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20 . A bstract
a c h i e v e d , and i t  I s  c o n c l u d e d  t h a i  t h e s e  e n z y m e s  r ese m b l e  the
v e r te b r a t e  c h v m o t r y n s i n s .  The e n z ’m e s  a rc ’  i n h i b i t e d  by s e v e r a l
of t h e  h u m a n  s e r u m  a n t  i p r o t e a s e s  i s  w e l l  as  by s p e c i  f i c  c h v m o —
t r y p s  in  and s er i n e  pr o t e a s e  i n h i b i t o r s .  S t u d i e s  on t h e  poss  i l ) I C
inhibitory activity of y-globulins from sera of immunized animals
are being continued.

The role of these pro teolvti c enzymes in the penetration of
skin has been studied usin g model connective tissue substrates
in vitro. Major proteol ytic effects are observed on the prot e in
b a c k b o n e  of  p r o t e o c ~lyca ns and on n o n - c o l  l a g e n o u s  b a s e m e n t  m e mb r a n e

• p r o t e i n s .  M i n o r  p r o t e o l y t i c  e f f e c t s  a r e  o b s e r v e d  on e l a s t i c  f i b e r s
an d  on t h e  k e r a t i n a c e o u s  l ay e r  of t h e  o u t e r  s k i n .  \o e f f e c t  of

-? titese enzymes on po ly saccharid es or on col lagen f i b e r s  of the der-
mis has  been demonstrated. These studies suggest t h c  major role —

~~~~~
of these cercarial enzymes in penetration is a proteol ytic action

• on t he  ep idermal basement membrane and on the proteog lycan s of
the dermis.

The p r e a c e t a h u l a r  g l a n d s  a l s o  c o n t a i n  c a l c i u m  a n d  t h e  l o c a l  i -
zation and  q u a n t i t a t i o n  o f  t h e  c a l c i u m  c o n t e n t  of t h e s e  g l a n d s  h a s
b e e n  reported. The  calc iun i  h a s  been s h ow n  to be p r e s e n t  i n  t h c

• p r e a c e t a h u l a r  g l a n d s  as c a l c i u m  c a r b o n a t e .  We h a v e  suggested that
t h e s e  c a l c i u m  d e p o s i t s  f u n c t i o n  as  in  s i t u  i n h i b i t o r s  of the cer-
ca n a l  p r o t e a s e s  d u r i n g  s t o r a g e  in  t h e  p r e a c e t a b u l a r  g l a n d s .  Fur-
ther s t u d i e s  are currently being carried out  to isolate the pro-
tease- and calcium-containing granules of these preacetabular gland .
by sucrose gra d ient centrifugation techni ques.

We h a v e  reported t t . at  z i n c  s a l t s  w e r e  v e r y  e f f e c t i v e  i n  inhibi -
tion of the protease activity from these preaceta bul ar g l a n d s .
Furthermore , we have demonstrated that z i n c  i s  e f f e c t i v e  i n  k i l l  i n g
both cercariae and  schistosomul es. T h e s e  r e s u l t s  s u g g e s t  t h a t  the
use of  z i n c  salts in  a prop h y l actic manner in infected ~caters an d
streams may open new avenues for control of schistosomiasis.
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Summary

T h i s  report discusses the final status of s t u d i e s  of
• the mechanisms by which cercaniae of the h u m a n  p a r a s i t e ,

Schistosoma mansoni penet rate the ski ii of vertebrate hosts.
These studies were undertaken to i n v e s t i g a t e  means  by w h i c h
the processes can be controlled for possible therapeu tic and

• proph ylactic intervention.

• The penetration processes are mediate d b y se c r e t  ion  of
liroteol ytic enzymes from the preacetabular glands of the
c e r c a r i a c .  I s o l a t i o n  and  parti a l characterization of these
enzymes has been  a c h i e v e d , and  i t  is  c o n c l u ded t h a t  t h e s e
e n z y m e s  r e s e m b l e  the vertebrate chymotryps ins. The enzymes
are  i n h i b i t e d  by se v e r a l  of the  human  se rum a nt i p r o t e a s e s  as

• w e l l  as by spec i  f i c  c h v m o t r v p s i n  and  seri ne p r o t e a s e  i n h i h i -
t o r s .  S t u d i e s  on t h e  p o s s i b l e  i n h i b i t o r y  a c t i v i t y  of y-
globulins from sera of i mmunized animals are being continued.

