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ABSTRACT

The p r o t e o l y t i c  a c t i v i t y  o f  t h e  d i g e s t i v e  f l u i d  o f  t h e  s p i d e r  

A r g i o p e  a u r a n t i a  was s t u d i e d .  G e n e r a l  p r o t e a s e  a c t i v i t y ,  d e f i n e d  by 

d i g e s t i o n  o f  t h e  p r o t e i n  c a s e i n ,  was u n a f f e c t e d  by s e r y l  o r  s u l f h y d r y l  

p r o t e a s e  i n h i b i t o r s  b u t  was i n h i b i t e d  by t h e  m e t a l  c h e l a t o r  EDTA. Pe a k  

p r o t e a s e  a c t i v i t y  was o b s e r v e d  a t  pH 7 . 8 ,  c o i n c i d e n t  w i t h  t h e  pH o f  t h e  

f l u i d  i t s e l f .  S p e c i f i c  s u b s t r a t e s  d e m o n s t r a t e d  e l a s t o l y t i c  and chymo- 

t r y p t i c  a c t i v i t y  b u t  no t r y p t i c ,  c a r b o x y p e p t i d a s e  o r  l e u c i n e  amino p e p ­

t i d a s e  a c t i v i t y .  The  d i g e s t i v e  f l u i d  was shown by a u t o r a d i o g r a p h y  t o  

be u n i q u e l y  a b l e  t o  d i g e s t  t h e  r a d i a l  t h r e a d  o f  t h e  o r b  web o f  A r a n e u s  

d i a d e m a t u s .

S e l e c t i v e  enzyme d i g e s t i o n  s t u d i e s  w i t h  A. a u r a n t i a  d i g e s t i v e  

f l u i d  and  o t h e r  c o m m e r c i a l l y  a v a i l a b l e  p r o t e a s e s  t o g e t h e r  w i t h  h i s t o ­

l o g i c a l  s t a i n i n g  and  d i f f e r e n t i a l  i s o t o p e  l o c a l i z a t i o n  w e re  u s e d  t o  

s t u d y  t h e  s t r u c t u r e  o f  t h e  o r b  webs o f  A r a n e u s  t r i f o l i u r n  and  A r g i o p e  

t r i f a s c i a t a . T h r e e  f i b e r  t y p e s  w e re  p r e s e n t  in  t h e s e  webs:  ( a )  a

m a j o r  f i b e r  fo u n d  t h r o u g h o u t  t h e  web,  ( b )  a m i n o r  f i b e r  foun d  o n l y  in 

r a d i a l  t h r e a d s ,  and  ( c )  t h e  c o r e  f i b e r s  o f  t h e  s t i c k y  s p i r a l  t h r e a d .  

T h r e e  n o n f i b r o u s  s e c r e t i o n s  w e re  fo u n d  on t h e s e  f i b e r s .  T h e s e  i n c l u d e d  

a w a t e r  s o l u b l e  v i s c i d  c o a t i n g  o f  t h e  s t i c k y  s p i r a l  and  two a d h e s i v e s  

which  f a s t e n  t h e  t h r e a d s  o f  t h e  web t o g e t h e r ;  o n e  found  o n l y  a t  j u n c ­

t i o n s  o f  s t i c k y  s p i r a l  and r a d i a l  t h r e a d s  and  t h e  o t h e r  a t  a l l  o t h e r  

t h r e a d  c o n n e c t i o n s .  The  p o s s i b l e  g l a n d u l a r  s o u r c e s  o f  t h e s e  m a t e r i a l s  

a r e  d i s c u s s e d .

F r a c t i o n a t i o n  o f  t h e  d i g e s t i v e  f l u i d  by ion  e x c h a n g e  c h r o m a t o -



g r a p h y  y i e l d e d  f o u r  m a j o r  p r o t e a s e  f r a c t i o n s :  A, B, C and  D. The p r o ­

t e a s e  a c t i v i t i e s  o f  a l l  f r a c t i o n s  we re  i n h i b i t e d  by Cu, Cd and Ni and 

EDTA. Zn,  Co and  Pb i o n s  r e v e r s e d  t h e  c h e l a t o r  i n h i b i t i o n  o f  t h e s e  

p r o t e a s e s .  Each p r o t e a s e  f r a c t i o n  showed d i f f e r e n t  s u b s t r a t e  s p e c i ­

f i c i t i e s ,  v a r i o u s l y  h y d r o l y z i n g  c a s e i n ,  e l a s t i n  and  s e v e r a l  s y n t h e t i c  

e s t e r  s u b s t r a t e s  t o  d i f f e r e n t  d e g r e e s .  Two o f  t h e  f r a c t i o n s ,  A and  B, 

were a b l e  t o  d i s s o l v e  t h e  g e n e r a l l y  p r o t e a s e - r e s i ’s t a n t  l a r g e  ampul l a t e  

f i b e r  o f  s p i d e r s '  o r b  w e b s .  Hydroxy  I a p a t i t e  c h r o m a t o g r a p h y  o f  f r a c t i o n s  

A, B and f r a c t i o n  D, t h e  f r a c t i o n  m o s t  a c t i v e  a g a i n s t  c a s e i n  and  e l a s t i n ,  

r e v e a l e d  t h a t  f r a c t i o n s  B and  D e a c h  c o n t a i n e d  a s i n g l e  p r o t e a s e  w h i l e  

f r a c t i o n  A c o n t a i n e d  a t  l e a s t  tw o p r o t e a s e s .

The  s i n g l e  p r o t e a s e  o f  f r a c t i o n  B, A r g i o p e  p r o t e a s e  B, was shown 

by p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  t o  h a v e  be en  p u r i f i e d  t o  h o m o g e n e i t y  

and was f u r t h e r  c h a r a c t e r i z e d .  The  m o l e c u l a r  w e i g h t  o f  p r o t e a s e  B was 

e s t i m a t e d  t o  be  1 6 ,0 0 0  -  1 8 ,0 0 0  by d e n a t u r i n g  t e c h n i q u e s  and 1 2 , 0 0 0  by 

n o n - d e n a t u r i n g  m e a n s .  I t s  s t a b i l i t y  p a r a m e t e r s  w e re  e s t a b l i s h e d  and 

t h e  k i n e t i c s  o f  m e t a l  ion a nd  m e t a l  c h e l a t o r  i n h i b i t i o n  was e s t a b l i s h e d .  

The c l e a v a g e  s p e c i f i c i t y  o f  t h e  i n s u l i n  B c h a i n  by p r o t e a s e  B was a l s o  

d e t e r m i n e d .

The  d i g e s t i o n  o f  r e e l e d  s i l k  f i b r o i n  by p u r i f i e d  p r o t e a s e  B was 

s t u d i e d .  F i b r o i n  d i g e s t i o n  p r o d u c t s  i n c l u d e d  nu m ero us  s m a l l  p e p t i d e s  o f  

l e s s  t h a n  1 ,20 0  m o l e c u l a r  w e i g h t .  Th e  ami n o - t e r m i n a I  ami no  a c i d s  o f  

t h e  d i g e s t i o n  p r o d u c t s  a s  w e l l  a s  t h e  r e l a t i v e  ami no  a c i d  c o m p o s i t i o n  o f  

d i g e s t e d  and  u n d i g e s t e d  f i b r o i n  w e r e  d e t e r m i n e d  by d a n s y l a t i o n  t e c h n i q u e s .



INTRODUCTION

The o r b  webs p r o d u c e d  by members o f  t h e  g e n e r a  A r a n e u s  and A r g i o p e  

a r e  complex  s t r u c t u r e s  c o n s t r u c t e d  in  two b a s i c  p h a s e s .  F i r s t  a s c a f ­

f o l d  o f  l i n e a r  t h r e a d s  i s  l a i d  down ( F i g .  I ) .  T h e s e  t h r e a d s  a r e  composed  

o f  two t o  t e n  p a r a l l e l  f i b e r s  (Denny,  1976) d e r i v e d  f rom t h e  l a r g e  a m p u l -  

l a t e  g l a n d s .  D u r i n g  t h e  s e c o n d  p h a s e  o f  web c o n s t r u c t i o n ,  t h r e e  s p i r a l  

t h r e a d s  a r e  l a i d  on t h e  l i n e a r  f r a m e w o r k .  The  f i r s t ,  a t i g h t  s p i r a l  o f  

d ry  t h r e a d ,  known a s  t h e  n o n - s t i c k y  o r  hub s p i r a l ,  i s  p l a c e d  j u s t  o u t ­

s i d e  t h e  c e n t e r  o f  t h e  web; t h i s  s e r v e s  t o  r e i n f o r c e  t h e  web ( S a v o r y ,  

1952) .  N e x t ,  t h e  s p i d e r  makes a s i d e s t e p  and  p r o c e e d s  t o w a r d  t h e  p e r i ­

p h e ry  o f  t h e  web l a y i n g  a s e c o n d  d r y  t h r e a d  known a s  t h e  p r o v i s i o n a l  

s p i r a l .  Once t h e  l a t t e r  i s  c o m p l e t e d ,  t h e  s p i d e r  r e t u r n s  t o  t h e  c e n t e r  

o f  t h e  web l a y i n g  t h e  v i s c i d ,  p r e y - c a t c h i n g  s t i c k y  s p i r a l .  D u r i n g  t h e  

c o n s t r u c t i o n  o f  t h e  s t i c k y  s p i r a l  t h e  p r o v i s i o n a l  s p i r a l  i s  removed and 

i n g e s t e d  ( W i t t ,  e t  a \_., 1 9 6 8 ) .  The  s t i c k y  s p i r a l  i s  composed  o f  two 

m a t e r i a l s ;  a p a i r  o f  c o r e  f i b e r s  and a v i s c i d  c o v e r i n g  s u b s t a n c e .  W hi l e  

t h e  a g g r e g a t e  g l a n d s  a r e  g e n e r a l l y  a c c e p t e d  a s  t h e  s o u r c e  o f  t h e  v i s c i d  

s u b s t a n c e ,  b o t h  t h e  f l a g e l l i f o r m  g l a n d s  ( S e k i g u c h i ,  1952) and  t h e  l a r g e  

a m p u l l a t e  g l a n d s  ( P e a k a l l ,  1964) h a v e  be en  s u g g e s t e d  a s  t h e  s o u r c e  o f  

t h e  c o r e  f i b e r s .  In a d d i t i o n ,  g l a n d u l a r  s e c r e t i o n s  may a l s o  s e r v e  t o  

b i n d  t h e  v a r i o u s  t h r e a d s  a t  t h e i r  i n t e r s e c t i o n s  ( J a c k s o n ,  19 71) .

Orb w e a v i n g  s p i d e r s  ha ve  f i v e  t o  s e v e n  p a i r e d  s i l k  g l a n d s  

( A n d e r s e n ,  1 9 7 0 ) .  A l t h o u g h  t h e  f u n c t i o n s  o f  t h e  s e c r e t i o n s  o f  s e v e r a l  

g l a n d s  a r e  w e l l  e s t a b l i s h e d ,  t h e r e  i s  s t i l l  u n c e r t a i n t y  a s  t o  how many 

g l a n d s  a r e  em p lo y e d  in web c o n s t r u c t i o n  ( P e a k a l l ,  1 9 6 8 ) .  The i n v o l v e m e n t
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F i g u r e  I .  A t y p i c a l  o r b  web and  t h e  l i n e s  ( t h r e a d s )  o f  w h ich  i t  

i s  com p o se d .  R a d i i  run f rom t h e  c e n t e r  o f  t h e  web t o  

f r a m e  l i n e s  (FL) w hic h  a r e  c o n n e c t e d  t o  t h e  s u b s t r a t u m  

by m o o r i n g  l i n e s  (ML). A t t a c h e d  t o  t h e  r a d i i  a r e  t h e  

c e n t r a l l y  l o c a t e d  hub s p i r a l  (HS) and  p e r i p h e r a l  s t i c k y  

s p i  r a l  ( S S ) .

J
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o f  p a r t i c u l a r  g l a n d s  in  web c o n s t r u c t i o n  h a s  p r e v i o u s l y  be en  d e d u c e d  

by: ( a )  o b s e r v a t i o n  o f  w h ic h  s p i n n e r e t s  and  s p i n n i n g  t u b e s  a r e  t h e

s o u r c e  o f  a p a r t i c u l a r  s i l k  ( C o m s to c k ,  1 9 4 8 ) ,  (b )  o b s e r v a t i o n  o f  

lumina l  c o n t e n t s  o f  g l a n d s  b e f o r e  and  a f t e r  a p a r t i c u l a r  s t r u c t u r e  i s  

c o n s t r u c t e d  ( P e a k a l l ,  1964) and ( c )  c o m p a r i s o n  o f  t h e  a m in o  a c i d  c o n ­

t e n t  o f  s i l k s  w i t h  t h a t  o f  t h e  g l a n d u l a r  l u m in a l  c o n t e n t s  ( A n d e r s e n ,  

1970) .

An i n t e r e s t i n g  m e t a b o l i c  a s p e c t  o f  o r b  webs i s  t h e i r  d e g r a d a t i o n  

and p o s s i b l e  r e c y c l i n g  o f  t h e i r  c o n s t i t u e n t  a m ino  a c i d s .  B e h a v i o r a l  

e v i d e n c e  ( B r e e d ,  e t  a_l_., 1964; P e a k a l l ,  1972) h a s  e s t a b l i s h e d  t h a t  o r b  

w eavin g  s p i d e r s  r e g u l a r l y  i n g e s t  t h e i r  w e b s .  R a d i o i s o t o p e  t r a c e r  d a t a  

( F e a k a l l ,  1972) h a s  i n d i c a t e d  t h a t  t h e  c o n s t i t u e n t s  o f  i n g e s t e d  webs 

a r e  r a p i d l y  a nd  e f f i c i e n t l y  i n c o r p o r a t e d  i n t o  new web p r o t e i n s .  P r o ­

t e a s e s  in t h e  d i g e s t i v e  f l u i d  t h a t  s p i d e r s  u s e  t o  d i g e s t  t h e i r  p r e y  

e x t r a c o r p o r a  I l y  h a v e  b e e n  shown t o  be  c a p a b l e  o f  web d i g e s t i o n  ( F i g .  2)  

(Ti I  I i n g h a s t  and  K a va nagh ,  1 9 7 7 ) .

The  d i g e s t i v e  p r o t e a s e s  o f  s p i d e r s  h a v e  n o t  be en  s t u d i e d  e x t e n ­

s i v e l y .  P i c k f o r d  ( 1 9 4 2 )  o b s e r v e d  a l k a l i n e  and  a c i d i c  p r o t e a s e  a c t i v i t y  

p r o t e a s e  a c t i v i t y  in t i s s u e  e x t r a c t s  and  in t h e  g u t  f l u i d s  o f  s e v e r a l  

s p i d e r s .  Hemolymph and  g u t  f l u i d  e s t e r a s e s  and  p h o s p h a t a s e s  o f  o t h e r  

s p e c i e s  ha ve  been  s t u d i e d  by  p o l y a c r y l a m i d e  e l e c t r o p h o r e t i c  t e c h n i q u e s  

(Couch and B e n t o n ,  1 9 7 1 ) .  The  i n i t i a l  d e s c r i p t i o n  o f  A. a u r a n t i a  d i -  

g e s t i v e  f l u i d  n o t i n g  a l k a l i n e  g e n e r a l  p r o t e a s e ,  e l a s t a s e  and chymo-  

t r y p t i c  a c t i v i t i e s  r e p o r t e d  in t h i s  d i s s e r t a t i o n  was p u b l i s h e d  in 1977 

(T i I  I i n g h a s t  a nd  K ava nagh ,  1 9 7 7 ) .  More r e c e n t l y ,  Mommsen ( 1 9 7 8 )  o b ­

s e r v e d  a s i n g l e  a l k a l i n e ,  c a s e i n - d i g e s t i n g  p r o t e a s e  in  t h e  d i g e s t i v e  

f l u i d  o f  t h e  E u r o p e a n  f u n n e l  w e a v e r  T e g e n a r i a  a t r i c a .
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F i gu r e  2 The e f f e c t  o f  c o m m e r c i a l  en zym es  and  A r g i o p e  d i g e s t i v e  

f l u i d  on t h e  r a d i a l  and  s p i r a l  f i b e r s  o f  t h e  o r b - w e b  

o f  A r a n e u s  d i a d e m a t u s . F i l t e r  d i s c s  w e re  w e t t e d  w i t h  

0 . 2  ml 0 .1  M TES b u f f e r ,  pH 7 . 5 ,  w i t h  0 . 3 6  mM CaCI2 

c o n t a i n i n g  I mg o f  c o m m e r c ia l  enzyme o r  50 yJl s p i d e r  

d i g e s t i v e  f l u i d .  F o l l o w i n g  i n c u b a t i o n  w i t h  t h e  web a t  

room t e m p e r a t u r e  f o r  24 h o u r s  t h e  d i s c s  we re  removed 

and  t h e  web e x p o s e d  t o  Kodak S b - 5 4  X - r a y  f i I m  f o r  o n e  

month ( T i I I i n g h a s t  a n d  Kavana gh ,  1977) .
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The p r e s e n t  s t u d y  o f  s p i d e r  d i g e s t i v e  f l u i d  and  web s t r u c t u r e  i s  

d i v i d e d  i n t o  f i v e  s e c t i o n s :  ( a )  c h a r a c t e r i s t i c s  o f  t h e  t o t a l  p r o t e a s e

a c t i v i t y  o f  u n f r a c t i o n a t e d  A. a u r a n t i a  d i g e s t i v e  f l u i d  ( T i I  I i n g h a s t  and 

Kavanagh,  19 77 ) ,  (b )  e l u c i d a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  o r b  web u s i n g  

d i g e s t i v e  f l u i d  a s  a t o o l  (K av an ag h and  T i I  I i n g h a s t ,  1 9 7 9 ) ,  ( c )  s e p a r ­

a t i o n ,  p u r i f i c a t i o n  and  d e s c r i p t i o n  o f  t h e  m a j o r  p r o t e a s e  f r a c t i o n s  o f  

t h e  d i g e s t i v e  f l u i d ,  (d )  p h y s i c a l  c h a r a c t e r i z a t i o n  o f  t h e  s i l k  f i b r o i n -  

d i g e s t i n g  p r o t e a s e  o f  t h e  f l u i d  A r g i o p e  p r o t e a s e  B, a n d  ( e )  s t u d i e s  o f  

s i  Ik f i b r o i n  d i g e s t i o n  by A r g i o p e  p r o t e a s e  B.



MATERIALS AND METHODS

C o l l e c t i o n  o f  A n i m a l s  and  D i g e s t i v e  F l u i d

A d u l t  f e m a l e  A r g i o p e  a nd  A r a n e u s  w e re  c a p t u r e d  in f i e l d s  and  w e t ­

la nds  o f  New H a m p s h i r e ,  Maine  and  M a s s a c h u s e t t s  d u r i n g  t h e  m o n th s  o f  J u l y  

and  A u g u s t  and  i d e n t i f i e d  a c c o r d i n g  t o  K a s to n  ( 1 9 5 2 ) .  A r g i o p e  a u r a n t i a  

s p i d e r s  w e re  m i l k e d  o f  t h e i r  d i g e s t i v e  f l u i d  w i t h i n  f o u r  h o u r s  o f  

c a p t u r e .  U s u a l l y ,  w i t h i n  t h i r t y  s e c o n d s  a f t e r  b e i n g  g e n t l y  r e s t r a i n e d  on 

t h e i r  b a c k s  w i t h  f o r c e p s ,  A. a u r a n t i a  s p i d e r s  would  e x t r u d e  a s m a l l  d r o p ­

l e t  o f  d i g e s t i v e  f l u i d  f r o m  t h e i r  m o u t h p a r t s  w hi ch  was drawn v i a  s u c t i o n  

i n t o  a 20 c a p i l l a r y  t u b e .  I n d i v i d u a l  s a m p l e s ,  a v e r a g i n g  a b o u t  25 

p e r  s p i d e r ,  we re  p o o l e d  and  s t o r e d  a t  - 2 0 ° C  f o r  up t o  e i g h t  m on th s  

w i t h o u t  l o s s  o f  p r o t e a s e  a c t i v i t y .  Due t o  t h e  s m a l l  s i z e  o f  A. a u r a n t i a  

f a n g s  i t  was i m p o s s i b l e  t o  p r e v e n t  venom c o n t a m i n a t i o n  o f  t h e  c o l ­

l e c t e d  d i g e s t i v e  f l u i d .  The  o t h e r  s p e c i e s  o f  s p i d e r s  c o l l e c t e d  y i e l d e d  

l i t t l e  o r  no d i g e s t i v e  f l u i d  when s i m i l a r l y  h a n d l e d .  Couch and  B e n to n  

(1971)  a nd  Mommsen, (1 9 7 8 )  h a v e  a l s o  r e p o r t e d  t h e  c o l l e c t i o n  o f  m i n i s c u l e  

( 0 . 5  -  | . 0  ) a m o u n t s  o f  f l u i d  p e r  s p i d e r  f ro m  o t h e r  s p e c i e s .  The

l a r g e  y i e l d s  o f  f l u i d  o b t a i n e d  f ro m  A. a u r a n t i a  may be r e l a t e d  t o  i t s

s i z e  ( o v e r  3 cm in  body l e n g t h  when m a t u r e )  and  i t s  s h o r t  l i f e  s p a n .

A r g io p e  a u r a n t i a  l a y s  i t s  c oc oon  and  t h e n  d i e s  in l a t e  A u g u s t  o r  e a r l y  

S e p t e m b e r .  In t h e  weeks  p r e c e d i n g  t h i s  i t  u n d e r g o e s  r a p i d  g r o w t h  and 

f e e d s  v o r a c i o u s l y  on l o c u s t s  and o t h e r  l a r g e  i n s e c t s  w hich  a r e  p r e v a l e n t  

in i t s  h a b i t a t .  T h i s  may a c c o u n t  f o r  t h e  l a r g e  vo lu m es  o f  f l u i d  fo u n d  in

f r e s h l y  c a u g h t  m a t u r e  s p e c i m e n s .  A t t e m p t s  we re  made t o  c o l l e c t  q u a n t i t i e s
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o f  v e n o m - f r e e  d i g e s t i v e  f l u i d  f rom  c o m m e r c i a l l y  o b t a i n e d  ( C o n n e c t i c u t  

V a l l e y  B i o l o g i c a l  S u p p l y  Company) t a r a n t u l a  s p e c i e s  by c o v e r i n g  t h e  

f a n g s  o f  t h e  a n i m a l s  w i t h  i n t r a m e d i c  t u b i n g  a n d  a p p l y i n g  low v o l t a g e  

e l e c t r i c  s h o c k  ( S c h a n b a c h e r ,  e t  a 1 . ,  1 9 7 3 ) .  D i g e s t i v e  f l u i d  c o u l d  be 

o b t a i n e d  in t h i s  m ann e r  o n l y  w i t h i n  s e v e r a l  d a y s  o f  when t h e  a n i m a l  

had l a s t  e a t e n  w hic h  c an  be  a s  i n f r e q u e n t l y  a s  t h r e e  m o n t h s .

Web C o l l e c t i o n  a n d  A u t o r a d i o g r a p h y

Webs c o l l e c t e d  f rom  t h e  f i e l d  w ere  h e a v i l y  c o n t a m i n a t e d  w i t h  

p o l l e n  and  s e e d s  and  w e re  t h r e f o r e  n o t  u s e d  i n  t h i s  s t u d y .  I n s t e a d ,

A. t r i f o l i u r n  and  A. t r i f a s c i a t a  w e re  m a i n t a i n e d  in  c a g e s  20 x 20 x 

10 i n c h e s  w i t h  r e m o v a b l e  g l a s s  windows f r o n t  and  b a c k  ( W i t t ,  e t  , 1968) 

and  e x p o s e d  t o  a n a t u r a l  l i g h t  c y c l e .  T h e s e  s p e c i e s ,  u n l i k e  A. a u r a n t i a ,  

r e g u l a r l y  b u i l d  i n t a c t  o r b  webs i n  c a p t i v i t y .  Webs w e re  c o l l e c t e d  on 

8 x 10 i n c h  g l a s s  p l a t e s ,  w rap p ed  i n  p o l y e t h e l e n e  f i l m ,  ( t h e s e  a r e  c a l l e d  

p l a t e d  webs)  and  s t o r e d  in a  c o o l ,  d r y  p l a c e  f o r  up t o  f o u r  m on th s  b e ­

f o r e  u s e .

F o r  a u t o r a d i o g r a p h i c  s t u d i e s ,  s p i d e r s  w e re  f e d  o n e  m i c r o c u r i e  

o f  e i t h e r  D ( U ^ C )  g l u c o s e ,  i n o r g a n i c  o r t h o p h o s p h a t e  32^* (Amersham 

C o r p . )  in  w a t e r  f rom  a s y r i n g e .  E x i s t i n g  webs w e r e  t h e n  removed and  s u b ­

s e q u e n t  webs p r o d u c e d  by t h e  e x p e r i m e n t a l  s p i d e r s  w e re  c o l l e c t e d .  The  

p l a t e d  and  wrappe d  webs w e re  e x p o s e d  t o  Kodak SD-54 m e d i c a l  x - r a y  f i l m  

f o r  p r e d e t e r m i n e d  p e r i o d s  o f  t i m e  p r i o r  t o  d e v e l o p m e n t ,  d e p e n d i n g  on t h e  

i s o t o p e  u s e d .

Web S t a i n i n g  and  P h o t o g r a p h y

U n f i x e d  p l a t e d  webs were  t r e a t e d  d i r e c t l y  w i t h  o n e  o f  a v a r i e t y  

o f  h i s t o l o g i c a l  s t a i n s ,  i n c l u d i n g  M a I l o r y - H e i d e n h a i n ' s  t r i c h r o m e  (Cason



1950) ,  s p i r i t  b l u e  ( E l d e r  and  Owen, 19 6 7 ) ,  m e th yl  g r e e n ,  c o o m a s s i e  

b r i l l i a n t  b l u e  R, h e m a t o x y l i n  and  e o s i n ,  s a f r a n i n  0 and  f a s t  g r e e n  a s  

w e l l  a s  M a l l o r y ’ s  p h o s p h o t u n g s t i c  a c i d  h e m a t o x y l i n  ( L i l l i e ,  1954) and  

a l d e h y d e  f u c h s i n  (Cameron and  S t e e l e ,  1 9 5 9 ) .  U s u a l l y  t h e  n a t u r a l  a d ­

h e s i v e n e s s  o f  t h e  web was s u f f i c i e n t  t o  m a i n t a i n  t h e  web on  t h e  p l a t e  

d u r i n g  t r e a t m e n t  w i t h  t h e s e  s t a i n s .  P l a t e d  webs w e r e  a l s o  s t a i n e d  by 

t h e  p e r i o d i c  a c i d  S c h i f f  (PAS) m e t h o d .  P l a t e d  webs w e r e  f i x e d  t o  t h e i r  

p l a t e s  by many s m a l l  d r o p l e t s  o f  e p o x y  c e m e n t  a n d  t h e n  d i p p e d  in  a 0 . 7 % 

s o l u t i o n  o f  p e r i o d i c  a c i d  ( i n  1% a c e t i c  a c i d )  f o r  two h o u r s .  The p l a t e s  

were t h e n  s o a k e d  i n  two c h a n g e s  o f  0 . 2 $ p o t a s s i u r n  m e t a b i s u l f i t e  f o r  two 

h o u r s  b e f o r e  b e i n g  s t a i n e d  o v e r n i g h t  w i t h  S c h i f f ’ s  r e a g e n t .

P h o t o m i c r o g r a p h s  w e re  p r o d u c e d  w i t h  a Nikon LKE r e s e a r c h  m i c r o ­

sc o p e  c o u p l e d  w i t h  a Nikon  AFM p h o t o m i c r o g r a p h i c  s y s t e m ;  Kodak PCF4I5 

p h o t o m i c r o g r a p h i c  c o l o r  f i l m  was em p lo y e d  u n d e r  b r i g h t  f i e l d  c o n d i t i o n s .

P r o t e a s e  D i g e s t i o n  o f  P l a t e d  Webs

D i s c s  o f  f i l t e r  p a p e r  (Whatman 3 MM) w e t t e d  w i t h  p r o t e a s e s  d i s ­

s o l v e d  in  0 . 0 5  M T r i s - H C I  pH 7 . 8  c o n t a i n i n g  5 mM c a l c i u m  c h l o r i d e  and  

5 mM s o d iu m  a z i d e  w e re  p l a c e d  on p l a t e d  webs and  c o v e r e d  w i t h  a w e i g h t e d  

p l a s t i c  d i s c .  A f t e r  i n c u b a t i o n  in a m o i s t  c o v e r e d  c h a m b e r  a t  37°C f o r  

12 t o  24 h o u r s  t h e  d i s c s  were  removed a n d  t h e  p l a t e d  web was e x p o s e d  t o  

x - r a y  f i l m  o r  s t a i n e d  f o r  m i c r o s c o p i c  o b s e r v a t i o n .  The  enzyme s  u s e d  i n ­

c l u d e d  b o v i n e  p a n c r e a t i c  t r y p s i n  (E . C .  3 . 5 . 2 1 . 4 ) ,  p o r c i n e  p a n c r e a t i c  

e l a s t a s e  (E . C .  3 . 4 . 3 1 . 1  I ) ,  c l o s t r i d i a l  c o l l a g e n a s e  ( E . C .  3 . 4 . 2 4 . 3 )  and 

t h o s e  p r e s e n t  in  t h e  d i g e s t i v e  f l u i d  o f  A. a u r a n t i a . Commerc ia l  enz yme s  

were o b t a i n e d  f rom t h e  Sigma Ch em ic a l  C o r p o r a t i o n *  ( S t .  L o u i s ,  M0).  The

*Un l e s s  o t h e r w i s e  s t a t e d  a l l  r e a g e n t s  us ed  in t h i s  s t u d y  w e re  products o f  
t h e  Sigma Che mi ca l  C o r p o r a t i o n ,  S t .  L o u i s ,  MO.



d i g e s t i o n  o f  l a r g e  ampul l a t e  f i b e r s  (LAF) by t h e  d i f f e r e n t  p r o t e a s e  

o f  A. a u r a n t i a  d i g e s t i v e  f l u i d  w e re  p e r f o r m e d  in t h i s  f a s h i o n  u s i n g  A. 

t r i f o l i u r n  webs e x c l u s i v e l y .

