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Keynote Address 

THE VERSATILITY OF PROTEOLYTIC ENZYMES, Hans Neurath,  Department o f  B iochemis t ry ,  
U n i v e r s i t y  o f  \.lashington, S e a t t l e ,  WA 98195. 

The enzymatic h y d r o l y s i s  o f  p e p t i d e  bonds i s  one o f  t h e  most impor tan t  p o s t - t r a n s l a t i o n a l  
m o d i f i c a t i o n s  o f  p r o t e i n s .  I t  accompanies the  b iosyn thes i s  o f  o r o t e i n s  f rom i t s  e a r l i e s t  
stage, i . e .  t h e  re lease  o f  s igna l  pep t ides  f rom the  nascent po l ypep t ide  cha in ,  t o  the  
u l t i m a t e  p r o t e i n  degradat ion .  In te rmed ia te ,  o b l i g a t o r y  s tages  o f  l i m i t e d  p r o t e o l y s i s  
i nc lude  a wide spectrum o f  p h y s i o l o g i c a l  processes, ca ta l yzed  by s p e c i f i c  proteases. 
V e r s a t i l i t y  i s  generated by  v a r i a t i o n s  i n  t h e  s p e c i f i c i t y  and mechanism o f  a c t i o n  of t he  
pro tease as well as  by the  i n t e r a c t i o n  and comnunicat ion o f  domains o f  m u l t i f u n c t i o n a l  
p ro teases  w i t h  t i s s u e - s p e c i f i c  c o f a c t o r s  and i n h i b i t o r s .  
can be i n t roduced  i n t o  t h e  seemingly cnd less  v e r s a t i l i t y  o f  p ro teases  by cons ide ra t i ons  o f  
t h e i r  domain s t r u c t u r e  and t h e i r  b i o l o g i c a l  e v o l u t i o n .  
a n a l y s i s  i s  t h e  r e l a t i o n  o f  t he  gene o r g a n i z a t i o n  o f  t h e  pro teases  t o  t h e i r  mo lecu la r  
s t r u c t u r e .  Th is  p resen ta t i on  w i l l  focus on these issues .  

EO 

An element o f  r a t i o n a l  a n a l y s i s  

An i n t r i n s i c  aspec t  o f  such an 

Hemostasis - I 

E l  THE MOLECULAR GENETICS OF FIBRINOGEN 
Stanford, California 94301. 

Gerald R. Crabtree, Stanford University, 

Although not a protease itself, fibrin polymerization and dissolution a re  initiated by thrombin and 
plasmin respectively, and protolytic cleavage is an essential element of fibrin function. The s t ructure  
of t he  three fibrinogen genes demonstrates a remarkable degree of modeling of each fibrinogen gene 
since their initial duplication nearly 1 billion years ago. The only common structural features of these 
three genes are t h e  demarkation of the coiled-coil domain of fibrinogen by intervening sequences. Thus 
the coiled-coil was par t  of t h e  primitive fibrinogen precursor which existed nearIy 1 billion years ago 
and is probably the  most ancient and immutable s t ructure  of the fibrinogen genes. Interestingly, t h e  
COOH terminus of the  coiled-coil is a s i te  of protolytic cleavage by plasmin suggesting that  these 
introns occur at exposed regions of t he  fibrinogen molecule. 

The genes fo r  t h e  a, 6 and y chains of fibrinogen are represented by a single copy in the human and 
rat genome. These three genes are clustered in a 60 kb segment on t he  long arm of human chromosome 
4. During the  acu te  phase response t o  injury, transcriptional rates for  each of the three fibrinogen 
genes increases 6 to 12 fold. Despite the close linkage, each gene has i ts  own transcriptional unit as 
well as an independent promoter. An analysis of the function of deletion mutants transfected into 
hepatic and non-hepatic cell lines indicates t ha t  a sequence between 50 and 130 base pairs upstream of 
the transcription initiation site is essential for transcription of t he  fibrinogen genes. This sequence 
does not appear to be  involved with tissue-specific expression since a mutant containing the sequences 
downstream of -150 is expressed well in Chinese Hamster ovarian cells and 3T3 cells. 

229 



Proteases In Biological Control and Biotechnology 

WGULATION OF NATLGUL ANTICOAGULANT PATHWAYS OF BLOOD COAGULATION. C . T .  Esmon, K. 
H a r r i s ,  P.C. Comp, N.L. Esmon, P.P.  Nawroth, and D . K .  S t e r n .  OKlahoma Medical Re- 
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sea rch  Foundation, Oklahoma Ci ty ,  OK 73104. 
P r o t e i n  C i s  t h e  v i t amin  K-dependent precursor  of t h e  s e r i n e  p ro tease  a c t i v a t e d  p r o t e i n  C 
(APC). Avai lab le  c l i n i c a l  and b a s i c  s t u d i e s  sugges t  t h a t  APC i s  the  te rmina l  enzyme i n  a 
pathway involved i n  t h e  r e g u l a t i o n  of blood coagu la t ion .  T h i s  an t i coagu lan t  a c t i v i t y  is  me-  
d i a t e d  through t h e  p r o t e o l y t i c  i n a c t i v a t i o n  of  Fac to r s  Va and VI I Ia .  The pathway c o n s i s t s  of 
two major s t e p s :  1) p r o t e i n  C a c t i v a t i o n ,  and 2 )  expres s ion .o f  an t i coagu lan t  a c t i v i t y .  Both 
t h e  a c t i v a t i o n  and expres s ion  s t e p s  i n  t h e  pathway a r e  under c o n t r o l  by s e v e r a l  d i s t i n c t  mech- 
anisms; a c t i v a t i o n  invo lves  complex format ion  between thrombin and an  e n d o t h e l i a l  c e l l  su r -  
f a c e  p r o t e i n ,  thrombomodulin. Upon complex format ion  wi th  thrombomodulin, t h e  macromolecular 
s p e c i f i c i t y  of thrombin is  a l t e r e d ,  i n h i b i t i n g  procoagulant  r e a c t i o n s  such a s  f ib r inogen  
c l o t t i n g  and p l a t e l e t  a c t i v a t i o n ,  whi le  enhancing p r o t e i n  C a c t i v a t i o n  s e v e r a l  thousand-fold.  
Thus,  when thrombin i s  bound t o  thrombomodulin, t h e  enzyme func t ions  a s  a n  an t i coagu lan t .  
Thrombomodulin expres s ion  i s  s u b j e c t  t o  r e g u l a t i o n  by a v a r i e t y  of agen t s .  I n t e r l e u k i n  1 i s  
e s p e c i a l l y  e f f e c t i v e  a t  reducing  thrombomodulin a c t i v i t y ,  sugges t ing  t h a t  i n i t i a t i o n  of t h i s  
an t i coagu lan t  system may be down-regulated dur ing  inf lamnatory  responses .  Express ion  of ac- 
t i v a t e d  p r o t e i n  C an t i coagu lan t  a c t i v i t y  involves  a second v i tamin  %-dependent f a c t o r ,  pro- 
t e i n  S .  P r o t e i n  S is  requ i r ed  f o r  b inding  of a c t i v a t e d  p r o t e i n  C t o  e i t h e r  p l a t e l e t  o r  endo- 
t h e l i a l  c e l l  membranes wi th  subsequent expres s ion  of t h e  p o t e n t i a l  f o r  rap id  f a c t o r  Va inac-  
t i v a t i o n .  Three s e p a r a t e  r egu la to ry  mechanisms may con t r ibu te  t o  t h e  c o n t r o l  of expres s ion  
o f  APC an t i coagu lan t  a c t i v i t y .  F i r s t ,  p r o t e i n  S i s  found both i n  p l a s m  and i n  p l a t e l e t s  
where func t iona l  p r o t e i n  S is  expressed  a f t e r  p l a t e l e t  a c t i v a t i o n .  T h i s  sugges t s  t h a t  p l a t e -  
l e t  a c t i v a t i o n  may f a c i l i t a t e  expres s ion  of  an t i coagu lan t  a c t i v i t y  under some c i rcumstances .  
Second, p r o t e i n  S e x i s t s  i n  a t  least  two forms i n  t h e  plasma, f r e e  and i n  complex wi th  C4b- 
b inding  p r o t e i n ,  a r egu la to ry  p r o t e i n  of t h e  complement system. Th i s  complex l acks  an t i coa -  
gu lan t  a c t i v i t y  and may p lay  a r o l e  in  r e g u l a t i n g  expres s ion ,  s i n c e  t h e  d i s t r i b u t i o n  between 
f r e e  and bound p r o t e i n  S i s  o f t e n  s h i f t e d  i n  response  t o  inflammatory s t i m u l i .  Thi rd ,  pro- 
t e i n  s func t ion  r e q u i r e s  the  presence  of c e l l  s u r f a c e  b inding  s i t e s .  On a o r t i c  endo the l iun ,  
t h e s e  s u r f a c e  b inding  s i tes  d isappear  i n  concer t  wi th  thrombomodulin when c e l l s  a r e  exposed 
t o  i n t e r l e u k i n  1. Thus, r ecen t  advances sugges t  t h a t  t h i s  pathway p lays  a major r o l e  i n  con- 
t r o l l i n g  the  hemosta t ic  ba lance ,  and t h i s  balance can be pe r tu rbed  by modulation of both hu- 
moral and c e l l u l a r  f a c t o r s .  

Hemostasis - I/ 

R E G U L A T I O N  AND CONTROL OF FIBRINOLYSIS, DGsirb Col len ,  Center f o r  Thrombosis and 
Vascular Research, Univers i ty  of Leuven, Belgium, and Departments of  Biochemistry 
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and Medicine, College of  Medicine, Univers i ty  of Vermont, Bur l ing ton ,  VT 05405 

Mammalian blood con ta ins  an enzymatic system capable  of d i s so lv ing  blood c l o t s ,  which is  
c a l l e d  t h e  f i b r i n o l y t i c  enzyme system. The f i b r i n o l y t i c  system comprises a proenzyme, 
plasminogen which can be conver ted  t o  the  a c t i v e  enzyme plasmin, which w i l l  degrade f i b r i n .  
Plasminogen a c t i v a t i o n  is mediated by plasminogen a c t i v a t o r s  which a r e  c l a s s i f i e d  a s  e i t h e r  
t i s sue - type  plasminogen a c t i v a t o r  (t-PA) o r  urokinase-type plasminogen a c t i v a t o r  (u-PA). 
I n h i b i t i o n  of t he  f i b r i n o l y t i c  system may occur  a t  the  l eve l  of t he  a c t i v a t o r s  o r  a t  the  
l eve l  of  genera ted  plasmin. 

Plasmin has  a low s u b s t r a t e  s p e c i f i c i t y  and when c i r c u l a t i n g  f r e e l y  i n  t h e  blood w i l l  degrade 
seve ra l  p r o t e i n s  inc lud ing  f ib r inogen ,  Fac to r  V and Fac tor  V I I I .  P l a sma  does however con ta in  
a f a s t - ac t ing  plasmin i n h i b i t o r ,  a -an t ip lasmin ,  wh'ch w i l l  i n h i b i t  f r e e  plasmin extremely 
r ap id ly  ( t% : 0.1 s) bu t  which reac t% much slower (10 -fold1 wi th  plasmin bound t o  f i b r i n .  A 
" sys temic  f i b r i n o l y t i c  s t a t e "  may however occur by ex tens ive  a c t i v a t i o n  of plasminogen (conc. 
i n  plasma 2 p M )  and dep le t ion  of  a -an t ip lasmin  (conc .  i n  plasma 1 p M ) .  Clo t - spec i f i c  
th rombolys is  t h e r e f o r e  r e q u i r e s  plasm?nogen a c t i v a t i o n  r e s t r i c t e d  t o  the  v i c i n i t y  of the  
f i b r i n .  

Two phys io logica1  plasminogen a c t i v a t o r s ,  t-PA and s i n g l e  cha in  u-PA (scu-PA) induce 
c l o t - s p e c i f i c  th rombolys is ,  however v i a  e n t i r e l y  d i f f e r e n t  mechanisms. t-PA i s  r e l a t i v e l y  
i n a c t i v e  i n  the  absence of f i b r i n ,  bu t  f i b r i n  s t r i k i n g l y  enhances t h e  a c t i v a t i o n  r a t e  of 
plasminogen by t-PA. This  is expla ined  by an increased  a f f i n i t y  of  fibrin-bound t-PA f o r  
plasminogen and no t  by a l t e r a t i o n  of  t h e  c a t a l y t i c  e f f i c i e n c y  of  t he  enzyme. The high 
a f f i n i t y  of  t-PA f o r  plasminogen i n  the  presence  of f i b r i n  thus  a l lows  e f f i c i e n t  a c t i v a t i o n  
on t he  f i b r i n  c l o t  whi le  no s i g n i f i c a n t  plasminogen a c t i v a t i o n  by t-PA occurs  i n  plasma. 
scu-PA has  a h i  h a f f i n i t y  f o r  plasminogen ( K  = 0.3  U M I  bu t  a low c a t a l y t i c  r a t e  cons t an t  
( k  scu-PA does however no t  a F t i v a t e  plasminogen i n  plasma i n  the  absence of 
a % b r i n  c l o t ,  due t o  the  presence  of  a compet i t ive  i n h i b i t o r ,  i d e n t i f i e d  as Gc-globulin.  
F ib r in - spec i f i c  thrombolysis appears  t o  be due t o  the  f a c t  t h a t  f i b r i n  r eve r ses  the  
compet i t ive  i n h i b i t i o n ,  bu t  t h i s  does no t  seem t o  occur  v i a  s p e c i f i c  b inding  of scu-PA or  
Gc-globulin t o  f i b r i n .  We have no t  found any synergism between scu-PA and t-PA f o r  
th rombolys is .  

b 

= 0.02 s - $ ) .  
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Fac to r  VIII p a r t i c i p a t e s  i n  a number o f  i n t e r a c t i o n s  involved  i n  its a c t i v a t i o n ,  i nac t iva -  
t i o n ,  expres s ion  o f  its c o f a c t o r  a c t i v i t y ,  and maintenance o f  its normal p rocofac to r  cir- 
c u l a t o r y  form. The p r o t e i n s  wi th  which it i n t e r a c t s  inc lude :  f a c t o r  IXa, f a c t o r  X,  a c t i v a t e d  
p r o t e i n  C and Willebrand f a c t o r .  To func t ion  as a coenzyme, f a c t o r  Xa or thrombin must acti-  
v a t e  f a c t o r  VIII through p r o t e o l y t i c  c leavage .  Non-protein l i g a n d s  comprise phosphol ip ids  
and as y e t  undefined cel l  s u r f a c e  r e c e p t o r s  on p l a t e l e t s  and r epor t ed ly  e n d o t h e l i a l  cells. 
The po rc ine  f a c t o r  VIII molecule a s  it is i s o l a t e d  c o n t a i n s  an N-terminal heavy cha in ,  82 kD, 
and a C-terminal l i g h t  cha in ,  76 kD. 
f a c t o r  through l i g h t  cha in .  Ac t iva t ion  by thrombin or Xa c l e a v e s  l i g h t  cha in  and heavy cha in  
which remain a s soc ia t ed .  I t  is thought  t h a t  t h e  f a c t o r  VI I1 ,Ml leb rand  f a c t o r  i n t e r a c t i o n  is 
a b l a t e d  by t h e  thrombin or Xa p r o t e o l y t i c  a c t i v a t i o n .  The a c t i v a t e d  f a c t o r  VIII appears  t o  
r a p i d l y  l o s e  its a c t i v i t y  u n l e s s  t h e  f a c t o r  V a I a  is p a r t i c i p a t i n g  i n  a complete f a c t o r  X 
a c t i v a t i n g  complex wi th  f a c t o r  IXa, l i p i d ,  Ca , and f a c t o r  X. The f a c t o r  VIII l i g h t  cha in  
appea r s  t o  media te  t h e  l i p i d  b inding .  
VIII are p r e s e n t l y  unknown. Ac t iva t ed  p r o t e i n  C i n a c t i v a t e s  f a c t o r  VIII by c leavage  o f  t h e  
heavy cha in .  
absence  of  l i p i d  or i n  t h e  presence  o f  l i p i d  b u t  i n  t h e  absence o f  f a c t o r  VIII l i g h t  chain.  