The role of these proteo lvtic enzymes i n  the pen etration
of skin has been studied using model connective tissue sub-
strates in vitro. Major proteolytic effects are observed on
the protein backbone of proteog l~ cans and on non-co llagenous
basement membrane liroteins. Minor proteolytic effects are
observed on elastic fibers and on the keratinaceous layer of
the outer skin. No effect of these enzymes on po lysa ccharides
or on collagen fibers of the dermis h a s  been demonstrated.
These s t u d i e s  s u g g e s t  t h e  m a j o r  r o l e  of t h e s e  c e r c a r i a l  e n z y m e s
in  p e n e t r a t i o n  is a prot e o lv t ic action on the epi derma l base-
ment membrane and on t h e  p r o t e o g l y c a n s  of t h e  d e r m i s .

The p r e a c e t a b u l a r g i a n d s  also contain calcium and the lo—
cal i zat ion and quanti tat i o n  of t h e  calcium content of these
g landi s h a s  b een  reported. The  ca l  c i urn h a s  bee n shown to lie

• j ir e  s en t  in  the jireacet a b u l  an  g l a n d s  as c a l  c m m ca r h o n a  te . 1
-j h a v e  suggested that t he se  c a l c i  urn d e p o s i t s  l u n c t  i o n  as i n  s i tu

inhibitors of the cerc aria l prote ases d u r i n g  s t o r a g e  in t h e
preacetahular g lands. Further studies are cu r r cn t l h em car-
ried out to isolate t h e  p r o t c a s e -  a n d  calcium-containing granu les
of these pre a ce ta b u l a r g lands by sucrose g r a d  i e n t  c e n t  r i fugat ion
techniques.

We have repoi t ed  t h a t  z i n c  s a l t s  w e r e  very effective in
inh lb ition of the proteas e a ctivity from these p reacet abri lar
g land s . Fu rt l ie rmo re , we ii ave demon s t ra t ed t h a t  i n c  i s c I fcc  —

t i y e  i n k i i I I n g  h o t  Ii cc rca r i a e a n d  sc h i s t  os onr u I es T h e se  y e  —

suits suggest t h a t  t h e  u se  () I z i n c  s a l t s  i i i  a p r o p l \ ’ l a c t  I c
manner i n  in fec ted waters and st reams may open new avenues
for control of schistoso rn i a sis.
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D u r i n g  t h e  t e r m  of  t iu~ n r o i e c t  we h a v e  s t u d i e d  several
aspects of the biochemistr y of schi stosorne penetration throug h
host skin.

A. lTnzv rnolo gv

The e n : vr n o l o g v  a n d  biochemi strv of the nrotco-
l y t i c  e n z y m e s  f o u n d  i n  c e I ’c a r i  a l  s e c r e t  i o n s  an d  homo-
g e n a t e s  has  been  i n v e s t i g a t e d .  We h a v e  r e p o r t e d  n a r t  i a l
c h a r a c t e r i z a t i o n  of t h e s e  p r o te a s e s  i n t w o  se p a r a t e  pub-
lications (1,2). These studies are being continued rising
a variet y of chromatog raphic techniaues in order to iso-
late t h e s e  e n zy m e s  in  p u r e  f u i  in .  We h a v e  u t i  I i  zed
Sephade x (~-l  SO , m o l e c u l a r  s i e v e  c h r o m a t o g r a p h y , p r epa ra -
t i v e  i s o e l e c t n i c  I o c u s i n :~ . io n - e x c h a n g e  c h r o m a t o g r a p h y
and  a flin i tv  c h r o m a t o g r a p h y  in  o r d e r  to purl Iv t h e s e
e n z Y m e s .  The n r e s e n t  t a t u s  o f  t h i s  a s p e c t  of  t h e  pro-

ec t  i s  t h a t  t h e  schistosome s appear to contain one
m a l o r  p r o t e a s e  s p e c i e s  and p o s s i b ly  two  m i n o r  s p e c i e s .
