascu la r  p e r m e a b i l i t y  in  
i n f l a m m e d  skin  is, a t  l eas t  in pa r t ,  due  to  t h e  l i be ra t ion  
of b r a d y k i n i n - k a l l i d i n - t y p e  v a s o a c t i v e  pep t ides  f rom 
t h e i r  precursor ,  e 2-globulin, b y  a t ryps in - l ike  p ro tease  a, ~. 
However ,  a t t e m p t s  to  i so la te  a n d  i den t i fy  these  t r yps in -  
l ike enzymes  in m a m m a l i a n  sk in  h a v e  been  unsuccessful ,  
a l t h o u g h  t he  p resence  of o the r  p ro teases  such  as c h y m o -  
t r y p s i n  or  S H - d e p e n d e n t  p ro tease  h a v e  been  r e p o r t e d  b y  
m a n y  workers  5-9. In  th i s  c o m m u n i c a t i o n  we descr ibe  
our  f ind ing  of the  presence  of a t ryps in - l ike  p ro t ease  in t he  
e x t r a c t  of gu inea-p ig  skin. 

Sk in  of closely c l ipped f l anks  of n o r m a l  a lb ino  guinea-  
pigs (2 m o n t h s  old, 400-500 g) was cu t  in to  smal l  frag- 
men t s ,  f rozen w i t h  d r y  ice, a n d  s m a s h e d  w i t h  a s ta in less  
s teel  pulver izer .  This  was  d e f a t t e d  w i t h  3 changes  of cold 
acetone,  dr ied u n d e r  a hood,  a n d  k e p t  over  P20  5 in vacuo  
ove rn igh t .  Tile r e s u l t a n t  wh i t e  p o w d e r  was e x t r a c t e d  
w i t h  10 vo lumes  of cold 0 . 0 6 7 M  p h o s p h a t e  buffer ,  
p H  7.4, for 4 h w i t h  c o n t i n u o u s  s t i r r ing,  and  t he  suspen-  
s ion cen t r i fuged  for  30 m i n  a t  10,000 g. T h e  s u p e r n a t a n t  
was  d ia lyzed  aga in s t  several  changes  of 100 vo lumes  of 
buf fe r  a n d  c h r o m a t o g r a p h e d  on  S e p h a d e x  G-501~ 
F r a c t i o n s  I a n d  I I  a s  s h o w n  in F igure  1 were pooled 
separa te ly ,  d ia lyzed  aga i n s t  severa l  changes  of a large 
v o l u m e  of de ionized  w a t e r  to  r e m o v e  salts,  lyophi l ized,  
a n d  s to red  a t  - -20~  un t i l  used. All these  p rocedures  
were pe r fo rmed  a t  or  below 4~ 

P r o t e i n  c o n c e n t r a t i o n  was m e a s u r e d  b y  t he  m e t h o d  of 
LOWRY et  al. n us ing  b o v i n e  s e r u m  a l b u m i n  as s t a n d a r d ,  
a n d  p ro t eo ly t i c  a c t i v i t y  was d e t e r m i n e d  w i t h  casein as 
s u b s t r a t e  ~2. F r a c t i o n s  I a n d  I I  (Figure  1) ac t ive ly  hydro -  
lyzed  casein a t  p H  7.4. T h e  specific p ro t eo ly t i c  a c t i v i t y  of 
f r ac t ion  I I  was  a b o u t  5-7  t i m e s  g rea t e r  t h a n  t h a t  of 
f r ac t ion  I. 

E s t e ro ly t i c  a c t i v i t y  was s tud ied  us ing  a m i n o r  modif i -  
ca t ion  of t h e  SCYIWERT a n d  TAKENAKA'S m e t h o d  a:i The  
3 ml  of 0.1 M p h o s p h a t e  buffer ,  p H  7.6, c o n t a i n i n g  e n z y m e  
a n d  5 • 10-4 lt~r N- (e ) -benzoyl -L-arg ine  e t h y l  es ter  (BAEE,  
S igma  Chemica l  Co., St. Louis) and  a b l a n k  c o n t a i n i n g  
buf fe r  a n d  s u b s t r a t e  a lone  were  i n c u b a t e d  a t  37~ w i t h  
a g i t a t i o n  for  one to  severa l  hours .  T he  dif ference in 
op t i ca l  d e n s i t y  a t  254 n m  b e t w e e n  t he  r eac t ion  m i x t u r e  
a n d  t he  b l a n k  was recorded  w i t h  a H i t a c h i  P - E  139 
s p e c t r o p h o t o m e t e r .  U n d e r  these  condi t ions ,  a n  increase  
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Fig. 1. Chromatography of skin extract on a 2.3 • 35 cm Sephadex 
G-50 (fine) column. The eluent was 0.067M phosptlate buffer, pH 
7.4, and the flow rate was 5 drops per minute; 150 drops per tube. 