Enzyme A s s a y s

G e n e r a l  p r o t e a s e  a c t i v i t y  (GPA) was  a s s a y e d  by two d i f f e r e n t  modi ­

f i c a t i o n s  o f  K u n i t z ' s  ( 1 9 4 7 )  c a s e i n  d i g e s t i o n  m e t h o d .

In t h e  s t u d i e s  o f  u n f r a c t i o n a t e d  d i g e s t i v e  f l u i d  GPA was a s s a y e d  

a s  f o l l o w s .  A r e a c t i o n  m i x t u r e  c o n s i s t e d  o f  2 . 5  ml o f  1$ H a m m e r s t e in  

c a s e i n  in 0 . 0 5  M b o ra te -K C I -N aO H ,  pH 7 . 8  and  0 . 3  ml o f  d i s t i l l e d  w a t e r .  

A f t e r  e q u i l i b r a t i o n  f o r  10 m i n u t e s  a t  37°C t h e  r e a c t i o n  was i n i t i a t e d  

by t h e  a d d i t i o n  o f  0 . 2  ml d i l u t e d  enzyme a nd  a l l o w e d  t o  i n c u b a t e  f o r  30 

m i n u t e s .  The r e a c t i o n  was t e r m i n a t e d  by t h e  a d d i t i o n  o f  4 . 0  ml o f  5$ 

t r i c h l o r o a c e t i c  a c i d  (TCA) and  s e t  a s i d e  f o r  I h o u r .  The  p r e c i p i t a t e  

was removed by f i l t r a t i o n  and  t h e  a b o s r b a n c e  o f  t h e  f i l t r a t e  a t  280  mm was 

m e a s u r e d .  B l a n k  v a l u e s  w e re  o b t a i n e d  by t h e  a d d i t i o n  o f  enzyme i m m e d i a t e ­

ly a f t e r  c a s e i n  p r e c i p i t a t i o n .  I t  was o b s e r v e d  t h a t  i n c r e a s e s  in A£qq 

v a l u e s  o f  0 . 2 5  t o  1 . 0 .  A c t i v i t y  u n i t s  w e re  e x p r e s s e d  a s  t h e  am o u n t  o f  

enzyme (mg) w h i c h  c a u s e d  a c h a n g e  o f  A^qq o f  1 . 0 0  p e r  m i n u t e .

A s e c o n d  m o d i f i c a t i o n  o f  t h e  c a s e i n  d i g e s t i o n  me tho d  was us ed  

t o  d e t e r m i n e  GPA d u r i n g  t h e  s e p a r a t i o n  a nd  s t u d y  o f  t h e  i n d i v i d u a l  p r o ­

t e a s e s  o f  A. a u r a n t i a  d i g e s t i v e  f l u i d .  From 20 t o  100 ij£ enzyme s o l u t i o n  

was i n c u b a t e d  f o r  20 m i n u t e s  w i t h  3 ml o f  0 . 5 $  H a m m e r s te in  c a s e i n  

(Schwarz-Mann)  in 0 .1  M bor a te -K C I -N aO H  b u f f e r ,  pH 7 . 8  p r e - e q u i I i b r a t e d  a t  

37°C.  U n d i g e s t e d  c a s e i n  was p r e c i p i t a t e d  by t h e  a d d i t i o n  o f  3 ml o f  5$

TCA and  removed by f i l t r a t i o n  t h r o u g h  Whatman #1 p a p e r  a f t e r  30 m i n u t e s
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i n c u b a t i o n  a t  5 °C .  S o l u b l e  d i g e s t i o n  p r o d u c t s  w ere  e s t i m a t e d  s p e c t r o -

p h o t o m e t r i c a I l y  a t  280  nm o r  by t h e  n i n h y d r i n  m ethod  o f  Moore and  S t e i n

( 1 9 4 8 ) .  P r o t e a s e  u n i t s  we re  d e t e r m i n e d  f rom a s t a n d a r d  c u r v e  o f

hnon v e r s u s  enzyme c o n c e n t r a t i o n  ( F i g .  3 ) .  One p r o t e a s e  u n i t  i s  
280

d e f i n e d  a s  t h a t  am o u n t  o f  enzyme w h i c h  in  t h e  i n i t i a l  p h a s e  o f  c a s e i n  

d i g e s t i o n ,  r e l e a s e s  o ne  m i c r o g r a m  o f  t r i c h l o r a c e t i c  a c i d  s o l u b l e  

l e u c i n e  e q u i v a l e n t s  p e r  ml p e r  m i n u t e  and  i s  e q u i v a l e n t  t o  1 . 2  yg o f  

p u r i f i e d  A r g i o p e  p r o t e a s e  B.

T r y p t i c  a c t i v i t y  was  a s s a y e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  

Hummel (1 959 )  u s i n g  N - t o l u e n e s u I f o n y I - L - a r g i n i n e  m e thy l  e s t e r  (TAME) 

as  a s u b s t r a t e  and  N - b e n z o y l - D L - a r g i n i n e - p - n i t r o a n i I i d e  HCI a s  a s u b ­

s t r a t e  by t h e  me tho d  o f  E r l  a n g e r ,  e t  a I . ,  ( 1 9 6 1 ) .

C h y m o t r y p t i c  a c t i v i t y  was a s s a y e d  w i t h  k i t s  p u r c h a s e d  f rom t h e  

W o r t h i n g t o n  B i o c h e m i c a l  C o r p o r a t i o n  ( F r e e h o l d ,  NJ ) u s i n g  N - b e n z o y l - L -  

t r y o s i n e  e t h y l  e s t e r  (BTEE) a nd  N a c e t y I - L - t r y o s i n e  e t h y l  e s t e r  (ATEE).  

A b s o r b a n c e  c h a n g e s  w e r e  m o n i t o r e d  a t  30°C and  r e l i a b i l i t y  o f  t h e  a s s a y s  

c o n f i r m e d  by t h e  u s e  o f  c o m m e r c i a l  e n z y m e s .

C a r b o x y p e p t i d a s e  A was a s s a y e d  by t h e  method  o f  F o l k  and S c h i r m e r  

(1963)  u s i n g  h i p p u r y I - L - p h e n y l a  I a n i n e  a s  s u b s t r a t e ;  c a r b o x y p e p t i d a s e  B 

by t h e  p r o c e d u r e  o f  F o l k ,  e t  a j _ . , ( I 9 6 0 ) .  L e u c i n e  ami n o p e p t i d a s e  was 

a s s a y e d  a c c o r d i n g  t o  M i t z  and  S c h l u e t e r  ( 1 9 5 8 ) .

E l a s t a s e  a c t i v i t y  was a s s a y e d  by t h e  e l a s t o - o r c e i n  me thod  o f  

S a c h a r ,  e t  a j_ . , ( 1 9 5 5 ) ,  w i t h  N - a c e t y I ( A l a ) ^  m ethyl  e s t e r  a s  d e s c r i b e d  

by B e i t h  and Meyer  ( 1 9 7 3 )  and  w i t h  E l a s t i n - C o n g o  Red (ECR) . The  ECR 

a s s a y  was i n i t i a t e d  by a d d i t i o n  o f  enzyme a l i q u o t s  t o  5 ml o f  0 .1  M 

b o ra te -K CI -N aO H,  pH 7 . 8 ,  p r e - e q u i I i b r a t e d  a t  37°C a nd  c o n t a i n i n g  20 mg 

o f  s u b s t r a t e .  D i g e s t i o n  was h a l t e d  by r a p i d  f i l t r a t i o n  and  t h e  a b s o r b a n c e
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F i g u r e  3 .  G e n e r a l  p r o t e a s e  a c t i v i t y  (GPA) s t a n d a r d  c u r v e  o f  

c a s e i n  d i g e s t i o n .  I n c u b a t i o n  o f  A r g i o p e  p r o t e a s e  

w i t h  c a s e i n  c a t a l y z e d  t h e  r e l e a s e  o f  t r i c h l o r o a c e t i c  

a c i d  s o l u b l e  d i g e s t i o n  p r o d u c t s  w h ic h  w e re  e s t i m a t e d  

a s  l e u c i n e  e q u i v a l a n t s  by n i n h y d r i n  a s s a y  (Moore and 

S t e i n ,  1948) o r  s p e c t r o p h o t o m e t r i c a I l y  a t  280  nm. 

P r o t e a s e  u n i t s  we re  d e f i n e d  a s  t h e  am oun t  o f  enzyme 

w hich  r e l e a s e d  1 . 0  ug l e u c i n e  e q u i v a l a n t s / m l / m i n u t e .
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o f  t h e  f i l t r a t e  a t  495 nm was d e t e r m i n e d .  The e x t e n t  o f  e l a s t i n  d i ­

g e s t i o n  was d e t e r m i n e d  f ro m  a s t a n d a r d  c u r v e  o f  a b s o r b a n c e  v e r s u s  s u b ­

s t r a t e  c o n c e n t r a t i o n  a f t e r  c o m p l e t e  s u b s t r a t e  d i g e s t i o n  w i t h  p a n c r e a t i c  

e l a s t a s e .

H y d r o l y s i s  o f  N - c a r b o b e n z o x y - p - n i t r o p h e n y l  e s t e r  (NCBZ-p-NPE) 

d e r i v a t i v e s  o f  t h e  amino  a c i d s  a l a n i n e ,  g l y c i n e ,  p r o l i n e  and  v a l i n e  w ere  

d e t e r m i n e d  by t h e  method  o f  V i s s e r  and  B l o u t  (1 9 7 2 )  a s  m o d i f i e d  by

- 4
M a l l o r y  and  T r a v i s  ( 1 9 7 5 )  u s i n g  a s u b s t r a t e  c o n c e n t r a t i o n  o f  1 . 3  x 10 M

in 0 . 0 5  M P i p e s  ( p i p e r a z i n e - N , N ' - b i s ( 2 - e t h a n e  s u l f o n i c  a c i d )  b u f f e r  a t  

pH 6 . 6 .

P r o t e i n ,  P h o s p h a t e  and  pH D e t e r m i n a t i o n s

P r o t e i n  c o n c e n t r a t i o n s  w e re  d e t e r m i n e d  e i t h e r  by t h e  m e t h o d s  o f  

Lowry, e t  a I . ,  (1 9 5 1 )  u s i n g  b o v i n e  s e r u m  a l b u m i n  (BSA) a s  a s t a n d a r d  o r  

t h a t  o f  B r a d f o r d  (1 9 7 5 )  u s i n g  an e q u a l  m i x t u r e  o f  BSA and  o v a l b u m i n  a s  a 

s t a n d a r d .  The pH o f  p o o l e d  s a m p l e s  o f  d i g e s t i v e  f l u i d  was m e a s u r e d  w i t h  

a R a d i o m e t e r  model 26 pH m e t e r .  The  F i s k e - S u b b a r o w  m ethod  ( Q s e r ,  1965) 

was used  f o r  t h e  d e t e r m i n a t i o n  o f  i n o r g a n i c  p h o s p h a t e .

Thermal S t a b i l i t y  o f  S p i d e r  D i g e s t i v e  F l u i d

S p i d e r  d i g e s t i v e  f l u i d  was d i l u t e d  t o  a p r o t e i n  c o n c e n t r a t i o n  o f  

0 . 0 5  mg/ml in  0 . 0 5  M b o ra te -K C I -N aO H ,  pH 7 . 8  p r e - e q u i I i b r a t e d  a t  s e l e c t e d  

t e m p e r a t u r e s  b e t w e e n  I5°C t o  70°C a t  5°C i n t e r v a l s .  The  d i l u t e  enzyme 

m i x t u r e  was m a i n t a i n e d  a t  t h e  s e l e c t e d  t e m p e r a t u r e  f o r  2 0  m i n u t e s  b e f o r e  

b e i n g  r a p i d l y  b r o u g h t  t o  25°C f o r  GPA a s s a y .

I n h i b i t o r  S t u d i e s  o f  U n f r a c t i o n a t e d  D i g e s t i v e  F l u i d

A l i q u o t s  o f  d i g e s t i v e  f l u i d ,  d i l u t e d  t o  a p p r o x i m a t e l y  250  y g  p r o -
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t e i n  p e r  m l ,  w e re  a d d e d  t o  e q u a l  v o lu m e s  o f  v a r i o u s  i n h i b i t o r s  in 

0 . 0 5  M T r i s - H C I ,  pH 7 . 2  t o  g i v e  a f i n a l  i n h i b i t o r  c o n c e n t r a t i o n  o f  5 mM 

o r  0 . 5  mg/ml in t h e  c a s e  o f  t h e  l ima  bean  t r y p s i n  i n h i b i t o r  ( L B T I ) .

T hese  m i x t u r e s  w e r e  i n c u b a t e d  f o r  o n e  h o u r  a t  4°C and  t h e n  a s s a y e d  f o r  

GPA by t h e  m e th od  o f  K u n i t z  (1 9 4 7 )  a s  d e s c r i b e d  a b o v e  (Enzyme A s s a y s ) .

To e v a l u a t e  t h e  t e m p e r a t u r e  e f f e c t s  upon EDTA i n h i b i t i o n ,  d i g e s t i v e  

f l u i d  was d i l u t e d  t o  8  p g  p r o t e i n / m l  in .0 5  M b o r a te - K C I - N aO H ,  pH 7 . 8  

w i t h  o r  w i t h o u t  t h e  a d d i t i o n  o f  5 mM C a C ^  a n d / o r  25 mM EDTA. The

sa m p le s  w ere  i n c u b a t e d  a t  5°C o r  3 0°C .  A t  v a r i o u s  t i m e  i n t e r v a l s  0 . 1  ml

a l i q u o t s  w e re  removed f o r  GPA a s s a y .

Ion Exchange  C e l l u l o s e  a n d  Hydroxy  I a p a t i t e  C h r o m a t o g r a p h y

D i g e s t i v e  f l u i d  ( 6  ml)  was  c e n t r i f u g e d  a t  10 , 0 0 0  g f o r  15 m i n u t e s

and t h e n  d i a l y z e d  o v e r n i g h t  a g a i n s t  2 . 0  L o f  0 . 5  M T r i s - H C I  b u f f e r ,  pH 

8 . 2 ,  c o n t a i n i n g  5 mM C a C ^ .  The  d i a l y s a t e  was a p p l i e d  t o  a I .5  x 18 cm 

column p a c k e d  w i t h  DEAE c e l l u l o s e  (DE-32 ,  Whatman) e q u i l i b r a t e d  w i t h  

t h e  same b u f f e r .  Th e  co lumn was  wa shed  w i t h  b u f f e r  u n t i l  t h i r t y  3 . 5  ml 

f r a c t i o n s  w e r e  c o l l e c t e d .  T h i s  was  f o l l o w e d  by an e l u a n t  c o n t a i n i n g  0 . 2  M 

NaCI in t h e  same b u f f e r  and  an a d d i t i o n a l  t h i r t y  f r a c t i o n s  w e r e  t h e n  c o l ­

l e c t e d .  The  f i r s t  p r o t e a s e  p e a k  o b t a i n e d  f rom  DEAE c h r o m a t o g r a p h y  was 

d i a l y z e d  o v e r n i g h t  a g a i n s t  1 .0  L o f  0 . 2 5  M T r i s - m a l e a t e ,  pH 6 . 4  c o n t a i n ­

ing  5 mM C a C ^ *  The  d i a l y s a t e  was  t h e n  a p p l i e d  t o  a I x 18 cm column 

packed  w i t h  C M - c e l l u l o s e  (CM-32,  Whatman) e q u i l i b r a t e d  w i t h  t h e  same 

b u f f e r .  A f t e r  t w e n t y  3 . 5  ml f r a c t i o n s  w e re  c o l l e c t e d ,  a l i n e a r  g r a d i e n t  

o f  0 t o  0 . 1 5  M NaCI was e s t a b l i s h e d .  Upon c o m p l e t i o n  o f  t h e  g r a d i e n t ,  

t h e  co lumn was washed  f u r t h e r  w i t h  0 . 1 5  M NaCI in b u f f e r  and  a d d i t i o n a l  

f r a c t i o n s  w ere  c o l l e c t e d .
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The p r o t e a s e  p e a k s  e l u t e d  f rom  t h e  CM c e l l u l o s e  c o l u m n s  w e re  

d i a l y z e d  o v e r n i g h t  a g a i n s t  2 . 0  L o f  0 .0 1  M s o d iu m  p h o s p h a t e  b u f f e r ,  pH 

6 . 8 . The  d i a l y s a t e s  w e r e  i n d i v i d u a l l y  a p p l i e d  t o  a 30 x 6 . 8  cm co lumn 

o f  h y d r o x y a p a t i t e  (DNA g r a d e ,  B i o  Rad)  w hic h  was t h e n  washed  w i t h  t h r e e  

vo lumes  o f  b u f f e r .  A l i n e a r  g r a d i e n t  f rom  0 .01  M t o  0 . 2 0  M s o d i u m  p h o s ­

p h a t e  b u f f e r  a t  pH 6 . 8  was t h e n  run  t h r o u g h  t h e  co lu mn  a s  4 . 0  ml f r a c ­

t i o n s  were  c o l l e c t e d .

Metal  Ion I n h i b i t i o n  and  I n h i b i t i o n  R e v e r s a l  o f  C M - C e l l u l o s e  S e p a r a t e d  
P r o t e a s e  F r a c t i o n s

S am p les  o f  t h e  p r o t e a s e  f r a c t i o n s  (A, B, C and  D) o b t a i n e d  f rom 

C M - c e l l u l o s e  co l um n c h r o m a t o g r a p h y  w e r e  d i l u t e d  f i v e - f o l d  in 0 . 0 2 5  M 

T r i s - m a l e a t e  b u f f e r ,  pH 6 . 4 ,  c o n t a i n i n g  i n d i v i d u a l  m e t a l  s a l t s  ( r e a g e n t  

g r a d e  p r o d u c t s  o f  Merck  and C o . ,  and  J . T .  B a k e r  C h e m ic a l  Company) a t  

f i n a l  c o n c e n t r a t i o n s  o f  0 .1  o r  1 .0  mM. T h e s e  m i x t u r e s  w e re  i n c u b a t e d  

f o r  15 m i n u t e s  a t  room t e m p e r a t u r e  b e f o r e  b e i n g  a s s a y e d  f o r  GPA. O t h e r  

s am pl e s  o f  t h e  p r o t e a s e  f r a c t i o n s ,  p r e v i o u s l y  d i a l y z e d  a g a i n s t  m e t a l -  

f r e e  T r i s - m a l e a t e  b u f f e r ,  w e r e  d i l u t e d  w i t h  e q u a l  v o l u m e s  o f  20  mM EDTA 

in pH 6 . 4  b u f f e r  a n d  i n c u b a t e d  30 m i n u t e s  a t  room t e m p e r a t u r e .  A f t e r  

removal o f  unbound EDTA by o v e r n i g h t  d i a l y s i s  a g a i n s t  c o l d  T r i s - m a l e a t e ,  

a l i q u o t e  o f  t h e  p r o t e a s e s  we re  d i l u t e d  f o u r - f o l d  in b u f f e r  c o n t a i n i n g  

i n d i v i d u a l  m e ta l  s a l t s  a t  f i n a l  c o n c e n t r a t i o n s  o f  0 . 2  t o  1 .0  mM. F o l ­

lowing  i n c u b a t i o n  a t  25°C f o r  30 m i n u t e s  t h e s e  m e t a l - e n z y m e  m i x t u r e s  

were a s s a y e d  f o r  GPA.

E I e c t r o p h o r e t i c  M e th ods

Whole d i g e s t i v e  f l u i d  was i n i t i a l l y  f r a c t i o n a t e d  by t h i n  l a y e r  

a g a r o s e  e l e c t r o p h o r e s i s  u s i n g  0 . 5  M s o d iu m  b a r b i t a l ,  pH 8 . 6 , c o n t a i n ­

ing 2 mM c a l c i u m  l a c t a t e  a s  t h e  e l e c t r o l y t e .  Up t o  20 \iZ o f  f  I u i d
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was a p p l i e d  t o  s l i t s  c u t  in a 1 .6 $  a g a r o s e  (S igma T y p e l :  low EEO)

s l a b s ,  0 . 3  x 2 x 20  cm, on g l a s s  s l i d e s  a nd  s u b j e c t e d  t o  a c u r r e n t  o f  

3 mA p e r  s l i d e  f o r  12 h o u r s .  Amido b l a c k  was u s e d  a s  a g e n e r a l  p r o ­

t e i n  s t a i n  w h e r e a s  p r o t e a s e  a c t i v i t y  was d e t e c t e d  by t h e  method  o f  

U r i e l  ( I 9 6 0 ) .  P u r i f i e d  s p i d e r  p r o t e a s e s  w e r e  s u b j e c t e d  t o  c a t i o n i c  

p o l y a c r y l a m i d e  e l e c t r o p h o r e s i s  a c c o r d i n g  t o  R e i s f e l d ,  e t  a j_ . , (1 96 2)  

u s i n g  a 7 . 5 $  g e l .  S e p a r a t e d  p r o t e i n s  were  made v i s i b l e  by s t a i n i n g  

w i t h  a 0 . 2 $  B r i l l i a n t  B l u e  R o r  F a s t  G re en  F . S . C .  in  7$ a c e t i c  a c i d ,

50$ m eth anol  f o r  t h r e e  h o u r s  a t  37°C ( M a i z e l ,  1 9 7 1 ) .  F a s t  G r e e n  was 

l e s s  s e n s i t i v e  t h a n  B r i I  I i a n t - B l u e  R b u t  was c o m p l e t e l y  d e s t a i n e d  much 

more r a p i d l y  (2 4  h o u r s  a s  com p a re d  t o  s e v e r a l  w eeks  f o r  B r i l l i a n t  B l u e  

R in a B io -R ad Model I70A D i f f u s i o n  D e s t a i n e r ) .  I n s u l i n  and  web d i g e s t  

sa m p le s  were  s u b j e c t e d  t o  h i g h  v o l t a g e  p a p e r  e l e c t r o p h o r e s i s  ( B l a c k b u r n ,  

1968) .  S a m p le s  o f  10 t o  35 w e r e  s e p a r a t e d  on Whatman 3 MM p a p e r  

f o r  I h o u r  a t  100 v o l t s / c m  u s i n g  pH 2 . 2 ,  f o r m i c - a c e t i c  a c i d  b u f f e r  a s  

t h e  e l e c t r o l y t e .  A f t e r  d r y i n g ,  t h e  p a p e r  was s t a i n e d  by d i p p i n g  in 

c a l e i u m  a c e t a t e - n i n h y d r i n  r e a g e n t  ( B l a c k b u r n ,  1968) f o l l o w e d  by d e v e l o p ­

ment o v e r n i g h t  in  a d a r k  a m m o n i a - f r e e  c h a m b e r .

Sodium d o d e c y l  s u l f a t e  (SDS) e l e c t r o p h o r e s i s  was p e r f o r m e d  a s  

d e s c r i b e d  by M a ize l  ( 1 9 7 1 ) .  W h i l e  a c r y l a m i d e  c o n c e n t r a t i o n s  v a r i e d  w i t h  

e x p e r i m e n t s ,  12$ g e l s  w e re  u s e d  t o  d e t e r m i n e  t h e  m o l e c u l a r  w e i g h t  o f  

A r g io p e  p r o t e a s e .  S a m p l e s  w e re  p r e p a r e d  by d i s s o l u t i o n  in o r  d i a l y s i s  

a g a i n s t  s t a c k i n g  ge l  b u f f e r  d i l u t e d  e i g h t - f o l d ,  1$ SDS, a nd  0 . 1 $  2 -  

m e r c a p t a e t h a n o l  f o l l o w e d  by h e a t i n g  in a b o i l i n g  w a t e r  b a t h  f o r  3 m i n u t e s .  

A f t e r  c o o l i n g  t h e  s a m p l e s  w e r e  a p p l i e d  t o  t h e  g e l s  w i t h  t h e  a d d i t i o n  o f  a 

t e n t h  volume o f  g l y c e r o l  and  5 pfl, 0 . 0 1 $  f rom  ph eno l  b l u e  t r a c k i n g  d y e .
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The g e l s  we re  r u n  a t  a 4 m A / t ub e  u n t i l  t h e  t r a c k i n d  dy e  was a b o u t  5 mm 

f rom t h e  e n d s  o f  t h e  t u b e s .  A f t e r  removal  o f  g e l s  f rom  t h e  t u b e s  t h e  

p o s i t i o n  o f  t h e  t r a c k i n g  dye  was  marked  w i t h  a s t a i n l e s s  s t e e l  p i n  and 

t h e  g e l s  we re  s t a i n e d  w i t h  B r i l l i a n t  B l u e  R a s  p r e v i o u s l y  d e s c r i b e d .

For  m o l e c u l a r  w e i g h t  e s t i m a t e s ,  t h e  m i g r a t i o n  o f  t h e  s a m p l e  r e l a t i v e  t o  

t h e  t r a c k i n g  dye  (R^.) was m e a s u r e d  and  c om par ed  t o  a s t a n d a r d  c u r v e  e s ­

t a b l i s h e d  w i t h  t h e  p r o t e i n s  b o v i n e  s e r u m  a l b u m i n ,  o v a l b u m i n ,  p o r c i n e  

t r y p s i n  and m y o g l o b i n .

C a r b o h y d r a t e  A n a l y s i s

P o l y a c r y l a m i d e  g e l s  w e r e  a n a l y z e d  f o r  c a r b o h y d r a t e  by s t a i n i n g  

w i th  t h e  PAS method  ( S e g r e s t  and  J a c k s o n ,  1972) o r  w i t h  A l c i a n  B l u e  

(Wardi and M i c h o s ,  1 9 7 2 ) .  A f t e r  b e i n g  f i x e d  o v e r n i g h t  in e t h a n o l : a c e t i c  

a c i d :  w a t e r ,  4 5 : 5 : 5 5 ,  g e l s  w e re  i n c u b a t e d  in 0 . 7 $  p e r i o d i c  a c i d  in  5$ 

a c e t i c  a c i d  f o r  two h o u r s .  T h e  g e l s  we re  t h e n  s o a k e d  in  two c h a n g e s  o f  

0 . 2 $ p o t a s s i u m  m e t a b i s u I f i t e  f o r  t h r e e  h o u r s  b e f o r e  b e i n g  s t a i n e d  o v e r ­

n i g h t  in e i t h e r  S c h i f f ' s  r e a g e n t  o r  0 . 5 $  A l c i a n  b l u e  in  3$ a c e t i c  a c i d .

The r e d u c i b l e  c a r b o h y d r a t e  c o n t e n t  o f  A r g i o p e  p r o t e a s e  B was 

d e t e r m i n e d  by t h e  m e th od  o f  D u b o i s ,  e t  ( 1 9 5 6 ) .  Two ml a q u e o u s

s am pl e s  in 25 mm wid e  t e s t  t u b e s  w e r e  mixed w i t h  50 y£ o f  80$ a n a l y t i ­

c a l  g r a d e  p h e n o l .  F i v e  ml o f  s u l f u r i c  a c i d  was r a p i d l y  a d d e d  w i t h  a g l a s s  

s y r i n g e  t o  t h e  t u b e s  w hi ch  w e re  a l l o w e d  t o  s t a n d  f o r  o n e  h o u r  b e f o r e  t h e  

a b o s r b a n c e  o f  t h e i r  c o n t e n t s  a t  490 nm was d e t e r m i n e d .  G l u c o s e  s a m p l e s  

o f  5 t o  70 yg were  u s e d  t o  e s t a b l i s h  a s t a n d a r d  c u r v e .

E le m en ta l  A n a l y s i s

The  z i n c  c o n t e n t  o f  A r g i o p e  p r o t e a s e  B was d e t e r m i n e d  on an 

I n s t r u m e n t a t i o n  L a b o r a t o r y  ( W i l m i n g t o n ,  MA) a a / a e  s p e c t r o p h o t o m e t e r .
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P r o t e a s e  s a m p l e s  w e re  d i a l y z e d  a g a i n s t  0 . 0 5  M T r i s - H C I ,  pH 8 . 0 ,  in  t w i c e  

d i s t i l l e d  w a t e r  and  w e r e  a s s a y e d  f o r  p r o t e i n  c o n c e n t r a t i o n  and  GPA s h o r t l y  

b e f o r e  e l e m e n t a l  a n a l y s i s .

I s o e l e c t r i c  F o c u s i n g

I s o e l e c t r i c  f o c u s i n g  in a c r y l a m i d e  g e l s  was  c a r r i e d  o u t  u s i n g  

wide r a n g e  a m p h o l y t e  ( B i o - L y t e  3 / I O : B i o  Rad L a b o r a t o r i e s )  a c c o r d i n g  t o  

t h e  m a n u f a c t u r e r ’ s  s p e c i f i c a t i o n s  ( B i o  Rad,  1 9 7 4 ) .  G e l s  c o n t a i n e d  7 . 5 $  

a c r y l a m i d e ,  5$ g l y c e r o l ,  2$ a m p h o l y t e  and  w e re  p h o t o p o l y m e r i z e d  u s i n g  

r i b o f l a v i n - 5 '  p h o s p h a t e .  P r o t e i n  s a m p l e s  ( 2 0 - 3 5  yg)  were  o v e r l a y e r e d  

on t h e  g e l s  in 40$ s u c r o s e  w hic h  w e r e  t h e n  ru n  f o r  9 o r  12 h o u r s  a t  

220 v o l t s  u s i n g  0 .06 N H2 SO4  a s  t h e  a n o l y t e  a nd  0 .04N  NaOH c o n t a i n i n g

0.2N C a t O H ^  a s  t h e  c a t h o l y t e .  I m m e d i a t e l y  a f t e r w a r d s ,  t h e  g e l s  we re  

e i t h e r  s t a i n e d  f o r  p r o t e i n  u s i n g  B r i l l i a n t  B l u e  R/CuSO^ ( R i g h e t t e  and 

D r y s d a l e ,  1974) o r  s l i c e d  i n t o  0 . 5  mm s e c t i o n s  w h ic h  w e r e  p l a c e d  i n t o  

2 ml o f  10 mM NaCI.  T h e  s l i c e s  w e r e  e l u t e d  o v e r n i g h t  u n d e r  n i t r o g e n  

b e f o r e  t h e  pH o f  t h e  e l u y a n t  was d e t e r m i n e d .

I s o e l e c t r i c  f o c u s i n g  was  a l s o  p e r f o r m e d  i n  a g a r o s e  t u b e  g e l s  

c o n t a i n i n g  l i n e a r  p o l y a c r y l a m i d e  p o l y m e r  t o  r e d u c e  e n d o s o m a t i c  f l ow  

( Jo h a n s s o n  and  H j e r t e n ,  1 9 7 4 ) .  A g a r o s e  (Sigma Type  I) and  p o l y a c r y l -  

ami de po ly m er  w e re  s o  Iub i I i  z ed  in  b o i I i  ng d i s t i I  Ied  w a t e r  wh i ch  was a 1 -  

lowed t o  cool  t o  65°C b e f o r e  a m p h o l y t e  a n d  p r o t e i n  s a m p l e s  w e re  a d d e d .