All species anpear to consist of serine prote oses of
molecular weight 25 ,000 to 2~, ,000 daltons: the) ’  differ
in isoclec t ric n oint , but respond si rn i lri rlv to certain
inhibitors and d iv al ent catio n s. The amino acid compo-

• s i t i o n  of  t h e s e  e n z y m e s  is  n ot  k n o w n  a t  t h e  p r e s e n t  t i m e .

We h a v e  u t i l i z e d  sp e c i  f i c  p r o t e a s e  i n h i b i t o r s  i n
o r d e r  to  c h a r a c t e r i z e  the p r e a c c t a h u l a r  p r o t e a s e s  . The
r e s u l t s  o f  t h e s e  s t u d i e s  h a v e  been  nresented at s e ver a l

• m e e t i n g s  (3 , 1)  a n d  a r e  surn m n a r  i zed  i n  T a b l e s  1 a n d  2 .
T h e y  i n d i c a t e  t h a t :  1)  (‘e r c a n i a l  n r o t e ’ m s e s  ar c  n o t  t m —
s i n - l i k e  n o r  ar e  t h e~’ e l a s t a s e -]  i k e , a l t h o u g h  t h e s e  e n z y m e s
h a v e  been  p r e v i o u s l y  sh o w n  to  ~! ir e s t  e l a s t i n  s ub s t r a t e s
(5 , 1) .  2 )  T h e i r  i n h i b i t i o n  s n e c t r n  i s  s i m i l a r  b u t  not

• i d e n t i c a l  to  t h o s e  of t h e  vertebr~it e ch vriotrv psi n s. The
p e n t  i ~c (le r i v a t  i ye ; m c e t  v i  — p h e n v  I a I a nv I — ~ l v c y  I — a Ia iv l  —

• l c u c v l - c h l o r o r n e t h v l k c t n n e  i s  t h e m o s t  e f f e c t i v e  i n h i h i -
t o n  o f  t h e  c e r ca r  I a l  p r o t e a s e s  we h a v e  f ound t o  d a t e .
F u r t  h e r m o r e  , s tu d i e s  m i s  i rig t h e  ox  i d i :er l  P — c ha  i n  of  i n su  —
1 i n  as a m o ( l el  su b s t r a t e  h a s  furthernore s t r c n n t h e n e i l
o u r  c o n t e n t  i on th at we are (lea I in g w i t ii a c h v m o  t r vp  t i c —

1 i ~e protease because the c i  c . i v a r e  n a t t e r n  of th i s  sub-
s t  r a t e  r e s e i nb  1 es t im t ~ou n 1 f o r  pa nc rca  t i c  c h v m o  t ry p s  i n

P .  Se r u m  i nh lb i t ( i r s

He t e r m  i n a t  i on o f  r~’li c t he r i n  icc t e d  !i o st  s d e v e l o p
a mi t  i hod i es t o  t he  ‘e  p r ot  e a se  ~ n i : i v  n r ev  i d e  i n f o r n i a t i on
n o t  o n l y  on t h e  r o l e  of  t h e s e  e’ t z v m e s  i n  p e l l e t  r a t  i o n  h u t
;m I so t he  I r r e 1 a t  i on sh i P~ 

t ii eat line e n es  1 5 an d  t o  i m m u m n c  —

re I a te~ p h e n n i n e m i i  . The  r pu r i i c a t  ion , f o r  e x a r i n  I e
r i  I czh t 1 e:m d t o  a sen ~ it I ye se ro I oi~ I cal or s b i n t e s t  ( see
i c r  c ’ x ; m n r r l e  ( )  . \ l so , sn’ne a u t h o r s  h a v e  c o n s i d e r e d
c e r c a r i a l  an d  ~; c l i i s t o s o m u 1 e  s t ar e s  t o  be s i g n i f i c a n t  i n

L ~~• _ _ _  ~~~~~~~~ • 
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i m m u n i t y  to  s c h i s t o s o r n  i s i s  and  t h e se  e n z y m e s  may
be i m n o m t a n t  a n t i g e n s  in  t h i s  r e s ne c t  . Suc h i n  fo r-
m a t io n m a y  a l s o  h e r e l e v a n t to  t h e  d e r m a t i t i s  o b s e r v e d
i n  the  i n f e c t i o n  of  h u m a n s  w i t h  non  - h u m a n  s ch i  st o somes
(sw im mer  ‘ s i t c h )

We h a v e  p r ey  i on s  l v  r e p o r t e d  t h a t  no rm al .  human
se rum i n h i b i t s  D r o t e a s e  a c t i v i t y .  T h i s  i s  to  he c x -
p e c t ed  in  v i e w  o f t h e  m u l t i p l e  p r o t e a s e  i n h i b i t o rs
repo r ted  to  he p r e s e n t  in  t h e s e r u m  ( 7 )  . T h i s  wo r k
w a s  cont inue ( 1 by e x a m i n a t i o n  of t h e  v a r  iou s  Cohn fr a c  -
t i o ns of h u m a n  se rum and  i t  was  d e m o n s t r a t e d  t h a t  only
Cohn fraction 4 i n h i b i t e d  cer c ar i a l  p r o t e a s e  a c t i v i ty .