in  op t ica l  dens i t y  of 0.345 co r re sponded  to  t he  hydro lys i s  
of 1 b~mole of B A E E .  The  f r ac t ion  I I  h a d  no d e t e c t a b l e  
es terase  a c t i v i t y  w i t h  B A E E  subs t r a t e .  However ,  t h e  
r a t e  of B A E E  hydro lys i s  b y  f r ac t ion  I was  d i rec t ly  pro-  
po r t i ona l  to  e n z y m e  c o n c e n t r a t i o n  up  to  0.8 m g  of 
e n z y m e  p ro t e in  in  3 ml  of 5 •  1 0 - 4 M  B A E E  solut ion.  
I t s  K m  va lue  was 2.1 • 10-4M.  The re  was  a b r o a d  p H  
o p t i m u m  for hydro lys i s  of B A E E  r a n g i n g  be tween  7.2 
and  9.0 w i th  a possible  m a x i m u m  a t  p H  8.5. This  a c t i v i t y  
was s l ight ly  lower in  Tr i s  buffer .  

P r e i n c u b a t i o n  of 1.2 m g  of f r ac t ion  I in  1 ml  of buf fe r  
w i t h  300 b~g of soy b e a n  t r y p s i n  i n h i b i t o r  (SBTI ,  Nu t r i -  
t i ona l  B iochemica l  Corp., Cleveland)  (1.67 • 10 SM) or 
300 un i t s  of Trasy loD 4 ( F B A  P h a r m a c e u t i c a l  Inc. ,  New 
York)  a t  37~ for  30 ra in  r e su l t ed  in 50% a n d  70% inh ib i -  
t i on  of es terase  a c t i v i t y  (Figure 2). I n  the  s t u d y  of in- 
h i b i t o r y  effect  of 1 -ch loro-3- tosy lamido-7-amino-L-2-  
h e p t a n o n e  (TLCK) (Calbiochem, Los Angeles),  e n z y m e  
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Fig. 2. Inhibitory effect of SBTI and Trasylol. Assay mixture 
contained 0.6 mg of enzyme protein and 5 • 10-4M BAEE in 3 ml 
of 0.1M phosphate buffer, pH 7.6. 
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plus  T L C K  or e n z y m e  a lone  were i n c u b a t e d  for  3 h a t  
room t e m p e r a t u r e  a n d  dia lyzed aga ins t  buf fe r  to  r e m o v e  
t h e  free T L C K  before  t h e  e n z y m e  assay.  Because  of 
i n s t ab i l i t y  of T L C K  a t  h i g h  pH,  p h o s p h a t e  buf fe r  p H  7.0 
was used. T L C K  w i t h  t he  c o n c e n t r a t i o n  of.1.71 • 10-32V1 
a n d  5.12 • 10 -~M per  2.3 m g  of p r o t e i n  caused  pa r t i a l  o r  
a lmos t  comple te  i n h i b i t i o n  (abou t  90%) of f r ac t ion  I 
es terase  a c t i v i t y  (Figure 3). 
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Fig. 3. Inhibitory effect of TLCK, a specific trypsin inhibitor. 
Fraction 1, 2.3 rag, was preincubated in 3 Inl of 2.71• ~M 
(1.7 rag) or 5.12 X 10-3M (5.1 rog) TLCK. Assay mixture contained 
0.6 mg of protein and 5 • 10-aM BAEE in 3 ml of 0.1M phosphate 
buffer, pH 7.0. 

The  hydro lys i s  of B A E E ,  one of t he  t yp ica l  t r y p s i n  
s u b s t r a t e s  ~, and  t h e  i n h i b i t i o n  of t h i s  es terase  ac t i v i t y  
b y  SBTI ,  Trasy lo l  a n d  T L C K  s t rong ly  sugges t  t h a t  frac- 
t i on  I con ta ins  t r y p s i n  or t ryps in - l ike  protease(s) .  The  
i n h i b i t o r y  effect  of T L C K  on t h e  es terase  a c t i v i t y  of 
f r ac t ion  I is p a r t i c u l a r l y  s ign i f ican t  in  s u p p o r t  of our  
c o n t e n t i o n  since, c o n t r a r y  to  S B T I  a n d  Trasy lo l  wh ich  
i n h i b i t  n o t  on ly  t r y p s i n  b u t  also o the r  p ro teases  inc lud ing  
c h y m o t r y p s i n  ~6, ~7, T L C K  inh ib i t s  on ly  t r y p s i n  (Figure 4) ; 
T L C K  effec t ively  suppressed  t r y p s i n  ac t iv i ty ,  whereas  
even  h ighe r  c o n c e n t r a t i o n  of T L C K  h a d  no  effect  on  
e - c h y m o t r y p s i n .  SI~AW et  al. ~s r epo r t ed  t h a t  T L C K  
specif ical ly i n a c t i v a t e d  t r y p s i n  s to ich iomet r i ca l ly  b y  
i r revers ib ly  b i n d i n g  w i t h  t he  h i s t id ine  res idue  in t he  
ac t ive  site, a n d  t h a t  i t  h a d  no  effect  on  c h y m o t r y p s i n .  