FROTEOLVTIC R E G R A T I O N  OF FACTOR VIII, David N. Fass ,  Sec t ion  of  Hematology Research, 
Mayo Cl in i c f lounda t ion ,  Roches te r ,  MN 55905 

I n  c i r c u l a t i o n  t h e  f a c t o r  VIII is bound t o  Willebrand 

The f a c t o r  IXa and f a c t o r  X b inding  sites i n  f a c t o r  

This  i n a c t i v a t i o n  c l eavage  does  no t  occur  a t  a phys io log ica l  rate e i t h e r  i n  t h e  

THE FIBRIWLYTIC SYSTEll OF C U L T U R E D  ENDOTEELIAL C E L L S ,  David J .  Loskutof f ,  Scr ipps  
C l i n i c  and Research Foundation, La J o l l a ,  C A  92037 
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Abnormal thrombus formation and d i s s o l u t i o n  a r e  a s soc ia t ed  wi th  seve ra l  ca rd iovascu la r  d i s -  
ea ses  inc lud ing  a t h e r o s c l e r o s i s  and both thromboembolic and hemorrhagic cond i t ions .  The 
w a l l s  of  blood v e s s e l s  undoubtedly c o n t r i b u t e  t o  t h e  pa thogenes is  of  t h e s e  d i s o r d e r s .  ?lore 
s p e c i f i c a l l y ,  vascu la r  endo the l i a l  c e l l s  have been shown t o  in f luence  both the  coagula t ion  
and f i b r i n o l y t i c  systems. We have been s tudying  cu l tu red  bovine a o r t i c  endo the l i a l  c e l l s  
(BAEs) a s  a model o f  endothelium. The f i b r i n o l y t i c  a c t i v i t y  of  t h e s e  c e l l s  r e s u l t s  from t h e  
product ion  of  m u l t i p l e ,  f u n c t i o n a l l y  d i s t i n c t  forms o f  plasminogen a c t i v a t o r  (PA), i nc lud ing  
both urokinase- l i  ke (u-PA) and t i s s u e - t y p e  ( t - P A )  molecules.  T h e  ove ra l l  f i b r i n o l y t i c  a c t -  
i v i t y  o f  t h e s e  c e l l s  changes wi th  t h e i r  growth s t a t e ,  and in response  t o  t h e  presence o f  a 
v a r i e t y  of  agen t s  i nc lud ing  a c t i v a t e d  p ro te in  C .  Although i t  has been suggested t h a t  such 
changes r e f l e c t  changes in PA,  our  r ecen t  and unexpected f ind ing  t h a t  t h e s e  c e l l s  a l s o  
syn thes i ze  an unusual ly  s t a b l e  f i b r i n o l y t i c  i n h i b i t o r ,  makes accu ra t e  i n t e r p r e t a t i o n  o f  such 
r e s u l t s  d i f f i c u l t .  For example, do t h e  a l t e r e d  f i b r i n o l y t i c  s t a t e s  i n  these  c e l l s  fo l lowing  
va r ious  t r ea tmen t s ,  o r  f o r  t h a t  m a t t e r ,  in blood in c e r t a i n  human d i s e a s e s ,  r e f l e c t  changes 
in  P A ,  i n h i b i t o r  o r  both? The i n h i b i t o r  i s  a major product o f  BAEs, account ing  f o r  2 -12% of  
t h e  t o t a l  p ro t e in  s e c r e t e d  by t h e  c e l l s  i n  a 24 hour pe r iod .  I t  i s  a s ing le -cha in  glyco- 
p ro te in  of  M, 50,000, i s o e l e c t r i c  po in t  4 .5-5 .0 ,  and migra tes  i n  the 61 reg ion  when analyzed 
by agarose  zone e l e c t r o p h o r e s i s .  I t  i s  a n  a n t i a c t i v a t o r  and can n e u t r a l i z e  t h e  a c t i v i t y  of 
both u-PAS and t - P A S .  I n h i b i t i o n  i s  a s soc ia t ed  wi th  t h e  formation o f  an enzyme- inhib i tor  
complex t h a t  su rv ives  SDS-PAGE. Pre l iminary  k i n e t i c  ana lyS i s  o f  t p e  i n t e r a c t i o n  between t h e  
pu r i f i ed  PA1 and t - P A  e s t a b l i s h e d  an apparent  K a s S  o f  5x10 M - l s e c -  and a kd of  10-"M. The 
PA1 i s  a c t i v e  a f t e r  incubat ion  in  the  presence  of 0.1% SDS, o r  a t  pH 2 . 7 ,  but i s  r a p i d l y  in-  
a c t i v a t e d  by H202 and o t h e r  ox idan t s .  A c t i v i t y  can be r e s to red  by t r e a t i n g  the i n a c t i v e  PA1 
wi th  methionine su l fox ide  r educ ta se  sugges t ing  t h a t  t h e  l o s s  of  a c t i v i t y  i s  caused by oxida- 
t i o n  of  a c r i t i c a l  methionine r e s idue .  I n t e r e s t i n g l y ,  both a l a t e n t  form o f  PA1 ( r ep resen t -  
ing  95% of  t h e  t o t a l )  and an a c t i v e  form ( 5 % )  can be de t ec t ed  in c e l l  samples. 
form can be conver ted  i n t o  the  a c t i v e  one by t r ea tmen t  wi th  SDS and o t h e r  dena tu ran t s .  Anti-  
serum t o  the  B A E  P A 1  removes the r a p i d l y  a c t i n g  PA1 a c t i v i t y  from human p l a t e l e t s ,  serum, and 
plasma. These r e s u l t s  i n d i c a t e  t h a t  the  B A E  PA1 and the PAIs p re sen t  i n  t h e s e  blood samples 
a r e  immunologically r e l a t e d ,  and sugges t  t h a t  t he  61-PA1 may be t h e  phys io log ica l ly  r e l evan t  
i n h i b i t o r  o f  PA in t h e  vascu la r  system. The PA1 gene has been cloned and sequenced. I t s  
r e l a t i o n  t o  other p ro tease  i n h i b i t o r s  w i l l  be d i scussed .  

The l a t e n t  
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EXPRESSION OF BLOOD CLOTTING ENZYMES ON NATURAL AND SYNTHETIC MEMBRANES, Kenneth 
G. Mann, Dept. of Biochemistry, University of Vermont, Burlington, VT 

E6 
The hemostatic process involves complex interactions of the blood vessel wall, the plate- 
let and the blood coagulation factors. In concert, these components lead to localization, 
amplification, and modulation of the blood coagulation response. The interaction of 
vessel wall subendothelium with platelets and coagulation factors, leading to triggering 
and localization of the clotting reaction, is a subject of active investigation, and 
involves metabolic, as well as binding events. In association with these surface and 
cell-mediated processes, the activation of coagulation zymogens and the formation of 
protein-enzyme complexes lead to the rapid generation of procoagulant activity. Most of 
the enzymes involved in the process, and their precursors, have been isolated, and the 
nature of the specificity of the proteolytic cleavages involved in the blood coagulation 
reactions are well understood. More recently, progress has been made in the isolation and 
elucidation of the nonenzyme cofactor proteins which contribute to the regulation o f  the 
blood coagulation process. Four principal enzymatic complexes involving the vitamin K 
dependent proteins can be identified in the blood coagulation system. These include the 
"extrinsic" activator, Factor VIIa, and tissue factor; the Factor X activator, composed of 
Factor IXa, and the cofactor, Factor VIII; the "prothrombinase" complex, composed of 
Factor Xa and activated Factor V. and the protein C activator, composed of thrombin and 
thrombomodulin. In each of these complexes, calcium-mediated phospholipid interactions 
are central to complex formation. The significance of complex formation can be represen- 
ted by analysis of the prothrombinase complex, since it has been the most extensively 
studied. Factor Xa is the enzymatic component of the prothrombinase complex, and func- 
tions by cleaving the prothrombin molecule at two locations. Factor V (as Factor Va), 
"phospholipid" and calcium ions serve as cofactors to the reaction, and at physiologic 
concentrati.ons lead to an amplification in reaction rate by 300,000 fold. In plasma, 
Factor V circulates as a "pro" cofactor which can be activated by proteolytic cleavage to 
produce the active cofactor, Factor Va. Factor Va serves to bind Factor Xa to the "phos- 
pholipid" surface. The amplification in prothrmbin conversion, which occurs as a result 
of cofactor interaction, results from both concentration of reagents and alteration i n  the 
efficiency of Factor Xa as an enzyme. Factor Va also serves to bind Factor Xa to the 
platelet membrane, and it is likely that the platelet membrane, as well as phospholipid 
surfaces exposed by damage of cells, provide for localization of this protein-enzyme comp- 
lex. Once complex formation has occurred, in addition to amplificaton of the reaction 
rate, modulation of the reaction is obtained because of protection of complexed Factor Xa 
to inhibition by antithrombin I11 and protection of complexed Factor Va, to proteolytic 
inactivation by activated protein C. 

05405 

Evolution and Structure-Function Relationships of Proteases 

THE THREE DIflENSIONAL STRUCTURES OF ASPARTIC PROTEINASES AND THEIR INHIBITORS: 
APPLICATIONS TO THE RENIN-ANGIOTENSINOGEN SYSTEM, Blundell, T.L., Foundling, S.I., 

E7 
Hemmings, A.M., Pearl, L.H., Sibanda, B.L., Watson, F.E., Cleasby, A .  and Wood, S.P . ,  
Laboratory of Molecular Biology, Department of Crystallography, Birkbeck College, University 
of London, Malet Street, London, WClE 7HX, UK. 

High resolution X-ray analysis of the aspartic oroteinase, endothia pepsin, has defined the 
active site in terms of two symmetrically arranged sequences each containing an aspartic 
(32 and 215) essential for activity and a well organized water structure. 
angiotensinogen sequences (P6 to P 3 ' )  containing reduced and hydroxylated analogues of the 
scissile peptide bond (P1 - P I ' )  (synthesized by Dr. M. Szelke and co-workers) have been 
studied by X-ray difference Fouriers. 
inhibitors, and close complementarity between sidechains 2nd specificity pockets. 

These X-ray studies have been used as B basis for modelling human and mouse renins ?nd their 
interactions with substrate angiotensinogens. 
inhibitors for human renin which may have applications as an antihypertensive will be 
discussed. 

Complexes with 

They demonstrate hydrogen bonds between enzyme And 

Their implications for designing effective 
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GLANDULAR KALLIKREINS AS GROWTH FACTOR PROCESSING ENZYMES: STRUCTURAL AND E8 
EVOLUTIONARY CONSIDERATIONS, R a l p h  A. B radshaw,  Joan  C. Cunbar  and Paul  J. 

I s a c k s o n ,  Depa r tmen t  o f  B i o l o g i c a l  C h e m i s t r y ,  C a l i f o r n i a  C o l l e g e  o f  M e d i c i n e ,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  I r v i n e ,  C A  92717 

S e r i n e  p r o t e a s e s  a r e  known t o  p l a y  a r e g u l a t o r y  r o l e  i n  a b r o a d  r a n g e  of 
b i o l o g i c a l  a c t i v i t i e s  i n c l u d i n g  d i g e s t i o n ,  b l o o d  c l o t t i n g  and p rohormone  p r o c e s s i n g .  
Some, s u c h  a s  t r y p s i n ,  h a v e  a r a t h e r  g e n e r a l  a c t i v i t y  i n  terms of  s u b s t r a t e s  u t i l i z e d  
W h i l e  o thers  h a v e  a much more  l i m i t e d  s p e c t r u m  o f  s u b s t r a t e s ,  r e f l e c t i n g  t h e i r  
r e g u l a t o r y  f u n c t i o n s  e v e n  t h o u g h  t h e l r  bond c l e a v a g e  s p e c i f i c i t i e s  a r e  s i m i l a r .  A 
f a m i l y  o f  s e r i n e  p r o t e a s e s  e x e m p l i f y i n g  t h i s  c a t e g o r y  a r e  t h e  g l a n d u l a r  k a l l i k r e i n s .  
I n  t h e  mouse s u b m a n d i b u l a r  g l d n d ,  a t  l e a s t  3 0  members dre p r e s e n t  w i t h  d p p r o x i m a t e l y  
807; homology t o  e a c h  o t h e r .  Two of  t h e s e  k a l l i k r e i n s  a r e  a s s o c i a t e d  w i t h  6 - n e r v e  
g r o w t h  f a c t o r  (6-NGF) i n  a h i g h  m o l e c u l a r  w e i g h t  complex  ( 7 s )  t h a t  i s  s e c r e t e d  i n  l a r g e  
amoun t s  i n  t h e  s d l i v a .  The y - s u b u n i t  i s  an  a c t i v e  a r g i n i n e  e s t e r o p e p t i d a s e  which i s  
bound t o  t h e  C - t e r m i n a l  d r y i n i n e  r e s i d u e  o f  m a t u r e  6-NGF. I t  a p p a r e n t l y  removes d 
d i p e p t r d e ,  Arg-Gly,  b e f o r e  f o r m i n g  t h i s  complex  and  h a s  been t o u t e d  as t h e  a g e n t  
r e s p o n s i b l e  f o r  p r o c e s s i n g  some 20  kCa o f  amino t e r m i n a l  p r o t e i n  c h a r a c t e r i z i n g  t h e  5- 
NGF prohormone.  cDNA c l o n i n g  and s e q u e n c e  d n a l y s i s  o f  t h e  a - s u b u n i t  d e m o n s t r a t e d  t h a t  
i t  i s  d l s o  a member o f  t h i s  f a m i l y  w i t h  g r e a t e r  whan 80% homology t o  t h e  y - s u b u n i t .  
However, severdl nove l  c h a n g e s  c h a r a c t e r i z e  t h e  a - s u b u n i t  s e q u e n c e  t h a t ,  by c o m p a r i s o n  
w i t h  t h e  s e q u e n c e s  and s t r u c t u r e s  o f  o t h e r  s e r i n e  p r o t e a s e s ,  s h o u l d  r e n d e r  i t  
c d t a l y t i c a l l y  i n a c t i v e .  These  i n c l u d e  a n  Arg+Gly Chdnge t h a t  p r e v e n t s  c l e a v a g e  o f  t h e  
a c t i v d t i o n  p e p t i d e ,  t h e  d e l e t i o n  o f  t h e  h i g h l y  c o n s e r v e d  N- te rmina l  I/V-I/V-G-G 
s e q u e n c e ,  and  t h e  c h a n g e  o f  two c r i t i c a l  amino  a c i d s  n e a r  t h e  a c t i v e  si te.  I n d e e d ,  
t h e r e  i s  a c o m p l e t e  l a c k  o f  d e t e c t d b l e  c a t a l y t i c  a c t i v i t y  and t h e  p r o t e i n  i s  n o t  
m o d i f i e d  by d i i s o p r o p y l  f i u o r o p h o s p h a t e .  The mechanism by which t h e  y - s u b u n i t  
r e c o g n i z e s  NGF I S  unknown. I n  c o n t r a s t  t o  t h e  mouse s u b m a n d i b u l a r  g l a n d ,  t ne  g u i n e a  
p i g  p r o s t a t e ,  wh ich  a l s o  p r o d u c e s  l a r g e  amoun t s  o f  C - N G F ,  c o n t a i n s  o n l y  one fo rm o f  
y l d n d u l d r  k a l l i k r e i n  w h i c h  d o e s  n o t  a p p e a r  t o  be a s s o c i a t e d  w i t h  NGF a l t h o u g h  i t  i s  
h i g h l y  homologous t o  y-NGF and o t h e r  g l a n d u l a r  k a l l i k r e i n s .  T h e r e  i s  a p p a r e n t l y  no u- 
s u b u n i t  e i t h e r .  These f i n d i n g s  s u g g e s t  t h a t  6-NGF is  n o t  r e l e a s e d  f rom p r o  6-NGF b y  
t h e s e  s o l u b l e  k a l l i k r e i n s  a s  h a s  been s u g g e s t e d  p r e v i o u s l y .  S u p p o r t e d  by USPHS 
r e s e a r c h  g r a n t  NSI 9964. 