Th i s  f r a c t i o n co n t a i n s t h e  n~ a n d  a 2  g l o b u l i n s .  We
ha v e  now sho wn t h a t  n u r •i I i  ed ~ 2 — m a c  m g  l o h u i l  in  and  ~ -

a n t i t r v n s i n  f r a c t i on s  i n h i b i t  p r o t e a s e  a c t  i v i tv . Fur-
t h er m ore  , two o t h e r  p u n  Ii ccl h u m an  s e r u m  a n t i  p r o t e a s e s
a 1 - a n t  i c h v m o t r y p s  in  and  C ’ -1 i n a c t  i v a t o r  , a l s o  i n h i b i t
c e r c a r i a l  p r o t e a s e  a c t  i v i  t v . On t h e  o t h e r  h a n d , t h e
t w o  r ema i n i n g  s e r u m  p r o t e a s e  i n h i b i t o r s , i n t e r - a - i n h i b i t o r
a nd a n t i t h r o m b i ; L - I I i  h a v e  no e f f e c t  on t h e  c e r c a r i a l  pro -
t e a s e s .  Some 92 % of the  i n h i b i t o r y  a c t i v i t y  in n o r m a l
h u m a n  ser um ca n he acco un ted  f o r  by  t h e  e f f e c t s  of C ( 1 -

• a n t i t r v p s i n  and a n o t h e r  6 % by a2 - m a c r o g l o h u l i n .  T h i s
w o r k  i s  in p r e s s  ( S )

We h a v e  r e c e n t l y ex am i n e d  a n u m b e r  of se r a f r om
i n f e c t c 3  an i nra 1 s p r o vj  ded to  us  Nv h i- s . P a t  r I c I a M i m i  rd
a n d  D a r w i n  M u i r r e l  I f r o m  t h e  N a v a l  M e d i c a l  R e s e a r c h  I n s t  i —

t r i t e , i n  o rde r to  d e t e r m i n e  w h e t h e r  t h e  y - g l o b u l i n  f rac -
t i o n s of  i n f e c t e d  and n o n i n l e c t e d  a n i m a l s  m i g h t  c o n t a i n
a n t i  p r o t e a s e  ac t  i v i  t v  . We h a v e  de t e r m i n e d  t h a t  t h e  ‘

~ 
-

g l o b u l i n s  f r o m  n o n i n  f e c t e d  s e r a  do not  c o n t  am ant i p r o t e a s e
a c t  i v i t v . fl~ t h e  o t h e r  h a n d , a s i n g l e  s e r u m  p r e p a r e d
a g a i n s t  s ch i s t o s o r n e s  h a s  been  s h ow n  t o  c o n t a i n  a n t i -
p r o t e a s e  a c t  i v i t i n  the y - g 1 o h u l  i n  f r a c  t i o n  . We a r e
curren tl y conti fil ing these studl i es i n  o r d e r  to  d e t e r m i  m e
w h e t h e r the I f r a c t i o n s  f r o m  i m m u n e  sera  mi g h t  he
e f f e c t i v e  i n  i n h i b i t i n g  c e r c a r i a l  p r o t e a se  a c t i v i t y  and
t h e r e  fo r e c e r c a r i a l  pe n e t r a t i o n .