The m i x t u r e  was t h e n  p o u r e d  i n t o  5 x 125 mm g l a s s  t u b e s  w hic h  w e re  s e a l e d  

a t  b o th  e n d s  w i t h  t h e  d i a l y s i s  t u b i n g  a f t e r  t h e  g e l  h a r d e n e d .  F i n a l  ge l  

c o n c e n t r a t i o n s  w ere  . 8 $ a g a r o s e ,  2 . 5 $  a c r y l a m i d e  p o l y m e r ,  3$ a m p h o l y t e  

(2$ B i o - L y t e  3 / 1 0 ,  1$ B i o - L y t e  9 / 1 0 ,  B io  Rad L a b o r a t o r i e s ) , and  

25 yg p r o t e i n  p e r  ge l  t u b e .  The  t u b e s  w e re  f o c u s e d  a t  220 V f o r  

I t o  2 h o u r s  u s i n g  1$ a c e t i c  a c i d  a s  t h e  a n o l y t e  and  2 $ e t h a n o l a m i n e



a s  t h e  c a t h o l y t e .  A f t e r w a r d s  t h e  g e l s  w e re  s l i c e d  a nd  e l u t e d  a s  

p r e v i o u s l y  d e s c r i b e d  o r  s o a k e d  in 10$ TCA f o r  two d a y s  b e f o r e  s t a i n ­

ing w i t h  B r i l l i a n t  B l u e  R.

Thermal and pH S t a b i I i t y  o f  A r g i o p e  P r o t e a s e  B

P u r i f i e d  p r o t e a s e  was d i a l y z e d  o v e r n i g h t  a g a i n s t  0 . 0 5  M T r i s -  

HCI b u f f e r ,  pH 8 . 2  a t  4 ° C .  T h e  d i a l y z a t e  was d i v i d e d  i n t o  two t u b e s  

one  o f  which  was i n c u b a t e d  a t  25°C a n d  t h e  o t h e r  a t  3 7°C .  At  s p e c i f i c  

t im e  i n t e r v a l s  s a m p l e s  w e r e  removed f o r  GPA a s s a y .  O t h e r  s a m p l e s  o f  

f r e s h l y  p u r i f i e d  p r o t e a s e  B w e re  d i l u t e d  t e n  f o l d  in  e i t h e r  0 . 0 5  M 

T r i s - m a l e a t e  o r  0 . 0 5  M g ly c in e -N a O H  a t  v a r i o u s  pH l e v e l s .  T h e s e  d i ­

l u t i o n s  were  i n c u b a t e d  a t  25°C f o r  30 m i n u t e s  b e f o r e  b e i n g  a s s a y e d  

f o r  GPA.

Gel F i l t r a t i o n  o f  A r g i o p e  P r o t e a s e  B in  D e n a t u r i n g  and  N o n - d e n a t u r i n g  
S o l v e n t s

P u r i f i e d  p r o t e a s e  B (180  yg in 10$ g l y c e r o l )  was a p p l i e d  t o  a

1.5 x 90 cm column o f  S e p h a d e x  G-100 f i n e  ( P h a r m a c i a )  e q u i l i b r a t e d  w i t h

0 .1 2 5  M b o ra t e -K C I- N aO H ,  pH 7 . 8 .  The  co lumn was e l u t e d  a t  a r a t e  o f  

8  m l / h r  a s  1 .0  ml f r a c t i o n  were  c o l l e c t e d .  Th e  e l u t i o n  volum e o f  

p r o t e a s e  B was d e t e r m i n e d  by GPA a s s a y  o f  t h e s e  f r a c t i o n s .  E l u t i o n  

volumes u n d e r  t h e  same c o n d i t i o n s  w e r e  o b t a i n e d  f o r  t h e  p r o t e i n s ,  

b o v in e  se rum  a l b u m i n  (BSA),  o v a l b u m i n ,  p o r c i n e  t r y p s i n  and  m y o g l o b i n .  

T h ese  were d e t e c t e d  by p o r c e i n  a s s a y  ( B r a d f o r d ,  1 9 7 6 ) .  The  m o l e c u l a r  

w e i g h t  o f  p r o t e a s e  B was e s t i m a t e d  f rom a s t a n d a r d  c u r v e  o f  m o l e c u l a r  

wei-ght v e r s u s  e l u t i o n  volum e ( W h i t a k e r ,  1 9 6 3 ) .

Gel f i l t r a t i o n  in  a d e n a t u r i n g  s o l v e n t  was p e r f o r m e d  in a 1 .5  x

90 cm column p a c k e d  w i t h  S e p h a r o s e  6 B ( P h a r m a c i a )  e q u i l i b r a t e d  on 0 . 0 2 5

T r i s - H C I ,  pH 7 . 5 ,  c o n t a i n i n g  2$ SDS, and  0 . 5 $  2 - m e r c a p t o e t h a n o l . Mol-



e c u l a r  w e i g h t  s t a n d a r d s  BSA, o v a l b u m i n  and  m y o g l o b i n  ( 8  mg e a c h ) ,  

were d i s s o l v e d  in a d e n a t u r i n g  b u f f e r  o f  4% SDS, \% 2 - m e r c a p t o e t h a n o l  

in 0 .1 M T r i s - H C I ,  pH 7 . 5  ( G o l d s m i t h  and  K o n i g s b e r g ,  1977) and  i n c u b a t e d  

in a b o i l i n g  w a t e r  b a t h  f o r  3 m i n u t e s  b e f o r e  b e i n g  a p p l i e d  t o  t h e  co lu m n .  

The column was e l u t e d  a t  6  m l / h r  w h i l e  t h e  e l u t i o n  vo lume o f  t h e  s t a n d ­

a r d s  was d e t e r m i n e d  by m e a s u r i  ng t h e  e f f l u e n + f r a c t i o n s .

P u r i f i e d  p r o t e a s e  B was l y o p h i l i z e d ,  d i s s o l v e d  in 1 .0  ml o f  d e n a t u r i n g  

b u f f e r  and was run  t h r o u g h  t h e  co lumn u n d e r  t h e  same c o n d i t i o n  a s  

were t h e  s t a n d a r d  p r o t e i n s .

K i n e t i c s  o f  C o p p e r  Ion I n h i b i t i o n  o f  A r g i o p e  P r o t e a s e  B.

K i n e t i c  a n a l y s i s  o f  Cu i n h i b i t i o n  o f  t h e  p r o t e a s e  was c a r r i e d

o u t  u s i n g  t h e  e s t e r  s u b s t r a t e  NCBZ-Ala-NPE (Enzyme A s s a y s ) .  P u r i f i e d

p r o t e a s e  (40 p g / m l )  was i n c u b a t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  C u C ^

(0-Z0 pM) f o r  30 m i n u t e s  a t  25°C b e f o r e  d u p l i c a t e  30 p£ a l i q u o t s

( 1 . 2  pg enzyme) w e re  a s s a y e d .  T h e  a s s a y  m i x t u r e  c o n t a i n e d  v a r i o u s

- 5  - 4
amounts o f  s u b s t r a t e  ( 3 . 0  x 10 t o  5 . 0  x 10 M) and  t h e  same c o n ­

c e n t r a t i o n  o f  C u C ^  t h a t  t h e  p r o t e a s e  had been  p r e  i n c u b a t e d  w i t h .  The 

r e a c t i o n  was a l l o w e d  t o  p r o c e e d  f o r  5 m i n u t e s  a nd  t h e  c h a n g e  in  A ^ y  

fo l l o w e d  w i t h  a r e c o r d i n g  s p e c t r o p h o t o m e t e r  (Beckman DB-GT w i t h  a 10 

inch r e c o r d e r ) .  The  r a t e  o f  t h e  r e a c t i o n  was e s t a b l i s h e d  by d r a w i n g  

a s t r a i g h t  l i n e  t h r o u g h  t h e  l i n e a r  f i r s t  3 m i n u t e s  o f  t h e  r e c o r d i n g  

t r a c e .

l o d o a c e t a t e  I n h i b i t i o n  o f  A r g i o p e  P r o t e a s e  B

P u r i f i e d  p r o t e a s e  B (8 0  pg/ml)  was i n c u b a t e d  w i t h  and  w i t h o u t  

5 . 0  mM i o d o a c e t i c  a c i d  in .05M g ly c in e - N a O H  b u f f e r ,  pH 8 . 4 ,  f o r  20 

m i n u t e s  a t  room t e m p e r a t u r e .  Com merc ia l  p a p a i n  (S igma Ch em ic a l  C o . )
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was t r e a t e d  i d e n t i c a l l y  a s  a p o s i t i v e  c o n t r o l .  A l t e r n a t i v e l y  f r e s h l y  

p u r i f i e d  p r o t e a s e  B was i n c u b a t e d  w i t h  20 mM EDTA in 0 . 0 5  M T r i s - H C I ,  

pH 7 . 2  f o r  20 m i n u t e s  a t  30°C t h e n  d i v i d e d  i n t o  two s a m p l e s .  One 

sample  was d i a l y z e d  o v e r n i g h t  a t  5°C a g a i n s t  0 . 0 5  M T r i s - H C I ,  pH 7 . 2  

c o n t a i n i n g  10 mM i o d o a c e t a t e .  Th e  o t h e r  s a m p l e  was d i a l y z e d  a g a i n s t  

b u f f e r  a l o n e .  A l i q u o t s  o f  b o t h  s a m p l e s  w e re  t h e n  i n c u b a t e d  w i t h  and  

w i t h o u t  1.0 mM Z n C ^  b e f o r e  b e i n g  a s s a y e d  f o r  GPA.

Metal C h e l a t o r  I n h i b i t i o n  o f  A r g i o p e  P r o t e a s e  B

A l i q u o t s  (5 yg)  o f  p r o t e a s e  B w e r e  i n c u b a t e d  w i t h  v a r i o u s  m e ta l

- 4  - 2
c h e l a t o r s  a t  c o n c e n t r a t i o n s  o f  I . I  x 10 M t o  2 . 7  x  10 M in  0 . 0 2  M

P i p e s ,  pH 7 . 0  f o r  o n e  h o u r  a t  37°C b e f o r e  b e i n g  a s s a y e d  f o r  GPA. C h e l a ­

t o r s  used i n c l u d e d  o - p h e n a n t h r o l i n e ,  EDTA, c y s t e i n e ,  2 - m e r c a p t o e t h a n o l  

sodium a z i d e  a n d  p o t a s s i u m  c y a n i d e .  0 - p h e n a n t h r o l i n e  r e q u i r e d  t h e  

a d d i t i o n  o f  10$ a c e t o n e  f o r  s o l u b i l i z a t i o n  and  due t o  i t s  h i g h  a b s o r b a n c e  

a t  280 nm, GPA was a s s a y e d  by t h e  n i n h y d r i n  r e a c t i o n .

Argi ope  P r o t e a s e  B C l e a v a g e  o f  t h e  O x i d i z e d  B C h a in  o f  I n s u l i n

O x i d i z e d  B c h a i n  o f  b o v i n e  i n s u l i n  was p u r c h a s e d  f rom  Sigma 

Chemical  Company and  u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  D u p l i c a t e  

t u b e s  o f  i n s u l i n  B c h a i n  ( 7 . 5  mg in 1 .5  ml ,  0 .1  M NH^HCO^, pH 8 . 0 )  w e re  

d i g e s t e d  w i t h  75 yg o f  p u r i f i e d  A r g i o p e  p r o t e a s e  B f o r  4 h o u r s  a t  30°C 

b e f o r e  b e i n g  q u i c k l y  f r o z e n .  C o n t r o l s  o f  enzyme a nd  i n s u l i n  a l o n e  w e re  

t r e a t e d  i d e n t i c a l l y .  One fu b e  o f  d i g e s t e d  i n s u l i n  was l y o p h i l i z e d ,  

s o l u b i l i z e d  in 0 . 5  ml b u f f e r  a nd  a p p l i e d  t o  a I .5  x 90 cm co lumn S e p h a -  

dex G-25 ( P h a r m a c i a )  e q u i l i b r a t e d  w i t h  0 .1  M NH^HCO^, pH 8 . 0 .  The  

column was e l u t e d  a t  12 m l / h r  a t  room t e m p e r a t u r e .  P e p t i d e s  w e re  d e ­
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t e c t e d  in t h e  e f f l u e n t  f r a c t i o n s  by n i n h y d r i n  r e a c t i o n  a f t e r  a l k a l i n e  

h y d r o l y s i s  ( H i r s ,  1 9 6 7 ) .  A l t e r n a t i v e l y ,  t h e  d i g e s t i o n  m i x t u r e  was 

f r a c t i o n a t e d  by h i g h  v o l t a g e  p a p e r  e l e c t r o p h o r e s i s  in p a r a l l e l  a f t e r  

which a g u i d e  s t r i p  was c u t  f rom  t h e  p a p e r  and  s t a i n e d  w i t h  cadmium 

a c e t a t e  n i n h y d r i n  ( B l a c k b u r n ,  1 9 6 8 ) .  S e p a r a t e d  p e p t i d e s  l o c a t e d  in 

t h i s  manner  were  c u t  o u t  o f  t h e  e I e c t r o p h o r e t o g r a m  and  e l u t e d  w i t h  

d i s t i I  led w a t e r .

The amino  t e r m i n a l  a m in o  a c i d  o f  t h e  d i g e s t e d  p e p t i d e s  w e r e  d e ­

t e r m i n e d  by G r a y ' s  (1 9 7 2 )  m e t h o d .  S am p le s  w e r e  d r i e d ,  d i s s o l v e d  in 

20 y£ o f  0 . 2  M s o d iu m  b i c a r b o n a t e ,  mixed w i t h  an  e q u a l  vo lum e o f  5 mM 

dansyl  c h l o r i d e  in a c e t o n e  a nd  i n c u b a t e d  a t  37°C f o r  30 m i n u t e s .  The  

samples  were  t h e n  h y d r o l y z e d  in 200  y£ o f  6  M HCI f o r  12 h o u r s ,  d r i e d  

unde r  vacuum a t  6 0° C ,  a n d  e x t r a c t e d  w i t h  w a t e r - s a t u r a t e d  e t h y l  a c e t a t e .  

A f t e r  t h e e t h y I  a c e t a t e  was  d r i e d  u n d e r  a n i t r o g e n  s t r e a m  t h e  r e s i d u e  

was s o l u b i l i z e d  w i t h  2 0  y& o f  50$ p y r i d i n e  and  c h r o m a t o g r a p h e d  on 

m ic r o p o ly a m id e  t h i n  l a y e r  p l a t e s  ( S c h l e i c h e r  and  S c h u e l l )  a c c o r d i n g  

t o  Woods and  Wang ( 1 9 6 8 ) .  T h e  N- l and  N-2 ami no  a c i d s  o f  t h e  d i g e s t i v e  

p e p t i d e s  were  d e t e r m i n e d  by Edman d e g r a d a t i o n  ( G r a y ,  1 9 7 2 ) .  S a m p le s  

were d r i e d ,  s o l u b i l i z e d  w i t h  100 y& o f  50$ p y r i d i n e ,  t h e n  i n c u b a t e d  

w i t h  50 y£ o f  10$ p h e n y I i s o t h i o c y a n a t e  ( A l d r i c h  Che mi ca l  C o . )  in 

p y r i d i n e  u n d e r  n i t r o g e n  f o r  45 m i n u t e s  a t  4 5 ° C .  The s a m p l e s  w e r e  

th e n  d r i e d  u n d e r  vacuum,  i n c u b a t e d  w i t h  100 y£ t r i f I u o r o a c e t i c  a c i d  

und er  n i t r o g e n  f o r  15 m i n u t e s  a t  4 5° C ,  b e f o r e  b e i n g  t h o r o u g h l y  d r i e d  

a g a i n  u n d e r  vacuum.  The  r e s i d u e  was d i s s o l v e d  w i t h  200 y£ o f  w a t e r  

and e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h y l  a c e t a t e  b e f o r e  t h e  a q u e o u s  p h a s e  

was d a n s y l a t e d  a s  d e s c r i b e d  a b o v e .  The  am ino  a c i d  c o m p o s i t i o n  o f
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t h e  p e p t i d e s  f rom  i n s u l i n  was d e t e r m i n e d  by h y d r o l y z i n g  s a m p l e s  in 

6 M HCI f o r  12 h o u r s  f o l l o w e d  by d a n s y l a t i o n  a s  d e s c r i b e d  by R o b e r t s ,  

e t  a I . ,  ( 1 9 7 3 ) .  A f t e r  t h e  h y d r o l y s a t e s  had d r i e d  t h e y  w e r e  s o l u b i l i z e d  

in 0 . 0 5  mM s o d iu m  b i c a r b o n a t e ,  a d j u s t e d  t o  pH 9 . 0  w i t h  NaOH and  c o m bin ed  

w i t h  an e q u a l  vo lum e o f  I mM d a n s y l  c h l o r i d e  in a c e t o n e .  A f t e r  t h e  m ix ­

t u r e s  had i n c u b a t e d  in  t h e  d a r k  f o r  30 m i n u t e s ,  2 yJl s a m p l e s  w e r e  s p o t ­

t e d  d i r e c t l y  on p o l y a m i d e  p l a t e s  and  c h r o m a t o g r a p h e d  a s  p r e v i o u s l y  d e ­

s c r i b e d .

F i b r o i n  D i g e s t i o n  by A r g i o p e  P r o t e a s e  B

R e e le d  d r a g l i n e  was u s e d  a s  a s o u r c e  o f  l a r g e  ampul l a t e  f i b r o i n  

t h a t  was r e l a t i v e l y  f r e e  o f  o t h e r  s e c r e t i o n s .  A r g i o p e  a u r a n t i a  i n d i ­

v i d u a l s  were  p l a c e d  on a c l e a n  g l a s s  p l a t e  o v e r  a b l a c k  s u r f a c e ,  w hich  

f a c i l i t a t e d  v i s u a l i z a t i o n  o f  s i l k  t h r e a d s ,  and  a l l o w e d  t o  p u t  down an 

a t t a c h m e n t  d i s c  and  t r a c k i n g  d r a g l i n e .  As t h e  s p i d e r  was  g e n t l y  r e ­

s t r a i n e d  w i t h  a f o r c e p s  t h e  l i n e  was w r app ed  on a g l a s s  rod  (5  mm d i a .  

and t h e n  c u t  away f rom  t h e  a t t a c h m e n t  d i s c .  The  ro d  was t h e n  i n s e r t e d  

i n t o  t h e  b i t  o f  a v a r i a b l e  s p e e d  e l e c t r i c  m o t o r ,  e i g h t  i n c h e s  ab o v e  t h e  

s p i d e r  and t h e  d r a g l i n e  was  g e n t l y  r e e l e d  f rom  t h e  s p i n n e r e t s  f rom 

t h e  s p i d e r .  C a r e  was  t a k e n  t o  i m m e d i a t e l y  p a r t  t h e  l i n e  i f  any  o t h e r  

s i l k  s e c r e t i o n s  a p p e a r e d  t o  a t t a c h  t o  i t .  An a v e r a g e  o f  50 t o  100 yg 

o f  s i l k  f i b r o i n  c o u l d  be  c o l l e c t e d  f rom  e a c h  s p i d e r .  M i c r o s c o p i c  e x a m i ­

n a t i o n  o f  r e e l e d  s i l k  r e v e a l e d  i t  t o  c o n t a i n  m o s t l y  l a r g e  ampul l a t e  

f i b e r s  w i t h  m in o r  a m o u n ts  o f  m i n o r  r a d i a l  f i b e r s  a n d  a t t a c h m e n t  d i s c  

m a t e r i a l .

R e e l e d  s i l k  c o l l e c t e d  f rom  many s p i d e r s  (3 0  mg) was s o a k e d  f o r  

one  h o u r  a t  30°C in 5 . 0  ml o f  0 .1  M NH^HCO^, pH 8 . 0 ,  c o n t a i n i n g  0 . 5 $  

T r i t o n  X-100.  T h i s  f i r s t  wash was d e c a n t e d  and  s a v e d  f o r  s p e c t r o -
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p h o t o m e t r i c  and  e l e c t r o p h o r e t i c  a n a l y s i s .  The  s i l k  f i b r o i n  was  t h e n  

washed t h r e e  more t i m e s  in  b u f f e r  w i t h o u t  d e t e r g e n t .  The  washed  s i l k  

was t h e n  d i g e s t e d  w i t h  . 8  mg o f  A r g i o p e  p r o t e a s e  B in 6 . 0  ml o f  ammonium 

b i c a r b o n a t e ,  pH 8 . 0 ,  a t  30°C f o r  18 h o u r s .  S o l u b l e  d i g e s t i o n  p r o d u c t s  

were s e p a r a t e d  f rom u n d i g e s t e d  s i l k  by c e n t r i f u g a t i o n ,  d e c a n t e d  and 

f r o z e n  w h i l e  t h e  u n d i g e s t e d  s i l k  was washed  t h r e e  t i m e s  w i t h  5 ml o f  

d i s t i l l e d  w a t e r  b e f o r e  b e i n g  s t o r e d  f r o z e n .

N i n h y d r i n  r e a c t i v i t y  o f  t h e  s o l u b l e  d i g e s t i o n  p r o d u c t s  was d e ­

t e r m i n e d  b e f o r e  and  a f t e r  a l k a l i n e  h y d r o l y s i s  ( H i r s ,  1 9 6 7 ) .  P e p t i d e  

mapping ( S m i t h ,  1969) and  g e l  c h r o m a t o g r a p h y  w e r e  u s e d  t o  s e p a r a t e  t h e  

d i g e s t i o n  p r o d u c t s .  In t h e  f i r s t  t e c h n i q u e  p a r a l l e l  s a m p l e s  (35 yJt) 

o f  t h e  d i g e s t  w e re  s e p a r a t e d  by h i g h  v o l t a g e  e I e c t r o p h o r e s i s  ( e l e c t r o ­

p h o r e t i c  m e t h o d s ) .  A f t e r  t h e  l o c a t i o n  o f  t h e  s e p a r a t e d  p e p t i d e s  was 

e s t a b l i s h e d  by s t a i n i n g  o f  a g u i d e  s t r i p ,  an u n s t a i n e d  s t r i p  o f  p a p e r  

c o n t a i n i n g  t h e  p e p t i d e  was sewn t o  a s e c o n d  s h e e t  o f  Whatman 3 mm 

which was t h e n  s u b j e c t e d  t o  d e s c e n d i n g  p a p e r  c h r o m a t o g r a p h y  in b u t a n o l ,  

a c e t i c  a c i d  and w a t e r ;  1 2 : 3 : 5 .  A l t e r n a t i v e l y ,  3 ml o f  t h e  d i g e s t  was 

c o n c e n t r a t e d  by l y o p h i I i z a t i o n  a nd  a p p l i e d  t o  a I .5 x 90 cm column 

o f  Sephad ex  G— 15 ( P h a r m a c i a )  e q u i l i b r a t e d  on . I M NH^HCO^, pH 8 . 0 . .  The  

column was e l u t e d  a t  5 m l / h r  and  p e p t i d e s  d e t e c t e d  in  t h e  e l u t a n t  f r a c ­

t i o n s  by n i n h y d r i n  r e a g e n t  a f t e r  a l k a l i n e  h y d r o l y s i s  ( H i r s ,  1 9 6 7 ) .  The  

amino t e r m i n a l  a c i d ,  and  amino t e r m i n a l  s e q u e n c e  o f  f r a c t i o n a t e d  and  

u n f r a c t i o n a t e d  d i g e s t i o n  p r o d u c t s  was d e t e r m i n e d  by Edman d e g r a d a t i o n  

and d a n s y l a t i o n  t e c h n i q u e s  ( s e e  I n s u l i n  D i g e s t i o n ) .  Th e  r e l a t i v e  amino  

a c i d  c o m p o s i t i o n  o f  t h e  d i g e s t e d  a nd  u n d i g e s t e d  f i b r o i n  was e s t a b l i s h e d  

by a c i d  h y d r o l y s i s  f o l l o w e d  by d a n s y l a t i o n  i d e n t i f i c a t i o n  o f  t h e  amino  

a c i  d s .



RESULTS

I.  The  P r o t e a s e  A c t i v i t y  o f  U n f r a c t i o n a t e d  D i g e s t i v e  
F l u i d

D i g e s t i v e  F l u i d  P h y s i c a l  C h a r a c t e r i s t i c s

D i g e s t i v e  f l u i d  p o o l e d  f rom  f r e s h l y  c a p t u r e d  s p i d e r s  was u s u a l ­

ly v e r y  c l o u d y  and  c o n t a i n e d  v a r i a b l e  a m o u n t s  o f  d a r k  brown p i g m e n t  a s  

wel l  a s  many p a r t i c u l a t e s .  T h r e e  d i f f e r e n t  p o o l e d  s a m p l e s  o f  f l u i d  

had i d e n t i c a l  pH v a l u e s  o f  7 . 8 2 .  The  p r o t e i n  c o n t e n t  o f  12 d i f f e r e n t  

f l u i d  sa m p le s  was 3 4 . 9  +_ 8 . 4  mg/ml w h i l e  t h e  a v e r a g e  i n o r g a n i c  p h o s p h a t e  

c o n c e n t r a t i o n  was 45 mM.

Thermal S t a b i l i t y  and  pH Opt ima o f  G e n e r a l  P r o t e a s e  A c t i v i t y

D i g e s t i v e  f l u i d  d i l u t e d  t o  0 . 5  mg/ml r e t a i n e d  f u l l  p r o t e a s e  a c t i ­

v i t y  (GPA) when i n c u b a t e d  f o r  20 m i n u t e s  a t  5 °  t o  40° C ,  w i t h  90$ o f  t h e  

a c t i v i t y  e v i d e n t  a f t e r  i n c u b a t i o n  a t  5 0° C .  C o m p l e t e  i n a c t i v a t i o n  o c c u r ­

red in 30 m i n u t e s  a t  7 0°C .  The  pH o p t i m a  o f  f l u i d  GPA c o r r e s p o n d e d

c l o s e l y  t o  t h e  pH o f  t h e  f l u i d  i t s e l f  a t  a p p r o x i m a t e l y  pH 7 . 8  ( F i g .  4 ) .

D i g e s t i v e  F l u i d  S p e c i f i c  P r o t e a s e  C o n t e n t

T a b l e  I p r e s e n t s  a p a r t i a l  l i s t  o f  t h e  s p e c i f i c  p r o t e a s e  c o n t e n t  

o f  t h e  d i g e s t i v e  f l u i d  o f  A. a u r a n t i a . E l a s t o l y t i c  a n d  " c h y m o t r y p t i c "  

a c t i v i t i e s  were  p r e s e n t  w h i l e  " t r y p t i c " ,  " c a r b o x y p e p t i d a s e "  and  " l e u c i n e  

ami n o p e p t i d a s e "  a c t i v i t i e s  w e r e  n o t  d e t e c t e d .

I n h i b i t i o n  o f  G e n e r a l  P r o t e a s e  A c t i v i t y

Of t h e  i n h i b i t o r s  s t u d i e d ,  i o d o a c e t a t e ,  l ima b e a n  t r y p s i n  i n h i ­

b i t o r ,  phenyl  methyl  s u l f o n y l  f l u o r i d e  and  EDTA, o n l y  t h e  l a t t e r  had any

27
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F i g u r e  4 .  pH opt imum f o r  g e n e r a l  p r o t e a s e  a c t i v i t y .  One ml o f

1 .5  ml 0 . 2  M Bor a t e -KCI-NaOH ( ■ )  o r  p h o s p h a t e  ( # )  

b u f f e r  o f  t h e  d e s i r e d  pH v a l u e .  To t h i s  was ad d e d

0 . 5  ml (30  pg p r o t e i n )  d i l u t e d  d i g e s t i v e  f l u i d  and  

t h e  m i x t u r e  i n c u b a t e d  f o r  75 m i n u t e s  a t  3 7°C .  The  

r e a c t i o n  was  s t o p p e d  w i t h  3 . 5  ml 5% TCA, f i l t e r e d  and  

t h e  s u p e r n a t a n t  ^ 2 qq nm was r e c o r d e d .  ( T i I  I i n g h a s t  

and  Kavanagh,  19 7 7 ) .
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T a b l e  I

S p e c i f i c  S u b s t r a t e  A c t i v i t y  o f  A. a u r a n t i a  D i g e s t i v e  F l u i d

P r o t e a s e  Type S u b s t r a t e A c t  i v i t y U n i t s N. A ssay

" T r y p s i n " BAPA None 3

" T r y p s  in" TAME None 3

" C h y m o t r y p s i n " BTEE 15.6 W o r t h i n g t o n  U n i t s /  mg p r o t e i n 3

" C h y m o t r y p s i n " ATEE ■ 10 .5 W o r t h i n g t o n  U n i t s / m g  p r o t e i n 3

" C a r b o x y p e p t i  d a s e " HPA None 3

" C a r b o x y p e p t i  d a s e " HA . None 3

" L e u c i n e
Ami n o p e p t i  d a s e " L e u c i n e  amide None

E l a s t a s e E l a s t i n - O r c e i n 3 0 . 2 mg E l a s t i n - O r c e i n  h y d r o l y z e d /  
mg p r o t e i n  120  m i n u t e s 4

" E l a s t a s e " NAA3ME None 3

BAPA, B e n z o y l - A r g i n i n e - N i t r o a n i I i d e ;  TAME, T o l u e n e  S u l f o l y l  A r g i n i n e  Methyl  
E s t e r ;  BTEE, B e n z o y l - T y r o s i n e  E t h y l e s t e r ;  ATEE, A c e t y l - T y r o s i n e  E t h y l  E s t e r ;  
HPA, Hi p p u r y I - L - P h e n y l a  I an i n e ;  HA, H i p p u r y I - L - A r g i n i n e ;  E - 0 ,  E l a s t i n - O r c e i n ;  
NAA3ME, N - A c e ty I - L -A I  any  I -L-AI  any  I -L-AI any  I - M e th y I  E s t e r .
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s i g n i f i c a n t  i n h i b i t o r y  e f f e c t  on t h e  d i g e s t i o n  o f  c a s e i n  by d i g e s t i v e  

f l u i d  p r o t e a s e s .  I n h i b i t i o n  by EDTA was p r o p o r t i o n a l  t o  t h e  c o n c e n t r a ­

t i o n  o f  t h e  i n h i b i t o r  and  c o u l d  be  m ax im iz ed  t o  80$  by e x h a u s t i v e  d i a l y s i s

o f  t h e  d i g e s t i v e  f l u i d  a g a i n s t  10 mM EDTA b u f f e r e d  a t  pH 7 . 8 .  No d e ­

c r e a s e  in GPA a c t i v i t y  was o b s e r v e d  a f t e r  a p a r a l l e l  d i a l y s i s  o f  f l u i d  

in b u f f e r s  a l o n e .  The  i n h i b i t o r y  e f f e c t  o f  EDTA showed a t e m p e r a t u r e

depen denc e  w i t h  l i t t l e  i n h i b i t i o n  a t  5°C ( F i g .  5 ) .

