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changed  3 t imes  d u r i n g  th i s  period.  Ino rgan ic  phos-  
p h o r u s  was m e a s u r e d  accord ing  to  TAUSSKI and  SHORR 18, 
p ro t e in s  were d e t e r m i n e d  b y  m e a s u r i n g  a b s o r b a n c y  a t  
260 and  280 rim. The  120,000 • g s u p e r n a t a n t ,  where  
mos t  of t he  e n z y m a t i c  a c t i v i t y  reside in t he  soluble  
f rac t ion,  was  used for t he  expe r imen t s .  The  r eac t ion  
m i x t u r e  c o n t a i n e d :  25 vmoles  Tris a t  p H  8.8; 2.5 [xmoles 
A T P ;  2 ~zmoles CaCI~; 100 izmoles NaC1; 0.2 ml  dia l ized 
e n z y m e  fract ion.  Vo lume  was b r o u g h t  to  a t o t a l  of 
1.0 ml  w i t h  double  dis t i l led water .  The  reac t ion  m i x t u r e  
was i n c u b a t e d  for 30 m i n  a t  30~ a n d  t he  r eac t ion  
s topped  b y  add i t i on  of 0.2 ml  cold TCA 50%. Expe r i -  
m e n t s  were conduc t ed  in 3-4  rep l ica t ions  a n d  r epea t ed  
a t  leas t  3 t imes .  

Resul t s  of one of t he  e x p e r i m e n t s  are p re sen ted  in t he  
Table .  As can  be  seen, t h e  add i t ions  of NaC1 to  t he  
g rowth  m e d i u m  resu l ted  in t h e  s t i m u l a t i o n  of soluble  
A T P a s e  a c t i v i t y  of beaf f  a n d  corn  roots ,  b u t  induced  
an  i nh ib i t i on  of th i s  a c t i v i t y  in Suaeda and  A triplex roots .  

The  add i t i on  of 100 [xmoles of sod ium chlor ide  to t he  
e n z y m a t i c  r eac t ion  m i x t u r e  revealed  t h a t  t h e  a c t i v i t y  
of t he  A T P a s e  in t he  s u p e r n a t a n t  of b e a n  and  corn  roots  
was  s t i m u l a t e d  (Na + ac t iva ted) ,  whi le  t h e  a c t i v i t y  of 
th i s  e n z y m e  in t he  s u p e r n a t a n t  of Suaeda a n d  Atriplex 
roots  was  inh ib i t ed .  

E v i d e n t l y ,  t he  resul t s  of these  e x p e r i m e n t s  sugges t  
t h a t  a bas ic  q u a l i t a t i v e  dif ference in t he  responses  to  Na  

exists  be tween  t he  A T P a s e  sys tems  in t he  2 g lycophy t i c  
and  2 h a l o p h y t i c  species, a difference t h a t  m i g h t  be  of 
a genera l  na tu re .  

The  effects of o the r  ca t ions  on  t h e  A T P a s e  a c t i v i t y  of 
p l a n t s  w i t h  d i f fe rent  sa l t  to lerances ,  are now b e i n g  
i nves t i ga t ed  14. 

Zusammen/assung. Die W u r z e l n  zweier G l y c o p h y t e n  
(Phaseolus vulgaris., Zea Mays) u n d  zweier H a l o p h y t e n  
(Suaeda monoica, A triplex Halimus), angezogen  auI  NaC1- 
freier  u n d  NaCl-ha l t ige r  N~thrl6sung, w u r d e n  auI  ih re  
ATPase-Aktivi t~Lt  u n t e r s u c h t .  Die A n w e s e n h e i t  yon  NaC1 
in der  Nghr lGsung sowie im Reak t io l l sgemisch  aus  auf-  
b e r e i t e t e m  W u r z e l h o m o g e n a t  und  Cofak to ren  b e w i r k t  in  
G l y c o p h y t e n  eine FGrderung  u n d  in  H a l o p h y t e n  eine 
H e m m u n g  der  A T P a s e - A k t i v i t g t .  
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An Elas ta se  Inhib i tor  f r o m  Canine  M a n d i b u l a r  Gland 