C .  I f l e c t s  o f  D i v a i e n t  C a t i o n s

h e  mi rev  i o n i s 1 v d e m o n s  t r a t e d  t h a t  d i Va I (‘11 t c a t  1005
a f f e e t  d r ; m n i a  t i ca I I  v t he  p r o  t e a s e  ;m c iv  i t  v o f cc r ca  r i a
h o m o g e n a t e s  and  s e c r e t  i o n s  ( 9 1  . Dua l  e f f e c t s  of  Ca~~a n d  ‘i g~~ oil cor on al emoteas es (stimulation at low

4 c o nc e n  r a t  i en s  , 0 — I  ( tm mm . a n d  i nhi h i  t i on at hi gli concen —

t ra t i e n s  , a h o v e  1 ( l m m ) w e r e  j u t  r I g um i ng i n  v i e w  of  t lie
obse r v a t i o n s  o f  ~ t i rewa t 1 10 )  a n d  L cw e r t  ( 1 1 )  and  t h e i r
c e l l  :iho r a t o r s  that t h e  n r e a c e t a h u m l i r  g l a n d s  of  c e r c a r  iac ’
c o n t a i n  l a r g e  a m o u n t s  ol c a l c i u m .  The c e r c a r i a l  p r o t ea se s
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are  a l s o  f o u n d  i n  t h e s e  g l a n d s .  U s i n g  t h e  t e c h n i q u e
o f  e l e c t r o n  p r o b e  spcc~ r o s c o p v  we d e m o n s t r a t e d  t h a t
in d e e d , m o s t  o f  t he  c a l c i u m  of  t h e  c e r c a n i a e  is l o c a l -
1 :ed in  the preacetabular glands (12) . Us 1mg a t o m i c
a b s o r p t i o n  s p e c t r o s c o p v  i t  was  p o s s i b l e  to ( l u a n t i  t a t e
t h e  l e v e l s  o f  c a l c i u m ; a p p r o x i m a t e l y  (1 . 0 )  to  O .1~~ng
of  c a l c i  urn a r e  f o i : n d  pe r  c e r c a  m i  a e .  M o r e  r e c e n t  s t u d i e s
us i n g  c h e m i c a l  assays have b e e n  u s e d  to  d e m o n s t r a t e  t h a t

• t h e  m a j  on ty  of  t h i s  ca l c  i urn i s  p r e s e n t  i n  t h e  f o r m  of
c a l c i u m  c a r b o n a te (1 3 ) . R e c a u s e  of  o u r  p r e v i o u s  r e su m i ts
show i n g t h a t  I n s c~ lub I e cal c i urn c a r h o n a  to  can  b i nd t h e
cerc ari al proteases reversibl y we h a v e  s u g g e s t e d  t h a t
the preac etabular calcium (lepos its serve to maintain the
pr o t e a s e s  in  an inact i \ r e  f o r m  p r i o r  to  s e c r e t i o n  of the
p r e a c e t a b u l  or  g l a n d  contents. This hypothesis is 1)0 ing
f u r t he r  i n v e s t i g a t e d  h v  attempts to i s o l a t e  t h e  s e c r e t i o n
g r an u l e s  I r o n m t h e s e  p r e . i c e t a h u l a r  g l a n d s  . The t e c h n i q u e s
used  fo r  t h e s e  s t u d i e s  m c  lu d e  s o n i c a t  i o n  of c e r c an i  ae
followed by low sneed centrifugation on s u c r o s e  g r a d i e n t s .
F r a c t i o n s  w h i c h  cxii lb i t e d  p r o t ea se  a c t i v i t y  w h e n  t r e a t e d
by t h e  n e u t r a l  d e t e r g e n t  Ti- i t o n  N —  100 a r e  t h e n  r emoved
f r o m  t h e  g r a d i e n t , and  l a y e r e d  on a second set of sucrose
g r a d i e n t s  w h i c h  a r e  s p u n  a t  h i g h speeds  ( 1 0 0 , 000  x g ) .