E9 STRUCTURE-FUNCTION RELATIONSHIPS IN THE REFOLDING OF SERINE PROTEINASES, A l b e r t  
L i g h t ,  J e f f r e y  N. H i g a k i ,  C h e s t e r  Duda, and  Thomas W. O d o r z y n s k i ,  D e p a r t m e n t  o f  C h e m i s t r y ,  
P u r d u e  U n i v e r s i t y ,  West L a f a y e t t e  IN 47907  

We s t u d y  t h e  r e f o l d i n g  o f  p a n c r e a t i c  s e r i n e  p r o t e i n a s e s  b e c a u s e  t h e s e  are t h e  smallest 
m e m b e r s  o f  t h e  c l a s s ,  a n d  t h e  a m i n o  a c i d  s e q u e n c e s ,  d i s u l f i d e  p a i r i n g ,  e n z y m a t i c  
p r o p e r t i e s ,  a n d  t h r e e - d i m e n s i o n a l  s t r u c t u r e  a r e  now known i n  g r e a t  d e t a i l .  We r e f o l d  
f u l l y  r e d u c e d  b o v i n e  t r y p s i n o g e n  a n d  c h y m o t r y p s i n o g e n  as t h e  mixed d i s u l f i d e  d e r i v a t i v e  o f  
g l u t a t h i o n e  w i t h  y i e l d s  o f  50% a n d  h a l f - t i m e s  o f  60-75 min a t  4°C. T r y p s i n o g e n  w i t h  o n e  
and  two d i s u l f i d e s  m i s s i n g ,  b e c a u s e  o f  a p r i o r  l i m i t e d  r e d u c t i o n  and  a l k y l a t i o n ,  s t i l l  
r e f o l d e d  w i t h  t h e  same y i e l d  b u t  t o o k  t w o  a n d  f o u r  t imes l o n g e r ,  r e s p e c t i v e l y .  We 
c o n c l u d e d  t h a t  t h e s e  two  d i s u l f i d e s  were n o n e s s e n t i a l  i n  s t a b i l i z i n g  i n t e r m e d i a t e s  a n d  
t h a t  more t h a n  o n e  f o l d i n g  p a t h w a y  c o u l d  be f o l l o w e d .  T h e  v a l u e s  of t h e  h y d r o d y n a m i c  
v o l u m e s  o f  i n t e r m e d i a t e  s p e c i e s  i n  t h e  r e f o l d i n g  of t r y p s i n o g e n  s u g g e s t e d  t h a t  n o n - n a t i v e  
d i s u l f i d e s  d o m i n a t e  u n t i l  t h e  f i n a l  c o m p a c t  s t r u c t u r e  o f  t h e  z y m o g e n  i s  r e a c h e d .  B o t h  
n e o c h y m o t r y p s i n o g e n  and  t h e  c o r r e s p o n d i n g  n e o t r y p s i n o g e n  ( t w o - c h a i n  s t r u c t u r e s  w i t h  T y r  
1 4 6 - T h r  1 4 7  c l e a v e d ) ,  a s  t h e  m i x e d  d i s u l f i d e  d e r i v a t i v e  o f  t h e  p u r i f i e d  f r a g m e n t s ,  
r e f o l d e d  w i t h  25% a n d  10% y i e l d s ,  r e s p e c t i v e l y .  The  ra tes  o f  f o r m a t i o n  o f  t h e  r e g e n e r a t e d  
zymogens ( a c t i v a t a b l e  m o l e c u l e s )  a n d  t h e  r e g a i n  o f  t h e  o r i g i n a l  m o l e c u l a r  w e i g h t  o f  25000 
( S D S - g e l  e l e c t r o p h o r e s i s )  were t h e  same, g i v i n g  s t r o n g  s u p p o r t  t o  t h e  h y p o t h e s i s  f o r  
i n d e p e n d e n t  f o l d i n g  o f  t h e  s e r i n e  p r o t e i n a s e  d o m a i n s  ( p o l y p e p t i d e  f r a g m e n t s ) .  
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El0 INTERACTIONS OF SERINE PROTEASES WITH CULTURED FIBROBLASTS, Dennis D. 
Cunningham, Department of Microbiology and Molecular Genetics, University of 

California, Irvine, CA 92717 

The mechanisms by which serine proteases interact with cells is of great interest in view of their 
ability t o  regulate key cellular activities. For example, certain serine proteases can promote divi- 
sion of cells or regulate cell migration either directly or by altering their attachments to each other 
and to their substratum. Moreover, proteolysis has been implicated in cellular and extracellular 
matrix damage associated with several pathological conditions. Our studies on the interactions of 
several serine proteases with cultured fibroblasts have revealed binding mechanisms that  differ 
from the usual pattern of reversible binding to  cel l  surface si tes followed by internalization and 
degradation. 

Thrombin and elastase specifically bind to  si tes on the surface of cultured fibroblasts; neither 
protease is detectably internalized a f t e r  this binding. However, the mechanism of binding is dif- 
ferent for each protease. Thrombin, as well as DIP-thrombin, binds reversibly with a Kd of lo-’ M 
to cell surface si tes with an Mr = 150,000. In contrast, elastase, but not DIP-elastase, binds irre- 
versibly to an  integral membrane component and forms a covalent complex of M r  = 54,000. The 
linkage to elastase appears to involve an  ester  bond with i ts  catalytic s i te  serine. 

The interactions of a number of regulatory serine proteases with cultured fibroblasts a r e  mediated 
by three protease nexins (PN-1, PN-2 and PN-3). The PNs a re  protein protease inhibitors that  a r e  
synthesized and secreted by a variety of cultured cells. They form complexes with certain pro- 
teases in the  extracellular environment; the complexes bind back to  the  cells and a re  rapidly inter- 
nalized and degraded. The PNs seem ideally suited for regulating serine proteases a t  and near the 
cell surface. For example, t he  reaction between thrombin and PN-1 is accelerated by the surface of 
fixed fibroblasts. This acceleration appears t o  involve the thrombin binding sites, mentioned above, 
as well as cell surface or extracellular matrix glycosaminoglycans. 

THE ROLE OF PLASMINOGEN ACTIVATOR IN TUMOR INVASION AND METASTASIS. Liliana 
Ossowski, Lab. of Cellular Physiology and Immunology, Rockefeller University, 

E l  1 
New York, N.Y. 10021. Elaine L. Wilson, Dept. of Clinical Science and Immunology, Cape Town 
Medical School, Observatory, Cape Town, South Africa. 

We have used human carcinoma - HEp3 to test whether plasminogen activator produced by this 
tumor is required for invasion and metastasis. HEp3 grows and metastasizes efficiently in 
2 different hosts: the chick embryo and the nude mouse. The kinetics of growth and metast- 
asis is quantitatively predictable, enabling the detection of even small effects by exogenous 
factors. We tested the effect of antibodies to plasminogen activator (PA), which specifically 
block the catalytic activity of human urokinase type PA, by administering the antibodies to 
each of the two different, tumor bearing hosts - the chick embryo and the nude mouse. In the 
chick embryo the antibodies did not affect tumor growth at the primary site - the chorio- 
allantoic membrane - but strongly inhibited metastasis to the lungs (1). In the nude mouse 
the antibodies reduced local invasiveness (as determined by histology and the rate of local 
tumor recurrence) and reduced metastasis to lymph nodes. 

we have further explored the HEp3 - chick embryo system. We arbitrarily separated the pro- 
cess into 3 steps: the invasion of CAM mesenchyme, the entry into blood vessels and the 
exit from the blood vessels into distant organs. In this series of experiments, the catalytic 
activity of the tumor PA was blocked by anti-PA antibodies while the PA synthesis was dom- 
regulated by DMSO (2). To examine the role of PA in the invasion of CAM (early stage), we 
modified the chorioallantoic membrane in such a way as to permit invasion to occur either 
easily or with difficulty. The results of these experiments will be discussed in the context 
of our findings in nude mice. 

1. L. Ossowski, E. Reich. Antibodies to plasminogen activator inhibit human tumor metast- 

2. L. Ossowski, D. Belin. The effect of dimethyl sulfoxide on human carcinoma cells; 

To identify the stages of metastasis in which PA produced by the tumor might play a role, 

asis. Cell 35:611-619, 1983. 

inhibition of plasminogen activator synthesis, change in cell morphology and alteration 
of response to cholera toxin. Mol. Cell. Biol. In press. December 1985. 
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PROTEINS REGUL4TING CELLULAR INVASION, Daniel 6. Rifkin, New York University 
Medical School, New York, NY 10016. 

El2 
In the initial stages of angiogenesis, endothelial cells display several properties in common 
with invasive tumor cells as they penetrate through the surrounding basement membrane and 
move into new tissue spaces. 
should induce the production of specific proteinases in endothelial cells. We have purified 
two molecules; one from human placenta and one from a human hepatoma cell  line each of which 
induces the synthesis o f  plasminogen activator and collagenase from capillary endothelial 
cells at 1 ngjml. Addition of these stimulators of protease production induces increased 
cell division and motility at concentrations of 0.1 - 1 ng/ml. 
several proteinase inhibitors block the movement of invasive cells through a basement membrane 
These include inhibitors o f  metallo and serine proteinases. 

Therefore, we postulated that certain initiators of angiogenesis 

We have also found that 

Proteases in Development, Cancer and Emphysema - I1 

PROPERTIES AND ACTIONS OF PROTEASE NEXIN I, Joffre B. Baker, Barbara L. 
Bergman, Anil Bajpai and Robert Gronke, Department of Biochemistry, University 

Kansas, Lawrence, KS 66045 
Human foreskin fibroblasts synthesize and secrete several novel serine proteinase 

inhibitors, called protease nexins (PNs), which both form SDS-resistant complexes with 
their proteinase targets and mediate their cellular uptake and degradation. PN secretion 
could provide a mechanism for specific cellular regulation of extracellular proteinases 
at o r  near cell surfaces. PNI is the first of the PNs to be purified. Although the 
sequence of 30 amino acid residues at its N-terminus is not homologous to sequences in 
other known proteins, several of its properties indicate that it belongs to the anti- 
thrombin III/ar-1-proteinase inhibitor family (1). In cultures of foreskin fibroblasts 
secreted PNI desensitizes the cells to mitogenic stimulation by thrombin and regulates 
the action of secreted fibroblast urokinase. Fibroblasts secrete urokinase in the single 
chain (fibrin-dependent) form. This does not interact with PNI. However, on exposure to 
exogenous plasmin it is converted to 2-chain fib n-1 dependent) urokinase. The latter 
is rapidly inhibited by PNI (kassoc -2 x 10' M-' S").  Recently we have detected on 
fibroblasts cell surface binding sites for 2 chain urokinase. Most o ese sites are 
cryptic, apparently because they are occupied by endogenous urokinase. "%-urokinase is 
neither internalized nor rapidly released, and is inaccessible to PNI at concentrations 
of the inhibitor at or above the concentrations of PNI in fibroblast culture medium. The 
combined properties of PNI and the urokinase binding sites may serve to localize uro- 
kinase activity to the cell surface. 

The anti-urokinase activity of PNI suggests that it could protect tissue matrices 
from degradation mediated by this plasminogen activator. Human fibrosarcoma cells 
rapidly destroy vascular smooth muscle extracellular matrices in vitro. This process, 
which is largely mediated by secreted urokinase, is significantly inhibited by 2 nM PNI 
and virtually completely inhibited by 0.2 pM PNI ( 2 ) .  

PNI inhibits thrombin about 80 fold more rapidly than do the maj~~~qlasma thrombin 
inhibitors, but it is at such a low concentration in plasma (< 1 x 10 M) that it is 
not a significant plasma thrombin inhibitor unless it is localized at a site of thrombin 
activation or action. Intriguingly, platelets carry a PNI-like factor on their surfaces. 
At or below nN concentrations of thrombin this factor accounts for a large fraction of 
the specific binding of thrombin to platelets. 

1 .  Scott, R.W., Bergman, B.L., Bajpai, A , ,  Hersh, R.T., Rodriguez, H., Jones, B.N., 
Barreda, C . ,  Watts, S .  and Baker, J.B. (1985). J. Biol. Chem. 260, 7029-7034. 

2. Bergman, B.L., Scott, R.W., Bajpai, A., Watts, S .  and Baker, J.B. (1985). Proc. 
Natl. Acad. Sci. U.S.A. (in press). 
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THE RECEPTOR FOR THE L'ROKTNASE PLASEIINOGEN ACTIVATOR. Francesco Blasi and Patrizia 
Stoppelli, International Institute of Genetics and Biophysics, CXJP, via Yarconi 10, 

Normal human monocytes and several human cell lines express a receptor for the urokinase- 

El4 
80123, Xaples, Italy. 

type of plasminogen activator (uPA). The properties of this receptor are: it binds uPA with 
an affinity of about 10-10?1, does not internalize the ligand, does not interefere with the en- 
zymatic activity of uPA,which is concentrated at the cell surface, and is regulated by diffe- 
rentiation signals. Cross-linking experiments shou that the receptor is a molecule of about 
40,000 dalton under both reducing and non-reducing conditions. 

tic digestion into a two-chains uPA. The receptor hinds both uPA and pro-uPA with about the 
same affinity. Active uPA can be fragmented into a 73,000 dalton active C-terminal portion 
and a 17,000 dalton amino terminal fragment (ATF), denrived of activity. The receptor binds 
ATF but not the 33,000 dalton uPA form. Thus the amino acids sequence responsible for recep- 
tor binding is located on the ATF, and is thus separated from the catalytic portion. 

Human monocytes and cell lines that express the uPA receptor do not svnthesize uPA, or do 
so at a rather l o w  rate. Human A431 cells, which synthesize high levels of uPA in the pro-uPA 
form, do not bind uPA. Immunofluorescence and surface iodination studies, however, show that 
these and other cells possess a surface-bound pro-uPA. A short acid treatment of A431 cells 
uncovers uPA binding sites with the above-described properties, and dissociates surface pro- 
"PA. Kinetic studies show that secretion of pro-uPA by A431 cells precedes receptor binding. 

uPA activity has been proposed by several investigators to be required for migration of 
both normal and malignant cells. The discovery of uPA receptors in both monocytes and tumor 
cells is in agreement with this proposal, and provides a biochemical mechanism. Receptors may 
be needed either to concentrate the uPA enzymatic activity on the cell surface to ensure that 
only receptors-expressing cells benefit of the uPA action; alternatively, they nay be needed 
to provide the site of activation of the inactive pro-uPA; finally, the uP.4 receptors may 
confer to uPA a resistance to circulating uPA inhibitors. The saturation of all available si- 
tes in A431 cells is rather puzzling. ?hi* Tnvrepresent an important component of  the malig- 
nant phenotype. ?he concomitant occurrence of unregulated synthesis of uPA and exeression of 
the uPA receptor may provide malignant cells with a localized enzymatic function required to 
migrate and invade neighbor tissues, accounting for at least part of the malignant Dhenotype. 

uPA is synthesized as an inactive single-chain pro-uPA which can be activated by proteoly- 

El5 al-ANTITRYPSIN, THE SERPINS AND TISSUE DAMAGE, Robin W. Carrell, Molecular 
Pathology Laboratory. Clinical School of Medicine (University of Otago). Christchurch 
Hospital, Christchurch, New Zealand 

al-A titrypsin is the archetype of a family of serine protei se inhibitors 
(serpins)' that share a common, highly ordered, tertiary structure . A dominant 
feature is a six stranded B-sheet, one strand of which is exposed to form an external 
loop containing the reactive centre. Variations in the single amino acid at the 
reactive centre explain the primary differences in inhibitory activity of  the serpins. 

to the loss of salt bridges. Z-mRNA in cell-free and surrogate oocyte studies, 
undery86 normal translation and processing to just prior to entry to the 
Golgi . Here aggregation occurs and only 15% is secreted. The physiological 
target of al-antitrypsin is neutrophil elastase and homozygous deficiency therefore 
predisposes to cumulative damage to lung elastin, resulting in emphysema. 