I I . Web S t r u c t u r e

The  webs o f  b o t h  A r a n e u s  t r i f o I i u r n  a n d  A r g i o p e  t r ? f a s c i a t a  r e ­

a c t e d  i d e n t i c a l l y  in a l l  t e s t s  a nd  t h e  r e s u l t s  f o r  t h e s e  two s p e c i e s  

a r e  p r e s e n t e d  t o g e t h e r .

Radi i

In n e a r l y  a l l  c a s e s  e x a m i n e d ,  o r b  web r a d i a l  t h r e a d s  c o n s i s t e d  

o f  two p a i r s  o f  f i b e r s ,  a m a j o r  p a i r  and  a m i n o r  p a i r ,  wh ose  s i z e  

v a r i e d  w i t h  t h a t  o f  t h e  s p i d e r .  In A. t r i f o l i u r n  t h e  a v e r a g e  w i d t h  

a c r o s s  b o t h  f i b e r s  o f  t h e  m a j o r  p a i r  was I 1.1 ym ( 8 . 0 - 1 4 . 0  ym) w h i l e  

t h e  a v e r a g e  w i d t h  o f  t h e  m i n o r  p a i r  o f  f i b e r s  was 6 . 3  ym ( 4 . 8 - 8 . 2  ym),  

a l t h o u g h  in  some i n d i v i d u a l s  t h e  s i z e  d i f f e r e n c e  b e t w e e n  t h e  tw o  p a i r s  

o f  f i b e r s  was n o t  a s  l a r g e .  W h i l e  t h e  two p a i r s  o f  f i b e r s  o f t e n  s e p a ­

r a t e d  from e a c h  o t h e r ,  r a r e l y  d i d  t h e  two f i b e r s  o f  an i n d i v i d u a l  p a i r  

s e p a r a t e .

R a d i a l  t h r e a d  f i b e r s  c o u l d  be  d i f f e r e n t i a t e d  by t h e i r  d ye  a f ­

f i n i t i e s  a s  w e l l  a s  s i z e .  The  M a I l o r y - H e i d e n h a i n  t r i c h r o m e  s t a i n ,  whi ch  

pr ove d  m o s t  u s e f u l  in d i f f e r e n t i a t i n g  web c o m p o n e n t s  ( T a b l e  2 ) ,  s t a i n ­

ed t h e  m a j o r  f i b e r s  o f  t h e  r a d i u s  r e d  and  t h e  m i n o r  f i b e r s  y e  I low t o  

o r a n g e  ( F i g .  6 ) .  A l t h o u g h  t h e  l a t t e r  r e a c t i o n  i s  I n d i c a t i v e  o f  e l a s t i c



F i g u r e  5 .  The  e f f e c t  o f  t e m p e r a t u r e  on p r o t e a s e  i n h i b i t i o n  by EDTA.

D i g e s t i v e  f l u i d  was  d i l u t e d  t o  8  yg p r o t e i n /  mi in  0 .1  M 

B o r a t e  b u f f e r ,  pH 7 . 8  w i t h  t h e  f o l l o w i n g  v a r i a t i o n s :  b u f f e r  

a l o n e ,  30°C ( A  ) ;  w i t h  5 mM C a C ^ -  30°C ( ■ ) ,  25 mM EDTA, 

30°C (O) o r  25 mM EDTA, 5°C ( # ) .  A t  v a r i o u s  t i m e  i n t e r ­

v a l s  0 . 1  ml a l i q u o t s  w ere  removed f o r  p r o t e a s e  a s s a y .

( T i I  I i n g h a s t  and  Kava na gh ,  1 9 7 7 ) .
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Table 2

Staining Reactions and Protease Resis tance of  Orb Web Structures

Major radial  Minor radial  
f i be rs  f i bers

Sticky spi ra l  Sticky sp i r a l  SS-R 
core f i be rs  covering cement

Stain

Coomassie Blue 
pH 4.8

Aldehyde Fuchs in

MaiIpry-Heidenhain's 
Tr i ch rome

Methyl Green 
pH 4.8

Mal lory ' s  Phosphotungstic 
Acid Hematoxylin

Periodic Acid Schif f

+ / - + / -

l i gh t  purple l i gh t  purple

pink-red yellow-orange

I igh t  blue dark blue

pink blue

+ / -

dark blue 
v io l e t

dark purple 

blue-purple

+ / -

pink

Protease Treatment

Buffer Control

Pancreat ic Proteases 
t t ryps in  and e l as tase )

A. aurant ia
d iges t i ve  f l uid

r e s i s t a n t  r e s i s t a n t  r e s i s t a n t

r e s i s t an t  r e s i s t a n t  so lubi l ized

so lub i l ized  r e s i s t a n t  so lubi l ized

dark blue dark blue
v io l e t

l os t

blue

+ / -

v io l e t

f a i n t  pink 
purple

+ / -

HS-R
cement

+ / -

+ / -

b r igh t  red 

+ / -

pink pink pink

t / -  pink

solub i l i z ed  r e s i s t an t  r e s i s t a n t

so lub i l ized  r e s i s t an t  r e s i s t an t

solub i l ized  slowly solubi l ized
so lub iI i  zed

Co
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t i s s u e  in c l a s s i c a l  h i s t i l o g y  ( C a s o n ,  1950) s e v e r a l  s t a i n s  known t o  ha ve  

a f f i n i t y  f o r  i n v e r t e b r a t e  e l a s t i c  t i s s u e  s u c h  a s  o c r e i n ,  s p i r i t  b l u e  and 

a l d e h y d e  f u c h s i n  ( E l d e r  a n d  Owen, 1967) f a i l e d  t o  s t a i n  t h e  m i n o r  

f i b e r s .  D i f f e r e n t i a l  s t a i n i n g  o f  t h e  m a j o r  and  m i n o r  f i b e r s  was a l s o  

o b t a i n e d  w i t h  M a l l o r y ' s  p h o s p h o t u n g s t i c  a c i d  h e m a t o x y l i n  ( F i g .  6 ) and 

methyl  g r e e n  in 0 .1  M s o d i u m  a c e t a t e  pH 4 . 8  ( T a b l e  2 ) .  All  o f  t h e s e  

s t a i n s  d e m o n s t r a t e d  t h a t  m a j o r  f i b e r s  o f  t h e  r a d i u s  w e re  foun d  t h r o u g h ­

o u t  t h e  web and  t h e  m i n o r  f i b e r  p a i r  was found  o n l y  in  r a d i a l  t h r e a d s .  

Mul len (1969)  was  a b l e  t o  d i f f e r e n t i a t e  t h e  c o n t e n t s  o f  t h e  m a j o r  and  

minor  ampul I a t e  g l a n d s  o f  A r a n e u s  s e r i c a t u s  by s t a i n i n g  f o r m a l i n - f i x e d  

s e c t i o n s  w i t h  f a s t  g r e e n  and  s a f r a n i n  0 .  In t h e  p r e s e n t  s t u d y  n e i t h e r  

o f  t h e s e  s t a i n s  p r o v e d  e f f e c t i v e  in  d i f f e r e n t i a t i n g  t h e  r a d i a l  t h r e a d  

f i b e r s  o f  u n f i x e d  o r b  webs .

The  r a d i a l  t h r e a d s  o f  t h e  o r b  a r e  r e s i s t a n t  t o  d i g e s t i o n  by p a n ­

c r e a t i c  t r y p s i n ,  e l a s t a s e  a n d  c l o s t r i d i a l  c o l l a g e n a s e  a s  d e m o n s t r a t e d  

14
by C a u t o r a d i o g r a p h s  o f  e n z y m e s - t r e a t e d  webs ( T i I  I i n g h a s t  and  Kavanagh,  

1977) .  The  same t e c h n i q u e  showed c o m p l e t e  d i s s o l u t i o n  o f  s e c t i o n s  o f  

r a d i a l  t h r e a d  t r e a t e d  w i t h  t h e  d i g e s t i v e  f l u i d  o f  A r g i o p e  a u r a n t i a . 

However,  m i c r o s c o p i c  e x a m i n a t i o n  o f  s e c t i o n s  o f  p l a t e d  web t r e a t e d  w i t h  

d i g e s t i v e  f l u i d  r e v e a l e d  t h a t  w h e r e a s  t h e  m a j o r  f i b e r s  w e re  d i g e s t e d ,  

t h e  mi no r  f i b e r s  r e m a i n e d  i n t a c t  ( F i g .  6 ) .  Inasmuch a s  a u t o r a d i o g r a p h y  

was i n e f f e c t i v e  i n  d e m o n s t r a t i n g  t h e  d i g e s t i o n  o f  t h e  u n l a b e l e d  m i n o r  

f i b e r s ,  we c o n f i r m e d  t h a t  t h e  m i n o r  f i b e r s  we re  i n d e e d  r e s i s t a n t  t o  t h e  

commerc ia l  enzymes  by m i c r o s c o p i c  e x a m i n a t i o n  ( T a b l e  2 ) .
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F i g u r e  6 :

1.  R a d i a l  t h r e a d  f i b e r s  o f  A. t r i f o l i u m  s t a i n e d  w i t h  M a l l o r y -  

H e i d e n h a i n  t r i c h r o m e .  Th e  p a i r  o f  m a j o r  f i b e r s  s t a i n s  r ed  

w h i l e  t h e  p a i r  o f  m i n o r  f i b e r s  s t a i n s  y e l l o w - o r a n g e ,  x 2 0 0 .

2 .  R a d i a l  t h r e a d  f i b e r s  o f  A. t r i f o l i u m  s t a i n e d  w i t h  M a l l o r y ’ s 

p h o s p h o t u n g s t i c  a c i d  h e m a t o x y l i n .  The p a i r  o f  m i n o r  f i b e r s  

s t a i n s  b l u e  w h i l e  t h e  p a i r  o f  m a j o r  f i b e r s  s t a i n s  p i n k .

x 2 0 0 .

3 .  R a d i a l  (R) and  s t i c k y  s p i r a l  (SS)  t h r e a d s  o f  A. t r i f a s c i a t a

s t a i n e d  w i t h  a l d e h y d e  f u c h s i n .  x 2 0 0 .

4 .  A A. t r i f o l i u r n  r a d i a l  t h r e a d  e n t e r i n g  a s e c t i o n  o f  t h e  web

w h ic h  h a s  b e e n  t r e a t e d  w i t h  s p i d e r  d i g e s t i v e  f l u i d .  At  t h e  

e d g e  o f  t h e  t r e a t e d  a r e a a  HS-R j u n c t i o n  i s  p a r t i a l l y  b r o k e n  

down ( A ) .  F a r t h e r  in t h e  d i g e s t e d  f l u i d  t r e a t e d  a r e a  t h e  

m a j o r  f i b e r s  o f  t h e  r a d i u s  a r e  d i s s o l v e d  (B) w h i l e  t h e  m i n o r  

f i b e r s  a r e  u n a f f e c t e d  ( C ) . x 100.

5 .  A t t a c h m e n t  d i s c  o f  A. t r i f o l i u m  w i t h  a s s o c i a t e d  m o o r i n g

t h r e a d  (MT) s t a i n e d  w i t h  M a i l o r y - H e i d e n h a i n  t r i c h r o m e ,  

x  4 0 .

6 . HS-R j u n c t i o n  s t a i n e d  w i t h  M a I l o r y - H e i d e n h a i n  t r i c h r o m e .

Th e  n o n - s t i c k y  s p i r a l  (HS) a n d  r a d i a l  (R) t h r e a d s  a r e

o b s c u r e d  by t h e  d e n s e  c e m e n t  (C) o f  t h e  j u n c t i o n ,  x 2 0 0 .
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The S t i c k y  Spi  r a I

Uni i k e  t h e  f i b e r  p a i r s  o f  t h e  r a d i i ,  t h e  two c o r e  f i b e r s  o f  t h e  

s t i c k y  s p i r a l  d i d  n o t  g e n e r a l l y  a d h e r e  t o  e a c h  o t h e r  when s t a i n e d .

They i n d i v i d u a l l y  r a n g e  in  w i d t h  f ro m  4 . 4  t o  5 . 4  ym. T h e s e  f i b e r s  a l s o  

d i f f e r  f rom t h e  r a d i a l  f i b e r s  in t h a t  t h e y  v a r y  in w i d t h  a l o n g  t h e i r  

l e n g t h  and  t h e y  a l s o  show n u m e ro u s  i n d e n t a t i o n s  a n d  o t h e r  f l a w s  r a r e  

in t h e  r a d i a l  f i b e r s .

The c o r e  f i b e r s  o f  t h e  s t i c k y  s p i r a l  c o u l d  be d i s t i n g u i s h e d  f rom 

t h e  r a d i a l  f i b e r s  s i n c e  t h e  f o r m e r  s t a i n e d  s p e c i f i c a l l y  w i t h  a l d e h y d e  

f u c h s i n  ( F i g .  6 ) .  No o t h e r  s t a i n  u s e d  showed a s  c l e a r  an a f f i n i t y  

f o r  t h e s e  f i b e r s ,  i n c l u d i n g  h e m a t o x y l i n  w h ic h  a s  S e k i g u c h i  (1 9 5 2 )  

r e p o r t e d ,  s t a i n s  t h e  c o n t e n t s  o f  t h e  f l a g e l l i f o r m  g l a n d s .  M i c r o s c o p i c  

e x a m i n a t i o n  o f  r e g i o n s  o f  web t r e a t e d  w i t h  p a n c r e a t i c  t r y p s i n  and  

e l a s t a s e  showed c o m p l e t e  d i s s o l u t i o n  o f  t h e  s p i r a l  c o r e  f i b e r s  w i t h  no 

e f f e c t  upon a d j a c e n t  r a d i a l  f i b e r s .

The  v i s c i d  c o v e r i n g  o f  t h e  s t i c k y  s p i r a l  i s  q u i t e  s o l u b l e  and  

was e a s i l y  removed d u r i n g  s t a i n i n g  p r o c e d u r e s .  However ,  M a i l o r y -  

H e i d e n h a i n  t r i c h r o m e  p r e s e r v e d  t h e  g l o b u l a r  a r r a n g e m e n t  o f  t h i s  m a t e r i a l  

on t h e  c o r e  f i b e r s  ( F i g .  8 ) a nd  a l s o  s t a i n e d  i t  b l u e .  F i s c h e r  and  

B r a n d e r  ( I 9 6 0 )  r e p o r t e d  i n o r g a n i c  p h o s p h a t e  t o  be o n e  o f  t h e  s o l u b l e  

c o n s t i t u e n t s  o f  t h e  s t i c k y  s p i r a l .  We h a v e  c o n f i r m e d  t h i s  a s s u m p t i o n  

by means o f  a u t o r a d i o g r a p h y  ( F i g .  7 ) .  A f t e r  a d m i n i s t r a t i o n  in  t h e i r  

d i e t ,  r a d i o a c t i v e l y  l a b e l e d  p h o s p h a t e  was s e e n  a l m o s t  e x c l u s i v e l y  in 

a s s o c i a t i o n  w i t h  t h e  v i s c i d  s p i r a l  a n d  was e a s i l y  removed by a f i l t e r  

d i s c  w e t t e d  w i t h  b u f f e r .

S t i c k y  S p i r a I - R a d i a l  J u n c t i o n s

The  s t i c k y  s p i r a l  i s  c o n n e c t e d  t o  t h e  r a d i i  a t  many p o i n t s  w hic h
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F i g u r e  7 .

1. A u t o r a d i o g r a p h  o f  an A. t r i f a s c i a t a  web l a b e l e d  w i t h  

r a d i o a c t i v e  p h o s p h a t e .  Only  t h e  s t i c k y  s p i r a l  shows  

i n c o r p o r a t i o n  o f  t h e  l a b e l ,  and t h i s  i s  e a s i l y  r e ­

moved by b u f f e r  ( S ) .

2 .  A u t o r a d i o g r a p h  o f  an  A. t r i f a s c i a t a  was  l a b e l e d  w i t h

35
r a d i o a c t i v e  S s u l f a t e .  I n c o r p o r a t i o n  o f  t h e  l a b e l  

i s  s e e n  in  r a d i i ,  HS-R j u n c t i o n s ,  t h e  s t i c k y  s p i r a l  

and  p r o v i s i o n a l  s p i r a l  f r a g m e n t s  ( P S F ) .  In t h o s e  

' s e c t i o n s  e x p o s e d  t o  b u f f e r s ,  t h e  l a b e l i n g  i s  removed.  

(K avanagh a nd  T i l l i n g h a s t ,  1 9 7 9 ) .





S t i c k y  s p i r a l  t h r e a d  o f  A. t r i f a s c i a t a  s t a i n e d  w i t h  

M a I l o r y - H e i d e n h a i n  t r i c h r o m e ,  x  100.

SS-R j u n c t i o n s  o f  A. t r i f o l i u r n  s t a i n e d  w i t h  M a i l o r y -  

H e i d e n h a i n  t r i c h r o m e .  The  s t i c k y  s p i r a l  c o r e  f i b e r s  

(SSC) r u n  i n t a c t  t h r o u g h  t h e  j u n c t i o n s  and  do n o t  

f u s e  w i t h  t h e  r a d i i  ( R ) . T h e  c e m e n t  w h ic h  h o l d s  t h e  

s t i c k y  s p i r a l  t o  t h e  r a d i u s  may be  c o a l e s c e d  o r  drawn

i n t o  s t r a n d s .  B x  2 0 0 ,  C x  100.

SS-R j u n c t i o n  o f  A. t r i f a s c i a t a  s t a i n e d  w i t h  a l d e h y d e

f u c h s i n .  The  s t i c k y  s p i r a l  c o r e  f i b e r s  (SSC) s t a i n

d a r k l y  w h i l e  t h e  j u n c t i o n  c e m e n t  (C) w h ich  c o v e r s  t h e  

s t i c k y  s p i r a l  a n d  r a d i a l  t h r e a d s  i s  r e f r a c t o r y  t o  t h e  

s t a i n ,  x  4 0 0 .  (Kavanagh and  T i l l i n g h a s t ,  19 7 9 ) .
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have been  t e r m e d  s t i c k y  s p i r a I - r a d i a I  j u n c t i o n s  o r  S S - R ' s  by J a c k s o n  

( 1 9 7 1 ) .  Th ro ugh  t h e  u s e  o f  h i s t o l o g i c a l  s t a i n s  we h a v e  be en  a b l e  t o  

o b s e r v e  t h e  s t i c k y  s p i r a l  c o r e  f i b e r s  r u n n i n g  i n t a c t  t h r o u g h  a number 

o f  S S - R ' s  ( F i g .  8 ) ,  a f a c t  n o t  n o t e d  by J a c k s o n  ( 1 9 7 1 ) .  In many c a s e s ,  

t h e  s p i r a l  c o r e  f i b e r s  f o l d e d  in  a h a i r p i n  f a s h i o n  on t h e  r a d i u s  o r  

ran p a r a l l e l  a l o n g  i t  f o r  up t o  two o r  t h r e e  m i l l i m e t e r s .  We ha ve  

n e v e r  o b s e r v e d  a " m e l t i n g "  o f  t h e  s p i r a l  c o r e  f i b e r s  a r o u n d  t h e  r a d i i .  

The l a t t e r  a r r a n g e m e n t  would s u g g e s t  t h e s e  j u n c t i o n s  a r e  forme d in p a r t

by t h e  s o l i d i f i c a t i o n  o f  s t i l l  f l u i d  s t i c k y  s p i r a l  f i b e r  a r o u n d  t h e  

r a d i i  ( J a c k s o n ,  1 9 7 1 ) .

T r e a t m e n t  o f  S S - R ' s  w i t h  t r y p s i n ,  e l a s t a s e  o r  c o l l a g e n a s e  d i s ­

s o l v e d  t h e  s p i r a l  f i b e r s  b u t  l e f t  t h e  c e m e n t i n g  m a t e r i a l  i n t a c t  on t h e  

r a d i u s .  T r a c e s  o f  i t  w e re  e v e n  o b s e r v e d  on t h e  m i n o r  r a d i a l  f i b e r s  

a f t e r  t h e  m a j o r  f i b e r s  had be en  d i s s o l v e d  by s p i d e r  d i g e s t i v e  f l u i d .  

Thus ,  t h e r e  i s  a s u b s t a n c e  a t  t h e  S S - R ' s  d i s t i n c t  f rom t h e  v i s c i d  

c o v e r i n g  o f  t h e  s t i c k y  s p i r a l  w hich  s e r v e s  t o  b i n d  s t i c k y  s p i r a l  c o r e  

f i b e r s  t o  t h e  r a d i a l  f i b e r s  and  w h ic h  i s  n o t  s t a i n e d  by a l d e h y d e  f u c h s i n  

( F i g .  8 ) n o r  i s  i t  s u s c e p t i b l e  t o  d i g e s t i o n  by p a n c r e a t i c  p r o t e a s e s .  In 

u n t r e a t e d  webs t h i s  j u n c t i o n a l  c e m e n t  was p l i a b l e  a nd  c o u l d  be m a n ip u ­

l a t e d  a l o n g  t h e  r a d i u s  w i t h  a f i n e  n e e d l e .  A f t e r  t r e a t m e n t  w i t h  a c i d i c  

s t a i n i n g  s o l u t i o n s  t h e  c e m e n t  g e n e r a l l y  a d h e r e d  t o  g l a s s  and  a p p e a r e d  

a s  e i t h e r  a s o l i d  m ass  o r  a s  f i n e  s t r a n d s  ( F i g .  8 ) .  E b e r h a r d  ( 1 9 7 6 )  

has  o b s e r v e d  t h a t  in t h e  webs o f  a number  o f  o r b  w e a v in g  s p e c i e s ,  t h e  

j u n c t i o n  o f  t h e  s t i c k y  s p i r a l  a nd  t h e  r a d i u s  i s  n o t  a c o m p l e t e l y  f i x e d  

s t r u c t u r e .  A f t e r  a s t i c k y  s p i r a l  t h r e a d  was s t r e t c h e d  p a s t  a c e r t a i n  

p o i n t  t h e  j u n c t i o n  p a r t i a l l y  b r o k e  s o  t h a t  t h e  s t i c k y  s p i r a l  c o r e  

f i b e r s  we re  a b l e  t o  s l i d e  t h r o u g h  t h e i r  a t t a c h m e n t  t o  t h e  r a d i u s .
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E b e r h a r d  a l s o  o b s e r v e d  t h a t  i f  t h e  s p i r a l  was p u l l e d  f u r t h e r ,  i t  would  

b r e a k  b e f o r e  t h e  j u n c t i o n  c e m e n t  w ou ld  s l i d e  a l o n g  t h e  r a d i u s ,  i n d i ­

c a t i n g  t h e  c e m e n t  s t i c k s  more  t i g h t l y  t o  t h e  r a d i u s  t h a n  t o  t h e  s t i c k y  

sp i ra  I .

T he  c e m e n t  d i d  n o t  s t a i n  s t r o n g l y  w i t h  any  dye  e x c e p t  B r i l l i a n t  

Blue  ( T a b l e  2 ) .  O f t e n  t h e  s t a i n i n g  was o b s c u r e d  by t h e  v i s c i d  s t i c k y  

s p i r a l  c o v e r i n g  w hic h  t e n d e d  t o  a c c u m u l a t e  on t h e  j u n c t i o n s .  The 

cement  was c h a r a c t e r i z e d  by p r o t e a s e  r e s i s t a n c e ;  i t  was n o t  d i s s o l v e d  

by p a n c r e a t i c  p r o t e a s e s  and  o f t e n  o n l y  m a r g i n a l l y  s u s c e p t i b l e  t o  d i ­

g e s t i o n  by s p i d e r  d i g e s t i v e  f l u i d .  ( F i g .  6 . 4 ) .  T r a c e s  o f  c e m e n t  c o u l d  

be o b s e r v e d  on t h e  m i n o r  r a d i a l  f i b e r s  a f t e r  t h e  m a j o r  f i b e r s  w e r e  d i ­

g e s t e d  away.  In u n t r e a t e d  webs t h e  j u n c t i o n  c e m e n t  o f t e n  a p p e a r s  t o  

be composed o f  b o t h  f i b r o u s  a nd  l i q u i d  e l e m e n t s  ( E b e r h a r d ,  1 9 7 6 ) .

N e i t h e r  s t a i n i n g  n o r  p r o t e a s e  t r e a t m e n t  h i g h l i g h t e d  d i s t i n c t  f i b r o u s  

e l e m e n t s  in t h e  SS-R j u n c t i o n  c e m e n t .

Hub Spi ra I

O b s e r v a t i o n s  o f  t h e  hub s p i r a l  showed i t  t o  c o n s i s t  o f  a s i n g l e  

p a i r  o f  f i b e r s  w h i c h  w e re  m o r p h o l o g i c a l l y ,  a n d  t i n c t o r i a l l y  i d e n t i c a l  

t o  t h e  m a j o r  f i b e r s  o f  t h e  r a d i i .

Hub S p i r a l  R a d i a l  J u n c t i o n s

The  hub s p i r a l  i s  a t t a c h e d  t o  t h e  r a d i i  a t  j u c n t i o n s  (HS-R’ s )  

which d i f f e r  in s h a p e  f rom S S - R ’ s  ( J a c k s o n ,  1 9 7 1 ) .  A l t h o u g h  t e n s i o n  

b e a r i n g  r a d i i  r u n  s t r a i g h t  t h r o u g h  t h e  S S - R ' s ,  b o t h  t h e  s p i r a l  and 

r a d i a l  t h r e a d s  in  H S - R ' s  a r e  d i s p l a c e d  i n d i c a t i n g  t h a t  t h e s e  j u n c t i o n s  

a r e  e i t h e r  u n d e r  g r e a t e r  s t r e s s  o r  p o s s i b l y  l e s s  b a l a n c e d  t h a n  t h e  SS-R 

j u n c t i o n .  Th e  c e m e n t  h o l d i n g  t h e h u b  s p i r a l  t o  t h e  r a d i i  i s  n e i t h e r  p l i a b l e
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o r  f i x e d  t o  g l a s s  by a c i d i c  s t a i n s .  Wi th  s t a i n i n g ,  t h e  hub s p i r a l  

cement  r e s e m b l e s  t h e  a t t a c h m e n t  d i s c s  w hi ch  a r e  a d h e s i v e  z o n e s  t h a t  

a n c h o r  m oo r in g  t h r e a d s  t o  t h e  s u b s t r a t u m  ( F i g .  6 , 5 - 6 ) .  Both  s t a i n e d  

b r i g h t  r ed  when t r e a t e d  w i t h  M a i l o r y - H e i d e n h a i n  t r i c h r o m e  and  n e i t h e r  

s t a i n e d  by B r i l l i a n t  B l u e  R a t  pH 4 . 8 ,  a p r o c e d u r e  w hi ch  s t a i n e d  t h e  

SS-R cem en t  d a r k l y  ( T a b l e  2 ) .  T h e  hub s p i r a l  c e m e n t ,  l i k e  m o s t  compo­

n e n t s  o f  t h e  web,  was r e s i s t a n t  t o  p a n c r e a t i c  p r o t e a s e s  b u t  d i s s o l v e d  

by t h e  d i g e s t i v e  f l u i d  o f  A^ a u r a n t i a .

P r o v i s i o n a l  S p i r a l

The  r e m n a n t s  o f  t h e  p r o v i s i o n a l  s p i r a l  w e re  r e a d i l y  fo u n d  on t h e

35
r a d i i  o f  i n t a c t  webs;  t h e y  w e re  p a r t i c u l a r l y  e v i d e n t  in  S web a u t o ­

r a d i o g r a p h s  ( F i g .  7 ) .  I t  i s  n o t  c l e a r  t o  u s  i f  t h e  p r o v i s i o n a l  s p i r a l  

i s  s i m p l y  b r o k e n  d u r i n g  s t i c k y  s p i r a l  c o n s t r u c t i o n  o r  p a r t i a l l y  i n g e s t ­

ed a s  s u g g e s t e d  by S a v o r y  ( 1 9 5 2 ) .  In any  c a s e ,  t h e  p r o v i s i o n a l  s p i r a l  

a p p e a r e d  i d e n t i c a l  in  a l l  r e s p e c t s  t o  t h e  hub s p i r a l ;  i t  c o n s i s t e d  o f  a 

s i n g l e  p a i r  o f  m a j o r  r a d i a l  f i b e r s  c o n n e c t e d  t o  t h e  r a d i i  by t h e  n o n -  

pi i a b l e  c e m e n t  fo u n d  a t  HS-R J u n c t i o n .

Hub and Frame

Frame and  m o o r i n g  t h r e a d s  c o n s i s t e d  o f  two t o  f i v e  p a i r s  o f  f i b e r s  

in p a r a l l e l  a r r a y  w hi ch  w e re  i d e n t i c a l  in a l l  t h e i r  s t a i n i n g  r e a c t i o n s  

t o  t h e  m a j o r  r a d i a l  f i b e r s .  O c c a s i o n a l l y ,  in A r a n e u s , t h e  b u l k  o f  t h e  

f rame was i n c r e a s e d  by a number  o f  s t i c k y  s p i r a l  c o r e  f i b e r s  w hic h  

a d h e r e d  t o  t h e  f r a m e  t h r e a d s .  T h e  c a b l e - l i k e  f r a m e  and  m o o r i n g  t h r e a d s  

were a t t a c h e d  t o  e a c h  o t h e r  by t h e  d e n s e  i n f l e x i b l e  c e m e n t  o f  t h e  

HS-R j u n c t i o n .  L a s t l y ,  t h e  c e m e n t  i s  f o u n d  a t  l e s s  o r g a n i z e d  c o n ­

n e c t i o n s  o f  t h r e a d s  a t  t h e  hub o r  c e n t e r  o f  t h e  web w he re  t h r e e  o r
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more f i b e r s  may be h e l d  t o g e t h e r  by a s i n g l e  a c c u m u l a t i o n  o f  c e m e n t .

