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Gel Di f fus ion  M e t h o d s  for D e t e r m i n a t i o n  of P r o t e a s e  and P r o t e a s e - I n h i b i t i n g  Act iv i t i e s  

In  pre l iminary  s tudies  on pro tease  act ivi t ies  and in 
s tudies  on the  effect  of inhibi tors  or ac t iva tors  on prot -  
eases, rap id  answers  are of ten  needed  on th ree  ques t ionsl  
One is the  p i t  o p t i m u m  of the  enzyme,  the  second 
is the  local izat ion of inhibi tors  (or act ivators)  to par t i -  
cular pro te in  fractions,  e.g. in an e lec t rophore t ic  pa t t e rn ,  
and  the  th i rd  ques t ion  is the  specifici ty of the  enzyme 
ac t iv i ty  to  var ious  snbs t r a t e s  and  the  effects  of various 
ions. 

In  the  p resen t  repor t  we describe two gel diffusion 
me thods  for these  purposes ,  one of t h e m  in combina t ion  
wi th  electrophoresis .  Special a t t en t i on  is d rawn  to  t he  
t ryps in - inh ib i t ing  ac t iv i ty  in porcine colos t rum and in 
se rum and  ur ine of t h e  newborn  piglet  in connec t ion  wi th  
the  onset  of colos t rum ingestion.  

Radial  di//usion assay. A 3% solut ion of agarose 
( l ' Indus t r ie  Biologique Fran~aise) was  me l t ed  at  L00~ 
cooled to 45~ and mixed  wi th  solut ions of casein (BDH), 
serum a lbumin  (porcine f rac t ion V, NBC) or bovine  
haemoglob in  (Sigma), giving a final  agarose concen t ra t ion  
of 2.25% and  a subs t ra te  concen t ra t ion  of 0.1%. The 
agarose-subs t ra te  solut ion was p ipe t t ed  onto  microscope 
slides (3_0 ml on each). In  the  solidified gel, wells of 
var ious  shapes  and a r r angemen t s  were then  punched  
(Figure 1). For  the  de t e rmina t i on  of the  o p t i m u m  p H  of 
t he  enzyme or for s tudy ing  the  effects of various ions and  
ionic s t rengths ,  the  solut ion in t he  solidified gel could be 
exchanged  by  immers ing  the  slides for 30 rain in a cuve t t e  
containing the solution to be studied. 

The wells were filled with samples (I0 [xl) to be analyzed 
for protease or protease-inhibiting activity. After incubat- 
ing the slides at 37~ for 3-4 h, they were immersed in 2% 

acetic acid for 1 h. The enzymic  reac t ion  was  thus  s topped  
and  the  undiges ted  subs t r a t e  prec ip i ta ted .  The agarose 
layer  was dried to  a t h in  fi lm and  s ta ined  wi th  amido  
black. Pro teo ly t ic  ac t iv i ty  was ind ica ted  by  circular non- 
s ta ined zones a round  the  wells (Figure 1). W h e n  a sub- 
s tance wi th  inhib i t ing  ac t iv i ty  was placed in a neigh- 
bour ing well a r educ t ion  in the  reac t ion  zone was ob ta ined  
(Figure 1). 