P a n c r e a t i c  e las tase  (endopep t idase  EC 3.4.4.7) is u n i q u e  
a m o n g  pro teo ly t i c  enzymes  of a n i m a l  t i ssue  in t h a t  i t  
hydro lyzes  e las t in  v e r y  quickly,  l i be ra t i ng  a p p r o x i m a t e l y  
130 moles of N I l 2 - t e r m i n a l  res idues  per  100,000 g of 
s u b s t r a t e  1. 

The  des t ruc t i on  of i n t r a p a n c r e a t i c  vessels obse rved  in 
e x p e r i m e n t a l  2-~ as well  as in  h u m a n  5 acu te  p a n c r e a t i t i s  
includes  t he  d isso lu t ion  of elast ic  t i ssue  b y  p a n c r e a t i c  
elastase.  The  equ ivoca l  resul t s  o b t a i n e d  w i t h  t he  pro- 
tease  i n h i b i t o r  f rom b o v i n e  lung  6 in t h e  t r e a t m e n t  of 
acu te  panc rea t i t i s  m a y  be  expla ined,  a t  leas t  pa r t i a l ly ,  
b y  t he  fac t  t h a t  t h i s  po lypep t ide  i nh ib i t s  e las to ly t ic  
a c t i v i t y  only  sl ightly.  A 2500-fold excess (weight  for 
weight)  of t h i s  i n h i b i t o r  is needed  to  reduce  e las tase  
a c t i v i t y  b y  50%.  The  p r e p a r a t i o n  of a p o t e n t  e las tase  
i n h i b i t o r  and  i ts  use in  acu te  pancrea t i t i s ,  a lone  or in  
c o m b i n a t i o n  w i t h  t h e  beef lung  po lypept ide ,  m i g h t  p rove  
of t h e r a p e u t i c  benef i t .  I n  t he  course of p rev ious  s tudies  7 
i t  was  n o t e d  t h a t  can ine  m a n d i b u l a r  t i ssue  e x t r a c t s  
exh ib i t ed  s ign i f ican t  i n h i b i t o r y  a c t i v i t y  on  panc rea t i c  
e las tase  in  vi t ro .  The  p re sen t  s t u d y  was u n d e r t a k e n  fo r  
t he  isola t ion and  cha r ac t e r i z a t i on  of t h e  m a n d i b u l a r  
e las tase  inh ib i to r .  

Extraction and purification. Fresh ly  d issected  dog sub-  
m a n d i b u l a r  g lands  were homogen ized  for 3 ra in  a t  4 ~ 
w i t h  dis t i l led w a t e r  and  the  h o m o g e n a t e  was cen t r i fuged  
a t  44,000g.  The  clear s u p e r n a t a n t  was  sub jec ted  to 
u l t r a f i l t r a t i on  in a 1/4 inch  Visk ing  t u b i n g  a t  4 ~ and  
t he  u l t r a f i l t r a t e  was  c o n c e n t r a t e d  to a smal l  vo lume.  
The  c o n c e n t r a t e  was appl ied  to a S e p h a d e x  G-50 (fine) 
co lumn  a n d  t he  co lumn  was deve loped  w i t h  dist i l led 
water .  The  e f f luen t  was  t e s t ed  for i n h i b i t o r y  a c t i v i t y  and  
t h e  ac t ive  f rac t ions  were pooled and  concen t r a t ed .  1Re- 
c h r o m a t o g r a p h y  of a smal l  a m o u n t  of c o n c e n t r a t e  on  a 
S e p h a d e x  G-50 c o l u m n  wh ich  h a d  been  ca l ib ra t ed  wi t t l  

N A D P ,  oxytoc in ,  t rasylol ,  r ibonuc lease  a n d  t r y p s i n  
ind ica t ed  a molecu la r  we igh t  of 12,000 for t he  sub-  
m a n d i b u l a r  inh ib i to r .  100 ~1 por t ions  of i n h i b i t o r  con- 
c e n t r a t e  were appl ied  to s t r ips  of W h a t m a n  No. i p a p e r  
a n d  sub jec ted  to  e lec t rophores is  in  0 . 0 5 M  formic  acid 
a t  2.5 m A / s t r i p  for 2.5 h. 