I I I .  S e p a r a t i o n  and  P u r i f i c a t i o n  o f  D i g e s t i v e  F l u i d  P r o t e a s e

A ga ro se  E l e c t r o p h o r e s i s  o f  D i g e s t i v e  F l u i d

An a g a r o s e  e l e c t r o p h o r e s i s  s l i d e  s t a i n e d  f o r  p r o t e i n  ( F i g .  9 , A) ,  

a f t e r  b e i n g  run  a t  pH 8 . 6 , showed t h a t  s p i d e r  d i g e s t i v e  f l u i d  c o n t a i n e d  

s e v e r a l  p r o m i n e n t  c a t i o n i c  p r o t e i n s .  On t h e  o t h e r  h a n d ,  t h e  d a r k  brown 

p igme nt  o f  t h e  f l u i d  c o a t e d  t h e  a n i o n i c  s i d e  o f  t h e  s a m p l e  s i l t s  and  d i s ­

t o r t e d  t h e  s e p a r a t i o n  o f  a n i o n i c  p r o t e i n s .  N e g a t i v e l y  s t a i n i n g  " h a l o s "  

a roun d  t h e  c a t i o n i c  p r o t e i n s  on a s l i d e  i m p r e g n a t e d  w i t h  c a s e i n  b e f o r e  

s t a i n i n g  i n d i c a t e d  t h a t  s e v e r a l  c a t i o n i c  p r o t e i n s  w e re  p r o t e a s e  a c t i v e .  

( F i g .  9 , B )  w h e r e a s  t h e  a n i o n i c  p r o t e i n s  w e r e  n o t .

Ion Exchange  C h r o m a t o g r a p h i c  S e p a r a t i o n  o f  P r o t e a s e  F r a c t i o n s

Based  on t h e  r e s u l t s  o f  a g a r o s e  e l e c t r o p h o r e s i s  a two s t a g e  

p u r i f i c a t i o n  scheme was u s e d  t o  s e p a r a t e  t h e  b a s i c  p r o t e a s e s  o f  t h e  

d i g e s t i v e  f l u i d :  DEAE c e l l u l o s e  c h r o m a t o g r a p h y  t o  remove  t h e  p r o t e a s e s

from t h e  h eav y  p i g m e n t  and  CM c e l l u l o s e  c h r o m a t o g r a p h y  t o  s e p a r a t e  

t h e  p r o t e a s e s  f rom  e a c h  o t h e r .

DEAE c h r o m a t o g r a p h y  o f  d i g e s t i v e  f l u i d  r e p r o d u c i b l y  y i e l d e d  

p r o t e a s e  p e a k s ;  o n e  in t h e  v o i d  vo lu m e  o f  t h e  co lumn  and  a s e c o n d  upon 

washin g  o f  t h e  co lumn w i t h  . 2  M NaCI c o n t a i n i n g  b u f f e r  ( T a b l e  3 ) .  The 

f i r s t  p r o t e a s e  p e a k  was f r e e  o f  p i g m e n t ,  d i s s o l v e d  web LAF ( l a r g e  

ampul l a t e  f i b r o i n / m a j o r  r a d i a l  f i b e r )  and  c o n t a i n e d  6 0 - 8 0 $  o f  t h e  

p r o t e a s e  u n i t s  a p p l i e d  t o  t h e  c o l u m n .  The  s e c o n d  p r o t e a s e  p e a k  was 

e l u t e d  w i t h  some p i g m e n t ,  d i d  n o t  d i g e s t  LAF a nd  c o n t a i n e d  3 - 4 $  o f  t h e  

p r o t e a s e  u n i t s  a p p l i e d  t o  t h e  c o l u m n .
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F i g u r e  9 .  A g a r o s e  e l e c t r o p h o r e s i s  o f  A. a u r a n t i a  d i g e s t i v e  f l u i d .

D i g e s t i v e  f l u i d  s a m p l e s  (2 0  y£)  w e r e  a p p l i e d  t o  s l i t s  

( s )  c u t  in  a g a r o s e  s l i d e s  a n d  w e r e  e l e c t r o p h o r e s e d  f o r  

3 h o u r s  a t  3 m A / s l i d e  u s i n g  pH 8 . 6 , v e r o n a l  b u f f e r  a s  

t h e  e l e c t r o l y t e .  S l i d e  A was s t a i n e d  w i t h  Ami do B l a c k  

d i r e c t l y  a f t e r  e l e c t r o p h o r e s i s .  S l i d e  B was i n c u b a t e d  

in  a c a s e i n  s o l u t i o n  b e f o r e  s t a i n i n g .  C l e a r i n g  (C) o f  

t h e  i m p r e g n a t e d  c a s e i n  a r o u n d  c a t h o d a l  p r o t e i n s  i n d i ­

c a t e d  th e m  t o  be  p r o t e a s e s .





T a b l e  3

P u r i f i c a t i o n  T a b l e  o f  P r o t e a s e s  f rom t h e  D i g e s t i v e  F l u i d  o f  A r g i o p e  a u r a n t i a .

% r e c o v e r y  o f  p r o ­
t e a s e  u n i t s  f rom  c r u d e  

P r o t e a s e  U n i t s  P r o t e a s e  U n i t s / m g  P r o t e i n  F o l d  P u r i f i c a t i o n  d i g e s t i v e  f l u i d

c r u d e  d i g e s t i v e  f l u i d 31500 180 — “

DEAE P r o t e a s e  P e a k  1 21065 533 3 . 0 6 6 . 0

DEAE P r o t e a s e  P e a k  11 1390 135 - 4 . 3

P r o t e a s e  F r a c t i o n  A 1782 265 1 .5 5 . 6

P r o t e a s e  F r a c t i o n  B 3010 733 4 . 0 9 . 6

P r o t e a s e  F r a c t i o n  C 1350 891 5 . 0 4 . 2

P r o t e a s e  F r a c t i o n  D 5297 1521 8 . 4 16 .8

H y d r o x y a p a t i t e  P u r i f i e d  
P r o t e a s e  B

715 4 . 0

H y d r o x y a p a t i t e  P u r i f i e d  
n

1782 9 . 9

-p*
VO
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The  f i r s t  p r o t e a s e  p e a k  o b t a i n e d  f ro m  D E A E - c e l l u l o s e  c h r o m a ­

t o g r a p h y  was f r a c t i o n a t e d  on a C M - c e l l u l o s e  co lum n whose e l u t i o n  p r o f i l e  

showed f o u r  m a j o r  p r o t e a s e  p e a k s  ( F i g .  10) d e s i g n a t e s  a s  p r o t e a s e  f r a c ­

t i o n s  A t h r o u g h  D. The  d i s t r i b u t i o n  o f  p r o t e a s e  a c t i v i t y  b e t w e e n  t h e  

f o u r  f r a c t i o n s  v a r i e d  f rom  p r e p a r a t i o n  t o  p r e p a r a t i o n ,  h o w e v e r  t o t a l  

y i e l d  o f  p r o t e a s e  a c t i v i t y  and  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  f r a c t i o n s  

r em ained  a p p r o x i m a t e l y  t h a t  shown in T a b l e  3 .

P r o t e a s e  F r a c t i o n  S u b s t r a t e  S p e c i f i c i t y

The  f o u r  p r o t e a s e  f r a c t i o n s  i s o l a t e d  by C M - c e l l u l o s e  c h r o m a ­

t o g r a p h y  d i f f e r e d  in t h e i r  s u b s t r a t e  s p e c i f i c i t i e s  ( T a b l e  4 ) .  Only  

f r a c t i o n s  A a n d  B d i s s o l v e d  A r a n e u s  LAF. T h e s e  a l s o  h y d r o l y z e d  s e v e r a l  

NCBZ-p-NPE e s t e r  d e r i v a t i v e s  w h ic h  w e re  n o t  h y d r o l y z e d  by t h e  p r o ­

t e a s e s  o f  f r a c t i o n s  C a n d  D. T h e s e  NCBZ-p-NPE e s t e r  d e r i v a t i v e s ,  

e s p e c i a l l y  t h a t  o f  a l a n i n e ,  h a v e  b e e n  u s e d  a s  e l a s t a s e  s u b s t r a t e s  

( G e n e s t e  and  B e n d e r ,  1 9 6 9 ) .  H y d r o l y s i s  o f  t h e s e  s u b s t r a t e s  d o e s  n o t  

r e f l e c t  e l a s t a s e  a c t i v i t y  w i t h  A r g i o p e  p r o t e a s e s ,  h o w e v e r ,  s i n c e  f r a c ­

t i o n  A and  B w e re  a c t i v e  a g a i n s t  NCBZ-p-NPE e s t e r s  b u t  had l i t t l e  o r  no 

e l a s t a s e  a c t i v i t y ,  w h e r e a s  f r a c t i o n s  C a nd  D, w h ich  do d i g e s t  e l a s t i n ,  

were  i n a c t i v e  a g a i n s t  t h e s e  s y n t h e t i c  e s t e r s .  H y d r o l y s i s  o f  NCBZ-p-NPE 

e s t e r s  by A r g i o p e  p r o t e a s e s  i s  a f f e c t e d  by t h e  a s s a y  b u f f e r :  t h e i r

a c t i v i t y  was r e d u c e d  by 50# i f  0 . 5  M s o d i u m  p h o s p h a t e  b u f f e r  we re  

s u b s t i t u t e d  f o r  t h e  P i p e s  b u f f e r  n o r m a l l y  u s e d  in t h e  a s s a y  o f  t h e s e  

s u b s t r a t e s .

Metal  Ions

A l t h o u g h  t h e y  had  d i f f e r e n t  s u b s t r a t e  s p e c i f i c i t i e s ,  t h e  f o u r  

A r g i o p e  p r o t e a s e  f r a c t i o n s  w e re  s i m i l a r l y  a f f e c t e d  by a number  o f  m e ta l
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F i g u r e  10. E l u t i o n  p r o f i l e  o f  p r o t e a s e  a c t i v i t y  o f  D E A E - f i I t e r e d

d i g e s t i v e  f l u i d  f r o m  a CM c e l l u l o s e  c o l u m n .  B a r s  i n d i ­

c a t e  f r a c t i o n s  w hich  w e r e  p o o l e d  a s  p a r t i a l l y  p u r i f i e d  

p r o t e a s e  f r a c t i o n s .



FRACTION NUMBER
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T a b l e  4 .

S u b s t r a t e  s p e c i f i c i t i e s  o f  A r g i o p e  p r o t e a s e  f r a c t i o n s .  
E s t e r a s e  a n d  e l a s t o l y t i c  a c t i v i t y  i s  e x p r e s s e d  r e l a t i v e  
t o  g e n e r a l  p r o t e a s e  a c t i v i t y  a s  pg s u b s t r a t e  h y d r o l y z e d /  
m i n / p r o t e a s e  u n i t .  ( F i g .  3)

S u b s t r a t e

LAF D i g e s t i o n  + +

NCBZ-AIa-p-NPE .3 0 6  .5 45  .0 3 2  . 0 2 7

NCBZ-Gly-p-NPE . 1 9 4  . 0 8 6  0 0

NCBZ-Pro-p-NPE .041 0 0 0

NCBZ-Val-p-NPE

E l a s t i n  Congo Red 0 4 4 . 0  58 . 1  12 2 .0



i o n s  ( T a b l e  5 ) .  I n h i b i t o r y  m e ta l  i o n s  in  o r d e r  o f  i n c r e a s i n g  e f ­

f e c t i v e n e s s  w e r e  I n ,  N i ,  Hg, Cd a n d  Cu,  w i t h  Zn s h o w i n g  o n l y  m i l d  

i n h i b i t i o n  a t  a c o n c e n t r a t i o n  o f  0 .1  mM. No m e ta l  i o n s  a p p e a r e d  t o  

p o t e n t i a t e  p r o t e a s e  a c t i v i t y  s i g n i f i c a n t l y .

All  f o u r  o f  t h e  p r o t e a s e  f r a c t i o n s  we re  i n h i b i t e d  by t h e  m e ta l  

c h e l a t o r  EDTA t o  s i m i l a r  d e g r e e s  ( T a b l e  6 ) .  I n h i b i t i o n  by EDTA was 

r e v e r s e d  in a l l  f r a c t i o n s  by s e v e r a l  m e ta l  i o n s  ( T a b l e  6 ) w i t h  o n l y  

s l i g h t  v a r i a t i o n  b e t w e e n  t h e  f r a c t i o n s  in w hich  i o n s  a r e  m o s t  e f f e c t i v e  

in i n h i b i t i o n  r e v e r s a l .  Z i n c ,  l e a d  and  c o b a l t  w e re  m o s t  e f f e c t i v e  in  

r e s t o r i n g  i n h i b i t e d  p r o t e a s e  a c t i v i t y  w h i l e  m a n g a n e s e  i r o n ,  c o p p e r  and  

c a l c i u m  ga ve  l e s s e r  a nd  more  v a r i a b l e  d e g r e e s  o f  i n h i b i t i o n  r e v e r s a l .

P r o t e a s e  P u r i f i c a t i o n  by H y d r o x y a p a t i t e  C h r o m a t o g r a p h y

H y d r o x y a p a t i t e  c h r o m a t o g r a p h y  o f  p r o t e a s e  f r a c t i o n  B and  D f rom 

C M - c e l l u l o s e  f r a c t i o n a t i o n  y i e l d e d  s i n g l e  p r o t e a s e  p e a k s  ( F i g s .  I I ,

12) in h i g h  y i e l d  ( u s u a l l y  > 70$ r e c o v e r y ) .  T h i s  p r o c e d u r e  y i e l d s  

l i t t l e  o r  no i n c r e a s e  in s p e c i f i c  a c t i v i t y  ( T a b l e  3 )  a s  b o t h  p r o ­

t e a s e s  c o n t a i n  o n l y  t r a c e  c o n t a m i n a n t s  a f t e r  C M - c e l l u l o s e  c h r o m a t o g r a p h y .  

Both n a t i v e  and  SDS p o l y a c r y l a m i d e  e l e c t r o p h o r e s i s  show t h e  h y d r o x y -  

p a t i t e  c h r o m a t o g r a p h e d  p r o t e a s e ,  now d e s i g n a t e d  a s  A r g i o p e  p r o t e a s e  B 

and A r g i o p e  p r o t e a s e  D, t o  be  p u r i f i e d  t o  e l e c t r o p h o r e t i c  h o m o g e n e i t y  

( F i g .  13) .

P r o t e a s e  f r a c t i o n  A e l u t e d  a s  two p r o t e a s e  p e a k s ,  d e s i g n a t e d  a s  

Al and  A2, f r o m  a h y d r o x y a p a t i t e  co lum n ( F i g .  1 4 ) .  T h e s e  w e re  r e ­

c o v e r e d  in  low y i e l d  (< 30$ o f  t h e  u n i t s  a p p l i e d  t o  t h e  c o l u m n ) .  The  

f i r s t  p e a k ,  A l ,  h y d r o l y z e d  LAF a n d  NCBZ-p-NPE e s t e r s  w h i l e  t h e  s e c o n d  

p e a k ,  A2, d i d  n o t .  The  p r o t e a s e  o f  p e a k  A2 d i f f e r e d  f ro m  a l l  o t h e r  

p r o t e a s e s  s t u d i e d  by n o t  c o n f o r m i n g  t o  t h e  c a l i b r a t i o n  c u r v e  o f  c a s e i n  

d i g e s t i o n  ( F i g .  3 ) .  The  c o n c e n t r a t i o n  o f  A2 c o u l d  be i n c r e a s e d  i n -
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T a b l e  5 . Th e  e f f e c t  o f  m e t a l  i o n s  on t h e  GPA o f  A r g i o p e  p r o t e a s e  

f r a c t i o n s .  A c t i v i t y  i s  e x p r e s s e d  a s  a p e r c e n t a g e  o f  

c o n t r o l s  i n c u b a t e d  w i t h o u t  m e t a l  i o n s .



A B C D
P r o t e a s e  F r a c t i o n
ion c o n c e n t r a t i o n 0 . 1  mM 1 .0  mM 0.1  mM 1 . 0  M 0 .  i mM 1 . 0  mM 0.1  mM 1 . 0  ml'

AgN03 94 * 98 # 104 * 99 *

CaCI2 100 98 101 108 102 100 104 102

CdCI2 91 55 102 67 78 23 94 46

CoC 12 89 8 8 102 98 92 8 6 100 99

CuCI2 40 34 19 14 19 16 35 27

FeCI2 96 90 99 94 99 104 100 95

HgCI2 91 54 100 64 78 51 97 72

MgCI2 100 100 100 104 101 99 99 103

MnCI2 100 100 101 105 100 97 100 92

NiCI 2 91 69 92 78 100 83 94 76

PbN03 96 90 101 98 97 97 100 92

SrN0 3 98 90 97 102 97 96 100 100

ZnCI2 100 80 97 92 100 94 100 96

*Assay  n o t  p e r f o r m e d  s i n c e  s i l v e r  n i t r a t e  i s  n o t  c o m p l e t e l y  s o l u b l e  a t  t h i s - c o n c e n t r a t i o n  and pH.



T a b l e  6 . R e v e r s a l  o f  EDTA i n h i b i t i o n  o f  A r g i o p e  p r o t e a s e  f r a c t i o n s  

by m e t a l  i o n s .  The  p r o t e a s e  f r a c t i o n s  w e r e  i n c u b a t e d  f o r  

2 h o u r s  a t  30°C in 0 . 0 2 5  M T r i s - m a l e a t e ,  pH 6 . 4 ,  and 

10 mM EDTA. A f t e r  removal  o f  s a m p l e s  t o  e s t i m a t e  t h e  

e x t e n t  o f  i n h i b i t i o n ,  t h e  p r o t e a s e  f r a c t i o n s  w e r e  d i ­

a l  y z e d  o v e r n i g h t  t o  remove  unbound EDTA. A l i q u o t s  o f  t h e  

f r a c t i o n s  w e re  t h e n  i n c u b a t e d  f o r  15 m i n u t e s  a t  room temp­

e r a t u r e  w i t h  v a r i o u s  m e t a l  s a l t s  a t  c o n c e n t r a t i o n  o f  0 . 2  o r  

I . 0  mM b e f o r e  b e i n g  a s s a y e d  in d u p l i c a t e  f o r  g e n e r a l  p r o ­

t e a s e  a c t i  v i t y .
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Table 6

A

10 mM EDTA 67

CaCI2
0.2 mM 18
1.0 mM 87

CdC 12
0.2 mM 8
1.0 mM 0

CoCI2
0.2 mM 72
1.0 mM 63

CuCI2
0.2 mM 0
1.0 mM 0

FeCI2
0.2 mM 0
1.0 mM 21

HgCI2
0.2 mM 0
1.0 mM 0

MgCI2
0.2 mM 0
1.0 mM 0

MnCI2
0.2 mM 56
1.0 mM 60

N i C12 
0.2 mM
1.0 mM II 

PbNOj
0.2 mM 75
1.0 mM 94

SrNOj
0.2 mM 0
1.0 mM 0

ZnCI2
0.2 nW 83
1.0 mM 100

Pro+ease Fraction 

B____________ C____________ D_

% Inh ib it ion  
89 77 89

% Reversal of Inh ib it ion

0 0 0
0 0 0

0 0 14
7 0 10

85 66 89
76 61 88

0 8 0
3 3 24

0 0 0
7 15 24

0 0 0
0 0 0

0 0 0
0 0 0

24 13 41
24 26 19

15 10 30
9 14 32

93 63 81
76 60 82

0 0 0
0 0 0

100 90 97
93 80 87
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F i g u r e  I I .  E l u t i o n  p r o f i l e  o f  A r g i o p e  p r o t e a s e  B f rom a h y d r o x y ­

a p a t i  t e  c o l u m n .
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F i g u r e  12. E l u t i o n  p r o f i l e  o f  A r g i o p e  p r o t e a s e  D f rom  a h y d r o x y -  

a p a t i t e  c o l u m n .
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F i g u r e  13.  P h o t o g r a p h  o f  p o l y a c r y l a m i d e  g e l s  c o n t a i n i n g  A r g i o p e

p r o t e a s e  B a n d  A r g i o p e  p r o t e a s e  D. P r o t e a s e  B i s  shown 

in a pH 4 . 3  c a t i o n i c  g e l  (A) s t a i n e d  w i t h  F a s t  G reen

FSC and  in a n  SDS 15$ a c r y l a m i d e  g e l  (B) s t a i n e d  w i t h
;

B r i l l i a n t  B lu e  R. P r o t e a s e  D i s  a l s o  shown i n  an  SDS 

15$ a c r y l a m i d e  g e l  (C) s t a i n e d  w i t h  B r i l l i a n t  B l u e  R.
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F i g u r e  14.  E l u t i o n  p r o f i l e  o f  p r o t e a s e s  f rom h y d r o x y a p a t i t e  f i l t r a ­

t i o n  o f  p r o t e a s e  f r a c t i o n  A. T h e  f i r s t  p r o t e a s e  p e a k ,  A l ,  

was  e s t e r o l y t i c  and  d i s s o l v e d  LAF. T h e  s e c o n d  p e a k ,  A2, 

was  n o t  e s t e r o l y t i c  o r  a c t i v e  a g a i n s t  LAF and  showed 

l i m i t e d  a c t i v i t y  a g a i n s t  c a s e i n .
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d e f i n i t e l y  w i t h o u t  i n c r e a s i n g  t h e  r e l e a s e  o f  TCA s o l u b l e  l e u c i n e  

e q u i v a l e n t s  a b o v e  2 0  yg/ml  s u g g e s t i n g  t h i s  p r o t e a s e  h a s  a l i m i t e d  

a c t i o n  on t h e  c a s e i n  s u b s t r a t e .

IV. C h a r a c t e r i z a t i o n  o f  S i l k  F i b r o i n  D i g e s t i n g  A r g i o p e  P r o t e a s e  B 

M o l e c u l a r  W e i g h t

Both A r g i o p e  p r o t e a s e  B and  A r g i o p e  p r o t e a s e  D w e re  s u b j e c t e d  t o  

SDS e l e c t r o p h o r e s i s  in 12$ g e l s  ( F i g .  13) a l o n g  w i t h  s e v e r a l  s e p a r a t e  

s t a n d a r d  p r o t e i n s  u s e d  a s  r e f e r e n c e s .  The  m o l e c u l a r  w e i g h t s  o f  p r o t e a s e s  

B and D w e re  e s t i m a t e d  t o  be 1 7 ,6 0 0  and  2 0 , 2 0 0  r e s p e c t i v e l y  f ro m  t h e  

s t a n d a r d  c u r v e  ( F i g .  15) .

When p r o t e a s e  B was c h r o m a t o g r a p h e d  on a S e p h a d e x  G-100 co lumn 

in a n o n - d e n a t u r i n g  s o l v e n t  i t  e l u t e d  s i g n i f i c a n t l y  b e lo w  m y o g lo b in  

( F i g .  16) i n d i c a t i n g  a m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y  1 2 , 0 0 0 .  On 

t h e  o t h e r  h a n d ,  when p r o t e a s e  B was c h r o m a t o g r a p h e d  on a S e p h a r o s e  6 B 

column in a d e n a t u r i n g  s o l v e n t  i t  e l u t e d  o n l y  s l i g h t l y  b e lo w  m y o g l o b i n  

i n d i c a t i n g  a m o l e c u l a r  w e i g h t  o f  1 6 ,4 0 0  ( F i g .  17 ) .

Thermal and pH S t a b i l i t y

P r o t e a s e  B, b u f f e r e d  a t  pH 8 . 2 ,  was  fo u n d  t o  be  s t a b l e  a t  room 

t e m p e r a t u r e  f o r  up t o  24 h o u r s  a n d  showed o n l y  m o d e r a t e  l o s s  in  GPA a t  

37°C ( F i g .  1 8 ) .  The p r o t e a s e  c o u l d  be s t o r e d  f o r  m o n th s  a t  5°C w i t h o u t  

lo s s  in GPA. Thymol ( . 0 1 $ )  o r  5 mM so d iu m  a z i d e  and 5 mM C a C ^  were  

added a s  a n t i m i c r o b i a l s .

The  p r o t e a s e  was s t a b l e  in  a l k a l i n e  and  n e u t r a l  b u f f e r  b u t  was 

i n a c t i v a t e d  by i n c u b a t i o n  in  a c i d i c  b u f f e r  ( F i g .  1 9 ) .
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F i g u r e  15. S t a n d a r d  c u r v e  o f  t h e  log  m o l e c u l a r  w e i g h t  o f  s t a n d a r d  p r o ­

t e i n s  ( b o v i n e  s e r u m  a l b u m i n ,  BSA; o v a l b u m i n ,  Ob; t r y p s i n ,  T r  

and  m y o g l o b i n ,  MB) v e r s u s  t h e i r  m i g r a t i o n  r e l a t i v e  t o  brom-  

phen o l  b l u e ,  R^,  in SDS p o l y a c r y l a m i d e  g e l s .  B+ and  D+ 

i n d i c a t e  t h e  R̂ . v a l u e s  o b t a i n e d  f o r  p r o t e a s e  B and  p r o t e a s e  

D.
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F i g u r e  16. S t a n d a r d  c u r v e  o f  t h e  log m o l e c u l a r  w e i g h t  o f  s t a n d a r d  

p r o t e i n s  ( b o v i n e  s e r u m  a Ibumin ,  BSA; o v a l b u m i n ,  Ob; 

t r y p s i n ,  T r  and  m y o g l o b i n ,  Mb) v e r s u s  t h e i r  e l u t i o n  

volume ( f r a c t i o n  number)  f rom  a co lumn o f  S e p h a d e x  

G -1 0 0 .  B+ i n d i c a t e s  t h e  e l u t i o n  vo lum e o f  p r o t e a s e  

B d e t e c t e d  by i t s  GPA.
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F i g u r e  17. S t a n d a r d  c u r v e  o f  t h e  log m o l e c u l a r  w e i g h t  o f  s t a n d a r d  

p r o t e i n s  ( b o v i n e  s e r u m  a l b u m i n ,  BSA; o v a l b u m i n ,  Ob and  

m y o g l o b i n ,  Mb) v e r s u s  t h e i r  e l u t i o n  vol um e ( f r a c t i o n  

number)  in  a d e n a t u r i n g  s o l v e n t  f ro m  a S e p h a r o s e  6 B 

c o l u m n .  B+ i n d i c a t e d  t h e  e l u t i o n  vo lume d e t e r m i n e d  f o r  

p r o t e a s e  B.
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F i g u r e  18 The  t h e r m a l  s t a b i l i t y  o f  A r g i o p e  p r Q t e a s e  B. A c t i v i t y

i s  e x p r e s s e d  as. a p e r c e n t a g e  o f  c o n t r o l  m a i n t a i n e d  a t

4°C.
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F i g u r e  19. The  s t a b i l i t y  o f  A r g i o p e  p r o t e a s e  B v e r s u s  pH.
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C a r b o h y d r a t e  C o n t e n t

Both  s t a i n i n g  a nd  c h e m i c a l  a s s a y  p r o c e d u r e s  i n d i c a t e d  a t r a c e  o f  

c a r b o h y d r a t e  c o n t e n t  in  p r o t e a s e  B. F a i n t  r e a c t i v i t y  was s e e n  w i t h  

PAS and  A l c i a n  b l u e  s t a i n i n g  o f  p o l y a c r y l a m i d e  g e l s  when more t h a n  

15 yg o f  enzyme was p r e s e n t .  The  p h e n o l - s u l f u r i c  a c i d  a s s a y  i n d i ­

c a t e d  t h e  p r o t e a s e  had a r e d u c i n g  s u g a r  c o n t e n t  o f  8  yg /mg p r o t e i n  

o r  0 . 8 $ .

E l e m e n t a l  A n a l y s i s

A 130 yg/ml  s a m p l e  o f  p r o t e a s e  B ( I . 2  yg/GPA u n i t )  was fo u n d  t o  

c o n t a i n  0 . 2 5  yg/ml o f  z i n c  ion  when e i t h e r  z i n c  c h l o r i d e  o r  z i n c  

a c e t a t e  w e re  u s e d  a s  s t a n d a r d s .  I f  a m o l e c u l a r  w e i g h t  o f  1 7 ,0 00  

i s  as sum ed  f o r  t h e  p r o t e a s e  t h e n  t h e  m o l a r  r a t i o  o f  z i n c  t o  p r o t e a s e  

was 0 . 5 .

C o p p e r  Ion I n h i b i t i o n

P u r i f i e d  p r o t e a s e  B was  u s e d  t o  make k i n e t i c  d e t e r m i n a t i o n s  w i t h  

t h e  a s s a y  o f  t h e  s u b s t r a t e  NCBZ-a lan ine-NBE a s  d e s c r i b e d  in  " M a t e r i a l s  

and M e t h o d s " .  A L i n e w e a v e r - B u r k e  p l o t  o f  s u b s t r a t e  c o n c e n t r a t i o n  

d e p e n d e n c e  ( F i g .  20)  g a v e  an  a p p a r e n t  Km o f  I . 0  x 10 ^ M f o r  t h i s  

s u b s t r a t e  a t  pH 6 . 5 .  S i m i l a r  p l o t s  o f  t h e  same c o n c e n t r a t i o n  o f  

enzyme i n c u b a t e d  and a s s a y e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  C u C ^  

showed t h a t  c o p p e r  d i d  n o t  e f f e c t  t h e  a p p a r e n t  Km ( F i g .  2 0 ) .

I s o e l e c t r i c  P o i n t  E s t i m a t i o n

P u r i f i e d  p r o t e a s e s  B and  D we re  f o c u s e d  on w id e  r a n g e  a m p h o l y t e  

p o l y a c r y l a m i d e  g e l s  f o r  p e r i o d s  o f  9 o r  12 h o u r s .  A f t e r ,  e l u a n t s  o f  

gel  s l i c e s  i n d i c a t e d  t h a t  s t a b l e  pH g r a d i e n t s  had forme d ( F i g .  2 1 ) .

The  g e l s  f o r  b o t h  p r o t e a s e s  had a s i n g l e  p r o t e i n  band upon s t a i n i n g  

( F i g .  2 2 ) .  However ,  t h e s e  b a n d s  w e re  c u r v e d  t o w a r d  t h e  c a t h o d a l  end
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F i g u r e  2 0 .  T h e  e f f e c t  o f  Cu ion on t h e  e s t e r o l y t i c  o f  A r g i o p e

p r o t e a s e  B. T h e  p r o t e a s e  was a s s a y e d  a g a i n s t  NCBZ-ala-NPE

- 5  - 4a t  s u b s t r a t e  c o n c e n t r a t i o n  f rom  3 . O x  10 M t o  2 . O x  10

and  a t  t h e  r a t e  o f  t h e  r e a c t i o n  ( A A ^ y / m i n )  d e t e r m i n e d .  