The area of the  zone of react ion is p ropor t iona l  to the  
enzyme act iv i ty .  This was d e m o n s t r a t e d  by  the  use of 
samples  of known concen t ra t ions  of t rypsin ,  chymo-  
t ryps in  and  peps in  (Sigma). This principle has earlier 
been d e m o n s t r a t e d  for peps in  ac t iv i ty  on haemoglobin  
b y  SAb~LOFF et  al. 1, for DNase  on D N A  by JARVlS and  
LAWRENCE ~ and  for pro tease  inhibi tors  in some animal  
and  p l a n t  mater ia ls  by  FosslJb~ a. The reduc t ion  of the  
zone of reac t ion  by  t h e  presence  of an inhib i tor  in a 
ne ighbour ing  well or t rough  (Figure 1) is ap p ro x i ma t e l y  
p ropor t iona l  to  the  inh ib i t ing  act iv i ty .  This was control led 
by  serial d i lu t ions  of soybean  t ryps in  inhibi tor  (Sigma) 
and o the r  samples  conta in ing  inhibi tor .  The inhib i t ing  
ac t iv i ty  was control led  by  t h e  spec t ropho tome t r i ca l  
m e t h o d  of FRITZ et  al. ~ using B A P N A  as a subs t r a t e  
(Sigma). 
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Fig. 1. Trypsin and trypsin inhibiting activity in a radial diffusion 
test in agarose-easein gel (photo). The wells in the middle row contain 
trypsin, T (1 mg/ml). The wells in the upper row contain soybean 
inhibitor, SI (1.0 -- 0.1 -- 0.01 mg/ml), sermn, NS 0, and urine, NU0, 
from a new-born nnsuckled piglet. The wells in the lower row coutain 
porcine colostrum, SC (undiluted -- 1:10 1:100), serum from a 
piglet, suckled for 3 h, NS, and urine from a piglet having suckled for 
14 h after birth, NU. Incubation at 37~ for 3.3 h. Black areas 
indicate undigested casein. 
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Fig. 2. Gel eleetrophoresis in combination with gel diffusion. The 
electrophorized material (A,a) was cut out and placed oft another gel 
(B) containing agarose-casein. The trough (B,b) contains trypsin. 
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Fig. 3. Gel electrophoresis in combination with gel diffusion. A) 
Inhibiting zones (arrows) are noted in the 7-globuIin region for 
porcine colostrum (SC) and in the albumin-a-globulin regions for 
porcine serum (SS). B) Inhibition is found in the y-globulin zone for 
urine (NU) from a piglet having suckled for 14 h. In the serum of a 
piglet (NS) having suckled for 3-4 h after birth inhibition was noted 
in both the 7-globulin and in the albumin-or-globulin zones. The 
dotted area represents undigested casein. The zones included by 
dashed lines are the electrophoreticaliy separated protein fractions. 
Dotted arrow indicates site of application at electrophoresis. 
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Our  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  t he  use of casein as a 
subs t r a t e ,  as opposed  to  s e rum a l b u m i n  a n d  haemoglob in ,  
resu l t s  in  sha rpe r  borde r s  b e t w e e n  t h e  zone of r eac t i on  
a n d  t h e  area  c o n t a i n i n g  t he  und iges t ed  subs t r a t e .  A n  
a d v a n t a g e  of t h e  m e t h o d  of r ad ia l  d i f fus ion descr ibed  
a b o v e  is t h a t  c a s e i n  can  be  u t i l ized  as a s u b s t r a t e  in 
s tudies  on  enzymes  w i t h  a n y  p H - o p t i m a .  To i l l u s t r a t e  
this ,  if t h e  agarose  casein m i x t u r e  is p r e p a r e d  a t  n e u t r a l  
or bas ic  p H  va lues  a n d  t h e n  t h e  slides are  i m m e r s e d  in 
buffer  of low p H  (e.g. i or 2 for p e p s i n  studies) ,  t h e  casein 
p rec ip i t a t e s  in  sma l l  aggrega tes  wh ich  are  h o m o g e n o u s l y  
d i s t r i b u t e d  w i t h i n  t h e  gel. I t  is no t  poss ible  to  get  a 
h o m o g e n o u s  d i spers ion  of case in  in  t h e  gel if i~c is m i x e d  
d i rec t ly  w i t h  agarose  a n d  buf fe r  be low p H  4.5, s ince t h e  
case in  is p r e c i p i t a t e d  and  aggregated .  

Electrophoresis followed by diffusion. This  m e t h o d  ha s  
been  deve loped  in order  to  p r ov i de  a r ap id  e lectro-  
phore t i ca l  loca l iza t ion  of p ro tease  i nh ib i t o r s  or a c t i v a t o r s  
in  samples  f rom b o d y  f luids a n d  o rgan  ex t rac t s .  

Agarose  e lec t rophores i s  (Veronal-HC1 buffer ,  p H  8.6) is 
f i rs t  pe r fo rmed  on t h e  so lu t ion  a l r eady  p r o v e d  to con t a in  
i nh ib i t o r s  b y  e.g. r ad ia l  diffusion.  Af te r  e lec t rophore t i c  
separa t ion ,  l o n g i t u d i n a l  slides are cu t  ou t  f rom t he  gel 
in to  wh ich  t he  p ro t e in s  h a v e  m i g r a t e d  (Figure  2A), and  
p laced  u p o n  a n o t h e r  agarose  gel (Figure  2B).  This  gel 
con t a in s  2 .25% agarose  a n d  0.1% s u b s t r a t e  (casein). I n  
t he  l a t t e r  gel, a t r o u g h  is p u n c h e d  a n d  t he  e n z y m e  so lu t ion  
is p o u r e d  in. The  i n c u b a t i o n  is pe r fo rmed  a t  37~ for 
4-5  h. Molecules diffuse f rom t he  slices in to  t h e  under -  
ly ing  gel. The  e n z y m e  in t h e  l o n g i t u d i n a l  well  diffuses in to  
t he  gel a n d  digests  t h e  subs t r a t e ,  However ,  in those  
pos i t ions  where  i n h i b i t i n g  s u b s t a n c e s  h a v e  dif fused f rom 
the  app l ied  slice t h e r e  is no, or a reduced,  digest ion.  These  
resul t s  are d e a r l y  obse rved  a f t e r  t h e  und iges t ed  casein 
ha s  b e e n  p r e c i p i t a t e d  w i t h  ace t ic  acid a n d  s t a i ned  w i t h  
amido  b l ack  (Figure 3). 