Y 

The molecular pathology of the common S and 2 variants of al-antitrypsin is due 
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The exposed reactive centre loop of the serpins is vulnerable to proteolytic 

cleavage. This provides an incidental molecular switch which allows irreversible 
interaction of the inhibitors. This has been utilized by reptile and bacterial 
proteases and also explains the observed inactivation of $he plasma serpins that 
occurs in the massive elastase release of the shock syndromes . 
I .  Carrell R.W. 6 Travis J (1985) TTBS 0, 20-24 
2 .  Lobermann et a1 (1986) J.Molec.Bio1. 177. 531-556 
3 .  Bathurst I.C., Errington D.M. et a1 (1985) FEBS Letters 183, 304-308 
4 .  Carrell R.W. and Oven M.C. Nature. In press 

and Eur.J.Biochem. In press 
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El6 PROTEINASE-PROTEINASE INHIBITOR IMBALANCE IN THE DEVELOPMENT OF PULMONARY 
EMPHYSEMA, James Travis ,  Denartment of Biochemistry, Universitv of Georoia, 
Athens, Georaia 30602 

Proteolyt ic  events resu l t ino  in the ac t iva t ion  of several biolooical svstems, includino 
coaaulat ion,  f i b r i n o l y s i s ,  comnlement ac t iva t ion ,  and nrotein catabolism, a r e  normally under 
the control of both loca l ly  produced and c i rcu la t ino  nroteinase inh ib i tors .  
be oerturbed, however, resu l t ina  i n  uncontrolled oro teo lvs i s ,  t i s s u e  damaae, and oossiblv 
death. A t  l e a s t  four  nossible  means of dis turbina the balance between nroteinase and 
proteinase inh ib i tors  a r e  known. These include a ) ,  oenet ic  defects  in inh ib i tor  svnthesis ,  
b ) ,  excessive production of t i s sue  nroteinases ,  F),  enzvmatic inac t iva t ion  of inh ib i tors  bv 
spec i f ic  oroteinases ,  and d ) ,  chemical inac t iva t ion  bv modification of c r i t i c a l  amino acid 
residues of the inhib i tor .  The best examole of inh ib i tor  imbalance can be found in  the 
system cont ro l l ino  the a c t i v i t y  of neutronhil e l a s t a s e ,  a nowerful enzyme which can deorade 
e l a s t i n ,  col laaen,  and nroteonlvcan. This enzme i s  the t a r o e t  f o r  the c i rcu la t ino  nlasma 
nrotein re fer red  to as  a-I-nroteinase inh ib i tor  (a- l -DI) ,  and i t  i s  well known t h a t  i t s  
decreased nroduction can be correlated with the develonment of famil ia l  emnhvsema. However, 
t h i s  qenet ic  defect  can only exnlain the onset  of the disease in 3% of individuals  a f fec ted ,  
and other mechanisms m u s t ,  therefore ,  a l s o  be resnonsible f o r  i t s  develonment. Data from 
th is  and other  labora tor ies  ind ica te  t h a t  c i a a r e t t e  smokina causes massive recruitment of 
phapocytic c e l l s  to  the luna, resu l t ino  in the excessive nroduction of a ) ,  o ro teo lv t ic  
enzymes which may t i t r a t e  a l l  of the ac t ive  a-1-PI in  the vascular bed of t h i s  ornan, b) non- 
s w i n e  Droteinases which use a-1-PI a s  a v i r tua l  subs t ra te  and inac t iva te  the nrotein bv 
cleavage e i t h e r  a t  or  near the reac t ive  s i t e ,  and c ) ,  oowerful oxidizinn aoents which convert 
the reac t ive  s i t e  methionvl res idue of -1-PI in to  the methionyl sulfoxide der iva t ive ,  
resu l t ina  in a severe reduction i n  the  a f f i n i t y  of the modified inh ib i tor  f o r  e las tase .  S i t e  
snec i f ic  mutation of methionine t o  val ine a t  the reac t ive  s i t e  of a-1-PI, usino recombinant 
DNA technoloqy, has resu l ted  in  the nroduction o f  an oxidation r e s i s t a n t ,  e las tase  snec i f ic  
inh ib i tor .  This could nrove theraoeut ica l lv  useful i f ,  as  susnected, oxidation nlavs a maior 
ro le  in  the reduction of normal inh ib i tor  a c t i v i t v  durino nhanocvtosis. 

This balance can 

Protein Secretion and Signal Peptidases 

SIGNAL PEPTIDE CLEAVAGE MWAWS CF YEAST INVERTASE 
P.C. Bohni and R.  Schehan ,  Department of  Biochemistry, University o f  

El7 
Cal i forn ia ,  Berkeley, Ca., 94720. 

Eukaryotic c e l l s  consis t  of  many funct ional ly  d i s t i n c t  subce l lu la r  compartments, each 
containing its unique subset o f  proteins .  
polypeptides have t o  be transported from t h e i r  site o f  synthes is  t o  d iverse  loca t ions  
i n s i d e  or outs ide  the  c e l l .  Most of  t h e  proteins  destined f o r  secre t ion  are i n i t i a l l y  
made with an NH -terminal extension, the  s igna l  peptide. Translocation o f  these 
preproteins  i n t g  t h e  lumen of  the  endoplasmic reticulum is accompanied by removal of t h e  
s igna l  peptides. Not much is known about t h e  enzyme(s) t h a t  mediate(s) t h i s  proteolyt ic  
cleavage in  eukaryotic c e l l s .  

?he importance of  s igna l  peptide cleavage was addressed by construct ing yeast 

m r i n g  cell growth many newly synthesized 

inver tase  ( E 2 )  mutations t h a t  i n t e r f e r e  with s ignal  peptide processing. 
Oligonucleotide-directed mutagenesis was applied to  alter the  s ignal  p p t i d e  cleavage si te 
of  wildtype inver tase  from ala-ser  (m2) t o  i l e -ser  ( s u c Z - s l l ) ,  Val-pro ( ~ 2 - s l 2 )  o r  
a la-pro (sucZ-sl3). 

( 1 )  mutant inver tase  accumulates i n s i d e  the  yeast  cell 

(2) t h e  rate of mutant inver tase  secre t ion  is more than 50-fold slower t h a n  wildtype 

A l l  three mutations d isp lay  a s imi la r  phenotype: 

inver tase  

( 3 )  the secreted periplasmic mutant inver tases  are underglycosylated and 

( 4 )  t h e i r  s igna l  peptides are still attached upon a r r i v a l  i n  t h e  periplasm. 

We have c b s e n  t h e  mutant inver tase  gene ~ ~ ~ 2 - s l 2  t o  ident i fy  extragenic  suppressor 
mutations t h a t  allow improved secre t ion  of  s l2- invertase .  Since s l2- invertase  is 
secre ted ,  a l b e i t  slowly, d i r e c t  se lec t ion  for  t rans-act ing suppressor mutations has  not 
been successful .  Consequently, we have developed a screening procedure t h a t  involves an 
inver tase  a c t i v i t y  overlay p l a t e  stain.  So f a r ,  a screen of ten mil l ion colonies  
ident i f ied  two plasnid-unlinked suppressor mutations. Cne s p e c i f i c a l l y  improves the  
secre t ion  rate o f  s l2- invertase .  Cells carrying the  second suppressor mutation exhibi t  
f a s t e r  t ranspor t  rates and increased leve ls  of  secreted mutant and wildtype invertase .  
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EFFORTS TOWARD PURIFICATION OF HEN OVIDUCT SIGNAL PEPTIDASE, Mark 0. Lively and 
R. Keith Baker, Department of Biochemistry, Bowman Gray School of Medicine of Wake 

Forest University, Winston-Salem, NC 27103 
Tubular gland cells from the magnum region of oviducts from laying hens synthesize and 

secrete as much as one gram of egg white protein per day. These cells are an excellent 
source of rough endoplasmic reticulum (RER) and microsomes prepared from them contain an 
active signal peptidase that correctly processes nascent secretory proteins in vitro. Hen 
oviduct signal peptidase (HOSP) is an integral membrane protein in the RER (1) that can be 
solubilized in an active form using a variety of detergents including Nonidet P-40 (NP-40), 
sodium deoxycholate, or octyl-6,D-glucopyranoside. Enzymatic activity is detected by post- 
translational proteolysis of the signal peptide from the precursor of human placental 
lactogen prepared by cell-free protein synthesis. While two prokaryotic signal peptidases 
have been isolated from E. coli (2,3), complete purification of a corresponding eukaryotic 
enzyme has not yet been described. 

We have developed a protocol for partial purification of HOSP. Seventy to eighty 
milliliters of sedimented, crude RER microsomes are obtained from 20 hens. Treatment of 
these membranes with 0.1 M sodium carbonate, pH 11.5. removes 90% of the associated protein 
without apparent loss of HOSP activity. The resulting vesicles contain only integral 
membrane proteins, including HOSP, and the majority of these proteins are solubilized in 2.5% 
(w/v) NP-40 at pH 8.2. This represents approximately 2 grams NP-40 per gram membrane 
protein. Detergent-solubilized HOSP is active from pH 5 to 10. 

Chromatography of solubilized HOSP on DEAE-cellulose at pH 8.2 results in the removal of 
more than 70% of contaminating proteins. HOSP is recovered in the unretained fraction, 
dialyzed to pH 9.4 and applied to a chromatofocusing column equilibrated at that pH. The 
peptidase binds to this column and is eluted between pH 8.3 and 8.0 in a decreasing pH 
gradient. When fractions from the focusing column are examined by polyacrylamide gel 
electrophoresis in the presence of SDS, signal peptidase activity seems to correlate with a 
protein of M, 33,000 among fewer than 20 other proteins present. We estimate that this 
protocol yields at least a 650-fold purification of HOSP from crude microsomes. (This work 
is supported by National Institutes of Health grant GM 32861.) 

1. Lively, M. O., and Walsh, K. A. (1983) J. Biol. Chem. 258, 9488-9495. 
2. Wolfe, P. B., Silver, P., and Wickner, W. (1982) J. Biol. Chem. 257, 7898-7902. 
3. Dev, I. K., and Ray, P. H. (1984) J. Biol. Chem. 259, 11114-11120. 
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BACTERIDL LEADEP PEDTIDASE: STRUCTURE, FUNCTIOII P?ID SIOGEMESIS, Paul B .  "01 f e ,  
Department of Bio logica l  Chemistry,  Univers i ty  of "aryland a t  Sa l t imore ,  School of 

Bac te r i a l  l e a d e r  ( s i g n a l )  oep t idase ,  the enzyme resoons ib le  f o r  removal of  amino-terminal 
l e a d e r  ( s i g n a l )  oep t ides  from p recu r so r s  of s e c r e t e d  and membrane p r o t e i n s ,  has been o u r i f i e d  
t o  homogeneity from overproducinq s t r a i n s  ( 1 ) .  S t r u c t u r a l  s t u d i e s  have shown t h a t  t h i s  enzyme 
spans t h e  inne r  membrane with a small amino-terminal domain exposed on the  cytoolasmic su r face  
and a l a r g e  carboxyl - te rmina l  domain exoosed t o  the  per io lasm ( 2 ) .  flodels of  the o r i e n t a t i o n  
of l e a d e r  peot idase  in  the membrane suqqes t  a ooss ib l e  mechanism f o r  i t s  unioue s u b s t r a t e  
s p e c i f i c i t y .  

Sequence a n a l y s i s  and pep t ide  mapping have revea led  t h a t  t he  oeo t idase  assembles i n t o  the 
membrane wi thout  removal of  a l e a d e r  ( s i q n a l )  sequence ( 2 ) .  I n  vivo s t u d i e s  of t he  b iogenes is  
of  l e a d e r  pep t idase  i n d i c a t e  t h a t  i t s  i n s e r t i o n  i n t o  the membrane r equ i r e s  the e lec t rochemica l  
p o t e n t i a l ,  can occur  o o s t - t r a n s l a t i o n a l l y ,  and i s  accompanied by a conformational chanoe ( 3 ) .  
Furthermore,  o roper  assembly of t he  peg t idase  r equ i r e s  the oroducts  of the & and secY (o r l l j )  
genes.  These loc i  have been shown t o  be e s s e n t i a l  fo r  the  c o r r e c t  l o c a l i z a t i o n  of s ec re t ed  and 
o u t e r  membrane p r o t e i n s .  Thus, l e a d e r  pep t idase ,  a membrane n ro te in  wi thout  a c leaved  l eade r  
peo t ide ,  uses the same expor t  oathway a s  o re - sec re to ry  o r o t e i n s  ( A ) .  

1 .  Hol fe ,  P . B . ,  S i l v e r ,  P .  and l i i ckner ,  1 1 .  (1982) The i s o l a t i o n  of homooeneous l eade r  peot idase  
from a s t r a i n  o f  Escher ich ia  ei- which overoroduces the  enzyme. J .  R io l .  m. 257, 78'38. 

2 .  l l o l f e ,  P . B . ,  l l i ckner ,  I,/. and Goodman, J .H. (1'353) Seouence of  t he  l e a d e r  oep t idase  qene of  
Escher ich ia  and the o r i e n t a t i o n  of l eade r  oeo t idase  i n  the  b a c t e r i a l  envelooe .  J .  S i o l .  
Chem. 258, 12073-12050. 

3.  l io l fe ,  P . B .  and !!ickner,  11. (1984) S a c t e r i a l  l eade r  pep t idase ,  a aembrane o r o t e i n  wi thout  
a l e a d e r  pep t ide ,  uses the  same exoor t  oathway a s  o re - sec re to ry  o r o t e i n s .  Cell  36,  1067. 

4. l l o l f e ,  P.B., Rice, 11. and l l i ckner ,  1 4 .  (1985) Ef fec t s  of two g qenes on o r o t e i n  assembly 
i n t o  the plasma membrane of Escher ich ia  ~lYl. J .  8101. Chem. 260, 1836-1841. 
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lntracellular Protein Processing 

THE U B I Q U I T I N -  AND ATP- DEPENDENT PATHWAY FOR INTRACELLULAR PROTEIN DEGRADATION. 
Aaron Ciechanover,  Unit of C l i n i c a l  Biochemis t ry ,  Facu l ty  of Medicine,  Technion- 

E20 
- I s r a e l  I n s t i t u t e  of Technology, Ha i f a  3 1 0 9 6 ,  ISRAEL. 