A s s a y s  w e r e  p e r f o r m e d  w i t h o u t  CuCI2  ( ) w i t h  1 .0  pM CuCI2

( ) ,  1 .5  pM CuCI2  ( ) and  2 . 0  pM CuCI2  ( ) .
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o f  t h e  g e l s  i n d i c a t i n g  t h e y  had n o t  r e a c h e d  t h e i r  i s o e l e c t r i c  p o s i t i o n  

and were  s t i l l  m i g r a t i n g  c a t h o d a l l y .  Th e  p r o t e a s e  w e re  n o t  d e t e c t e d  

in g e l s  w hic h  had been  f o c u s e d  f o r  12 h o u r s  u n d e r  t h e  same c o n d i t i o n s  

and had m o s t  l i k e l y  m i g r a t e d  o f f  t h e  c a t h o d a l  e n d s  o f  t h e  g e l s .

A t t e m p t s  w e re  made t o  e x t e n d  t h e  b a s i c  end o f  t h e  p o l y a c r y l a m i d e  

ge l pH g r a d i e n t  by t h e  a d d i t i o n  o f  b a s i c  n a r r o w  r a n g e  a m p h o l y t e s .

T h e s e  g e l s  e i t h e r  f a i l e d  t o  p o l y m e r i z e  o r  l i q u i f i e d  d u r i n g  f o c u s i n g .  

Both a m p h o l y t e  m a n u f a c t u r e r s ,  Br inkma n and  B io -R ad  L a b o r a t o r i e s ,  w e re  

c o n t a c t e d  w i t h  r e g a r d  t o  t h i s  p r o b l e m .  T h e  t e c h n i c a l  s t a f f  o f  Br inkman 

saw no r e a s o n  f o r  t h i s  p r o b l e m  w h i l e  t h e  s t a f f  o f  B i o - R a d  L a b o r a t o r i e s  

com mu nic a t ed  t h e i r  e x p e r i e n c e  t h a t  t h e  u t i l i t y  o f  p o l y a c r y l a m i d e  g e l s  

f o r  b a s i c  pH e I e c t r o f o c u s i n g  i s  l i m i t e d  due t o  I i q u i f i c a t i o n  o f  

a c r y l a m i d e  a t  h i g h  pH. E l e c t r o f o c u s i n g  in  t h i n  l a y e r  g r a n u l a r  s u p ­

p o r t s ,  s u c h  a s  " P e v i c o n "  w e re  recomm ended .  However ,  t h e  a p p a r a t u s  f o r  

t h i n  l a y e r  e l e c t r o f o c u s i n g  was n o t  a v a i l a b l e .

E l e c t r o f o c u s i n g  in  a g a r o s e  f o r t i f i e d  w i t h  l i n e a r  p o l y a c r y l a m i d e  

po ly m er  p r o v e d  c a p a b l e  o f  r e s o l v i n g  p r o t e i n  i n c o r p o r a t e d  in  g e l s  i n t o  

d i s c r e t e  b a n d s .  However,  t h e  pH g r a d i e n t s  w h ic h  fo rm ed  w e re  n o t  s t a b l e  

and pi m e a s u r e m e n t s  w e re  n o t  p o s s i b l e .

l o d a c e t a t e  a n d  Meta l  C h e l a t o r  I n h i b i t o r

P u r i f i e d  p r o t e a s e  B was n o t  i n h i b i t e d  by 5 mM i o d a c e t i c  a c i d  a t  

e i t h e r  pH 6 . 4  o r  8 . 4 ,  n o r  d i d  i o d o a c e t i c  a c i d  i n h i b i t  t h e  r e v e r s a l  o f  

EDTA i n h i b i t i o n  by z i n c  ion a t  pH 7 . 2 .  The  s t a b i l i t y  o f  t h e  i n h i b i t o r  

was v e r i f i e d  by i t s  a b i l i t y  t o  i n h i b i t  t h e  s u l f h y d r y l  enzyme p a p a i n .

V a r i o u s  m e t a l  c h e l a t o r s  i n h i b i t e d  t h e  GPA o f  p r o t e a s e  B ( F i g .  2 3 ) .  

O - p h e n a n t h r o l i n e  was t h e  m o s t  p o t e n t  i n h i b i t o r  and  showed a h y p e r b o l i c
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F i g u r e  2 1 .  P o l y a c r y l a m i d e  i s o e l e c t r i c  f o c u s i n g  pH g r a d i e n t .  G e l s  

which  had be en  f o c u s e d  f o r  9 h o u r s  w e r e  s l i c e d  i n t o  0 . 5  

cm s e c t i o n s  and  e l u t e d  o v e r n i g h t  in 2 ml o f  10 mM N a C I . 

Arrows  i n d i c a t e  t h e  l o c a t i o n  o f  p r o t e a s e  B (B) and  p r o ­

t e a s e  D (D) in  t h e  g e l s  a f t e r  9 h o u r s  o f  f o c u s i n g .

F i g u r e  2 2 .  P o l y a c r y l a m i d e  i s o e l e c t r i c  f o c u s i n g  g e l s .  A r g i o p e  p r o -  

t e a s e  B (B) and  A r g i o p e  p r o t e a s e  D (D) f o c u s e d  a s  s i n g l e  

b a n d s  a t  t h e  c a t h o d a l  e n d s  o f  t h e  g e l s  (m arke d  by s t e e l  

w i r e ) .  T h e  f a i n t  band b e h i n d  p r o t e a s e  B ( a )  was an a r t i ­

f a c t  fo u n d  i n  g e l s  run  w i t h o u t  s a m p l e  p r o t e i n .
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F i g u r e  2 3 .  The  e f f e c t  o f  v a r i o u s  m e t a l  c h e l a t o r s ,  o - p h e n a n t h r o l i n e

( + ) ,  EDTA (A ) ,  KCN ( x ) ,  c y s t e i n e  (o )  and 2 - m e r c a p t o e t h a n o l  

( ) ,  on t h e  a c t i v i t y  o f  p r o t e a s e  B. P r o t e a s e  a c t i v i t y  

i s  e x p r e s s e d  a s  a p e r c e n t  o f  a c o n t r o l  i n c u b a t e d  w i t h o u t  

c h e l a t o r .
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c o n c e n t r a t i o n  v e r s u s  i n h i b i t i o n  c u r v e .  O t h e r  l e s s  p o t e n t  i n h i b i t o r s  

which showed p a r a b o l i c  i n h i b i t i o n  c u r v e s  w e re  c y s t e i n e ,  EDTA, c y a n i d e  

and m e r c a p t o e t h a n o l .

C leav ag e  o f  t h e  B C h a in  o f  I n s u l i n

S e p a r a t e l y  i n c u b a t e d  c o n t r o l s  o f  p r o t e a s e  B and  i n s u l i n  B c h a i n  

showed n e i t h e r  was s u s c e p t i b l e  t o  h y d r o l y s i s  d u r i n g  t h e  i n c u b a t i o n  

p e r i o d .  Gel c h r o m a t o g r a p h y  o f  i n s u l i n  B c h a i n  d i g e s t e d  by p r o t e a s e  

B on G-25 S e p h a d e x  showed t h e  p r o t e a s e  was i n t a c t  in t h e  v o i d  v o l u m e .  

Th e re  was no r e m a i n i n g  i n t a c t  i n s u l i n  a nd  a l a r g e  u n r e s o l v e d  p e a k  o f  

d i g e s t i o n  p r o d u c t s  was o b t a i n e d .  High  v o l t a g e  e l e c t r o p h o r e s i s  o f  

t h e  d i g e s t i o n  p r o d u c t s  r e v e a l  f o u r  m a j o r  d i g e s t i o n  f r a c t i o n s ;  two 

m a jo r  and  two m i n o r  ( F i g .  2 4 ) .  D a n s y l a t i o n  o f  t h e  e l u t e d  f r a c t i o n s  

showed them t o  c o n s i s t  o f  two o r  t h r e e  p e p t i d e s .  Th e  m a j o r  c l e a v a g e  

s i t e s  in t h e  i n s u l i n  B c h a i n  was d e t e r m i n e d  by t h e  am ino  t e r m i n a l  s e ­

quence  and  amino  a c i d  c o m p o s i t i o n  o f  t h e s e  s e p a r a t e d  p e p t i d e s  ( F i g .  2 5 ) .

V. S i l k  F i b r o i n  D i g e s t i o n  by A r g i o p e  P r o t e a s e  B

Removal and  A n a l y s i s  o f  S o l u b l e  F i b r o i n  Comp one nts

We h a v e  o b s e r v e d  i n  a u t o r a d i o g r a p h i c  s t u d i e s  o f  o r b  webs t h a t  

even n o n - s t i c k y  f i b e r s  a r e  c o v e r e d  w i t h  s o l u b l e  c o m p o n e n t s .  The  r e e l e d  

d r a g l i n e  u s e d  t o  s t u d y  f i b r o i n  d i g e s t i o n  was t h e r e f o r e  washed  w i t h  n o n ­

i o n i c  d e t e r g e n t  ( T r i t o n  X-100)  b e f o r e  b e i n g  e x p o s e d  t o  p r o t e a s e  B. De­

t e r g e n t  s o a k s  o f  r e e l e d  s i l k  f i b r o i n  c h a r a c t e r i s t i c a l l y  t u r n e d  l i g h t  

g r e e n  w i t h i n  o ne  h o u r  o f  i n c u b a t i o n .  The  a b s o r p t i o n  s p e c t r u m  o f  t h e  

s o l u b l e  c o m p o n e n t s  r e l e a s e d  showed a b r o a d  a b s o r p t i o n  b e t w e e n  2 0 0  a n d  

450 nm w i t h  p e a k s  a t  2 4 5 ,  290  a nd  325 nm ( F i g .  2 6 ) .  The  p e a k  a t  245 nm 

was l o s t  when t h e  s o a k  was f r o z e n  and  th a w e d  p r o b a b l y  due  t o  t h e  l o s s



F i g u r e  2 4 .  High  v o l t a g e  p a p e r  e l e c t r o p h o r e s i s  o f  p r o t e a s e  B d i g e s t e d  

i n s u l i n  B c h a i n .  S e p a r a t e d  p e p t i d e s  w e re  made v i s i b l e  

by s t a i n i n g  w i t h  cadmium a c e t a t e  n i n h y d r i n  ( B l a c k b u r n ,  1968),
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F i g u r e  25 C l e a v a g e  s p e c i f i c i t y  o f  p r o t e a s e  B on t h e  B c h a i n  o f  

b o v i n e  i n s u l i n .  L a r g e  a r r o w s  mark m a j o r  s i t e s  and  

s m a l l  a r r o w s  mark  m i n o r  s i t e s .
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iP h e - V a I - A s n - G I n - H i  s - L e u - C y s - G l y - S e r - H i  s-  
1 2 3 4 5 6 7 8 9  10

*
L e u - V a I - G l u - A l a - L e u - T y r - L e u - V a I - C y s - G l y -  

II 12 13 14 15 16 17 18 19 20

i I
Gl u - A r g - G l y - P h e - P h e - T y r - - T h r - P r o - L y s - A l a  
21 22 23  24 25 26 27  28 29 30



F i g u r e  2 6 .  A b s o r p t i o n  s p e c t r u m  o f  t h e  T r i t o n  X-100 s o l u b i l i z e d  

c o v e r i n g  o f  r e e l e d  A. a u r a n t i a  f i b r o i n .
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o f  a p r e c i p i  t a b l e  c o m p o n e n t .  A n a l y s i s  o f  t h e  m a t e r i a l  removed f rom 

t h e  f i b r o i n  by T r i t o n  X-100 wash  by SDS e l e c t r o p h o r e s i s  in  7 . 5 $  g e l s  

showed two b a n d s  s t a i n a b l e  by F a s t  Green  ( F i g .  2 7 ) .  T h e s e  b a n d s  were  

a l s o  l i g h t l y  s t a i n e d  by A l c i a n  B l u e  c a r b o h y d r a t e  s t a i n i n g .

A n a l y s i s  o f  S o l u b i l i z e d  F i b r o i n  D i g e s t i o n  P r o d u c t s

A n a l y s i s  o f  s e p a r a t e l y  i n c u b a t e d  c o n t r o l s  o f  wa she d  f i b r o i n  and  

p r o t e a s e  B whowed no r e l e a s e  o f  e x t r a n e o u s  p r o t e i n  o r  n i n h y d r i n - r e a c t i v e  

s u b s t a n c e s .  A 30 mg mass o f  wash ed  f i b r o i n  i n c u b a t e d  w i t h  p r o t e a s e  B 

became u n r a v e l e d  and  " f l u f f y "  in a p p e a r a n c e  a l t h o u g h  a c o n s i d e r a b l e  

amount  o f  f i b e r  r e m a i n e d  u n d i g e s t e d  a t  t h e  end  o f  t h e  i n c u b a t i o n  p e r i o d  

w i t h  no l o s s  in t h e  GPA a c t i v i t y  o f  t h e  p r o t e a s e .  The  u n d i g e s t e d  

f i b r o i n  was removed f rom  t h e  p r o t e a s e  a n d  t h e  s o l u b i l i z e d  d i g e s t i o n  

p r o d u c t s  by c e n t r i f u g a t i o n  a n d  was e x p o s e d  t o  a f r e s h  enzyme p r e p a r a t i o n  

f o r  12 h o u r s  b e f o r e  b e i n g  washed  in  p r e p a r a t i o n  f o r  amino  a c i d  a n a l y s i s .

S e p a r a t i o n  o f  t h e  f i r s t  f i b r o i n  d i g e s t i o n  5 , 8  a nd  15$ SDS g e l s

r e v e a l e d  no p r o t e i n  o t h e r  t h a n  t h e  p r o t e a s e .  Both  t h e  f i r s t  and  s e c o n d  

d i g e s t s  c o n t a i n e d  n i n h y d r i n  r e a c t i v e  s u b s t a n c e s ;  4 . 4  t o t a l  mg o f  l e u c i n e  

e q u i v a l e n t s  in  t h e  f i r s t  d i g e s t  a n d  0 . 4 5  t o t a l  mg in t h e  s e c o n d  d i g e s t .  

The  f i r s t  d i g e s t  was r e a s s a y e d  f o r  l e u c i n e  e q u i v a l e n t s  a f t e r  a l k a l i n e  

h y d r o l y s i s  ( H i r s ,  1967) a nd  was fo u n d  t o  c o n t a i n  27 mg.

S e p a r a t i o n  o f  D i g e s t i o n  P r o d u c t s

Cadmium a c e t a t e  n i n h y d r i n  s t a i n i n g  o f  h i g h  v o l t a g e  p a p e r  e l e c t -  

r o p h o r e t o g r a m s  o f  t h e  d i g e s t  m i x t u r e  r e v e a l e d  a s m e a r  o f  u n r e s o l v e d  

s p o t s .  T h i s  s m e a r  was n o t  s a t i s f a c t o r i l y  r e s o l v e d  by d e s c e n d i n g  p a p e r  

c h r o m a t o g r a p h y  in a s e c o n d  d i m e n s i o n  u s i n g  b u t a n o l ,  a c e t i c  a c i d  and  

w a t e r  a l t h o u g h  a minimum o f  t w e l v e  s p o t s  w e r e  o b s e r v e d .  The  b u l k  o f  t h e
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F i g u r e  2 7 .  / P h o t o g r a p h  o f  an SDS p o l y a c r y l a m i d e  g e l  (1.5%)  c o n t a i n ­

i n g  s u r f a c t a n t - s o l u b i l i z e d  f i b r o i n  c o v e r i n g s  s t a i n e d  

w i t h  F a s t  G re e n  FSC. Two b a n d s  a r e  v i s i b l e ;  o n e  which  

m i g r a t e d  w i t h  t h e  t r a c k i n g  dye  (m ark ed  w i t h  a s t a i n l e s s  

s t e e l  w i r e )  and  s e c o n d  j u s t  ab o v e  t h e  f i r s t .
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i n i t i a l  f i b r o i n  d i g e s t  was c o n c e n t r a t e d  by l y o p h i I i z a t i o n  and c h r o m a t o ­

g ra ph ed  on a co lumn  o f  G-15  S e p h a d e x .  The  e l u t i o n  p r o f i l e  o f  t h e  

d i g e s t  showed t h r e e  p e a k s  ( F i g .  2 8 ) ;  on e  in  t h e  v o i d  vo lume c o r r e s p o n d ­

ing t o  a c t i v e  p r o t e a s e  B, a  m a j o r  p e a k  o f  d i g e s t i o n  p r o d u c t s  and  a 

minor  p e a k  o f  d i g e s t i o n  p r o d u c t s  w h i c h  e l u t e d  be yo nd  t h e  e l u t i o n  

volume o f  a l a n i n e .  The  two d i g e s t i o n  p r o d u c t  p e a k s  w e re  c o l l e c t e d  

and d e s i g n a t e d  a s  f r a c t i o n  H and  f r a c t i o n  L ( F i g .  2 8 ) .

Amino A c id  C o m p o s i t i o n  o f  t h e  D i g e s t i o n  P r o d u c t s

U n f r a c t i o n a t e d  f i b r o i n  d i g e s t i o n  p r o d u c t s  and  t h e  washed  un­

d i g e s t e d  f i b r o i n  w e r e  h y d r o l y z e d  f o r  12 h o u r s  and  t h e i r  c o n s t i t u e n t  

amino a c i d s  w e r e  i d e n t i f i e d  by d a n s y l a t i o n .  The  s e p a r a t i o n  p a t t e r n  o f  

d a n s y l - a m i n o  a c i d s  on p o l y a m i d e  p l a t e s  w e re  i d e n t i c a l  f o r  b o t h  s a m p l e s  

w i t h  g l y c i n e  a s  t h e  m a j o r  s p o t  w i t h  l e s s e r  b u t  m a j o r  a m o u n ts  o f  a l a n i n e  

p r o l i n e  a n d  c y s t e i c  a c i d ,  a s  w e l l  a s  d e t e c t a b l e  a m o u n t s  o f  p h e n y l ­

a l a n i n e ,  v a l i n e ,  l e u c i n e ,  t r y o s i n e ,  a s p a r t i c  a c i d ,  g l u t a m i c  a c i d ,  

h i s t i d i n e ,  l y s i n e  a nd  a r g i n i n e .  The  a m in o  a c i d  c o m p o s i t i o n  o f  t h e  two 

d i g e s t  f r a c t i o n s  s e p a r a t e d  by ge l  f i l t r a t i o n  was s i m i l a r l y  d e t e r m i n e d  

by h y d r o l y s i s  a nd  d a n s y l a t i o n .  The  c o m p o s i t i o n  o f  t h e  H f r a c t i o n  

c l o s e l y  r e s e m b l e d  t h a t  o f  t h e  u n f r a c t i o n a t e d  d i g e s t  w h i l e  t h e  L f r a c ­

t i o n  c o n t a i n e d  o n l y  p r o l i n e ,  g l y c i n e  and  a l a n i n e .

Edman d e g r a d a t i o n  and  d a n s y l a t i o n  was u s e d  t o  d e t e r m i n e  t h e  amino  

t e r m i n a l  ami no  a c i d  s e q u e n c e  o f  t h e  d i g e s t  f r a c t i o n s .  The  H f r a c t i o n  

c o n t a i n e d  p e p t i d e s  w i t h  a l a n i n e  a nd  g l y c i n e  a s  t h e  N t e r m i n a l  amino  

a c i d s  w i t h  p r o l i n e ,  a l a n i n e  a n d  g l y c i n e  a s  t h e  N- l a m in o  a c i d s .

D i g e s t  f r a c t i o n  L c o n t a i n e d  t h e  s i n g l e  t r i p e p t i d e  g l y - p r o - t y r .
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F i gu r e  28

i-

. E l u t i o n  p r o f i l e  o f  f i b r o i n  d i g e s t i o n  p r o d u c t s  f rom  a

column  o f  S e p h a d e x  G - 1 5 .  Arrow s  mark  t h e  p r e v i o u s l y

d e t e r m i n e d  v o i d  vo lume  (V ) and  e l u t i o n  volume o fo

a l a n i n e  (V . S o l i d  b a r s  i n d i c a t e  t h o s e  e l u t a n t  a  l a )

f r a c t i o n s  w h ic h  w e r e  co mb in ed  a s  d i g e s t  f r a c t i o n s  H 

and  L f o r  f u r t h e r  s t u d y .
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DISCUSSION

I . The  P r o t e a s e  A c t i v i t y  o f  U n f r a c t i o n a t e d  D i g e s t i v e  F l u i d

In t h e  f i e l d  A. a u r a n t i a  p a r a l y z e s  i t s  p r e y  w i t h  venom, s w a t h e s  

i t  in s i l k  a n d  i n j e c t s  d i g e s t i v e  f l u i d  t o  d i s s o l v e  i t .  T h i s  p r o c e s s  

may t a k e  s e v e r a l  h o u r s  in t h e  h e a t  o f  summer .  I t  i s  t h e r e f o r e  n o t  

s u r p r i s i n g  t h a t  t h e  p r o t e a s e  a c t i v i t y  o f  t h e  d i g e s t i v e  f l u i d  i s  s t a b l e  

f o r  h o u r s  a t  3 7 ° C .  The  p r o t e a s e  a c t i v i t y  a p p e a r s  t o  be  f u l l y  p o t e n t i a ­

t e d  in  t h a t  i t  i s  b u f f e r e d  a t  i t s  op t im um pH, 7 . 8  a nd  zymogens  a r e  n o t

o
e v i d e n t .  T h u s ,  f l u i d  i n c u b a t i o n  w i t h  o r  w i t h o u t  Ca a t  37 C, r e p e a t e d  

f r e e z i n g  and  t h a w i n g ,  d e t e r g e n t s  o r  t h e  a d d i t i o n  o f  e x o g e n o u s  t r y p s i n ,  

f a i l e d  t o  i n c r e a s e  t h e  p r o t e a s e  a c t i v i t y  o f  t h e  f l u i d .

P r o t e o l y t i c  e nz ym es  o f  i n v e r t e b r a t e  o r i g i n  h a v e  n o t  be en  e x a m i n e d  

a s  e x t e n s i v e l y  a s  t h o s e  f rom v e r t e b r a t e  a nd  m i c r o b i a l  s o u r c e s .  I n v e r t e ­

b r a t e  t r y p t i c  p r o t e a s e s  ( N e u r a t h ,  e t . a l . ,  1976) a n d  c o l l a g e n a s e s  ( E i s e n  

and J e f f r e y ,  1969; P h i l l i p s  a nd  D r e s d e n ,  1973; B o u l a r d  and  G a r r o n e ,  1978) 

have  r e c e i v e d  a t t e n t i o n  b u t  t h e r e  i s  l i t t l e  i n f o r m a t i o n  on i n v e r t e b r a t e  

m e t a I l o p r o t e a s e s  o r  t h o s e  w hic h  d i g e s t  f i b r o u s  p r o t e i n s  o t h e r  t h a n  c o l ­

la g e n .  K e r a t i n  d i g e s t i n g  T i n e o l a  b i s s e l i e l a  l a r v a e  c o n t a i n  a number  o f  

p r o t e a s e s  i n c l u d i n g  s e v e r a l  o f  w h i c h  a r e  m e t a l  c h e l a t o r  s e n s i t i v e  a s  w e l l  

a s  s e v e r a l  s e r y l  p r o t e a s e s  (Ward ,  1 9 7 5 ) .  S i l k w o r m  im ago es  e s c a p e  f rom 

t h e i r  c o c o o n s  w i t h  t h e  a i d  o f  a t r y p s i n - 1  i k e  s e r i n e  p r o t e a s e  w hic h  d i ­

g e s t s  t h e  n o n f i b r o u s  c o m p o n e n t s  o f  t h e  c o c o o n  ( K a f a t o s  a n d  W i l l i a m s ,  1 9 6 4 ) .  

They a l s o  p o s s e s s  a m i d g u t  p r o t e a s e  c a p a b l e  o f  d i g e s t i n g  c h e m i c a l l y  s o l u ­

b i l i z e d  f i b r o i n  (E g u c h i  and  Iwamoto,  1 9 7 5 ) .  No " t r y p t i c "  a nd  s l i g h t  

" c h y m o t r y p t i c "  a c t i v i t y  w e r e  o b s e r v e d  in t h e  d i g e s t i v e  f l u i d  o f  A. 

a u r a n t i a  ( T a b l e  I ) .  T h e s e  o b s e r v a t i o n s  w e r e  made on t h e  a c t i v i t y  o f

99
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t h e  d i g e s t i v e  f l u i d  a g a i n s t  s e v e r a l  s y n t h e t i c  e s t e r  s u b s t r a t e s .  The 

l a t t e r  w ere  d e s i g n e d  t o  d i f f e r e n t i a t e  t h e  a c t i v i t y  o f  v e r t e b r a t e  p a n ­

c r e a t i c  p r o t e a s e s .  S e v e r a l  p l a n t  and  i n v e r t e b r a t e  p r o t e a s e s  w h ic h  do 

n o t  c l e a v e  p e p t i d e  c h a i n s  w i t h  t h e  same s p e c i f i c i t y  a s  t r y p s i n  and  

c h y m o t r y p s i n  a l s o  c l e a v e  t h e s e  s u b s t r a t e s  ( Z w i l l i n g ,  e t . a l . ,  1 9 7 2 ) .  The  

lack  o f  i n h i b i t i o n  o f  d i g e s t i v e  f l u i d  p r o t e a s e  a c t i v i t y  by t h e  s e r i n e  

enzyme i n h i b i t o r  p h e n y l m e t h y l s u l f o n y l  f l u o r i d e  a r g u e s  a g a i n s t  t h e  

p r e s e n c e  o f  a t r u e  c h y m o t r y p s i n  in  t h e  f l u i d .  S i m i l a r l y ,  t h e  e l a s t i n  

d i g e s t i n g  p r o t e a s e s  o f  t h e  d i g e s t i v e  f l u i d  a l s o  d i f f e r  f ro m  p a n c r e a t i c  

e l a s t a s e s  by n o t  b e i n g  i n h i b i t e d  by s e r y i  enzyme i n h i b i t o r s  and  by n o t  

h y d r o l y z i n g  t h e  s u b s t r a t e  NAAME ( B e r t h  a n d  M eyer ,  1 9 7 3 ) .

Mommsen (1 9 7 8 )  h a s  r e c e n t l y  o b s e r v e d  a v e r y  a c t i v e  " c a r b o x y -  

p e p t i d a s e  A" enzyme in t h e  d i g e s t i v e  f l u i d  o f  t h e  s p i d e r  T e g e n a r i a  

a t r i c a . We d i d  n o t  d e t e c t  any  h y d r o l y s i s  o f  t h e  c a r b o x y p e p t i d a s e  A 

s u b s t r a t e  h i p p u r y l - L - p h e n y l a l a m i n e  by A. a u r a n t i a  d i g e s t i v e  f l u i d  which  

had been f r o z e n  and  t h a w e d .  Mommsen a l s o  o b s e r v e d  t h a t  t h e  d i g e s t i v e  

f l u i d  o f  T .  a t r i c a ,  c o n t a i n s  o n l y  a l k a l i n e  p r o t e a s e  a c t i v i t y  a g a i n s t  

p e p t i d e  s u b s t r a t e s .  T h i s  a g r e e s  w i t h  t h e  work  p r e s e n t e d  h e r e .  The 

a c i d i c  p r o t e a s e  a c t i v i t y  e a r l i e r  o b s e r v e d  by  P i c k f o r d  ( 1 9 4 2 )  i n  t a r a n t u l a  

body h o m o g e n a t e s  was l i k e l y  due  t o  ly so so m a l  r a t h e r  t h a n  d i g e s t i v e  f l u i d  

p r o t e a s e .

Marked i n h i b i t i o n  o f  d i g e s t i v e  f l u i d  p r o t e a s e  a c t i v i t y  by EDTA 

s u g g e s t e d  t h a t  m o s t  o f  t h e  p r o t e a s e  p r e s e n t  w e re  me ta  I I o p r o t e a s e s . T h a t  

t i g h t l y  bound m e t a l ( s )  w e r e  n e c e s s a r y  f o r  p r o t e a s e  a c t i v i t y  was i n d i ­

c a t e d  by t h e  s t a b i l i t y  o f  t h e  p r o t e a s e  a c t i v i t y  a f t e r  d i a l y s i s  and  t h a t  

e l e v a t e d  t e m p e r a t u r e s  w e re  n e e d e d  f o r  EDTA i n h i b i t i o n  ( F i g .  5 ) .

I t  i s  p r o b a b l e  t h a t  t h e  d i g e s t i v e  f l u i d  a n a l y z e d  i n  t h i s  s t u d y
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was c o n t a m i n a t e d  w i t h  venom when i t  was  c o l l e c t e d .  P r o t e a s e s  h a v e  been  

r e p o r t e d  i n  s p i d e r  venoms ( K a i s e r  and  R aa b ,  1967; Mebs,  1 9 7 0 ) .  How­

e v e r ,  no p r o t e a s e s  h a v e  been  d e t e c t e d  in venom s a m p l e s  w hic h  had been  

c a r e f u l l y  c o l l e c t e d  s o  a s  t o  a v o i d  d i g e s t i v e  f l u i d  c o n t a m i n a t i o n  

(McCrone,  1969; P e r r e t ,  1 9 7 7 ) .  I t  i s  t h e r e f o r e  u n l i k e l y  t h a t  t h e  p r o ­

t e a s e s  e x a m i n e d  i n  t h i s  s t u d y  w e r e  s e c r e t e d  f rom venom g l a n d s  and

t h a t  p r e v i o u s  o b s e r v a t i o n s  o f  venom p r o t e a s e s  a r e  a c t u a l l y  d e s c r i p t i o n s  

o f  d i g e s t i v e  f l u i d  p r o t e a s e s .

I I . Web S t r u c t u r e

On t h e  b a s i s  o f  t h e  p r e s e n t  s t u d y ,  we b e l i e v e  t h a t  t h e r e  a r e  

t h r e e  f i b e r  t y p e s  in t h e  o r b  web o f  A r a n e u s  t r i f o l i u r n  an d  A r g i o p e  

t r i f a s c i a t a . F o r  c o n v e n i e n c e ,  we s h a l l  r e f e r  t o  th em  a s  t h e  m a j o r ,  

minor  a n d  s t i c k y  s p i r a l  c o r e  ( s . s . c . )  f i b e r s .