A c t i v e  f r - a c t  i o n s  f r o m  t h e s e  g r a d i  e m i t s  w e r e  removed and
s~m b j  ected to f i x a t i o n  by g i u t a r a l d e h y d e  and prepare d for
e l e c t r o n  m i c r o s c o p y . Our  p r e l i m i n a r y  r e s u l t s  s u g g e s t  t h a t
we h a v e  b e e n  s u c c e s s  m l  i i i  i s o l a t i n g  t h e  p r e a c e t a b ul a r
s e c r e t o ry  gr an u l e s  f r o m  t h e  s c h i  s t o s o m e  ce rca  r i  ac as
s h o w n  i i i  1 :i gui re I . These  s t u d i e s  a r e  con t  i n u i  r i g .

I n  t he  c o u r s e  o f  o u r  s t u d i e s  on t h e  e f f e c t s  of  di-
v a l e n t  c a t i o n s  , i n h i b i t i o n  by  low c o n c e n t r a t i o n s  of z i n c

H s a l t s  w a s  p a r t i c u l a r l y  s t r i k i n g .  l , eu c e r t  a n d  h i s  c o w o r k e r s
p r e v i o u s l y  r e p o r t e d  t h a t  z i n c  s a l t s  i n h i b i t e d  cer carial
i n f e c t • v i t v  ( 1 . 1) .  We h a v e  r e i n v c s t i g a t e d  t h e  q u e s t i o n  of
whic h of til e steps in i n f e c t i v i t y  mi ght he i nh i b  t ed  b
z i n c . The r e s u l t s  of  t h e s e  s t u d  i e s  h a v e  b e e n  r e c e n t ly
p u b l i s h e d  ( 1 - I ) . i n  b r i e f , z i n c  s a l t s  a t  low I evel s (0.05-
5mm 1 d r a m a  t i c a l l  v dec reas  e cc rca  r l a l  I o ng e v  i t v  and  p r o d u c e
c r e m a t i o n  of  c e r c a n i a l  b o d i e s  a n d  d e c a u d a t  i o n .  : i n c  s a l t s
a l s o  a p p e a r  to  d e c r e a s e  s u r v i v a l  o f  s c h i  st  o s o n i u l e s  . I n
e f f o r t s  to d e t e r m i n e  w he the r  z i n c  s a l t s  m a y  p r o v e  e f f e c t i v e
in  c o m b a t i n g  s c h i  s t o s o r n i  as is , we are currentl y carry ing out
i n v i v o  s t u d i e s  on tire effects of zinc on s c h i s t o s o m u l e
a c t i v i t y  a n d  s u r v i v a l .

1) . R o l e _ o f _p r o t c a s e s i u e n e t r a t i c m

Our stud es t o  de t c r: i  i n e  t he i -e l  e o f t lie sch  i s t o som a  1
p r o t  eases in peui et rat I on have b e e n  d i  nec t ed  N v n t  i I i i ng
connect ive t i s s u e  s u b s t r a t e s .  T h e s e  s t u d i e s  d e m o n s t  r a t e d
that cc rcar i al 

~ 
rot ea sec u%e re ab I e t o  h v d  no I v zc  b a s e m e n t

m e m b r a n e  p r o t e m  u s  I s r  I : m  t e d  l u- o ur gi o r n e r m u l  an  b a s e m e nt  mciii —
b r a n e  ( I S )  . Iii is suh st rate is h v d r o i  v :e d  onl y i i i  i t s

-
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n o n - c o l  l a g e n o u s  p o r t i o n ; , bu t  n o t  i n  i t s  collagenous
t ract ions. Tn addition , m a j o r  h y d r o l y t i c  a c t i v i t y  w a s
observed against the protein backbone of  t h e  p n o t e o g ly -
can  f r o m  c a r t i l a g e , c h o n d r o m u c o p r o t e i n  ( I ) .  F u r t h e r ,

‘ a si gnificant hydrolysis of elast in (1 ,5) and keratin
( I S )  c o u l d  be demonstrated b y these in vitro t e s t s .  On
t u e  o t i r e r  h a n d , t h e  c a r b o h yd r a t e  c o m p o n e n t s  of  c h on d r om u c o -
protein , i.e. ha luronic acid , chond roitin sulfates a , c ,

• a n d  d a n d  c l e n n i a t a n  sul  f a t e  w e r e  no t  h y d r o l y z e d  by t h e
p r e p a r a t i o n s  f r o m  c e r c an i a l  s e c r e t  i o n s  or homogenates.