The dynamic turnover  of c e l l u l a r  p r o t e i n s  h a s  been recognized  f o r  a long t i m e ,  however the  
under ly ing  b iochemica l  mechanisms involved  i n  t h e  s e l e c t i v e  deg rada t ion  of i n t r a c e l l u l a r  
p r o t e i n s  have begun t o  be e l u c i d a t e d  only  r e c e n t l y .  A major f r a c t i o n  of t h e  s e l e c t i v e  
nonlysosomal p r o t e i n  breakdown appears  t o  be c a r r i e d  ou t  by t h e  ub iqu i t in -  and ATP-dependent 
p r o t e o l y t i c  pathway. Ub iqu i t in ,  an abundent 76 amino a c i d s  r e s idues  po lypep t ide ,  is  cova len t ly  
l i nked  v i a  an i s o p e p t i d e  bond t o  a v a r i e t y  pf p r o t e o l y t i c  s u b s t r a t e s  i n  an ATP r e q u i r i n g  
r eac t ion .  One o r  more u b i q u i t i n  polypept ides  are conjugated  a t  t h e i r  C-terminal g lyc ine  
r e s idues  t o  f r e e  E-amfno groups of l y s i n e s  i n  t h e  s u b s t r a t e  po lypept ide .  Formation of a 
ub iqu i t in -p ro te in  conjugate  may be t h e  i n i t i a l  event  in t h e  deg rada t ion  of t he  s u b s t r a t e .  
Immunochemical a n a l y s i s  of t h e  tu rnove r  of ub iqu i t in -p ro te in  conjugates  f u r t h e r  cor robora ted  
t h e  no t ion  t h a t  u b i q u i t i n  conjugat ion  t o  t h e  s u b s t r a t e  i s  an o b l i g a t o r y  in t e rmed ia t e  s t e p  
i n  t h e  degrada t ion  of t h e  s u b s t r a t e .  W e  have c h r a c t e r i z e d  t h e  enzymatic s t e p s  involved  
i n  t h e  format ion  and degrada t ion  of ub iqu i t in -p ro te in  con juga te s ( fo r  reviews s e e  r e fe rences  
1 , 2 ) .  Recent ly  w e  have c h a r a c t e r i z e d  a c e l l - c y c l e  a r r e s t  mutant wi th  a the rmolab i l e  u b i q u i t i n  
a c t i v a t i n g  enzyme ( 3 ) .  The c e l l s  a r e  consequent ly  the rmosens i t i ve  t o  s e l e c t i v e  degrada t ion  
of s h o r t  l i v e d  and abnormal amino a c i d s  ana logs  con ta in ing  p r o t e i n s  ( 4 ) .  Stud ies  on t h e  
r e g u l a t i o n  of t h e  u b i q u i t i n  mediated pathway r evea led  t h a t  tRNA is  an e s s e n t i a l  comopnent of 
t h e  system and is requ i r ed  for conjugat ion  of u b i q u i t i n  t o  s p e c i f i c  p r o t e o l y t i c  s u b s t r a t e s ( 5 ) .  
In  n u c l e i  of euka ryo t i c  c e l l s ,  u b i q u i t i n  is  found conjugated  t o  an i n t e r n a l  l y s i n e  i n  t h e  
H2A h i s t o n e  molecule ,  farming a ubiquitin-H2A semih i s tone  conjugate  (uH2A). uH2A occur s  i n  
a subse t  of nucleosomes where i t  s u b s t i t u t e s  one o r  both  of t h e  nucleosomal H2A h i s t o n e  
molecules.  It occurs  p r e f e r e n t i a l l y  i n  nucleosomes a t  t h e  5' end of t r a n s c r i b e d  genes and 
is  probably involved  i n  r e g u l a t i o n  of gene express ion  a t  t h e  chromatin s t r u c t u r e  l e v e l  (6).  

1. Hershko, A. and Ciechanover,  A. ( 1 9 8 2 )  Ann. Rev. Biochem. 51, 335-364.  
2. Ciechanover,  A . ,  F in l ey ,  D. and Varshavsky, A. ( 1 9 8 4 )  J .  C e l l .  Biochem. 2 4 ,  27-53.  
3 .  Fin ley ,  D . ,  Ciechanover,  A. and Varshavsky, A. ( 1 9 8 4 )  C e l l  3 7 ,  43-55.  
4 .  Ciechanover,  A . ,  F in l ey ,  D. and Varshavsky, A. ( 1 9 8 4 )  C e l l  3 7 ,  57-66.  
5 .  Ciechanover,  A.,  Wolin, S.L., S t e i t z ,  J . A .  and Lodish,  H.F. ( 1 9 8 5 )  Proc. N a t l .  Acad. S c i .  

USA 8 2 ,  1341-1345.  _ _  
6 .  Barsoum, J. and Varshavsky, A. ( 1 9 8 5 )  J. E. w. 3, 7688-7697 
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E21 SITE-SPECIFIC MUTAGENESIS OF CDNA CLONES EXPRESSING A POLIOVIRUS 
PROTEINASE, Bert L. Sernler, Victoria H. Johnson, Patricia G .  Dewalt and Mary Frances 

Ypma, Department of Microbiology and Molecular Genetics, College of Medicine, University of 
California, lrvine, CA 92717 
Poliovirus, like a11 other members of the picornavirus family of animal viruses, contains a single 
strand R N A  genome of messenger polarity (i.e., plusstranded) that encodes a giant precursor poly- 
protein. The precursor polyprotein is proteolytically cleaved to  produce all of the known viral- 
specific proteins. The cleavage of polio precursor polypeptides occurS a t  specific amino acid pairs 
that are recognized by viral and possibly host cell proteinases. Most of the poliospecific cleavages 
occur a t  glutamine-glycine (Q-G) pairs that are recognized by the virahncoded proteinase, 3C 
(formerly called P3-7c). In order to carry out a defined molecular genetic study of t h e  enzymatic 
activity of protein 3C, w e  have made cDNA clones of the poliovirus genome. The cDNA region 
corresponding to protein 3C was inserted into an inducible bacterial expression vector. This recom- 
binant plasmid (called pIN-III-C3-7c) utilizes the bacterial lipoprotein promoter to direct the syn- 
thesis of a precursor polypeptide that contains the amino acid sequence of protein 3C as well as the 
amino- and carboxy-terminal Q-G cleavage signals. These signals have been previously shown to 
ellow autocatalytic production of protein 3C in bacteria transformed with plasmid pIN-III-C3-7c. 
W e  have taken advantage of the autocatalytic cleavage of 3C in  a bacterial expression system to 
study the effects of sitespecific rnutagenesis on its proteolytic activity. One mutation that we 
have introduced into the cDNA region encoding 3C is a single amino acid insertion near the carboxy- 
terminal Q-G cleavage site. The mutant recombinant plasmid (designated PIN-lIIC3-p 10) directs 
the synthesis of a bacterial-polio precursor polypeptide like the wild type construct (pIN-IlI-C3- 
7 4 .  However, unlike the wild type precursor, the mutant cannot undergo autocatalytic cleavage to 
generate the mature proteinase 3C. Rather, the precursor is able to carry out cleavage a t  the 
amino-terminal Q-G site but not a t  the carboxy-terminal site. Thus we have generated an altered 
poliovirus proteinase that is still able to carry out a t  least part of its cleavage activities but is 
unable to be a suitable substrate for self-cleavage a t  its carboxy-terminal Q-G pair. We have 
recently substituted the cDNA from plN-IIl-C3-y 10 into a plasmid containing a full-length cDNA 
copy of the poliovirus genome (plasmid pEV104). We have previously shown that pEV104 will pro- 
duce infectious poliovirus after transfection into cultured primate cells. The effect of the above 
mutant proteinase on the production of infectious poliovirus is presently being tested in several 
eukaryotic vectors following transfection into cultured human and monkey cell lines. 
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MOLECULAR ARCHITECTURE OF A HORMONE. PRECURSOR-COWERTING ENZYME, Jeremy T'nornerl, 
Robert S .  F u l l e r l ,  and Anthony J .  Brake2, IDepartment of  Biochemistry,  Un ive r s i ty  of 
C a l i f o r n i a ,  Berkeley, CA 94720 and *Chiron Corpora t ion ,  Emeryvi l le ,  CA 94608. 
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Endoproteo ly t ic  c leavage  of p r e c u r s o r s  a t  p a i r s  of b a s i c  amino a c i d s ,  e s p e c i a l l y  -LysArg-, 
i s  a ub iqu i tous  event  i n  t h e  product ion  of p e p t i d e  hormones and neurosec re to ry  Dept ides .  We 
have shown (1) t h a t  t h e  product  of t h e  g 2  gene of the y e a s t  Saccharomyces c e r e v i s i a e  i s  a 
novel endopept idase  s p e c i f i c  f o r  c l eav ing  s u b s t r a t e s  on t h e  carboxyl  s i d e  of p a i r s  oE bas i c  
r e s i d u e s  and i s  requ i r ed  f o r  t he  p roduc t ion  of s e c r e t e d  peDtides whose ma tu ra t ion  invo lves  
s c i s s i o n  a t  -iysArg- s i tes  (e .g .  t he  mating pheromone p recu r so r ,  p rep ro -a - f ac to r ) .  We cloned 
the  E 2  gene, determined i t s  e n t i r e  n u c l e o t i d e  sequence, and used expres s ion  v e c t o r s  conta in-  
i n g  the  ga l ac tose - induc ib le  gAIl promoter t o  OverDroduce t h e  N 2  p r o t e i n  i n  yeas t  2G0-500- 
f o l d  ( 2 , 3 ) .  The enzyme has  been p a r t i a l l y  p u r i f i e d  from such a source .  S t r i k i n g  f e a t u r e s  of  
t he  E 2  enzyme a r e  i t s  r e l a t i v e l y  l a r g e  apnarent  MW, i t s  t i g h t  membrane a s s o c i a t i o n ,  and the  
a b s o l u t e  dependence of i t s  c a t a l y t i c  a c t i v i t y  on Ca2+ ( 2 , 3 ) .  
i s  appa ren t ly  a t h i o l  enzyme wi th  c e r t a i n  s i m i l a r i t i e s  t o  the  C a 2 + - d e p e n d e n t e u t r a l  t h i o l  
p ro t eases  of animal c e l l s  ( so-ca l led  ca lDa ins ) ,  i t  can  be d is t inRuished  from ca lpa ins  and other 
t h i o l  p ro t eases  by v i r t u e  of i t s  r e s i s t a n c e  t o  i n a c t i v a t i o n  by d e r i v a t i v e s  of  t he  trans-enoxy- 
s u c c i n i c  a c i d  i n h i b i t o r ,  E64, and by c y s t a t i n  C .  In  c o n t r a s t ,  H2N-Ala-Lys-Arg-chloromethyl- 
ke tone  (ALACK) i s  a po ten t  i r r e v e r s i b l e  i n h i b i t o r .  [ l Z 5 I  ITyr-ALACK cova len t ly  t a g s  a 2.100.000 
MW po lypept ide  t h a t  c o p u r i f i e s  wi th  E 2  enzyme a c t i v i t y .  Labeling d i s p l a y s  t h e  c h a r a c t e r i s -  
t i c s  of t h e  c a t a l y t i c  a c t i v i t y  (e .g .  r e q u i r e s  Ca2+) and a l a r g e  C-terminal d e l e t i o n  of t he  
- KEX2 gene cons t ruc t ed  i n  v i t r o  Droduces a s h o r t e r  l abe led  s n e c i e s  i n  v ivo ,  e s t a b l i s h i n g  t h a t  
t h e  'Ex2 gene encodes t h e  p ro tease .  
deduced from the  DNA sequence inc ludes  two markedly hydroohobic reg ions  (a p o t e n t i a l  s i g n a l  
sequence a t  t he  N-terminus and a p u t a t i v e  transmembrane domain nea r  t he  C-terminus),  a cys- 
t e i n e - r i c h  r eg ion ,  s e v e r a l  consensus sites f o r  a d d i t i o n  of Asn-linked o l igosaccha r ide ,  a S e r l  
Thr- r ich  domain, and p o t e n t i a l  CaZs-binding s i t e s .  I n  tunicamycin-treaced c e l l s  o r  a f t e r  d i -  
g e s t i o n  wi th  endo H ,  the  [1251]Tyr-ALACK-labeled band i s  sma l l e r  (2.91,OOO M W ) ,  i n d i c a t i n g  t h a t  
t he  n a t i v e  enzyme does c a r r y  ?+linked o l igosaccha r ide .  The p r o u e r t i e s  of a s e r i e s  of C - t e r m i -  
n a l  d e l e t i o n s  sugges t  t h a t  t h e  p u t a t i v e  transmembrane domain i s  no t  s o l e l y  r e s p o n s i b l e  f o r  t he  
membrane l o c a l i z a t i o n  o f  the  enzyme and t h a t  the  Ser /Thr- r ich  r eg ion  may be modified ex tens i -  
v e l y  wi th  0- l inked  suga r s .  
[Supported by N I H  Grant GM21841 t o  J . T .  and by a Helen Hay Whitney Pos tdoc to ra l  Fellowship t o  
R.S.F.] (1)  J u l i u s  e r  a l .  (1984) C e l l x :  1075-1089: (2) F u l l e r ,  R . S .  e t  a l .  i n  __- P r o t e i n  
Transpor t  and Sec re t ion  (Gething, Y.-J., Ed.) Cold SDring Harbor Labora tory ,  1985, p p .  97-102; 
( 3 )  F u l l e r ,  R .  e t  a l .  i n  Pficrobiology-1986 (Sch le s s inge r ,  D . ,  Ed.) American Soc ie ty  f o r  Micro- 
b io logy ,  1986, i n  p r e s s .  

Although the  KEX2 endoprotease  

The primary s t r u c t u r e  of t h e  814-residue S Z  polypept ide  

C e l l s  i n  which the  m2 gene i s  d e l e t e d  a r e  s t i l l  v i a b l e .  
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Rioactive fraaments C3a, C4a and C5a are derived from complement components C3, C4 and C5 
and have heen chemically characterized as a family of molecules. These hormone-like factors 
activate leukocytes via surface receptor-mediated mechanisms. It is generally recognized 
that C3a and C4a interact most stronqly with basophils and eosinophils while the factor C5a 
oromotes neutrophil and monocyte activation. Leukocyte activation by the anaphylatoxins 
includes such behavioral responses as chemotaxis, aggregation and adherence phenomena. 
Riochemical events occurrina inside the activated cells include enhanced oxygen metabolism 
(e.0. oxyaen burst), qranular secretion, calcium mobilization, enhanced lipid metabolism and 
membrane remodelling events such as receptor up-regulation. Together the cellular reactions 
to these humoral effector molecules define an important host defense response. Although the 
anaphylatoxins (e.q. C3a, C4a and C5a) share chemical features and have a common genetic 
oriain, the cellular receptors to these factors are distinct membrane components that lead 
to differential bioloqic activities. For example, C3a and C4a share common mast cell and 
hasophil receptors while C5a interacts with a unique population of  leukocyte receptors. 
Under physiologic conditions, C5a binds avidly to a neutrophil receptor and the ligand is 
suhseqiiently internalized and deqraded inside the cell. Internalization of the 
receptor-liaand complex removes receptors from the cell surface rendering the cell 
inspnsitive to the liaand, thereby modulatinq or "down regulating" the functional response. 
Preliminary indications are that C3a (C4a) interacts with mast cell or basophil receptors 
and stimulates a cellular response without eliciting internalization of the receptor-ligand 
complex. 

The C5a receptor on human neutrophils has been identified as a 40-44,000 M.W. single chain 
component of the neutrophil membrane. Labelled C5a (lz5I) can be cross-linked to the 
leukocyte receptor usina bifunctional reaqents and the complex has been isolated and 
characterized. A corresponding study of the putative C3a receptor on rat mast cells has led 
to some rather remarkable results. Human or rat C3a can he cross-linked to a 20-25,000 M.W. 
component on the mast cell surface; however the ligand is rapidly proteolysed during binding 
even at OOC. C3a deqradation is not a post internalization event but rather represents 
enzymatic conversion operative on the cell surface. When the protease inhibitor SBTI is 
added to the mast cells prior to offering ligand (C3a), ability to cross-link the C3a to a 
membrane component is lost suqoestinq the putative "receptor" on mast cells may i n  fact be a 
protease. As comparisons of cellular receptors to anaphylatoxins on various cell types 
continue it will eventually be possible to identify whether major biochemical differences 
exist between anaphylatoxin receptors on mast cells, leukocytes and monocytes. 