Th e  m a j o r  f i b e r s ,  w h ic h  s t a i n  r e d  w i t h  M a I l o r y - H e i d e n h a i n  t r i ­

chrome were  r e s i s t a n t  t o  t h e  c o m m e r c i a l  p r o t e a s e s  em p lo y e d  h e r e  b u t  a r e  

s u s c e p t i b l e  t o  d i g e s t i o n  by s p i d e r  p r o t e a s e s .  They  a r e  fo u n d  in  t h e  

r a d i i  ( m a j o r  r a d i a l  f i b e r s )  and in  t h e  webs  o f  t h e  two s p e c i e s  e x ­

amined t h e y  a r e  u s u a l l y  t h e  o n l y  c o m p o n e n t s  o f  t h e  p r o v i s i o n a l  s p i r a l ,  

hub s p i r a l ,  f r a m e  t h r e a d s  a nd  m o o r i n g  t h r e a d s .  S i n c e  t h e  l a r g e  a m p u l -  

l a t e  g l a n d s  a r e  t h e  l a r g e s t  o f  t h e  s p i d e r  s i l k  g l a n d s ,  t h e y  h a v e  long  

been r e g a r d e d  a s  t h e  p r i n c i p l e  s o u r c e  o f  o r b  web f i b r o i n .  The  w i d e ­

s p r e a d  u s e  o f  t h e  m a j o r  f i b e r  i s  c o n s i s t e n t  w i t h  s o  l a r g e  a r e s e r v o i r .  

The p r o v i s i o n a l  s p i r a l ,  p r e v i o u s l y  t h o u g h t  t o  be  d e r i v e d  f rom t h e  m i n o r  

ampul l a t e  g l a n d s  ( A n d e r s e n ,  1970; K o v o o r ,  1977) a p p e a r s  i n s t e a d  t o  be 

d e r i v e d  f ro m  t h e  m a j o r  ampul l a t e  g l a n d .

The  m i n o r  f i b e r s  ( m i n o r  r a d i a l  f i b e r s )  o f  t h e  r a d i i  o f  A^ 

t r i  f a s c i a t a  and  A. t r i  f o l i  urn webs  a r e  s i m i l a r  t o  o r  s m a l l e r  in  s i  z e
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t h a n  t h e  m a j o r  f i b e r s ,  s t a i n  b l u e  w i t h  M a l l o r y ' s  p h o s p h o t u n g s t i c  a c i d  

h e m a t o x y l i n  and  w e r e  r e s i s t a n t  t o  a l l  p r o t e a s e s  t e s t e d .  S e v e r a l  

w o r k e r s  h a v e  made r e f e r e n c e  t o  s m a l l  o r  t h i n  e l e m e n t s  in  t h e  webs o f  

s p i d e r s .  DeWilde ( 1 9 4 3 )  was a b l e  t o  s e p a r a t e  " t h i n  e l e m e n t s "  f rom t h e  

t r a i l i n g  l i n e ,  r a d i i  a n d  f r a m e  t h r e a d s  o f  A r a n e u s  d i a d e m a t u s . More 

r e c e n t l y ,  Work (1 9 7 6 ,  1977) h a s  s e p a r a t e d  " m i n o r  ampul l a t e  f i b e r s "  

from t h e  d r a g l i n e  and  m o o r i n g  t h r e a d s  o f  A. d i a d e m a t u s . On t h e  o t h e r  

hand ,  Co ms to ck  ( 1 9 4 8 )  r e p o r t e d  t h a t  a s p i d e r ' s  d r a g l i n e  u s u a l l y  c o n ­

s i s t s  o f  two p a i r s  o f  f i b e r s ;  no d i f f e r e n c e  in  t h e  s i z e  o f  t h e  l a t t e r  

was n o t e d  by C o m s t o c k .  Denny ( 1 9 7 6 )  h a s  r e p o r t e d  t h a t  f r a m e ,  r a d i a l  

and m o o r i n g  t h r e a d s  o f  A r a n e u s  s e r i c a t u s  c o n s i s t  o f  s t r a n d s  o f  i d e n t i ­

ca l  d i a m e te  r .

Th e  m i n o r  f i b e r s  o b s e r v e d  in  A. t r i  f o l i  um and  A. t r i f a s c i a t a  

were r e s t r i c t e d  t o  t h e  r a d i a l  t h r e a d .  They  w e re  n e v e r  o b s e r v e d  in t h e  

f rame and  m o o r i n g  t h r e a d s .  The  n um ero us  a t t a c h m e n t  d i s c s  l e f t  by s p i d e r s  

on t h e  g l a s s  w a l l s  o f  t h e  l a b o r a t o r y  c a g e s  we re  o b s e r v e d  t o  s e c u r e  o n l y  

m a j o r  f i b e r  p a i r s  a s  i d e n t i f i e d  by s t a i n i n g .

The  r o l e  o f  t h e  m i n o r  f i b e r s  in A^ t r i  f a s c i a t a  and  A^ t r  i f o I i  um 

r a d i i  i s  u n c l e a r .  Two p o s s i b l e  f u n c t i o n s  a r e :  r e i n f o r c e m e n t  o f  t h e

t h r e a d  a nd  l o c a t i o n  o f  p r e y  e n s n a r e d  in  t h e  web.  Orb web r a d i i  a r e  

l a i d  down in a s i n g l e  ro u n d  t r i p  by t h e  s p i d e r  f rom  t h e  hub t o  a f r a m e  

t h r e a d  a n d  b a c k .  S i n c e  t h e  l i n e  l a i d  down by t h e  s p i d e r  on t h e  way t o  

t h e  f r a m e  t h r e a d  i s  r e t r i e v e d  on i t s  r e t u r n  t o  t h e  hub ( W i t t ,  e t . a l . ,  

1968) ,  t h e  i n c l u s i o n  o f  a s e c o n d  p a i r  o f  f i b e r s  in  t h e  p e r m a n e n t  r a d i u s  

p u t  down on t h e  r e t u r n  t r i p ,  m i g h t  s e r v e  t o  r e i n f o r c e  t h e  t h r e a d .  A l ­

t e r n a t i v e l y ,  when an i n s e c t  s t r i k e s  an  o r b  web t h e  s p i d e r  w i l l  o f t e n  

p l u c k  on e  o r  more  r a d i i  b e f o r e  r u s h i n g  t o  t h e  e n s n a r e d  p r e y .  I t  i s
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p o s s i b l e  t h e  m i n o r  f i b e r s  h a v e  p h y s i c a l  p r o p e r t i e s  d i f f e r e n t  f rom  t h e  

m a jo r  f i b e r s  w hi ch  a r e  e s p e c i a l l y  s u i t e d  f o r  t r a n s m i t t i n g  i n f o r m a t i o n  

t o  t h e  s p i d e r ’ s  v e r y  s o p h i s t i c a t e d  v i b r a t i o n a l  s e n s e s .

The g l a n d u l a r  s o u r c e  o f  t h e  m i n o r  f i b e r s  i s  a l s o  u n c l e a r .

DeWilde (1 9 4 3 )  and  K a s t o n  ( 1 9 6 4 )  have  s u g g e s t e d  t h a t  t h i n  c o m p o n e n t s  

o f  t h e  web a nd  a t t a c h m e n t  d i s c s  a r e  a p r o d u c t  o f  t h e  p y r i f o r m  g l a n d s .  

A nde rsen  (1 9 7 0 )  h a s  n o t e d  t h e  a m in o  a c i d  c o m p o s i t i o n  o f  t h e  p y r i f o r m  

g l a n d s  i s  more  c h a r a c t e r i s t i c  o f  a g l u e  t h a n  a f i b r o i n  e v e n  t h o u g h  i t  

c l o s e l y  r e s e m b l e s  t h a t  o f  s p i d e r  m i t e  w e b b in g  w hic h  i s  f i b r o i n  ( T a b l e  7 ) .  

Work (1 9 7 6 ,  1977) m a i n t a i n s  t h e  m i n o r  f i b e r s  wh ich  a r e  fo u n d  in A r a n e u s  

d i a d e m a t u s  and  w h ich  e x i t  f rom  s p i g o t s  on t h e  m e d ia n  s p i n n e r e t s  a r e  a 

p r o d u c t  o f  t h e  s m a l l  ampul l a t e  g l a n d s .  In a n y  c a s e ,  t h e  m i n o r  f i b e r s  

we o b s e r v e d  in t h i s  s t u d y ,  a n d  t h e  a t t a c h m e n t  d i s c s ,  a r e  p r o b a b l y  d e ­

r i v e d  f rom s e p a r a t e  g l a n d s  s i n c e  t h e  two m a t e r i a l s  d i f f e r  in t h e i r  

s t a i n i n g  p r o p e r t i e s  ( T a b l e  I ) .

The  t h i r d  f i b e r  t y p e  in  t h e  o r b  web,  t h e  s , s . c .  f i b e r ,  d i f f e r s  

f rom t h e  m a j o r  a n d  m i n o r  f i b e r s  in  i t s  p o s s e s s i o n  o f  numerous  i n d e n t a ­

t i o n s ,  i n t e n s e  s t a i n i n g  w i t h  a l d e h y d e  f u c h s i n ,  a n d  s u s c e p t i b i l i t y  t o  

d i g e s t i o n  by a w id e  v a r i e t y  o f  p r o t e a s e s .  The  s o u r c e  o f  t h i s  f i b e r  

i s  c o n t r o v e r s i a l .  P e a k a l l  ( 1 9 6 8 ,  1969) h a s  s u g g e s t e d  i t  i s  a p r o d u c t  

o f  t h e  l a r g e  ampul l a t e  g l a n d s .  A l t e r n a t i v e l y ,  S e k i g u c h i  (1 9 5 2 )  h a s  

p r o v i d e d  e v i d e n c e  t h a t  t h e  f l a g e l l i f o r m  g l a n d  i s  t h e  s o u r c e  o f  t h e  

s . s . c .  f i b e r s .  S t u d i e s  o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  f r a m e  and  s t i c k y  

s p i r a l  t h r e a d s  i n d i c a t e  s e p a r a t e  g l a n d s  a r e  i n v o l v e d  i n  t h e i r  c o n s t r u c ­

t i o n .  A l t h o u g h  t h e r e  i s  d i s a g r e e m e n t  a s  t o  w h e t h e r  t h e  s . s . c .  f i b e r s  

a r e  w e a k e r  (D eW ild e ,  1943) o r  n o t  (Denny ,  1 9 7 6 ) ,  i t  i s  g e n e r a l l y  a g r e e d  

t h e y  a r e  much more e l a s t i c  t h a n  f r a m e  f i b e r s .  The  s . s . c .  f i b e r s  a l s o



T a b l e  7

Amino Ac id  C o m p o s i t i o n  o f  V a r i o u s  S i l k s  

r e s i d u e s  p e r  100  t o t a l  r e s i d u e s

Bombyx T e t r a n y c h u s
A r a n e u s  d i a d e m a t u s  ( a )  mori  (b )  c i n n a b a r a i n u s  ( c )

La rg e Sma 1 1
am pu1- am pu 1 - F l a g e l - Pi r i - A ggr e ­
l a t e i a t e 1 i form form g a t e

A s p a r a t i c  a c i d 1.04 1.91 2 . 6 8 10.52 9 . 1 8 .1 .3 10 .4
Th re on  i ne 0 .91 1 .35 2 . 4 8 4 . 4 4 7 . 5 8 . 9 4 . 5
S e r i  ne 7 .41 5 . 0 8 3 . 0 8 14.84 6 . 8 0 1 2 . 1 12.7
G l u t a m i c  a c i d 1 1 .49 1 .59 2 . 8 9 10.38 9 . 7 5 1 . 0 13 .3
P r o l i n e 15 . 77 t r a c e 2 0 . 5 4 7 . 7 8 10.81 . 3 5 . 9
G l y c i n e 3 7 . 2 4 4 2 . 7 7 4 4 . 1 6 7 . 7 6 14.48 4 4 . 5 13 .8
A l a n i n e 17 .6 0 3 6 . 7 5 8 . 2 9 9 . 8 7 6 . 1 9 2 9 . 3 9 . 8
V a 1i n e 1 .15 1 .73 6 . 6 8 5 . 3 5 5 . 7 5 2 . 2 4 . 6
C y s t i  ne — - - — — — . 2 . 4
Me th io n  ine — — — — — .1 . 6
I s o  l e u c i n e 0 . 6 3 0 . 6 7 1 .01 3.71 4 .7 1 .7 3 . 4
Leuci ne 1 .2 7 0 . 9 6 1 .4 0 5 . 3 9 5 . 5 0 .5 5 . 7
T y r o s i n e 3 . 9 2 4 .71 2 . 5 6 2 . 2 0 2 . 2 2 5 . 2 2 . 7
P h e n y l a l a n i n e 0 . 4 5 0 .41 1 .08 2 . 2 9 3 . 8 3 . 6 3 . 5
L y s i n e 0 . 5 4 0 . 3 9 1 .35 9 .01 7 . 4 3 .3 4 . 4
H i s t i d i n e t r a c e t r a c e 0 . 6 8 2 . 8 3 2 . 3 8 . 2 1 .4
A r g i n i n e 0 . 5 7 1 .69 1 .13 3 . 6 3 3 . 4 0 .5 2 . 9

( a )  A n d e r s e n ,  1970; (b )  L u c a s ,  e t . a l . ,  1958; ( c )  H azan ,  e t . a l . ,  1974.
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d i f f e r  f rom  m a j o r  f i b e r s  in t h e i r  dye  a f f i n i t i e s  a nd  s u s c e p t i b i l i t y  

t o  p r o t e a s e  d i g e s t i o n  (T i I  I i n g h a s t  and  K avana gh,  1 9 7 7 ) .

The  c o n t r o v e r s y  o v e r  t h e  o r i g i n  o f  t h e  s . s . c .  f i b e r s  r e s u l t s  

from t h e  d i f f i c u l t y  in  l o c a t i n g  t h e  f l a g e l l i f o r m  g l a n d s ,  w hich  a r e  

e a s i l y  m i s t a k e n  f o r  ampul l a t e  g l a n d s  ( K o v o o r ,  1 9 7 7 ) .  P e a k a l l  (1 9 6 4 )  

was n o t  a b l e  t o  l o c a t e  th e m  in A. d i a d e m a t u s , w h i l e  M u l l e n  ( 1 9 6 8 )  seems 

t o  ha ve  m i s t a k e n  them  f o r  a s e c o n d  p a i r  o f  m i n o r  ampul l a t e  g l a n d s  in 

A. s e r i c a t u s . A s u s p i c i o n  t h a t  t h e  l a r g e  ampul l a t e  g l a n d s  a r e  t h e  

s o u r c e  o f  t h e  s . s . c .  f i b e r s  was b a s e d  in p a r t  on t h e  work  o f  Ko en ig  

(1951)  who e x p e r i m e n t a l l y  removed r a d i i  f ro m  t h e  web j u s t  p r i o r  t o  

s p i r a l  t h r e a d  c o n s t r u c t i o n .  He n o t e d  t h a t  s p i d e r s  c o n t i n u e d  t o  r e p l a c e  

e x c i s e d  r a d i i  o n l y  a f i n i t e  number  o f  t i m e s  b e f o r e  p r o c e e d i n g  t o  b u i l d  

a r e d u c e d  s t i c k y  s p i r a l  in s p i t e  o f  m i s s i n g  r a d i i .  P r e s u m a b l y ,  some 

p o r t i o n  o f  t h e  c o n t e n t s  o f  t h e  l a r g e  ampul l a t e  g l a n d  was  c o n s e r v e d  f o r  

s t i c k y  s p i r a l  c o n s t r u c t i o n .

J u n c t i o n s  and  t h e  S t i c k y  S p i r a l

In t h i s  r e p o r t  we h a v e  p r o v i d e d  p h o t o g r a p h i c  e v i d e n c e  ( F i g .  8 ) 

t h a t  t h e  c o r e  f i b e r s  o f  t h e  s t i c k y  s p i r a l  p a s s  i n t a c t  t h r o u g h  i n t e r ­

s e c t i o n s  w i t h  r a d i a l  t h r e a d s .  T h e s e  c o r e  f i b e r s  a r e  f a s t e n e d  t o  t h e  

r a d i i  by a u n i q u e l y  p l i a b l e  c e m e n t i n g  s u b s t a n c e  r a t h e r  t h a n  by a 

f u s i o n  o f  t h e  f o r m e r  t o  t h e  l a t t e r .  T h i s  c e m e n t  i s  n o t  m e r e l y  an 

a c c u m u l a t i o n  o f  t h e  v i s c i d  c o v e r i n g  o f  t h e  s t i c k y  s p i r a l  t h r e a d  s i n c e  i t  

d i f f e r s  m a r k e d l y  f rom  t h a t  s u b s t a n c e  in  i t s  r e s i s t a n c e  t o  d i s s o l u t i o n  

by b u f f e r  and  p a n c r e a t i c  e nzym es  ( T a b l e  I ) .  As a r e s u l t  o f  t h e  p l i a ­

b i l i t y  o f  t h i s  s u b s t a n c e ,  t h e  s t i c k y  s p i r a l  r a d i a l  j u n c t i o n  i s  a move- 

a b l e  s t r u c t u r e  which  b u f f e r s  t h e  web a g a i n s t  b r e a k a g e  d u r i n g  t h e  

c a p t u r e  o f  p r e y  ( E b e r h a r d ,  1 9 7 6 ) .  S t a i n i n g  a nd  p r o t e a s e  t r e a t m e n t



have  f a i l e d  t o  d e m o n s t r a t e  f i b r o u s  a nd  l i q u i d  e l e m e n t s  in  t h i s  c e m e n t .  

T h i s  c e m e n t  i s  t h e  o n l y  web c o m p o n e n t  w hi ch  r e a c t s  d e t e c t a b l y  w i t h  

PAS s t a i n i n g  i n d i c a t i n g  t h a t  i t s  u n i q u e  p r o p e r t i e s  may b e  due  t o  t h e  

p r e s e n c e  o f  c a r b o h y d r a t e s .

A t  a l l  o t h e r  i n t e r s e c t i o n s ,  t h r e a d s  a r e  f a s t e n e d  t o g e t h e r  by 

a n o t h e r  d e n s e  i n f l e x i b l e  c e m e n t .  T h i s  c e m e n t  d i f f e r s  f rom  t h a t  o f  

t h e  SS-R j u n c t i o n  in i t s  s t a i n i n g  r e a c t i o n s  ( T a b l e  I) and  m o r p h o l o g y .

I t  i s  l i k e l y  t h a t  i t  i s  t h e  same m a t e r i a l  u s e d  t o  fo rm  a t t a c h m e n t  

d i s c s .

The  v i s c i d  c o v e r i n g  o f  t h e  s t i c k y  s p i r a l  s t a i n s  d i f f e r e n t l y  

f rom t h e  two c e m e n t s  d e s c r i b e d  a b o v e  ( T a b l e  I ) .  A p a r t  f rom some f r e e  

amino  a c i d s ,  t h e  a m i d e s  o f  t a u r i n e  a n d  g a m m a a m i n o b u t y r i c  a c i d  ha ve  

been  r e p o r t e d  ( F i s c h e r  and  B r a n d e r ,  I960)  a s  w e l l  a s  p y r r o l i d o n e  

( S c h i I d k n e c h t ,  e t  a j_ . , 1972) and  i n o r g a n i c  p h o s p h a t e  ( r e p o r t e d  by b o t h  

g r o u p s  o f  r e s e a r c h e r s ) .  The  r e l a t i o n s h i p  o f  t h e s e  m a t e r i a l s  t o  t h e  

s t a i n i n g  p r o p e r t i e s  a nd  a d h e s i v e  q u a l i t i e s  o f  t h e  v i s c i d  s p i r a l  i s  un­

c l e a r .  A l t h o u g h  t h e  a g g r e g a t e  g l a n d s  a r e  t h o u g h t  t o  s e c r e t e  some o f  

t h i s  s u b s t a n c e  ( P e a k a l l ,  1 9 6 4 ) ,  t h e  o r i g i n  o f  o t h e r  m a t e r i a l s  p r e s e n t  

i s  o b s c u r e  ( A n d e r s e n ,  1 9 7 0 ) .

I t  i s  a p p a r e n t  t h a t  t h e r e  a r e  w a t e r  s o l u b l e  s u b s t a n c e s  on t h e  

web o t h e r  t h a n  t h a t  c o v e r i n g  t h e  s t i c k y  s p i r a l .  A u t o r a d i o g r a p h s  o f  

webs sp un  by s p i d e r s  f e d  r a d i o a c t i v e  s u l f u r  show a h i g h l i g h t i n g  o f  t h e  

HS-R j u n c t i o n  ( F i g .  7)  w h ic h  i s  e a s i l y  removed by s o a k i n g  in b u f f e r .

Such a h i g h l i g h t i n g  o f  t h e  HS-R j u n c t i o n  i s  n o t  o b s e r v e d  in  a u t o ­

r a d i o g r a p h s  o f  webs s p u n  by s p i d e r s  f e d  r a d i o a c t i v e  p h o s p h a t e  a l t h o u g h  

b o t h  i s o t o p e s  a r e  i n c o r p o r a t e d  i n t o  t h e  s t i c k y  s p i r a l  c o v e r i n g .  The  

w i d e s p r e a d  d i s t r i b u t i o n  o f  s u l f u r  shown by a u t o r a d i o g r a p h y  s u g g e s t s  t h a t
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low m o l e c u l a r  w e i g h t  compounds  a r e  n o t  c o n f i n e d  t o  t h e  s t i c k y  s p i r a l  

c o v e r i n g .  The  o r i g i n  o f  t h e s e  comp ounds  i s  unknown.  The  s i l k  g l a n d s  

o f  s e v e r a l  s p e c i e s  o f  s p i d e r s  p o s s e s s  d i f f e r e n t  r e g i o n s  c o n t a i n i n g  

c e l l s  f i l l e d  w i t h  s e c r e t i o n  g r a n u l e s  d i s t i n c t  in t h e i r  c o n t e n t  o f  

s u l f h y d r y l s ,  r e d u c i n g  g r o u p s  and  g l y c o p r o t e i n s  ( K o v o o r ,  1 9 7 7 ) .

Whe th e r  any  o n e  g l a n d  i s  c a p a b l e  o f  s e c r e t i n g  more t h a n  o n e  t y p e  o f  

m a t e r i a l  r e m a i n s  an  u n a n s w e r e d  q u e s t i o n .

G e n e ra l  Comments

A l t h o u g h  h i s t o l o g i c a l  s t a i n s  h a v e  p r o v e d  u s e f u l  in d i f f e r e n t i a ­

t i n g  t h e  c o m p o n e n t s  o f  t h e  o r b ' w e b ,  i t  i s  d i f f i c u l t  t o  a s s i g n  s p e c i f i c  

c h a r a c t e r i s t i c s  t o  t h e  v a r i o u s  f i b e r s  and  n o n f i b r o u s  s u b s t a n c e s .  For  

e x a m p l e ,  t h e  r e a c t i o n  o f  t h e  m i n o r  f i b e r s  w i t h  M a I l o r y - H e i d e n h a i n  t r i ­

chrome and  t h e  s . s . c .  f i b e r s  w i t h  a l d e h y d e  f u c h s i n  a r e  b o t h  i n d i c a t i v e  

o f  e l a s t i c  t i s s u e .  Such " e l a s t i c  s t a i n s '  o f  c l a s s i c a l  h i s t o l o g y  h a v e  

been  r e c e n t l y  shown t o  be n o n s p e c i f i c  an d  c a p a b l e  o f  s t a i n i n g  fo r m s  o f  

c o l l a g e n  a s  w e l l  ( P u c h t l e r ,  e t . a l . ,  1 9 7 6 ) .  A l s o ,  i n v e r t e b r a t e  " e l a s t i c  

t i s s u e "  d i f f e r s  in a f f i n i t y  f o r  d y e s  u s e d  s u c c e s s f u l l y  f o r  v e r t e b r a t e s  

( E l d e r  a nd  Owen, 1 9 6 7 ) .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  o f  a l l  t h e  web 

c o m p o n e n t s ,  m i n o r  f i b e r s  s t a i n  w i t h  m e th y l  g r e e n  and  p h o s p h o t u n g s t i c  

a c i d  h e m a t o x y l i n  w h ic h  a r e  c a t i o n i c  d y e s  a n d  w i t h  o r a n g e  G ( t r i c h r o m e  

com p o n en t )  w hi ch  i s  a n  a n i o n i c  d y e ;  t h i s  i n d i c a t e s  b o t h  s t r o n g  a n i o n i c  

and  c a t i o n i c  c o m p o n e n t  i n  t h i s  f i b e r .  I f ,  a s  s u g g e s t e d  by Work (1 9 7 6 ,  

1977) t h e  m i n o r  f i b e r s  a r e  a p r o d u c t  o f  t h e  s m a l l  ampul l a t e  g l a n d s ,  

t h e n  s u c h  r e s u l t s  seem i n c o m p a t i b l e  w i t h  l a r g e l y  n o n p o l a r  and  u n c h a r g e d  

amino a c i d  c o n t e n t s  o f  t h e s e  g l a n d s  ( T a b l e  8 ) .

The r e s i s t a n c e  o f  t h e  two t y p e s  o f  r a d i a l  f i b e r s  t o  d i g e s t i o n  

by p r o t e a s e s  i s  l i k e l y  a f u n c t i o n  o f  t h e i r  m o l e c u l a r  s t r u c t u r e .  X - r a y



108

d i f f r a c t i o n  a n a l y s i s  o f  t h e  f r a m e  s i l k  o f  A r a n e u s  d i a d e m a t u s  shows i t  

t o  be a p a r t i a l l y  c r y s t a l l i n e  s u b s t a n c e  ( W a r w i c k e r ,  I960;  L u c a s ,  1964) 

and i t  h a s  been  s u g g e s t e d  t h a t  i t s  m o l e c u l a r  c o n f i g u r a t i o n  i s  s i m i l a r  

t o  t h a t  o f  t h e  s i l k  o f  Bombyx m o r i . Amino a c i d  s e q u e n c e  a n a l y s i s  o f  t h e  

l a t t e r  h a s  r e v e a l e d  long  s t r e t c h e s  o f  s h o r t  s i d e  c h a i n  ami no  a c i d s  p a c k ­

ed i n t o  h i g h l y  o r d e r e d  8 - p l e a t e d  s h e e t  c r y s t a l l i t e s  a l t e r n a t i n g  w i t h  

bu lk y  s i d e  c h a i n  amino  a c i d ,  n o n - c r y s t a l l i n e  r e g i o n s  ( L u c a s ,  1 9 6 4 ) .  The  

s u b u n i t  s t r u c t u r e  o f  s i l k  f i b r o i n  i s  u n c l e a r .  S p r a g u e  (1 9 7 5 )  s o l u b i l i z e d  

t h e  c o n t e n t s  o f  B.  mor i  s i l k  g l a n d s  and  d e t e r m i n e d  t h a t  i t s  u n e x t r u d e d  

f i b r o i n  was composed  o f  e q u a l  a m o u n t s  o f  tw o  s i m i l a r  p o l y p e p t i d e  c h a i n  

whose m o l e c u l a r  w e i g h t  was e s t i m a t e d  by SDS e l e c t r o p h o r e s i s  a t  3 5 0 , 0 0 0  

d a l t o n s .  Numerous a n a l y s e s  o f  t h e  ami no  a c i d  c o n t e n t  o f  i n s e c t  and  

a r a c h n i d  s i l k s  ( L u c a s  a n d  R u d a l l ,  1968) ;  A n d e r s e n ,  1970;  H a z a n ,  e t . a l . ,  

1974) ha ve  f a i l e d  t o  d e t e c t  t h e  p r e s e n c e  o f  m o d i f i e d  a m in o  a c i d s  s u c h  

a s  d e s m o s i n e ,  o r  h y d r o x y  l y s i n e  w hi ch  may s e r v e  a s  s u b u n i t  c r o s s l i n k s .  

I n s e c t  f i b r o i n s  ha ve  b e e n  shown t o  c o n t a i n  t r a c e  a m o u n t s  o f  c a r b o ­

h y d r a t e s  ( S i n o h a r a ,  e t  a j _ . , 1971; S i n o h a r a ,  1977) w hi ch  may p l a y  a 

s t r u c t u r a l  r o l e  in  t h e  m o l e c u l e .  I t  i s  l i k e l y  t h a t  t h e  m a j o r  and m i n o r  

r a d i a l  f i b e r s  s h a r e  some common s t r u c t u r a l  e l e m e n t  w h ich  r e n d e r s  th em  

e q u a l l y  r e f r a c t o r y  t o  p a n c r e a t i c  a n d  b a c t e r i a l  p r o t e a s e s .  Y e t ,  s u f ­

f i c i e n t  s t r u c t u r a l  d i f f e r e n c e s  m u s t  e x i s t  b e tw e e n  t h e  two r a d i a l  f i b e r  

t y p e s  t o  a c c o u n t  f o r  t h e i r  d i f f e r e n c e  in  s u s c e p t i b i l i t y  t o  d i s s o l u t i o n  

by t h e  d i g e s t i v e  p r o t e a s e s  o f  A r g i o p e  a u r a n t i a .

In c o n c l u s i o n ,  a t  l e a s t  s i x  s e p a r a t e  s e c r e t i o n s ,  t h r e e  o f  w hic h  

a r e  f i b r o u s ,  a r e  r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  o f  t h e  o r b  web.  The  

l a r g e  ampul l a t e  g l a n d s  s e c r e t e  l a r g e  f i b e r s  w h ic h  make up t h e  b u l k  o f  

t h e  web w h i l e  t h e  c o r e  o f  t h e  s t i c k y  s p i r a l  t h r e a d  i s  composed  o f  a
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p a i r  o f  f i b e r s  d e r i v e d  f rom t h e  f l a g e l l i f o r m  g l a n d s .  A t h i r d  f i b e r  

o f  unknown o r i g i n  i s  f o u n d  o n l y  in t h e  r a d i a l  t h r e a d s .  T h r e e  n o n -  

f i b r o u s  s e c r e t i o n s  a r e  fo u n d  on t h e  t h r e a d s  o f  t h e  web:  a  v i s c i d  w a t e r

s o l u b l e  c o a t i n g  o f  t h e  s t i c k y  s p i r a l ,  a p l i a b l e  c e m e n t  fo u n d  o n l y  a t  

t h e  j u n c t i o n s  o f  t h e  s t i c k y  a p i r a l ,  and  a n o n p l i a b l e  c e m e n t  fo u n d  a t  

a l l  o t h e r  t h r e a d  i n t e r s e c t i o n s .