I n  a d d i t i o n , s k i n  c o l l a g e n , e i t h e r  in  s o l u b l e  or f i b r o u s
form , was n o t  h y d r o l y z e d  Nv the c e r c an i a l secretions.
T h e s e  s t u d i e s  h a v e  s t r o n g l y  s u g g e s t e d  t h a t  t h e  m a j o r  ac-
t i v i  ty  o f  the proteases in penetrat ion of  c e r c a r i a e  t h r o u g h
h o s t  s k i n  i s  by p r o t e o l y t i c  a c t i o n  on t h e  n o n - c o l l a g e n o u s
p r o t e i n  of t i r e  b a s e m e n t  m e m b r a n e  b e t w e e n  ep i d e r m i s  and
d e n n i s  and  Nv h y d r o l y s i s  o f  the p r o t e  in b a c k b o n e  of  t he
p n o t e o g l y c a n s  w h i c h  m a k e  up t i r e  d e n m a l  m a t r i x .  I h e s e
studies are suppor tive of earlier histological observa-
t i o n s  o f  L e w e r t  and  h i s  c o l l a b o r a t o r s .  Currentl y attempts
a re  u n d e r w a y  to  u t i l i z e  s p e c i f i c  i n h i b i t o r s  of  t h e s e  P~-t e a s e s  i n  s k i n  p r e p a r a t  i ons  in  o r d e r  to c l e t e r u n  i n c  w h e t h e r
t h i s  a pp r o a c h  m i g h t  be f r u i t f u l  f o r  p r e v e n t i n g  p e n e t r a t i o n
o f  s c h i s t o s om e  c e r c a r i a e  t h r o u g h h o s t  s k i n .

— ~~~~~~~~~~
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I a N 1 e I . F I f e c  t o f l o w  — Mo 1 ecu I a m  We i gh  t I r r i r i N i t o  rs on

C e r c : m r l a l  P u o t e a s e  S e c r e t i o n s

No i n h m i b i  t i o n  ( a t  I u m ~ l o r  g r e a t e r )

N P  \ - M e t  a l l  o p r o t e i  mr s

I o s v l  I v s  i n c  c h u l o r o m e t h v l  k e t o n e  - T r y p s i  n

•\ c - ; \ l a - P r o - A l a - A l a - C 1 I 2 C I - L e u c o c v t e  E l a s t a s e

A c - A l o - A I a - P r o - A l a - C I I 2 C I - L e u c o c \ - t e  and  P a n c r e a t i c  E l a s t a s e

P e p s t a t  i n - :\c i d i c  P r O t e a s e s

la ir _i b i t m o n  ( c o n c e n t r a t  i o n  t o  a c h i e v e  50~ i aim l b  i t  i o n )

D I F P  , P M SF - S e r i u r e  P r o t e a s e s  - 1 mM

T P C K  — C h r y m o t r v p s i n  — 0 . 8  niM

: - G I \ - L e u I - P h e - c l h 2 c 1 - c h v m m 1 o t r \ ~I ) s i u 1  - 11 . 1 1  mM

2 -  P h e -  C h ! 2 C L -  C h y n r o t r v p s  i n  - 0 . 0 8  mM

Ac - P h e - C l y - A l  a -  L e u - C I H C I  - C h v m o t  r v p s  i n  - 0 . 1 ) 0 5 -  0 . 1  mM

\ s s ; i v s  of p r o t e o l v t i c  a c t i v i t y  w e r e  c a r r i e d  o m i t  a t  35° C f o r
I (i  — 2 1) h o u r s  in  a v o l  nine o f  I . 1) nil  g I yc  I i r e —  N ; i O h l  t r i m  f f e r  p h i  S . 8
c o n t a  l u r i n g  2 m u M  Ca C 1 . m u  i h i t o  u - s w e r e  s u s p e n d e d  i i i  t i r  i s
h 11 f f e r  and  t h e i r  a c t  l v i  t v  a s s e s s e d  a t  3 - 5  d i  ffere ’i t con cen -
( r a t i o n s .  The  c o m u c e n t r a t  ion o f  i nh i N  i t o n  r e q u .u I r ed  to a c h i e v e
5 ( r T ,  i nh i b i  t i o n  of  p r o t e a s e  a c t i v i t y  w a s  d e t e r m i n e d .