COMPLEMENT FACTORS AND LEUKOCYTE ACTIVATION, Tony E. Hugli, Member, Department of 
Jmmunoloay, Scripps Clinic and Research Institute, San Dieqo, CA. 92037 
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~ 2 4  TRANSDUCTION MECHANISM OF CHEMOATTRACTANT RECEPTORS ON LEUKOCYTES: RECEPTOR- 
MEDIATED ACTIVATION OF A POLYPHOSPHOINOSITIDE-SPECIFIC PHOSPITOLIPASE C BY A GUANINE 

NUCLEOTIDE YEGULATORY (N) PROTEIN, Ralph Snydeman, Charles D. Smith and Margrith W. Verghese 
Howard Hughes Med. Inst., Duke Univ. Med. Center, Durham, NC 27710 
Chemoattractants stimulate several important responses in polymorphonuclear leukocytes (PMNs) 
including directed motility, activation of the respiratory burst, and initiation of lysosomal 
enzyme secretion. 
formylated oligopeptides, e.g met-Leu-Phe, are present on the surface of PlfNs. The binding 
characteristics of fMet-Leu-[ HIPhe to PHN membranes indicated that its receptor exists in 
high and low affinity forms which are interconvertible by guanosine di- and triphosphates, 
suggesting that this receptor interacts with an N protein. Although isolated PMN membranes 
have functional N proteins and adenylate cyclase activity, met-Leu-Phe neither stimulated 
nor inhibited cyclase activity. Incubation of PMNs with fMet-Leu-Phe led to the rapid hydro- 
lysis of phosphatidylinositol 4,5-bisphosphate (PIP?) and production of inositol trisphos- 
phate (IP3), indicating that occupancy of the oligopeptide chemoattractant receptor activates 
a phospholipase C producing IP3 and 1,2-diacylglycerol. These products elevate intracellular 
[Ca2+] and activate protein kinase C, respectively. We postulated that chemoattractant recep- 
tors might use an N protein to activate polyphosphoinositide degradation. To test this hy- 
pothesis, we utilized Bordetella pertussis toxin (ID), which ADP-ribosylates and inactivates 
certain N proteins. Treatment of PMNs with IAP selectively inhibited fMet-Leu-Phe-elicited 
responses, including PIP2 hydrolysis, IP3 production, Ca2+ mobilization, lysosomal enzyme 
secretion, superoxide production and chemotaxis. 
ionophores, or active phorbol esters were unaffected by IAP. Thus, an IAP-sensitive N pro- 
tein appears to couple occupancy of the fElet-Leu-Phe receptor to activation of a phospholi- 
pase C. To further define the mechanism of this coupling, 1.7e developed a system to study 
receptor-mediated PIP metabolism in plasma membranes isolated from human PMNs. PIP2 hydro- 
lysis was stimulated l$y fMet-Leu-Phe only if GTP was also present. In addition, nonhydrolyz- 
able analogs of GTP, which can directly activate N proteins stimulated PIP2 hydrolysis. I n  
contrast to those from control PMNs, membranes isolated from cells treated with ZAP did not 
demonstrate fMet-Leu-Phe plus GTP-induced PIP2 hydsolvsis. The activated N protein appears 
to activate the phospholipase C by reducing its C a  + ;equirement from superphysioloxical to 
intracellular concentrations of Ca2+. Elevation of intracellular CAN? levels by increased 
[Ca2+] appears to provide feedback signals which terminate cellular activation by inhibiting 
PIP2 hydrolysis. This model for cellular regulation appears to be applicahle to other chemo- 
attractant receptors (e.g. C5a), and perhaps other receptors which elevate intracellular 
[Ca2+] through stimulated PIP2 hydrolysis. 

Specific receptors for the chemoattractants CSa, leukotriene Bq and N- 

3 

Similar responses induced by lectins, Ca2+ 

E25 
Wilner, Rachel Bar-Shavit, and Arnold J. Kahn, Department of Pathology, Washington 
University School of Medicine, St. I.ouis, MO 63110, and Pediatric Kesearch Institute, St. 
Louis University School of Medicine, St. Louis, MO 63104 
In contrast to fibroblasts, 
like tumor cell line, with either active or esterolytically inactivated (iPR2P) u-thrombin 
results in a mitogenic response as measured by increased 3[H]-TdR incorporation. 
response to thrombin is optimal at 10 nM, and is specifically blocked by hirudin, a high 
affinity thrombin inhibitor. When prethrombin 1 (a single chain precursor of thrombin) 
is cleaved with cyanogen bromide, a fragment containing thrombin B chain residues 338-400 
is produced which, like the parent thrombin molecule, is mitogenic for 5774 cells, but not 
f o r  fibroblasts. Limited tryptic digests of this fragment retain the ability to stimulate 
macrophayes, a €unction that can be mimicked by a synthetic tetradecapeptide homologue of 
this sequence (residues 367-3801, but not by any of a series of well known growth 
promoters, including PDGR, EGF, NGF, FGF and murine CSF-1. The mitoqenic effects O F  this 
peptide are not limited to 5774 cells, but can be expressed in other macrophage-like 
tumor cell lines, including P388D1, MI<, and P U 5 ,  and also in certain non-transformed 
cloned bone marrow macrophages. In addition to increased 3 [  HI-TdR incorporation, the 
synthetic peptide stimulates a dose-dependent increase in total protein/culture well, 
cell number, and a 3-fold increase in quiescent cells entering S phase, as determined by 
cell sorter analysis. we conclude that thrombin molecule contains a macrophage growth 
factor domain which is separate and distinct from its active center. Thus, thrombin, in 
addition to its ma)or role in hemostasis and thrombosis, may also have important functions 
in such basic processes as the inflammatory response and monocytopoiesis. 

ELUCIDATION OF A SEQUENCE IN THROMBIN WITH GROWTfI FACTOR PROPERTIES, George D. 

the exposure of GO/G1-arrested 5774 cells, a murine macrophage- 

This 
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MECHANISMS OF COMPLEMENT A C T I V A T I O N  ANU CONTROL, Kooert  J. L i c c a r a i ,  Uepartment or 
Immunology, Scr ipps  C l i n i c  ana Researcn Founaat ion,  La J o l l a ,  C a l i t o r n i a  92037. 
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Complement i s  a group o t  serum p r o t e i n s  r n a t  r o g e t n e r  p ldy  a v i t a l  r o l e  i n  t n e  nos t  aerense 
a g a i n s t  i n t e c t i o n .  S t i m u l a t i o n  o t  t n e  c o m p l e m e n t  s y s t e m  t r i g g e r s  s e q u e n t i a l  o i o c n e m i c a l  
r e a c t i o n s ,  wn icn  are  accompdnieo oy r n e  genera t ion  o t  numerous o i o l o g i c a l l y  a c t i v e  i i i ea ia to rs  
o t  i n t l a m m a t i o n ,  u l t i m a t e l y  l e a o i n g  t o  t n e  a e s t r u c t i o n  ana c learance o t  i n v a a i n g  organisms. 
A c t i v a t i o n  o t  r n e  c l a s s i c a l  complement parnway i s  i n i r i a t e a  oy t n e  t i r s t  complemenr component 
(Cl). A f t e r  an a c t i v a t i n g  suDstance, sucn as an immune complex, o inas  ano a c t i v a t e s  C 1 ,  C1 
tnen a c r i v a t e s  t n e  secono (C2) ano t o u r t n  (C4) complement components tnereoy  t r i g g e r i n g  r n e  
c o m p l e m e n t  cascade. C 1  i n  i t s e l t  i s  an i n t r i g u i n g  o i o c n e m i c a l  mode l  i n v o l v i n g  s p e c i t i c  
p r o t e i n - p r o t e i n  i n t e r a c t i o n s ,  i n a u c e a  c o n t o r m a t i o n a l  cnanyes ,  dno a c t i v a t i o n  oy l i m i r e a  
p r o t e o l y s i s .  Tne m o l e c u l a r  p r i n c i p l e s  i n v o l v e a  i n  C1 a c t i v a t i o n  ana i t s  p n y s i o l o g i c a l  
c o n t r o l  w i l l  oe oescr ioea. C 1  i s  a 16s m e t a l l o p r o t e i n  composea ot 22 p o l y p e p t i o e  cna ins  dnu 
nav ing  a m o l e c u l a r  w e i g n t  o t  750,000. Unoer p n y s i o l o g i c a l  c o n a i t i o n s ,  C1 c o n s i s t s  o t  t w o  
r e V e r S i o 1 Y  i n t e r a c t i n g  P r o r e i n s ,  C l q  aria C l r z s p .  D u r i n g  C 1  a c t i v a t i o n ,  t n e  C l r  ana C l s  
s u o u n i t s  a r e  convectea t r o m  proenzymes t o  a c t i v e  s e r i n e  proteases as t n e  r e s u l t  o t  l i m i t e a  
p r o t e o l y s i s .  Eacn 85,000 o a l t o n  C l r  ana C l s  p o l y p e p t i a e  cna in  i s  c leave0 i n t o  t w o  a i s u l t i o e -  
n e l d  cna ins  o t  57,000 and 28,000 aal tons.  C l q  i s  an a l l o s t e r i c  e t t e c t o r  t o r  t n e  a c t i v a t i o n  
o t  C l r  s a p r o c e s s  t n a t  o c c u r s  s l o w l y  i n  t n e  t l u i o  pnase an0 r a p i a l y  on a i p e c i t i c  
a c t i v a g o ? :  s u c n  as an immune complex ,  wnere  t n e  a s s o c i a t i o n  o t  c l q  w i t n  C l r 2 s 2  i s  
strengtnenea. Tne n a t u r a l  s u o s t r a t e  ot a c t i v a t e a  C l r  i s  Cis ,  w n i l e  a c t i v a t e o  C l s  c leaves  C4 
ana C2. Tne l a r g e r  p r o a u c t s  a t  t n i s  r e a c t i o n  (i-e., C2a and C ~ D )  t n e n  c o m o i n e  t o  t o r m  t n e  
enzyme t n a t  a c t i v a t e s  C3 (i.e., C3 convertase).  

A c t i v a t e a  C 1  i s  r e g u l a t e d  oy t n e  serum y l y c o p r o t e i n  C 1 - i n n i o i t o r  (Mr 104,UUU), 
wn icn  t i r r n l y  Dinas t o  t n e  C l r  ana C l s  suoun i ts ,  tnereoy  DlOCking t n e i r  enzymat ic a c t i v i t i e s ,  
w n i l e  a t  t n e  same t i m e  a i s s o c i a t i n g  C l r 2 s 2  t r o m  C1. Tne r e s u l t i n g  ac t iva tor -oouno C l q  now 
e x p r e s s e s  D i O l O g i C a l l y  r e a c t i v e  s i t e s  t n a t  w e r e  n o t  exposeo i n  m a c r o m o l e c u l a r  C1. C l -  
i n n i o i t o r  i s  v e r y  e r t i c i e n r  i n  c o n t r o l l i n g  a c t i v a t e a  C 1 ,  w n i c n  nas a n a l t - l i r e  o t  o n l y  
r n i r t e e n  seconds i n  i t s  presence unaer p n y s i o l o g i c a l  cono i t ions .  C 1 - i n n i o i t o r  a l s o  c o n t r o l s  
t n e  t l u i a  pnase a c t i v a t i o n  o t  n a t i v e  C 1  w n i c n  is r e v e r s i o l y  oouna t o  C 1 - i n n i o i t o r  i n  normdl 
numan serum. F i n a l l y  a mecnanism o t  teeaoack i n n i D i t i o n  nas oeen r e c e n t l y  aescr ioeo wnereoy 
a c t i v a t e a  C3 ana C4 i n n i o i t  t n e  t u r n o v e r  o t  C1 oy immune complexes .  T n i s  c o n r r o l  i s  
p n y s i o l o g i c a l l y  i m p o r t a n t  i n  t n a t  i t  p r e v e n t s  excess ive  complement a c t i v a t i o n  DY low l e v e l s  
a t  immune complexes, tnereoy  l i m i t i n g  nos t  t i s s u e  o e s t r u c t i o n .  
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Modeling of New Proteases 

Catalytic 2nd Substrate Specificity Studies of Tryesin Via Site-Specific t’utapenesis 
Charles S. Craik, Steven Roczniak, Stephen Sprang, Laszlo Graf, Robert Pletterick i 

E27 
Cilliam J. Rutter. University of California, San Francisco, CA 94143 

tion. However, the view is only a single static picture of a.dynamic sequence of events. An 
approach to better understanding structure/ftinction relationships in protejns is to modify 
amino acids that appear to be important for the function of the protein and then biophysically 
characterize the modified protein. Using site-specific mutagenesis, amino acids believed to be 
important in the function of trypsin have been replaced with alternate residues to critically 
evaluate the role of charge, steric constraints and enzyme bound water in enzyme catalysis, 
substrate specificity, protein Conformation and stability. Codon replacements have been made 
in the cloned rat trypsinogen gene and the resultant genes expressed in bacterial and mamal- 
ian cells. The heterologously expressed enzymes have been purified to homogeneity and their 
properties studied. Substrate binding pocket mutants in trypsin show altered substrate speci- 

Atomic resolution structure of a protein can provide valuable information about its func- 

(216GlpAla) (Arg>>Lys) ; (226Gl:rtAla) (Lys>>Arg) and (216,226GlytAla) (Arg> 
ns Gith Ala at position 226 exhibit substrate induced conformational 

changes. Other modifications that affect substrate specificity, i.e., trypsin (189Asp+Lys) 
and (lJ<Lsp~lu) are being characterized. AsplO2, a puta’iive catalytic residue of serine 
proteases, has been replaced in trypsin with Asn. Trypsin (IOZAsp-Asn) shows a 103-104 fold 
decrease in activity relative to trypsin on peptide and ester substrates at neutral pK. This 
decrease can be accounted for predominantly by changes in kcat values. I r  alkaline pH‘s a 
hvdroxide ion catalyzed substrate hydrolysis becomes signiffcant to yield kcat values 1-10% 
that of the wild type enzyme at pH 3. X-ray diffraction quality crystals of the As11102 mutant 
have been obtained by vapor diffusion against PEG usinr the hanging drop technique. The 
crystals (space group P 2 1 2 , 2 1  with a=L~!?.3, b=46.0 ant’ c=172.2 8) diffract to 1.7 8.  The 
structure of the Asn102 mutant is determined at 2 . 1  8 resolution. Both monomers in the crysta- 
llographic asymmetric unit have the same conformation. The Asn residue mimics the wild type 
Asp102 in its H-bonds with the backbone nitrogen atoms of AlaSh, His57 and the Oy of Ser214. 
His57 exhibits two discrete conformational states. In one, the placement of His in the active 
site resembles that seen in trypsin. However, Asnl02 cannot act as a H-bond acceptor causini: 
His57 to serve as a proton donor to Ser195. This would account for the decrease in enzymatic 
activity. The second state has the imidizole rotated out of the active site with no direct H- 
bond to either Asnl02 or SerlC5. In this conformation a water molecule can be accommodated 
between the Ser195 and AsnlO2 and may account for the observed specific base hydrolysis of 
substrate at alkaline pH. Ser195 shows two conformational states which may be coupled to the 
His57 rotation and further accounts for the reduced activity of the mlitant enzyme. 
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Adam**, B r i a n  Cunningham**, Thomas P. Graycar**, David A. Es te l l * * ,  *B ioca ta l ys i s  
Department, Genentech Inc., **Research Department, Genencor, Inc., South San Francisco, CA 
94080 
S u b t i l i s i n  i s  a s e r i n e  endoprotease t h a t  i s  secre ted  i n  l a r g e  amounts by b a c i l l u s  species. 
A l a r g e  body o f  enzymatic, comparative, and s t r u c t u r a l  s tud ies  make s u b t i l i s i n  an e x c e l l e n t  
model f o r  p ro tease eng ineer ing  by s i t e - d i r e c t e d  mutagenesis. 

The gene f o r  t h i s  enzyme from B. amy lo l i  ue fac iens  has been c ioned and the  pro tease has 
been expressed i n  a secre ted  form ?n B. s u b t q l i s ( 1 ) .  Desp i te  a known x-ray c r y s t a l  
s t r u c t u r e  ( 2 )  t h e  l i n k  between s t r u c t s e  and f u n c t i o n  i s  o f t e n  weak. 
s t r u c t u r e - f u n c t i o n  da ta  base, a casse t te  mutagenesis method has been developed t o  f a c i l i t a t e  
ex tens i ve  amino a c i d  replacements a t  p a r t i c u l a r  f unc t i ona l  s i t e s  i n  t h e  molecule (3 ) .  