F igure  3 A shows one t e s t  where  a t r y p s i n  i n h i b i t o r  of 
porc ine  co los t rum is local ized to t he  v-globul in  region,  a n d  
a n o t h e r  t e s t  where  t he  t r y s p i n - i n h i b i t i n g  a c t i v i t y  o f  t he  
e -g lobul in  region in porc ine  s e rum is shown.  F igu re  3 B is 
a t e s t  of s e rum f rom a n e w - b o r n  p ig le t  wh ich  inges ted  i ts  
f i r s t  mea l  of co lo s t rum 3 h earlier.  No te  t he  t r yps in -  
i n h i b i t i n g  ac t ion  of b o t h  s e rum and  co los t rum.  F igure  3 B 
also d e m o n s t r a t e s  t h a t  u r ine  f rom a 14-hour-old  suckl ing  
p ig le t  exh ib i t s  t r y p s i n - i n h i b i t i n g  a c t i v i t y  in  t he  ~-globul in  
zone. Th i s  m a y  d e p e n d  on  t h e  fac t  t h a t  a t r y p s i n  i n h i b i t o r  
a c t u a l l y  ha s  b e e n  a b s o r b e d  f rom co los t rum via  t h e  gu t  
e p i t h e l i u m  to  t he  b lood  and  t h e n  v ia  t h e  k idneys  to  t he  
u r ine  5. 

This  is a good example  of t he  app l i cab i l i t y  of th i s  
q u a l i t a t i v e  t e s t  in  a s i t u a t i o n  w h e n  t he  m e a s u r e m e n t  of 
t h e  t o t M  t r y p s i n - i n h i b i t i n g  a c t i v i t y  wou ld  h a v e  g iven  
incomple t e  phys io logica l  i n fo rma t ion .  

Zusammenfassung. Es  w e r d e n  zwei M e t h o d e n  (Diffusion 
u n d  E l e k t r o p h o r e s e  in Agarose-Kase in)  fiir q u a n t i t a t i v e  
und  q u a l i t a t i v e  B e s t i m m u n g  y o n  I n h i b i t o r e n  u n d  Akt i -  
v a t o r e n  ve r sch iedene r  P r o t e a s e n  be sch r i eben  n n d  die 
T r y p s i n i n h i b i t o r e n  in Ko los t rum,  S e r u m  n n d  U r i n  yon  
n e u g e b o r e n e n  Schweinen  besonde r s  u n t e r s u c h t .  

L. CARLSSON a n d  ]3. I~ARLSSON 6 

Institute of Zoophysiology, University of Lund, 
Helgonavdgen 3B, S-223 62 Lund (Sweden), 
24 December I971. 

5 K. BAINTNER, Life Sci. 9, 847 (1970). 
6 Financial support : The Foundation of Director P~HLSSON, Maim5, 

and the Foundation of C. F. LUtCDSTR6~. Technical assistance: 
Mrs MARIE ADLER-MAIHOFER. 

A D o u b l e - L a b e l e d  F r o z e n  S ec t ion  T e c h n i q u e  for S t u d y i n ~  D i s t r i b u t i o n  of H a - N o r e p i n e p h r i n e  t 

The  a r t e r i a l  wal l  is s t r a t i f i ed  in to  t un i cae  in t ima ,  med ia  
a n d  a d v e n f i t i a  w i t h  d i f fer ing di f fus ion cha rac te r i s t i c s  a n d  
c a t e c h o l a m i n e  u p t a k e  capaci t ies .  Ca techo lamines ,  e i the r  
re leased f rom the  s y m p a t h e t i c  ne rve  t e r m i n a l s  or app l ied  
exogenously ,  do no t  d i s t r i b u t e  u n i f o r m l y  t h r o u g h o u t  t he  
a r t e r i a l  wall. The i r  d i s t r i b u t i o n  profi les  are of phys io-  
logical  a n d  pha rmaco log ica l  consequence  2. 