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T a b l e  2 .  M a c r o m o l e c u l a r  I n i r i h i  t o r s  of  C e r c a r i al  P r o t c a s e s

S i g n i  f i c an t  m i - m i N i  ( i o n  ( a t  < l a M )

I h u m a n  A l p h r a —  I — A n t i  t r y p s  in

I l u m n a n  A l p h r a — 2 — M a c r o g l o h u l i n

U n m a n  C ’ - l - I n a c t i v a t o r

I l u m a n  Al  p hra — 1 — a u t  i cli y m o t r v p  s i mu

Potato Clr~’mu iotrv j s i i i  [ n h  u n  t o n s  I a n d  11

No s i g n i f i c a n t  I n h i b i t i o n

h u m a n  I n t c r - A l p h r a - T r v p s  i n  I aN lb  i t o r

i l u m a  il A n t  i t i m  n o ah  i n I I I

S oy b e a n  l r v p s  i n  I a I r  l b  i t o i -

P e n g u i n  — O v o m u c o  i d — Sub t i l l s  i n  T ur N In i t i n n

A s s a y s  o f  p r o t e o l y t i c  a’ -t v i t y  w er e  c a r r i e d  o m i t  a t  35 °C f o r
1 6 - 2 ( 1  h o u r s  i n  a v o l u m e  of  1 . 11 ml g l v c i n e - N a O h l  b u f f e r , p11 8 . 8 ,
c o n t a i n i n g  2 mM C a C l  -) . I n h i b i t o r s  w e r e  s u s p e n d e d  i n  t h i s
b u f f e r  and  t h e i r  act  lvi t v  a s s e s s e d  a t  5 - 5  d i  f f e r e n t  con cen -
t r ot  i ens  . l i r e  c o n c c u r t n o t  i on o f i u r N  u n  i t on  r e qu  i r ed  to  aci r  i eve
50~ i n i r i b i t i o n  o f  p r o t e a s e  a c t i v i t y  w a s  d e t e r m i u r e d .

a

- 

- 

4 ;  
_ _
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- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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S u i c  m - e se  G r a d  i en  t F r a c  i o n a t  i our o I P r o t e a  ces  an d  C a l  c i  urn
f r o m  Cer c~ir  1 a I I h o m o g e n a t e s

0 80 • +Trit on - 1%
o -Triton

++

0. 60 - ~ Lowr y Protein ( pg /mi ) ~~~~~~

0. 40 

C (u~~ 

-
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10
F R A C T I O N  N U M B E R

A p p r o x i m a t e  I 0~ cc i c a n  i a c (in 10 ~ s u c r ose , 0 . 0S~-l g 1 vc i ire -

N a D i l  , v ’h I  S . 8) w e r e  son I c at  ed ami d t i r e  d e b m ~ s w a s  r e m o v e d  In
c e i r t n i  f u g a t  l o u r  a t  600 x g  f o r  6 m i n u t e s .  ‘l ir e s i m p e n u r a t a n t
w a s  1 o c r e d  on a d i  s c e n t  i r ruous  su c ro se g r a d  i cur t ( f i n a l  v o l u m e
5 ml , 10~ to 80~ s u c r o s e ) .  F o l l o w i n g  c e u r t n i f u u g a t i o n  a t
100 , 000  xg f o r  55 m i i i . ,  0 .5  m l  f r a c t i o n s w e r e  collected and
a s s ay e d  f o r  p r o t e i n  c o n t e n t  ( x -  x )  , c a l c i u m  c o r r t e n t  ( A - A )
a n d  p r o t e a s e  a c t i v i t y .  For t i r e  l a t t e r -  a s s ay  e a c h  t u b e  cour-
t a m ed 2 nug A z o c o l  1 , 7 . 5  ~i l  s a m p l e  ari d t h e  s u c r ’o s c - g l v c i u r e
h u l l e r , w i  t h r  ( .- .)  or w i t h o u t  ( o - o )  T r i t o n  X -  1( 10 .  l u r c u l n a t  j e l l s
w e r e  c a m n i e d  o u t  Ion  I S  h n s .  a t  36°C.

I
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