S u b t i l i s i n  has been engineered by casse t te  mutagenesis to be more r e s i s t a n t  t o  o x i d a t i v e  
i n a c t i v a t i o n  ( 4 ) .  Ox ida t i ve  i n a c t i v a t i o n  i s  be l i eved  caused by o x i d a t i o n  o f  a h i g h l y  
conserved meth ion ine  (Met-222) ad jacent  t o  t h e  c a t a l y t i c  Ser-221 (5 ) .  Unexpectedly, a l l  19 
s u b s t i t u t i o n s  a t  Met-222 produce a c t i v e  enzymes a l b e i t  w i t h  w ide ly  rang ing  s p e c i f i c  
a c t i v i t i e s .  
i n a c t i v a t i o n  by H 0 

o f  subs i tes  i n  t h e  molecule has produced ( i )  enzymes w i t h  d r a m a t i c a l l y  a l t e r e d  subs t ra te  
s p e c i f i c i t i e s  ( i i )  enzymes t h a t  a re  more c a t a l y t i c a l l y  e f f i c i e n t  (kcat/km) than  w i l d  t ype  
enzyme aga ins t  p a r t i c u l a r  subs t ra tes  ( i i i )  an enzyme which has a g rea te r  a c t i v i t y  aga ins t  a 
general  p r o t e i n  subs t ra te .  

F i n a l l y ,  as a s e r i n e  protease, hydrogen bonding i s  impor tan t  i n  s t a b i l i z i n g  the  
t r a n s i t i o n  s t a t e  complex i n  s u b t i l i s i n .  Muta t ions  have been in t roduced i n t o  s u b t i l i s i n  t o  
q u a n t i t a t e  the  importance o f  hydrogen bonding i n  t r a n s i t i o n  s t a t e  s t a b i l i z a t i o n  (6) .  Some 
o f  these muta t ions  have proved usefu l  i n  de termin ing  t h a t  t h e  c a t a l y t i c  a c t i v i t y  o f  
s u b t i l i s i n  i s  impor tan t  i n  t h e  process ing  of  i t s  percurser ,  p r e p r o s u b t i l i s i n  ( 7  

SUBTILISIN: A MODEL FOR PROTEASE ENGINEERING AND SECRETION, James A. Wells*, 
Richard R. Bott', David B. Powers*, Mark H. Ultsch*,  Scot t  0. Power**, Robin M. 

To en la rge  t h e  

Non-ox id izab le  s i d e  cha in  replacements con fe r  res i s tance  t o  o x i d a t i v e  

The enzyme hag $'very broad subs t ra te  s p e c i f i c i t y .  Exhaust ive  mutagenesis a t  a number 

1. Wel ls e t  a l .  (1983) Nuc le ic  Acids Res. 11, 7911. 
2. Wright e t  a l .  (1969) Nature  221, 235. 
3. Wel ls e t  a l .  (1985) Gene 3 4 , T 5 .  
4. E s t e l l  e t  a l .  (1985) J. B G l .  Chem. 260, 6518. 
5. S t a u f f e r  and Etson (1969) J. B i o l .  Chem. 244, 5333. 
6. Wells e t  a l .  (1986) Proc. Roy Sac. Ser 8.- press. 
7. Power e t  a l .  (1986) i n  Genet ics and B i o t e c G o F o f  B a c i l l i  (Volume 111) i n  press 

Proteolytic Mechanisms in Injury and Disease 

~ 3 0  COOPERATIVE BINDING OF FACIOR VII TO TISSUE FACTOR IS MODULATED BY 
PHOSPHATIDYLSERINE, Ronald R. Bach, Mt. S i n a i  Medical School, New York,  
NY 10029 

Factor VII, a plasna serine protease, binds to tissue factor, an integral 
membrane glycoprotein, fo- a membrane bund  pmtez4ytic ccmplex. This 1:l 
stoichicmetric ccmplex is potent ini t ia tor  of coagulation and may play an 
essential role in mxmal heimstasis as w e l l  as disease-related thrcmbosis. 
Positive Cooperativity is observed when the ccmplex f o m  on the surface 
of vesicles containing phosphatidylserine (PS). This induction of aoperati- 
vity by PS is coincident w i t h  an increase in the proteolytic efficiency of 
the cnnplex, suggesting that the appear- of PS on the cell surface may 
mdulate tissue factor-initiated coagulation. ?he m p r a t i v e  bindvlg data 
suggest that tissue factor may be a direr in acidic membranes. The formation 
of tissue factor dime=, when the protein is solubilized in Triton X-100, has 
been directly demnstxated by sedimentation equilibrim. This cooperative 
asscciation of an enzyme and its essential cofactor may represent a m e 1  
nechanisn for regulating c e l l  surface proteolyt ic  act ivi ty .  Cells may 
ini t ia te  Coagulation in respnse to an injury w h i c h  perturbs the asymnetric 
distribution of PS i n  the plasm membrane. 
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~ 3 1  INHIBITION OF TUMOR CELL-HEDIATED EXTRACELLULAR MATRIX DESTRUCTION BY PROTEASE 
NEXIN I, Barbara L. Bergman, Randy W. Scott, AnilBajpai, Sherry Watts and Joffre B. 

Baker, Department of Biochemistry, University of Kansas, Lawrence, KS 66045 
Human fibrosarcoma (HT1080) cells, in contrast to normal fibroblasts, rapidly hydrolyze the 
glycoprotein, collagen and elastin extracellular matrix (ECM) synthesized by cultured rat 
aortic smooth muscle cells [Jones and DeClerk, Cancer Res. 40, 3222-3227 (1980)l. Here it 
is shown that protease nexin I (PNI), a fibroblast-secreted inhibitor of urokinase, plasmin 
and certain other serine proteinases, effectively inhibited the HTlO8O cell-mediated 
degradation of this ECM. PNI at 2.0 nM significantly inhibited matrix destruction for 1-2 
days, and at 0.2 pM caused a virtually complete inhibition that persisted for the entire 10 
day period of observation. Inhibition of ECM destruction was accompanied by a transient 
arrest of HT1080 cell proliferation that took place during the first 3 days following PNI 
addition. PNI did not inhibit the growth of normal fibroblasts and also did not inhibit the 
growth of HT1080 cells that were seeded onto plastic dishes rather than onto ECM. Like many 
types of malignant cells, HT1080 cells release large amounts of urokinase. Antibody against 
this plasminogen activator partially protected ECM from HT1080 cell-mediated hydrolysis, 
indicating that it may have been a target of PNI. One potential physiological function of 
PNI could be to help maintain the integrity of connective tissue matrices, protection that 
malignant cells could overcome by secreting proteinases in excessive amounts. Further 
studies using fluorescent antibodies indicate that PNI is present at the cell surface of 
normal human fibroblasts. A proteinase would have to overcome a threshold of inhibition in 
order to degrade ECM. 

E32 
Protease Nexin (PN) is a protein protease inhibitor which is secreted by human fibroblasts 
in culture. PN inhibits certain serine proteases such as thrombin by forming a covalent 
complex with the protease; the complex then hinds back to the cell surface and is internal- 
ized and degraded. Interestingly, the rate of complex formation between PN and thrombin is 
greatly increased by heparin. This finding suggested that a cell surface glycosaminoglycan 
may catalyze the complex formation. Here we demonstrate that fixed human fibroblasts do 
indeed catalyze the formation of PN-thrombin complexes. We have further characterized the 
identity of the component(s) responsible for this catalytic activity. This activity is not 
inhibited by protamine, implying that the component is not heparan sulfate. Experiments 
with d i i sop ropy l f luo rophopha te - inac t iva t ed  thrombin (DIP-Th) show that the cell surface DIP- 
Th binding site may be involved in the catalysis. The activity is inhibited by about 60% at 
concentrations of DIP-Th which saturate the DIP-Th binding site. Further studies are in 
progress using specific glycosidases to remove the activity from the cell surface. These 
are paralleled by measurements using purified glycosaminoglycans to catalyze PN-thrombin 
complex formation without cells. In addition, we have found that antithrombin 111-thrombin 
complex formation, which is catalyzed by endothelial cells, is not accelerated by the fibro- 
blasts. From these results, we have concluded that the catalytic effect of the fibroblasts 
on PN-thrombin complex formation may reflect the physiological role of PN in regulating 
proteases in interstitial fluid, just as antithrombin 111 regulates thrombin activity in the 
vasculature. 

CATALYSIS OF PROTEASE NEXIN-THROMBIN COMPLEX FORMATION BY FIBROBLASTS, David H. 
Farrell and Dennis D. Cunningham, University of California, Irvine, Irvine, CA 92717 

E33 THE ROLE OF POLYMORPHONUCLEAR LEUKOCYTE PROTEINASES IN CONNECTIVE 
TISSUE BREAKDOWN DURING THE REVERSE PASSIVE ARTHUS REACTION. 

D. Fletcher and D. Osinga. Dept. of Immunology & Inflammation, Merck, Sharp & Dohme Research 
Labs, P.O. Box 2000. Rahway, N.J. 07065, USA. 

The classical reverse m v e  Arthus reaction (RPA) performed in the skin of rats was modifled 
to allow for the determination of polymorphonuclear leukocyte (PMN) infiltratton and measurement 
of the resulting damage to blood vessel walls (hemorrhage). Following initiation of the reactLon by 
intradermal *tion of antiovalbumin serum and intravenous injection of ovalbumin, vascular 
permeabilLty ( I-albumin) was observed to peak at about 2 hours. P M N  inflltratton, monitored by 
measurement of the tissue myelopemxidase content, increased steamy between 2 and 8 horn. 
time c o m e  of P M N  inflltration was nearly ident€cal to that of hemorrhage development (59E 
erythrocyte accumulation). Idomethacin ad ministered by intraperltoneal injection 30 minutes prlor 
to initiathg the RPA had no effect on vascular permeability increase but suppressed P M  N accumulation 
and hemorrhage development. If indomethacin was even 2 hours after the RPA was begun, no effect 
on any of the RPA parameters was noted. Dexamethasone suppressed all three parameters when 
even at minus 30 minutes or plus 2 hours. Catalase admfniatered intravenously at plus 2 horn 
inhibited hemmhage and P M N  accumulation, as did Wasylol, alphal-antiproteinase and soybean trypsln 
inhibitor. These results indicate that the damage to blood vessels durlng a severe RPA reaction Is 
a direct consequence of P M N  activity, presumably caused by extracellular release of P M N  enzymes 
in response to immune complexes formed in vessel walls 
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E34 A C ~ I i ' A T L O N  OF COAGL'LATTION RELEA5'L.S EE;~JOTIIELIZZL C E L L  ? t I IOGLNS.  C .  L a j d u s e k ,  S .  Car- 
bon, P .  Xawroth, and I).  S t e r n .  h i v .  o f  Washington, S e a t t l e ,  \<A; and Oklahoma ?ledi- 
c a t  Research  Foundat ion ,  Okla .  C i t y ,  OK 7 3 1 0 4 .  

Keceiit s t u d i e s  have  i n d i c a t e d  t h a t  e n d o t h e l i a l  c e l l  f u n c t i o i i  i n c l u d e s  e l a b o r a t i o n  o f  growth 
f a c t o r s  and r e g u l a t i o n  of c o a g u l a t i o n .  Ve d e m o n s t r a t e  t h a t  F a c t o r  Xa, a product  o f  t h e  coa- 
gu1.1tion mechanism g e n e r a t e d  p r i o r  t u  thrombin ,  i n d u c e s  enhanced r e l e a s e  of e n d o t h e l i a l  c e l l  
mitogcirs,  l i n k i n g  t h e s e  two f u n c t i o n s .  ? l i t o g e n i c  a c t i v i t y  g e n e r a t e d  by c u l t u r e d  bovine  a o r -  
t i c  e n d o t h e l i a l  c e l l s  i n  r e s p o n s e  t o  f a c t o r  Xa i n c l u d e d  PDCF-like molecules  based  o n  a r a -  
d i o r e c c p t u r  a s s a y .  E f f e c t i v e  i n d u c t i o n  of mitogetis by F a c t o r  Xa r e q u i r e d  t h e  i n t e g r i t y  of 
t h e  cnzyme's a c t i v e  c e n t e r  and t h e  p r e s e n c e  of t h e  , -carboxyglu tamic  a c i d - c o n t a i n i n g  domain 
o f  t h e  molecule .  F a c t o r  Xa-induced r e l e c s e  of mito::ens trom endothe l ium o c c u r r e d  i n  serum- 
f r e e  medium and was n o t  a l t e r e d  by h i r u d i n  o r  a n t i b o d y  t o  F a c t o r  V. G e n e r a t i o n  o f  enhanced 
m i t o g c n i i  a c t i v i t y  i n  r e s p o n s e  t o  F a c t o r  Xa was u n a f f e c t e d  by t h e  p r e s e n c e  of  a c t i n o m y c i n  U 
( 0 . 2 4  b g / n l )  and w a s  not a s s o c i a t e d  w i t h  i n c r e a s e d  l i r b r i d i z a t i o n  o f  R N A  from t r e a t e d  c e l l s  
t o  a v - s i s  probe .  Release  of m i t o g e n i c  a c t i v i t ?  was dependent on t h e  dose o f  f a c t o r  Sa, 
b i , i n g  half-maximal a t  0.5m'l arid r e a c h i n g  d maximum b!. 5nN. Kadio l igand  b i n d i n g  s t u d i e s  de-  
monstrAted ii c l a s s  o f  e n d o t h e l i a l  c e l l  s i t e s  ha l f -maximal ly  occupied  a1 a F a c t o r  Xa concen- 
t r a t i o n  of  0.8n'i. Khen F a c t o r  X was a c t i v a t e d  o n  t h e  e n d o t h e l i a l  c e l l  s u r f a c e  by F a c t o r s  
1x3 .tiid V I I I ,  t l i e  F a c t o r  X a  formed r e s u l t e d  i n  t h e  i n d u c t i o n  of  enhanced r e l e a s e  of  mito- 
g e n i c  a c t i v i t ! .  Tlrese d a t a  s u g g e s t  a new mechanism by which tire c o a g u l a t i o n  sys tem can  lo- 
c.11 I ?  r e g u l a t e  c n d o t i r e l i a l  c e l l  f u n c t i o n  and  vessel w a l l  b i o l o g y  p r i o r  t o  thrombin-induced 
r e l e d s c  of growth f a c t o r s  from p l a t e l e t s .  

INHIBITION OF PUHluLLIAN COLLAGENASES BY TEIOL-CONTAINING PEPTIDES. Rober t  D. 
Gray, l lobert  B. Miller and Arno F.  S p a t o l a ,  U n i v e r s i t y  of L o u i s v i l l e ,  L o u i s v i l l e ,  
KY 40292 

E35 

Mammalian c o l l a z e n a s e s  a r e  z i n c  p r o t e a s e s  which c l e a v e  n a t i v e  t y p e  I c o l l a g e n  a t  
-Pro-Gln-Gly~~~-Leu(Ile)~~~-Ala-Gly-Gln-Arg-. 
i n h i b i t o r s  of c o l l a g e n a s e s .  In an e f f o r t  t o  improve p o t e n c y  and s p e c i f i c i t y ,  we have 
s y n t h e s i z e d  s e v e r a l  t h i o l - c o n t a i n i n g  p e p t i d e s  which are a n a l o g u e s  of t h e  c a r b o x y l  s i d e  of 
t h e  sc iss i le  p e p t i d e  bond. 
c a l f  s k i n  c o l l a g e n  by p a r t i a l l y  p u r i f i e d  c o l l a g e n a s e s  b o t h  from r a b b i t  V2 tumor 
homogenates and from p i g  s y n o v i a l  membrane c u l t u r e  medium. Approximate i n h i b i t o r y  
p o t e n c i e s  of t h e s e  compounds were de te rmined  by s u b j e c t i n g  t h e  r e a c t i o n  m i x t u r e s  t o  
SDS-PAGE and e s t i m a t i n g  t h e  d e g r e e  of c o l l a g e n o l y s i s  by s c a n n i n g  d e n s i t o m e t r y .  