A frozen sec t ion  t e c h n i q u e  has  been  dev ised  to  s t u d y  t he  
t r a n s m u r a l  d i s t r i b u t i o n  of n o r e p i n e p h r i n e  in t h e  r a b b i t  
aor t ic  s t r ip  s. B y  th i s  t echn ique ,  t he  k ine t ics  of e n t r y  of 
t r i t i a t e d  n o r e p i n e p h r i n e  (HS-NE)  in to  t h e  a r t e r i a l  wal l  
ha s  been  cha rac te r i zed .  Br ief ly ,  t h e  a r t e r i a l  s t r ip  was  
exposed  to  H S-NE before  i t  was f rozen and  sec t ioned  in to  
t h i n  slices para l le l  to  t he  i n t i m a l  surface.  T he  t r i t i u m  con- 
t e n t  of e ach  slice was  a s sayed  a n d  p l o t t e d  aga i n s t  t h e  d e p t h  
of t he  slice w i t h i n  t h e  a r t e r i a l  wal l  to  o b t a i n  a d i s t r i b u t i o n  
profi le  ~. As t h e  c a t e c h o l a m i n e s  are s ub j ec t  to  cel lular  up-  
take ,  d i f f e r en t i a t i on  b e t w e n  t he  cel lular  a n d  ex t r ace l lu l a r  
c o m p o n e n t s  in t he  profi le  is o f ten  necessary.  R i n s i n g  t h e  
t i ssue  w i t h  sal ine so lu t ion  can  largely  r e m o v e  t he  s u b s t a n c e  
f rom the  ex t r ace l lu l a r  spaces,  b u t  t h i s  will  m o s t  l ike ly  
mobi l ize  some of t he  cel lular  c o m p o n e n t  as well. F u r t h e r ,  
r ins ing  is p rec luded  in k ine t ic  s tud ies  in  wh ich  t h e  t i ssue  
m u s t  be  i n s t a n t a n e o u s l y  f rozen a t  t he  end  of exposure  to  
H s -NE.  Th i s  p r o b l e m  has  been  m e t  b y  s u b t r a c t i n g  t h e  
Ha m a t e r i a l  expec ted  in t he  ex t race l lu la r  space f rom t h e  
t o t a l  H s c o n t e n t  to  der ive  cel lular  c o m p o n e n t  in  each  
slice. The  aor t ic  ex t race l lu la r  space ha s  b e e n  i n d e p e n d e n t l y  

d e t e r m i n e d  us ing  t he  same  frozen sec t ion  t e c h n i q u e  b u t  
s u b s t i t u t i n g  C14-inulin for H a - N E  ~. The  d i rec t  appl ica-  
t i on  of t he  ave rage  ex t race l ln la r  space ( inul in  space) t h u s  
o b t a i n e d  to  s tud ies  of d i s t r i b u t i o n  of H 3 - N E  m a d e  on  
s epa ra t e  aor tas ,  suffers f rom t h e  cons iderab le  v a r i a t i o n s  
be tween  aor t a s  and  b e t w e e n  slices f rom t h e  same  aor ta .  

The  p r e s e n t  work  is a n  a t t e m p t  to  c i r c u m v e n t  t h i s  
d rawback .  The  aor t i c  s t r i p  was d o u b l y  labe led  w i t h  
H S - N E  a n d  C14-inulin. S t r ips  of t he  r a b b i t  t ho rac ic  a o r t a  
were soaked in 0.32 v.g/ml of C14-inulin ( inu l in -carbox-  
yl-C1% 3.0 mc/g, New E n g l a n d  Nuclear ,  Bos ton ,  Mass.) 
singly, or in  c o m b i n a t i o n  w i t h  0.5 ~ M  H ~ - N E  (1-nor- 
ep ineph r ine -7 -H  3, A m e r s h a m / S e a r l e ,  A r l i n g t o n  Heights ,  
Ill.). Af te r  55 m i n  of soak ing  in a 10 ml  t i ssue  b a t h ,  for an  
a d d i t i o n a l  5 ra in  t h e  s t r ips  were  supe r fused  w i t h  t he  same  
m e d i u m  a t  a r a t e  of 3 ml /min .  A t  t he  end  of superfus ion,  
t h e  t i ssues  were i m m e d i a t e l y  frozen,  sec t ioned  a t  24 ~m a n d  
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