The  i n t r a d e r m a l  in j ec t ion  of f r ac t i on  I in  guinea-p ig  
skill r esu l t s  in  a n  i n f l a m m a t o r y  r eac t ion  a n d  a p ro longed  
(3 h) increase  in  va scu l a r  p e r m e a b i l i t y  to  p l a s m a  pro-  
t e in  2. The  m e c h a n i s m  for  th i s  r eac t ion  r e m a i n s  to  be  
de t e rmined ,  b u t  i t  is r easonab le  to  a s sume  t h a t  a release 
of b r a d y k i n i n - k a l l i d i n - t y p e  pep t ides  f rom the i r  c i rcu la t ing  
precursors  m a y  occur  due  to  t h e  t ryps in - l ike  p ro teo ly t i c  
a c t i v i t y  of f r ac t ion  1. Since th i s  f r ac t ion  is on ly  pa r t i a l l y  
puri f ied,  i t  is qu i te  possible  t h a t  i t  con ta ins  o the r  t h a n  

t ryps in - l ike  protease(s) .  F u r t h e r  pur i f i ca t ion  a n d  charac-  
t e r i za t ion  of i ts  e n z y m a t i c  and  vasoac t ive  p roper t i e s  are 
in  progress.  10 
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Fig. 4. Inhibitory effect of TLCK on trypsin and ~-chymotrypsin. 
Trypsin, 35 ~g (2.92 • 10 -7 M) was preincubated in 5 ml of 6.03 • 
10-6M TLCK and 200[xg (1.74• of 0r was 
preincubated in 5 ml of L21• 10-4M TLCK. Other experimental 
conditions were as in Figure 3 except that the aliquot of the above 
mixture contained 0.7 [xg of trypsin or 100[xg of ~-chymotrypsin 
for the assay. 

Zusammen/assung. Eine  der  v a s o - a k t i v e n  P ro t e in -  
I r ak t ionen ,  aus  M e e r s c h w e i n c h e n h a u t e x t r a k t  gewonnen,  
hydro l i s i e r t  Kase in  u n d  N-(c@benzoyl-L-Arginin  E t h y l  
Es ter .  Subs t r a t spez i f i tg t ,  o p t i m a l e r  p H - W e r t  u n d  In-  
a k t i v i e r u n g  d u r c h  eine speziel len T r y p s i n i n h i b i t o r  (TLCK) 
beweisen,  dass  diese P r o t e i n f r a k t i o n  eine t r y p s i n ~ h n l i c h e  
P ro t ease  en th~l t .  
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H e m m e f f e k t  v o n  H a r n s t o f f  auf  die  d u r c h  I n s u l i n  s t i m u l i e r t e  G l y k o g e n b i l d u n g  in  z w e i  v e r s c h i e d e n e n  
M u s k e l p r ~ i p a r a t e n  in  v i t r o  1 

Die s t imu l i e r ende  W i r k u n g  v o n  I n s u l i n  auf  die C- l -  s toff  auf  den  d u r c h  In su l i n  s t i m u l i e r t e n  Glukosestoff-  
O x y d a t i o n  y o n  Glukose- l -C  14 im e p i d i d y m a l e n  F e t t -  wechsel  des Muske lgewebes  eine ve rg le i chba re  H e m m u n g  
gewebe wi rd  d u r c h  H a r n s t o f f  k o m p e t i t i v  g e h e m m t  2. I n  aus i ib t .  Als Mass der  I n s u l i n w i r k u n g  d ien te  die Glykogen-  
den  fo lgenden  E x p e r i m e n t e n  wurde  u n t e r s u c h t ,  ob  H a r n -  bilduflg.  F i i r  die U n t e r s u c h u n g e n  wurde  das  D i a p h r a g m a  