I n h i b i t o r  a c t i v i t y  was de tec ted  in a b a n d  a b o u t  4.5 cm 
on t he  ca thod ic  side, w h i c h  gave a pep t ide  s t a in  w i t h  
ch lo ro imide  r eagen t  a n d  a p i n k  color w i t h  Sakaguch i  
reagent .  The  e lua tes  (2% v / v  acet ic  acid) of t he  i n h i b i t o r  
f r ac t ion  f rom 19 e lec t rophores is  p a p e r  s t r ips  were con-  
c e n t r a t e d  to  a smal l  vo lume.  A 15 ixl p o r t i o n  of th i s  
concen t r a t e  was appl ied  to a cellulose ace t a t e  s t r ip  a n d  
sub jec ted  to  e lec t rophores is  for 30 m i n  a t  3.7 m A / s t r i p  
us ing  a formic  acid solut ion,  0 .05M, p i t  3.6, as before.  
2 closely associa ted  b u t  d i s t i nc t  b a n d s  appea red  w h e n  
t he  s t r ip  was s t a ined  w i t h  A m i d o  B lack  10B. 

Extracts from submandibular glands o/different species. 
E x t r a c t s  of s u b m a n d i b u l a r  g lands  f rom man ,  beef a n d  
pig were p r epa red  in an  ana logous  fashion.  The  u l t r a -  
cen t r i fuga tes  a n d  u l t r a f i l t r a t e s  were t e s t ed  for i n h i b i t o r y  
ac t i v i t y  aga ins t  e las tase  (10 ~g), t r y p s i n  (5 ~g), a nd  
c h y m o t r y p s i n  (10 ~g). For  purposes  of compar i son  a n  
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amount  causing about 50% inhibition of bovine chymo- 
trypsin was used of each extract. The results are g iven  
in the Table. 

The assay of inhibitory activity was carried out with 
Remazolbrilliant Blue-hide as substrate as described pre- 
viously s. Inhibitory activity against elastase was also 
tested with Remazolbrilliant Blue-Elastin as snbstrate 9. 
All the enzymes used were obtained from Worthington 
Biochemical Corp., Freehold, New Jersey. Interesting 
species differences concerning the inhibitory capacity of 
the mandibular inhibitor are observed. The porcine inhi- 
bitor is inactive against trypsin and the beef inhibitor 
is inactive against elastase ; whereas the canine and human 
inhibitors are active against trypsii?, chymotrypsin and 
elastase. 

The only known elastase inhibitors of mammalian 
origin include an inhibitor found in low concentrations 
in pancreatic tissue extracts ~~ and the %-antitrypsin 
and %M-globulin iI~hibitors of serum11,12. The canine 
mandibular elastase inhibitor which occurs in high con- 

Species 
ml  of Inh ib i to r  % Inh ib i t ion  of 

Ultracen-  Ultra-  E las tase  ~ Tryps in  Chymo- 
t r i fuga te  f i l t ra te  (10 ~g) (5 ~g) t ryps in  

(lO ,ag) 

Pig  0.045 40.7 0 59 
Beef 0.05 0 10.5 48.5 
Dog 0.009 17.7 50.4 50.3 
Man 0.3 14.6 45.4 45.4 