I I I .  S e p a r a t i o n  and  P u r i  f i c a t i o n  o f  P i q e s t i v e  F l u i d  P r o t e a s e s  
Meta  I l o p r o t e a s e s

In a p r e l i m i n a r y  e x p e r i m e n t  ( F i g .  9 ) ,  a r g a r o s e  e l e c t r o p h o r e s i s  

d e m o n s t r a t e d  t h e  p r e s e n c e  o f  s e v e r a l  c a t i o n i c ,  c a s e i n - h y d r o l y z i n g  

p r o t e a s e s  in  t h e  d i g e s t i v e  f l u i d  o f  A. a u r a n t i a  and  a l l o w e d  f o r  t h e  

d e s i g n  o f  a p u r i f i c a t i o n  p r o t o c o l .  Mommsen (1 9 7 8 )  h a s  s i n c e  s e p a r a t e d  

t h e  d i g e s t i v e  enzymes  o f  T .  a t r i c a  by p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  

and o b s e r v e d  o n l y  o n e  c a s e i n  d i g e s t i n g  p r o t e a s e .  I t  i s  p o s s i b l e  t h a t  

Mommsen d i d  n o t  d e t e c t  o t h e r  p r o t e a s e s  inasmu ch a s  m o s t  p r o t e a s e s  in 

A. a u r a n t i a  m i g r a t e  c a t i o n i c a l l y  a t  pH 8 . 6  and  a r e  i n a c t i v a t e d  a t  

pH 4 . 3  by c a t i o n i c  p o l y a c r y l a m i d e  e l e c t r o p h o r e s i s .

DEAE-ceI I u I o s e  ion  e x c h a n g e  c h r o m a t o g r a p h y  o f  A. a u r a n t i a  d i g e s t i v e  

f l u i d  s e p a r a t e d  p r o t e a s e  a c t i v i t y  i n t o  two p e a k s  ( T a b l e  3 ) .  The  l a r g e r  

o f  t h e  two p e a k s  was f u r t h e r  s t u d i e d  b e c a u s e  i t  c o n t a i n e d  LAF ( l a r g e  

ampul l a t e  f i b r o i n / m a j o r  r a d i a l  f i b e r )  d i g e s t i n g  p r o t e a s e  a c t i v i t y .  

C h r o m a t o g r a p h y  o f  t h e  m a j o r  D E A E - c e l l u l o s e  p e a k  on C M - c e l l u l o s e  r e s o l v e d  

f o u r  p r o t e a s e  f r a c t i o n s ;  A, B, C and  D. Two o f  t h e  f r a c t i o n s  A and  B, 

d i g e s t e d  LAF w h i l e  f r a c t i o n  D was e s p e c i a l l y  a c t i v e  a g a i n s t  e l a s t i n  f i b e r s .

A l t h o u g h  t h e s e  p r o t e a s e  f r a c t i o n s  d i f f e r e d  in t h e i r  s u b s t r a t e  

s p e c i f i c i t i e s  ( T a b l e  4)  t h e y  were  s i m i l a r l y  a f f e c t e d  by m e t a l  i o n s .



Each was s i g n i f i c a n t l y  i n h i b i t e d  by EDTA i n  a r e v e r s i b l e  m ann e r  w i t h  

Zn, Co a nd  Pb i o n s  b e i n g  t h e  m o s t  e f f e c t i v e  m e t a l s  in  r e v e r s i n g  c h e l a t o r  

i n h i b i t i o n .  Meta l  i o n s  c an  r e v e r s e  c h e l a t o r  i n h i b i t i o n  o f  enzymes  by 

e i t h e r  r e p l a c i n g  an ion w hic h  had b e e n  e x t r a c t e d  f r o m  t h e  enzyme by a 

c h e l a t o r  o r  by removal  o f  a c h e l a t o r  bound t o  an  enzyme m e ta l  c om pl ex  

by mass a c t i o n  ( V a l l e e  a n d  W acke r ,  1 9 7 0 ) .  Th e  l a t t e r  mode was p r o b a b l y  

n o t  t h e  c a s e  w i t h  A. a u r a n t i a  p r o t e a s e s  s i n c e  t h e  o r d e r  o f  e f f e c t i v e n e s s  

o f  i n h i b i t i o n  r e v e r s a l  by m e ta l  i o n s  ( T a b l e  6 ) d i d  n o t  r e s e m b l e  t h e  

o r d e r  o f  t h e i r  s t a b i l i t y  c o n s t a n t s  in  EDTA b i n d i n g  ( T a b l e  8 ) .  Z i n c  

d e p e n d e n t  m e t a I l o e n z y m e s ,  s u c h  a s  o b s e r v e d  in A. a u r a n t i a , a r e  w i d e ­

s p r e a d  t h r o u g h o u t  n a t u r e  ( V a l l e e ,  19 7 6 ) .  C o b a l t  h a s  a s i m i l a r  i o n i c  

r a d i u s  t o  z i n c  a n d  c an  r e p l a c e  z i n c  in many m e t a I l o e n z y m e s  ( R i o r d e n ,  

1977) .  Lead d o e s  n o t  h a v e  a s i m i l a r  i o n i c  r a d i u s  t o  z i n c  b u t  h a s  been  

c l e a r l y  shown t o  be  i n c o r p o r a t e d  i n t o  and  t o  r e s t o r e  t h e  a c t i v i t y  o f  

t h e  z i n c  en zym e ,  a l k a l i n e  p h o s p h a t a s e ,  a f t e r  c h e l a t o r  i n h i b i t i o n  

( S a b b i o n i ,  e t  a 1 . ,  1 9 7 6 ) .
-(•• j- -(•■{• - l - l -

O t h e r  m e ta l  i o n s ,  e s p e c i a l l y  Cu , Cd , Hg a n d  Ni i n h i b i t e d  

t h e  p r o t e a s e  a c t i v i t y  o f  a l l  f r a c t i o n s .  S p i d e r s  h a v e  h i g h  l e v e l s  o f  

c o p p e r  in t h e i r  hemolymph ( S t e w a r t  a nd  M a r t i n ,  1 9 7 0 ) .  I n h i b i t i o n  o f  

t h e i r  d i g e s t i v e  p r o t e a s e s  may e x p l a i n  o u r  o b s e r v a t i o n  t h a t  in  c row ded 

g r o u p s  in  t h e  l a b o r a t o r y  o r  in  t h e  f i e l d ,  A. a u r a n t i a  i n d i v i d u a l s  may 

k i l l  an d  s w a t h  i t s  n e i g h b o r  b u t  d o e s  n o t  consume t h e  c a r c a s s .

P r o t e a s e  f r a c t i o n s  B a nd  D c o n t a i n e d  o n l y  t r a c e  c o n t a m i n a n t s  

a f t e r  C M - c e l l u l o s e  c h r o m a t o g r a p h y  a n d  t h e s e  p r o t e a s e s ,  f i b r o i n - d i g e s t i n g  

A r g i o p e  p r o t e a s e  B a n d  t h e  e l a s t a s e ,  A r g i o p e  p r o t e a s e  D, w e re  p u r i f i e d  

t o  h o m o g e n e i t y  by h y d r o x y a p a t i t e  c h r o m a t o g r a p h y  ( F i g s .  I I ,  1 2 ) .  F r a c ­

t i o n  A e l u t e d  in  t h e  v o i d  vo lume o f  t h e  C M - c e l l u l o s e  co lumn  and  was a



Table 8 . S t a b i l i t y  c o n s t a n t s  ( l o g  K | ) o f  1:1 c o m p l e x e s  o f  m e t a l s  

w i t h  EDTA. (S i  M en  and  M a r t e l  I ,  1 9 6 4 ) .

Meta 1 Log K

Mg2+ 9 . 1 2

Ca2+ 1 1 . 0
M ^ tMn 1 3 .4 8
c 2+Fe 1 4 .3

Fe3+ 2 4 . 3 3

Co2+ 16.1

N i 2+ 17. 5

Cu2+ 18 .7

Zn2+ 16 .4

Cd2+ 16 .6

Hg2+ 2 2 . 1



complex  m i x t u r e .  H y d r o x y a p a t i t e  c h o r m a + o g r a p h y  o f  t h i s  f r a c t i o n  r e s o l v e d  

two u n p u r e  p r o t e a s e  a c t i v i t y  p e a k s .  One p e a k ,  A l ,  was e s t e r o l y t i c  and  

a c t i v e  a g a i n s t  LAF b u t  was r e c o v e r e d  in s m a l l  a m o u n t s .  The s e c o n d  p e a k ,  

A2, was n o t  e s t e r o l y t i c  o r  LAF a c t i v e  and  was c a p a b l e  o f  o n l y  l i m i t e d  

d i g e s t i o n  o f  c a s e i n .  SDS e l e c t r o p h o r e s i s  o f  A2 f r a c t i o n  r e v e a l e d  s e v e r a l  

p r o t e i n s ,  w i t h  t h e  m o s t  p r e d o m i n a n t  h a v i n g  a m o l e c u l a r  w e i g h t  o f  4 0 , 0 0 0 ,  

t h e  a p p r o x i m a t e  m o l e c u l a r  w e i g h t  r e p o r t e d  f o r  t h e  p r o t e a s e  o f  T .  a t r i c a  

d i g e s t i v e  f l u i d  (Mommsen, 1 9 7 8 ) .

IV. C h a r a c t e r i z a t i o n  o f  A r g i o p e  P r o t e a s e  B 

As t h e  m a j o r  f i b r o i n  d i g e s t i n g  p r o t e a s e  o f  t h e  d i g e s t i v e  f l u i d  

p r o t e a s e  B was  f u r t h e r  i n v e s t i g a t e d .  I t  m i g r a t e d  a s  a s i n g l e  ba nd  in 

n a t i v e  and  SDS e l e c t r o p h o r e t i c  g e l s  ( F i g .  13) a s  w e l l  a s  e l e c t r o f o c u s i n g  

g e l s  ( F i g .  22)  a n d  was i n d i c a t e d  t o  c o n t a i n  t r a c e  a m o u n ts  o f  c a r b o h y ­

d r a t e  by PAS s t a i n i n g  a n d  r e d u c i n g  s u g a r  a s s a y .  The  m o l e c u l a r  w e i g h t  o f  

t h e  p r o t e a s e  was  e s t i m a t e d  by s e v e r a l  t e c h n i q u e s .  Two s i m i l a r  v a l u e s  

were o b t a i n e d  i n  d e n a t u r i n g  s y s t e m s ;  17 ,6 0 0  in SDS p o l y a c r y l a m i d e  g e l s  

and 16 ,4 00  by g e l  c h r o m a t o g r a p h y  in an S D S - m e r c a p t o e t h a n o l  b u f f e r .  A 

much lo w e r  v a l u e  o f  1 2 , 0 0 0  was o b t a i n e d  by ge l  c h r o m a t o g r a p h y  on a 

Se ph adex  ge l  in  a n o n - d e n a t u r i n g  s o l v e n t .  Mebs ( 1 9 7 0 )  u s e d  S e p h a d e x  

t h i n  l a y e r  ge l  f i l t r a t i o n  t o  e s t i m a t e  t h e  m o l e c u l a r  w e i g h t  o f  a s p i d e r  

"venom" p r o t e a s e  a t  1 1 , 0 0 0 .  O t h e r  w o r k e r s  h a v e  u s e d  S e p h a d e x  ge l  f i l t r a ­

t i o n  t o  d e t e r m i n e  t h e  m o l e c u l a r  w e i g h t  o f  a c r a y f i s h  p r o t e a s e  a t  1 1 , 0 0 0  

( P f l i e d e r e r ,  e t  a l_ . ,  1967) a n d  a wasp l a r v a l  p r o t e a s e  a t  12 ,5 0 0  ( S o n n e b o r n  

and P f l i e d e r e r ,  1969) w h i l e  a " m i c r o p r o t e a s e "  (MW 7 , 8 0 0 - 1 5 , 6 0 0 )  h a v e  be en  

t o  be  s e c r e t e d  by B a c i l l u s  c e r e u s  ( S c h e n k  a nd  B j o r k s t e n ,  1 9 7 3 ) .  However ,  

i t  h a s  become a p p a r e n t  t h a t  ge l  f i l t r a t i o n  in S e p h a d e x  g e l s  o f t e n  y i e l d s



a n o m a l o u s l y  h i g h  e s t i m a t e s  o f  m o l e c u l a r  w e i g h t  f o r  p r o t e a s e s  ( V o o r d o u r ,  

e t  a j_. ,  1 9 7 4 ) .  R e c e n t  work  ( H o l m q u i s t ,  1977) h a s  shown t h e  m i c r o p r o t e a s e  

o f  B. c e r e u s  t o  h a v e  a t r u e  m o l e c u l a r  w e i g h t  o f  3 4 , 0 0 0 .  U s i n g  an  a v e r ­

age m o l e c u l a r  w e i g h t  o f  17 , 000  f ro m  d e n a t u r i n g  t e c - n i q u e s  t h e  z i n c  c o n ­

t e n t  o f  p r o t e a s e  B was e s t i m a t e d  a t  o n e  z i n c  a t o m  p e r  tw o  p o l y p e p t i d e  

c h a i n s .  A t t e m p t s  w e re  made t o  d e t e r m i n e  i f  t h e  n a t i v e  enzyme e x i s t s  a s  a 

d i m e r .  M o l e c u l a r  w e i g h t  e s t i m a t i o n  by s e d i m e n t a t i o n  v e l o c i t y  in an 

u l t r a c e n t r i f u g e  p r o v e d  f r u i t l e s s  due  t o  t h e  s m a l l  q u a n t i t i e s  o f  p r o ­

t e a s e  a v a i l a b l e .  No d i f f e r e n c e  i n  t h e  m i g r a t i o n  o f  t h e  p r o t e a s e  in SDS 

g e l s  was o b s e r v e d  when i t  was p r e p a r e d  in t h e  a b s e n c e  o f  m e r c a p t o e t h a n o l .

P r o t e a s e  B i s  n o n c o m p e t i t i v e I y  i n h i b i t e d  by c o p p e r  i o n s  ( F i g .  20)  

++
i n d i c a t i n g  t h a t  t h e  Cu d o e s  n o t  b i n d  a t  t h e  p r o t e a s e  s u b s t r a t e  b i n d i n g  

b u t  ca n  co m bin e  w i t h  e i t h e r  t h e  p r o t e a s e  a l o n e  o r  w i t h  a p r o t e a s e  s u b ­

s t r a t e  c o m p l e x .  Heavy  m e t a l s  u s u a l l y  i n h i b i t  enz ym es  by f o r m i n g  m e ta l  

m e r c a p t i d e s  w i t h  f r e e  s u l f h y d r y l  g r o u p s  ( V a l l e e  a n d  Wacker ,  1970) and  

t h e r e b y  i n d u c i n g  a c o n f o r m a t i o n a l  c h a n g e  i n  t h e  e n z y m e .  T h a t  p r o t e a s e  B 

was n o t  i n h i b i t e d  by i o d o a c e t i c  a c i d  s u g g e s t e d  t h a t  c o p p e r  and  o t h e r  m e ta l  

io n s  r e a c t  w i t h  a l i g a n d  o t h e r  t h a n  a s u l f h y d r y l  g r o u p .  A v a r i e t y  o f  

meta l c h e l a t o r s  i n h i b i t  p r o t e a s e  B ( F i g .  23)  c o n f i r m i n g  t h e  n e c e s s i t y  

o f  a m e ta l  ion  f o r  i t s  a c t i v i t y .  The  m o s t  p o t e n t  i n h i b i t o r  was 0 -  

h e n a n t h r o l i n e  w hi ch  may be due  t o  i t s  a b i l i t y  t o  fo rm  h i g h l y  s t a b l e  3 

t o  I c o m p l e x e s  w i t h  m e t a l  i o n s  ( V a l l e e  and  W acke r ,  1 9 7 0 ) .

The  e x a c t  i s o e l e c t r i c  p o i n t  o f  p r o t e a s e  B was n o t  e s t a b l i s h e d  

in t h i s  s t u d y .  Wide r a n g e  e l e c t r o f o c u s i n g  c o n f i r m e d  t h e  h o m o g e n e i t y  o f  

h y d r o x y a p a t i t e  p r o t e a s e  B a nd  p r o t e a s e  D ( F i g .  22 )  and  e s t a b l i s h e d  t h a t  

t h e  i s o e l e c t r i c  p o i n t s  o f  t h e s e  two p r o t e i n s  w e r e  g r e a t e r  t h a n  pH 8 . 2 .  

However,  a t t e m p t s  t o  e s t a b l i s h  pH g r a d i e n t s  in t h e  a l k a l i n e  r a n g e  were
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u n s u c c e s s f u l  .

The  h i g h  s t a b i l i t y  o f  p r o t e a s e  B p r o v e d  u s e f u l  in d i g e s t i o n  

s t u d i e s .  The  p r o t e a s e  c o u l d  be i n c u b a t e d  f o r  many h o u r s  a t  30°C w i t h ­

o u t  l o s s  in  p r o t e a s e  a c t i v i t y  o r  show t h e  r e l e a s e  o f  n i n h y d r i n  p o s i t i v e  

a u t o l y s i s  p r o d u c t s .  O x i d i z e d  b o v i n e  i n s u l i n  B c h a i n  was c l e a v e d  by 

p r o t e a s e  B a t  a num ber  o f  s i t e s  ( F i g .  2 5 ) .  F o u r  o f  p r o t e a s e  B’ s  f i v e  

m a jo r  c l e a v a g e  s i t e s  in t h e  i n s u l i n  c h a i n  a r e  b e t w e e n  a r o m a t i c  and

n e u t r a l  am ino  a c i d s  a t  l e u - v a l ,  t y r - l e u ,  l e u - v a l  and  t y r - t h r  w hic h  a r e
II 12 16 17 17 18 26  27

a l s o  c l e a v a g e  s i t e s  o f  c h y m o t r y p s i n s  (Blow a n d  B a r r e t t ,  1 9 7 7 ) .  However ,

p r o t e a s e  B d i f f e r s  f rom c h y m o t r y p s i n s  by n o t  c l e a v i n g  a t  p h e  o r  ph e  and
24 25

by h a v i n g  a m a j o r  c l e a v a g e  s i t e  a t  c y s - g l y .
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V. F i b r o i n  D i g e s t i o n  by P r o t e a s e  B 

B e h a v o r i a l  o b s e r v a t i o n s  ha ve  i n d i c a t e d  t h a t  o r b  w e a v i n g  s p i d e r s  

r e g u l a r l y  i n g e s t  t h e i r  web in e a r l y  m o r n i n g  h o u r s  and  s h o r t l y  t h e r e ­

a f t e r  s p i n  a new web ( B r e e d ,  e t . a l . ,  1 9 6 4 ) .  P e a k a l I  ( 1 9 7 2 )  h a s  s t u d i e d  

t h e  r e c y c l i n g  o f  a m in o  a c i d s  in t h i s  p r o c e s s .  He o b t a i n e d  webs w i t h  known 

l e v e l s  o f  r a d i o a c t i v e  l a b e l i n g  by e x c i s i n g  and  c o u n t i n g  t h e  a c t i v i t y  o f  

sm a l l  s e c t i o n s  o f  webs spun  by A. d i a d e m a t u s  f e d  ^H l a b e l e d  a l a n i n e .

F r e s h  s p i d e r s  w e r e  p l a c e d  on t h e s e  webs and  a l l o w e d  t o  i n g e s t  th e m  and  

b u i l d  new w e b s .  T h e  am oun t  o f  a m in o  a c i d  r e c y c l i n g  was d e t e r m i n e d  by 

s a m p l i n g  and  c o u n t i n g  s e c t i o n s  o f  t h e  new ly  sp un  web.  P e a k a l I  e s t i m a t e d  

t h a t  up wa rds  o f  95#  o f  t h e  l a b e l  c o n t a i n e d  in i n g e s t e d  web m a t e r i a l  would  

a p p e a r  in a new web b u i l t  s e v e r a l  h o u r s  l a t e r .  A u t o r a d i o g r a p h y  was u s e d  

t o  show ^H l a b e l i n g  o f  t h e  l a r g e  ampul l a t e  g l a n d s  w i t h i n  30 m i n u t e s  o f  

t h e  i n g e s t i o n  o f  l a b e l e d  web.  P e a k a l I  c o n c l u d e d  t h a t  o r b  w e a v e r s  a r e  

a b l e  t o  r a p i d l y  d e g r a d e  a l l  t h e  c o m p o n e n t s  o f  t h e i r  webs and  q u i c k l y  

r e c y c l e  t h e  a m in o  a c i d s  i n t o  new p r o t e i n s .



Our  s t u d i e s  h a v e  e s t a b l i s h e d  t h a t  t h e  d i g e s t i v e  f l u i d  o f  A. 

a u r a n t i a  i s  a b l e  t o  d i s s o l v e  a I I b u t  o n e  o f  t h e  c o m p o n e n t s  o f  t h e  o r b  

web (Kavanagh and  T i l l i n g h a s t ,  1 9 7 9 ) .  T h i s  d i g e s t i o n  o c c u r s  s l o w l y .  A 

web r o l l e d  i n t o  a b a l l  p l a c e d  d i r e c t l y  in  d i g e s t i v e  f l u i d  w i l l  t a k e  many 

h o u r s  t o  d i s a s s e m b l e  and  t h e  p r o c e s s  i s  n o t  h a s t e n e d  by r e d u c i n g  o r  

a n a e r o b i c  c o n d i t i o n s .  I t  i s  p o s s i b l e  t h a t  o t h e r  e n d o p e p t i d a s e s ,  n o t  

used f o r  p r e y  d i g e s t i o n ,  fo u n d  d e e p  in  t h e  g u t  a r e  r e s p o n s i b l e  f o r  com­

p l e t e  web d i g e s t i o n .  T h i s  may be  t h e  c a s e  f o r  d i g e s t i o n  o f  t h e  m i n o r  

r a d i a l  f i b e r  o f  t h e  web.  A n o t h e r  p o s s i b i l i t y  i s  t h a t  web f i b r o i n s  a r e

s l o w l y  s l o w l y  d i g e s t e d  in t h e  g u t  by p r o t e a s e s  s u c h  a s  p r o t e a s e  B.

P e a k a l I  (1 9 7 2 )  d i d  n o t  i d e n t i f y  t h e  f i b e r s  r a d i o a c t i v e l y  l a b e l e d  in t h e  

webs in h i s  s t u d y .  Only  s o l u b l e  n o n f i b r o u s  c o m p o n e n t s  o f  t h e  web may 

have  been  r a p i d l y  d i g e s t e d  and  r e c y c l e d .  A. d i a d e m a t u s  w i l l  c o n t i n u e  t o  

b u i l d  normal webs f o r  up t o  a week  d e s p i t e  h a v i n g  i t s  web removed d a i l y  

i n d i c a t i n g  t h a t  d i g e s t i o n  o f  t h e  f i b r o i n  o f  an  o l d  web i s  n o t  n e c e s s a r y  f o r  

t h e  c o n s t r u c t i o n  o f  a new o n e  ( W i t t ,  e t  £ j _ . ,  1 9 6 8 ) .

In t h i s  s t u d y  we h a v e  a t t e m p t e d  t o  e l u c i d a t e  t h e  d i g e s t i o n  o f  l a r g e  

ampul l a t e  f i b r o i n ,  t h e  main  c o m p o n e n t  o f  t h e  o r b  web.  Whole s p i d e r  

d i g e s t i v e  f l u i d  i s  a v e r y  h e t e r o g e n e o u s  m i x t u r e  whose  c o m p l e x i t y  o b s c u r ­

ed t h e  r e s u l t s  o f  e a r l y  f i b r o i n  d i g e s t i o n  s t u d i e s  ( T i l l i n g h a s t  and 

Kavanagh,  19 7 7 ) .  F i b r o i n  d i g e s t i o n  was t h e r e f o r e  s t u d i e d  w i t h  p u r i f i e d ,  

s t a b l e ,  p r o t e a s e  B. Even s o ,  w h o l e  d i g e s t i v e  f l u i d  may c o n t a i n  s o l u ­

b i l i z i n g  s u b s t a n c e s  wh ich  a i d  in LAF d i g e s t i o n  by s p i d e r s  in n a t u r e .

D u r i n g  t h i s  s t u d y ,  A. t r i f o l i u m  webs  w e re  u s e d  in  t h e  LAF a s s a y  t o

e s t a b l i s h  t h e  f i b r o i n  d i s s o l v i n g  c a p a c i t y  o f  p r o t e a s e  f r a c t i o n s  A and B.

Though w ho le  d i g e s t i v e  f l u i d  d i s s o l v e s  t h e  LAF o f  A. t r i f a s c i a t a  p a r t i a l ­

ly p u r i f i e d  f r a c t i o n s  A and B w e r e  o n l y  m a r g i n a l l y  e f f e c t i v e  a g a i n s t  t h e
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u n t r e a t e d  webs o f  t h i s  s p e c i e s .  I f ,  h o w e v e r ,  a s e c t i o n  o f  an A_. t r i f a s c i -  

a t a  web was p r e s o a k e d  in  t h e  n o n - i o n i c  d e t e r g e n t  T r i t o n  X-100 t h e n  f r a c ­

t i o n s  A and  B, b u t  n o t  C and  D, would  d i s s o l v e  t h e  LAF. T h i s  r e s u l t  s u g ­

g e s t s  d i f f e r e n c e s  in  t h e  n o n f i b r o i n ,  s u r f a c t a n t  s o l u b l e  c o m p o n e n t s  o f  t h e  

webs o f  t h e s e  two  s p e c i e s  o f  s p i d e r .  N a t u r a l  s u r f a c t a n t s  ha ve  been  r e ­

p o r t e d  in s p i d e r  g u t  f l u i d  ( C o l l a t z  and  Mommsen, 1 9 7 4 ) .  R e e l e d  d r a g l i n e ,  

i n s t e a d  o f  o r b  webs ,  was used  a s  a s o u r c e  o f  r e l a t i v e l y  p u r e  l a r g e  a m p u l -  

l a t e  f i b r o i n  in  t h i s  s t u d y .  Even t h i s  f i b r o i n  was c o a t e d  w i t h  s u r f a c t a n t -  

s o l u b l e  s u b s t a n c e s  ( F i g .  26)  w h ich  i n c l u d e d  two g l y c o p r o t e i n s .  The  e x ­

a c t  n a t u r e  o f  t h e s e  s u b s t a n c e s  i s  p r e s e n t l y  b e i n g  s t u d i e d  ( T i l l i n g h a s t ,  

p e r s o n a l  c o m m u n i c a t i o n ) .

D i g e s t i o n  o f  t h e  washed  d r a g l i n e  f i b r o i n  by p r o t e a s e  B, a s  e v i ­

denced by t h e  v i s i b l e  d i s a p p e a r a n c e  o f  t h e  s i l k  f i b e r s  and t h e  r e l e a s e  o f  

n i n h y d r i n  r e a c t i v e  s u b s t a n c e s ,  o c c u r s  g r a d u a l l y  o v e r  12 h o u r s  w i t h  many 

f i b e r s  r e m a i n i n g  w hic h  a r e  v e r y  s l o w l y  a t t a c k e d  by a f r e s h  p r e p a r a t i o n  

o f  p r o t e a s e s .  Why t h e s e  r e m a i n i n g  f i b e r s  a r e  s o  s l o w l y  a t t a c k e d  by 

p r o t e a s e  B was n o t  i n d i c a t e d  by t h e i r  ami no  a c i d  c o n t e n t  w hic h  a p p e a r e d  

t o  be i d e n t i c a l  t o  t h a t  o f  t h e  s o l u b i l i z e d  d i g e s t i o n  p r o d u c t s .  N i n h y d r i n  

a s s a y  (Moore and  S t e i n ,  1948) b e f o r e  and a f t e r  a l k a l i n e  h y d r o l y s i s  o f  

t h e  d i g e s t i v e  p r o d u c t s  i n d i c a t e d  t h a t  l a t t e r  w e re  s m a l l  p e p t i d e s .  The 

smal l  s i z e  o f  t h e  d i g e s t i o n  p r o d u c t s  was  f u r t h e r  s u g g e s t e d  by t h e  l a c k  

o f  any  d e t e c t a b l e  p r o t e i n  b a n d s  ( e x c l u s i v e  o f  p r o t e a s e  B) on 5 ,  8  and 

15$ SDS p o l y a c r y l a m i d e  ge l  s e p a r a t i o n s  o f  t h e  d i g e s t  m i x t u r e .  P a p e r  

e l e c t r o p h o r e t i c  and c h r o m a t o g r a p h i c  t e c h n i q u e s  f a i l e d  t o  r e s o l v e  t h e  

d i g e s t  m i x t u r e ,  b u t  i n d i c a t e d  t h e  p r e s e n c e  o f  a number  o f  s i m i l a r  p e p t i d e s .  

Gel f i l t r a t i o n  o f  t h e  d i g e s t  m i x t u r e  showed t e h  b u l k  o f  t h e  d i g e s t  p e p ­

t i d e s  t o  h a v e  a s i m i l a r  m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y  800 -  1, 0 0 0 .
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C l e a v a g e  o f  t h e  LAF m o l e c u l e  by p r o t e a s e  B o c c u r s  o n l y  on t h e  

amino s i d e  o f  a l a n i n e  and  g l y c i n e  r e s i d u e s .  P r o l i n e ,  a l a n i n e  an d  g l y ­

c i n e  we re  t h e  o n l y  N- l a m in o  a c i d s  fo u n d  i n  t h e  f i b r o i n  d i g e s t i o n  p r o ­

d u c t s .  The o n e  d i g e s t  f r a g m e n t  w h ic h  was p u r i f i e d ,  t h e  t r i p e p t i d e  g l y -  

p r o - t y r ,  had t r y o s i n e  a s  i t s  c a r b o x y  t e r m i n a l  ami no  a c i d :  p r o t e a s e  B 

c l e a v e d  t h e  i n s u l i n  B c h a i n  on t h e  c a r b o x y  s i d e  o f  b o t h  a v a i l a b l e  

t r y o s i n e  r e s i d u e s .  F u r t h e r  c l a r i f i c a t i o n  o f  t h e  d i g e s t i o n  o f  l a r g e  

ampul l a t e  f i b r o i n  w i l l  r e q u i r e  t h e  u s e  o f  more  s o p h i s i t c a t e d  s e p a r a t i o n  

t e c h n i q u e s  t o  i s o l a t e  a l l  o f  t h e  d i g e s t i o n  p e p t i d e s .
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