Pig 0.01 49.1 0 56 
Beef 3.0 - 12.3 
Dog 0.1 14 39.2 51.2 
Man 0.3 4.1 

a De te rmina t ion  wi th  Remazolbr i l l i an t  Blue-Elas t in .  
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Assays  were carr ied out  wi th  20 mg fluorescein-labeled e las t in  in  
0 .05M bicine buffer, p H  8.8 conta in ing  Tr i ton  X-100 (1:4000); 
t o t a l  vo lume 4 ml.  Incuba t ion  a t  37 ~ for 60 min  wi th  cont inuous  
shaking.  All  exper iments  were subjec ted  to pre- ineubat ion  a t  37 ~ 
for 10 min  pr ior  to addi t ion  of subst ra te .  A) 2 ~xg elastase]4 ml  
incuba t ion  mixture .  13) Same as A) -F 1000 K I U  Trasylol .  C) Same. 
as A) + 1 ml  canine  m a n d i b u l a r  inh ib i to r  (u l t raf i l t ra te  concentrate) .  
D) 125 ~xg t ryps in -F  125 ~xg chymot ryps in .  E) Same as D) + 1000 
K I U  Trasylol .  F) 2 txg e las tase  125 Exg t ryps in  -F 125 ~g  chymot ryp -  
sin. G) Same as F) + 1 0 0 0  K I U  Trasylol .  H) Same as F) + l m l  
canine  mand ibu l a r  inh ib i to r  (u l t raf i l t ra te  concentrate) .  

centration in mandibular gland tissue appears to be 
unique because of its high potency against all 3 endo- 
peptidases, trypsin, chymotrypsin and elastase. More- 
over, this inhibitor is effective against both the specific 
elastolytic and the non-specific proteolytic activity of 
elastase. In an a t tempt  to simulate the in vivo conditions 
that  might exist in pancreatic tissue in acute pancreatitis 
the following experiments were carried out: The beef 
lung inhibitor and the canine mandibular inhibitor were 
each used against elastase alone (Figure bar group a) 
and against a mixture of trypsin, e-chymotrypsin and 
elastase (bar group c). Whereas the beef lung inhibitor 
reduced trypsin and chymotrypsin activity to zero (bar 
group b), it was ineffective in reducing elastase activity 
in a mixture of trypsin, chymotrypsin and elastase 
(bar G). The canine inhibitor on the other hand sup- 
pressed 96% of the combined activity of the 3 enzymes 
(bar H). The potentiating effect of trypsin and chymo- 
trypsin on the elastase/elastin system in vitro (illustrated 
by Figure, F) has recently been studied in some deta in  ~. 
I t  has been shown experimentally that  small amounts of 
elastase are capable of rendering the net-like structure 
of elastin susceptible to destruction by trypsin and 
chymotrypsin. Such a concept might explain the small 
amount of elastase secreted as a digestive enzyme into 
the intestine; mainly to render the elastic fibers of food 
susceptible to the more abundant proteases, trypsin and 
chymotrypsin. I t  is conceivable that  a similar process 
may be operative in the pancreas during the development 
of necrotizing pancreatitis. The destruction of elastic 
tissue of vessel walls might be efiected by elastase action, 
augmented by trypsin and chymotrypsin, whereas the 
digestion of other proteinaceous elements would be  su'b- 
ject to the additive action of the same proteases. I t  
appears therefore that  the canine mandibular inhibitor 
alone or the porcine inhibitor combined with the beef 
lung polypeptide might be very suitable for therapeutic 
experimentation in suppressing the autodigestive pro- 
cesses in acute pancreatitis. Work is now in progress 
concerning further purification and characterization of 
the mandibular inhibitor. I t  is possible that  the elastase 
inhibitor described here may be identical with the 
trypsin-chymotrypsin inhibitor isolated by TRAUTSCHOLD 
et al. 1~ from the same tissue 15. 

Zusammen/assung. Ein Inhibitor der Enzyms-Elastase 
wird beschrieben nnd dessen biologische Bedeutung sowie 
die eventuelle therapeutische Verwendung diskutiert. 
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