C y s t e i n e  and o t h e r  s i m p l e  t h i o l s  a r e  weak 

The a n a l o g u e s  shown below i n h i b i t  c l e a v a g e  of a c i d  s o l u b l e  

Approximate IC50(uM) 
HSCHzCH(CH3)CO-Ala-OEt 100 

HSCH~CH(CH~CH(CX~)~)CO-A~~-G~~-OE~ 1-10 

HSCH2CH(CH2Ph)CO-Ala-OEt 50 
HSCH2CH(CH2CH(CH3)2)CO-Ala-OEt 4-10 

HSCH2CH(CH2CH(CH3)2)CO-Ala-Gly-Gln 4-10 
A d d i t i o n a l  d e r i v a t i v e s  have been p r e p a r e d  and a r e  now b e i n g  e v a l u a t e d .  
AM 31364 and ACS I n s t i t u t i o n a l  Grant  I N - 1 1 1 .  

Suppor ted  by  N I H  

E36 ONE- AND TWO-CHAIN TISSUE PLASMINOGEN ACTIVATOR, ENZYMATIC ACTIVITY 
AND INHIBITION RY PEPTIDE DERIVATIVES OF ARGININE CHLOROMETHYL 
KETONE, George D.J. Green, Friedrich Miescher Institute, Postfach 
2543, CH-4002 Basel, Switzerland. 

Tissue plasminogen activator (tPA) is secreted in a one-chain molecular form. 
In the presence of very small amounts of plasmin this form is rapidly con- 
verted to the two-chain form of the enzyme. This conversion is accompanied by 
changes in the enzymatic properties of the enzyme. Activity towards small 
amidolytic substrates and plasminogen is increased and also changes in the 
reactivity towards naturally occuring inhibitors are observed. These changes 
could be due either to changes in specificity or reactivity of the active 
site. In this study the susceptibility of both forms of the enzyme towards 
peptide derivatives of arginine chloromethyl ketones is reported. The spec- 
ificity of both forms of the enzymes appears to be very similar, suggesting 
little conformational change of the binding site between the two forms. In 
all cases studied the one-chain form was approx. 20 times less reactive than 
the two-chain form. A similar difference in activity was found towards small 
synthetic amide substrates. A decrease in reactivity with 1-chain tPA towards 
the natural substrate, plasminogen, was also found. The magnitude of this 
activity change may be similar to that found for the synthetic reagents. The 
presence of stimulators of tPA activity such as fibrin fragments and poly- 
Iysines do not affect the activity differences between the tPA forms. 
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E37 PROTEASES MODULATE VIRAL INFECTION: POLY(A+) ENRICHED RAA XEDIATES SYNTHESIS OF A 
PROTEASE ACTIVE PROTEIN I N  CYTOTOXIC LYMPHOCYTES DIFFERELTIATING I N  RESPONSE TO HE- 
PATITIS 6 VIRUS SURFACE AiiTIGEN. Anwar A. Hakim. Loyola Un ive r s i ty  Xedica l  Center.  
Naywood. I l l i n o i s  60153. 

The cause  of h e p a t i c  i n j u r y  du r ing  v i r a l  h e p a t i t i s  i n f e c t i o n  remains  unknown. Earlier s t u d i e s  
(Hakim. Cancer Biochem. Biophys. 4:175-185.1930) demonstrated a n  e s t r ad io l -med ia t ed  p ro tease  
release among t h e  induced biochemical changes in human n e o p l a s t i c  ce l l s .The  p resen t  i n v e s t i -  
g a t i o n s  show t h e  fo l lowing:  I. P e r i p h e r a l  blood 1ymphocytesfPBL) from hea l thy  donors  with(HBs 
Ab-sero p o s i t i v e )  c i r c u l a t i n g  a n t i b o d i e s  t o  the  h e p a t i t i s  B v i r u s  s u r f a c e  antigen(HBsAg) are 
rare c y t o t o x i c  t o  a h e p a t o c e l l u l a r  carcinoma PLC/PRF/5 cel ls ,  and t o  a myeloid-induced K-562 
c e l l s  than  PBL from a d u l t s  wi thout  (HBsAb-sero-negative) t h e  an t ibod ie s .  2. Vaccination,and/ 
or  incuba t ion  wi th  HBsAg inc reased  t h e  c y t o t o x i c  a c t i v i t i e s .  and Poly(A+)enriched RNA and 
P ro tease  s y n t h e s i s  of PBL from HRsAb-sero p o s i t i v e  a d u l t s .  3. I s o l a t i o n  and c h a r a c t e r i z a t i o n  
of a Poly(A+) enr iched  RNA media t ing  an  i n  v i t r o  s y n t h e s i s  of  a P r o t e a s  a c t i v e  p r o t e i n ( s )  and 
of tw p r o t e i n s  wi th  molecular weights  of 23,500 and 27,000 d a l t o n s  s imilar  t o  t h e  v i r a l  
s u r f a c e  an t igens .  RNA g e l  b l o t  h y b r i d i z a t i o n  showed t h a t  t h e  lymphocyte Poly(A+) enr iched  RXA 
h y b r i d i z e s  wi th  32P-labelled DNA of t he  v i r a l  p a r t i c l e s  (Danes p a r t i c l e s )  sedimenting from 
s e r a  of p a t i e n t s  wi th  Chronic a c t i v e  h e p a t i t i s  B i n f e c t i o n .  I t  i s  sugges ted  t h a t  i n  blood, 
t he  v i r a l  p a r t i c l e s  a l ter  t h e  PBL mRNA b i o s y n t h e s i s  and i t s  b io func t ions .  Seve ra l  t ypes  of  
v i r u s  inc lud ing  : l ea s l e s  v i r u s  are a b l e  t o  i n f e c t  PBL i n  v i t r o .  I n  t h e  p re sen t  s tudy ,  the  g e l  
b l o t  h y b r i d i z a t i o n  a n a l y s i s  i n d i c a t e d  t h a t  h e p a t i t i s  B v i r u s  s u r f a c e  a n t i g e n s  are capable  of 
a l t e r i n g  t h e  PBL s y n t h e t i c  a c t i v i t i e s  t o  encode v i r a l  s p e c i f i e d  p ro te ins .  

E38 DEREGULATION OF PLASMA PROTEINASE ACTIVITY IN TUMOR-BEARING ANIMALS IS THE RESULT 
OF THE HOST RESPONSE TO THE TUMOR, David A .  Ha r t ,  Un ive r s i ty  of Calgary ,  HSC,  

Calgary,  A lbe r t a ,  T2N 4N1. 
Plasma proce inase  a c t i v i t y  (PPA) i s  r egu la t ed  by a ba lance  between enzyme a c t i v a t i o n  and in -  
h i b i t i o n .  Homeostasis i s  c r i t i c a l  f o r  maintenance of s e v e r a l  plasma systems inc lud ing  coa- 
g u l a t i o n ,  f i b r i n o l y s i s  and complement. S ince  many tumors,  and a c t i v a t e d  hos t  c e l l s ,  produce 
high l e v e l s  of p r o t e i n a s e s ,  such enzymes could  lead  t o  sys temic  a l t e r a t i o n s  i n  the  regula-  
t i o n  of PPA. Al t e red  PPA has  been r epor t ed  t o  occur  i n  human cance r s  a s  we l l  a s  some murine 
leukemias (Har t  e t .  a l . ,  Haemostasis,  1985).  I n  o rde r  t o  unders tand  t h i s  process  i n  more 
d e t a i l ,  t he  impact of t he  t r a n s p l a n t a b l e  murine B16 melanoma on the  r egu la t ion  of PPA w3s 
s tud ied .  
t o  e x h i b i t  l e v e l s  of PPA t h a t  were ZOO-300% of control.  va lues .  The onse t  of increased  
l eve l s  of a c t i v i t y  was found t o  occur  a t  a s p e c i f i c  t ime fo l lowing  tumor t r a n s f e r .  The 
l e v e l  of e l e v a t i o n  was independent of tumor burden and the  phenotype of the  B16 sub l ine  
used. Invas ive  and m e t a s t i c  l i n e s  induced changes comparable t o  the  pa ren t  c e l l  l i n e .  The 
induct ion  of e l eva ted  PPA was however dependent on the  s i t e  of t he  tumor. Since an imals  
wi th  e l eva ted  PPA l i v e d  a s  long a s  animals wi thout  e l eva ted  PPA, one can conclude t h a t  t he  
induct ion  of e l eva ted  PPA does  no t  c o n t r i b u t e  t o  the  m o r t a l i t y  of t he  mice and t h a t  t he  
e l eva ted  PPA i s  due t o  an a l t e r e d  hos t  system r a t h e r  than  the  tumor. Analys is  of plasma 
from p a t i e n t s  bea r ing  melanomas may provide  i n s i g h t s  i n t o  whether s i m i l a r  phenomenon occur  
i n  humans. (Supported by the  ACB [H-277] and t h e  AHFMR). 

U t i l i z i n g  an  1251-case ino ly t i c  a s say ,  plasma from tumor-bearing animals was found 

E39 INTERACTIONS BETWEEN THROMBIN AND THROMBOMODULIN 

2543, CH-4002 Basel, Switzerland. 
The purpose of this study is to examine the mechanism by which 
thrombomodulin (TM) changes the enzymic specificty of thrombin. The effect 
of TM on the interaction of different inhibitors and substrates with 
thrombin has been examined; in addition, inhibition experiments with 
fragments of the polypeptide chain of thrombin have been performed. TM has 
a minimal effect on the irreversible inhibition of thrombin by tripeptide 
chloromethyl ketones. The rate of inhibition of thrombin by antithrombin 
I11 is stimulated 3.8-fold in the presence of TM. The binding of TM is 
competitive with respect to that of hirudin. Hirudin becomes a slow- 
binding inhibitor in the presence of TM. The effect of TM on the kinetics 
of fibrinogen cleavage indicates that it acts as a competitive inhibitor 
with respect to fibrinogen. The activation of Protein C is inhibited at 
high concentrations of TM which suggests the existence of at least two 
binding sites for TM on thrombin. CNBr fragments of thrombin were examined 
as inhibitors of the activation of Protein C by the thrombin-thrombomodulin 
complex. One large fragment as well as a proteolytic subfragment were 
found to be inhibitory. The exact mechanism of inhibition is not yet clear. 
The results will be discussed in relation to possible interaction sites 
between thrombin and TM. 

J. Hofsteenge and S.R. Stone, Friedrich Miescher Institute, P.0.Box 
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~ 4 0  TAROPIBIN INDUCES THE RELEASE OF PROSTACYCLIN (PGI ) BY I” ENDOTHELIAL CELLS BY 
E m T I N G  INTRA~ELLWAR WIW. Eric A. Jaffe, Jtrgen Grulich, and Babette 8 .  

Weksler, Cornell University Hedical College, New York, NY 10021 

Incubation of Quin 2-loaded HUYEC with thrombin caused a rapid, transient, and dose-dependent 
rise in cytoplasmic free calcium ( [Ca2+li) and a parallel elevation in 6-keto-PGP 
production with ED 
thrombin were inac:?ve. 
failed to elevate either [ca2+]. or 6-keto-PGF 
keto-PGP 
suggestikg that calcium is released f r o m  a non-mitochondrial, intracellular pool. 
induced rises of [Ca2+Ii or 6-keto-PGF 
calmodulin inhibitors. Restimulation 3 AUVEC with ionomycin 
stimulation with thrombin (2 u/ml) induced a second rise in [Ca2+]. and further production of 
6-keto-PGPla ?reas restimulation with a second dose of thrombin $as without effect. If the 
initial thrombin stimulation was teminated by adding PPACK within 10-60 sec of stimulation, 
the initial rises in [CaZ+Ii and 6-keto-PGF production were somewhat blunted. 
Restimulation with thrombin under these cirf%kances induced a second rise in [Ca2+]. and 
additional 6-keto-PGF production that were greatest when the initial thrombin stimuius was 
shortest. 
elevating [ca2+]. and that in vivo EC may be stimulated to produce PGIZ by thrombin multiple 
times though ea& stimulation probably lasts for only a short time. 

= 0,71 & 0.12 and 0.68  2 0.18 units/ml respectively. DFP- at8 PPAM- 
In contrast, incubation Of Quin 2-loaded cultured BAEC with thrombin 

. Thrombin-induced rises in [ca2+]. and 6- 
were not bloched by tncubation withl!?GTA or the mitochondria1 uncoupler i799, 

Thrombin- 
were not induced or suppressed by E-Br-CAMP or 

EGTA 5 min after an initial 

These obse?vaaations Suggest that thrombin stimulates RVVEC to release PG12 by 

~ 4 1  ELECTROPHORETIC AND IMMUNOCHEHICAL CHARACTERLZATIOV OF TISSUE PLASPINOGEN ACTIVATOR. 
Bruce A. Ke t, Reed J. liarris, Thomas Doherty, Rodney 6. Xeck and Andrew J.S. Jones, 

Dept. of Medicinal znd Analytical Chemistry, Cenentech, Inc. South San Francisco, CA. 04080 

Recombinant tissue plasminogen activator (rTpA) and Bowes melanoma derived TPA were ana- 
lyzed by dodecyl sulfate gel electrophoresis (SDS-PAGE),immunoblotting and amino acid sequenc- 
inp,. Samples were prepared by reduction with dithiothreitol and alkylation with iodoacetate. 
Both rTPA and melanoma TPA displayed qualitatively similar patterns of discrete orotein bands 
which were resolved by SDS-PAGE, electro-eluted and identified by amino acid sequencing. How- 
ever, additional uncharacterized protein bands were seen in melanoma TPA. Electrophoretically 
distinct forms of TPA were due to glycosylation variants (type I and type II), cleavage after 
arginine at 275 (1 chain and 2 chain) and oartial cleavage at arginine 27. Proteolytic clea- 
vage at Arg 275 was catalyzed in vitro by plasmin, whereas the cleavage at Arg 27 required 
trypsin for completion. rTPA was quantitatively converted to the two chain form with immobil- 
ized plasmin on Sepharose as monitored by SDS-PAGE and chromogenic activity with S2288 sub- 
strate. Two chain rTPA was reduced and carboxymethylated (RCX), then chromatosraphed on C75 
superfine Sephadex. RCM (1-275) and RCP‘ (276-527)were separated and used to prepare poly- 
clonal anti-RCM (1 -275)  and anti-RCM (276-527) ,  respectively. Polyclonal antiserum was also 
raised to synthetic peptide (1-27) conjugated to soybean trypsin inhibitor or bovine serum 
albumin. These antisera were purified by imunoabsorption to immobilized TPA and eluted at 
low pH. The purified antibodies are currently being used to further characterize recombinant 
TPA and melanoma TPA with resuect to structural determinants and fihrinolytic activity. 

E42 
Irvine, CA 92717. 
A procedure was developed to radio-label cell surface components to a very high specific 
activity. 
succinimidyl-3-(4-hydroxyphenyl)propionate (sulfo-SHPP). :;hen labelled with 125-1, this 
reagent can be used to specifically radio-label membraue proteins exposed at cell surfaces. 
Comparison of this procedure with the lactoperoxidase techriique on erythrocytes 
demonstrates that sulfo-SHPP labels membrane proteins to a higher specific activity with 
much less cytoplasmic labelling. This allows for better resolution and identification of 
membrane proteins after PAGE. 
these sites can be saturated with unlabelled reagent tl:us preventing subsequent labelling 
with 125-1 sulfo-SHPP. In addition, with blockage of exposed amino-groups on intact cells 
with unlabelled sulfo-SHPP, the inner surface of the membrane can be specifically labelled 
after lysis of the cells. This procedure can be used to label membrane proteins to a high 
specific activity, determine the spatial orientation of proteins in the membrane by 
labelling either side of the membrane, o r  allow f o r  the identification of cell surface 
proteolytic cleavages. 

A NOVEL METHOD FOR SPECIFIC RADIOLABELLING OF ::EMBirANE PROTEINS, 
James A. Thompson and Dennis D. Cunningham, University of California, Irvine, 

Alice L. Lau, 

This procedure utilizes a water-soluble form of the Bolton-Hunter reagent, sulfo- 

Sulfo-SHPP labels exposed azino--groups of membrane proteins; 
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E43 PROTEINASE INHIBITOR ACTIVITY I N  SCLERODERMA SERA. E . C .  LeRoy and 
Medical Un ive r s i ty  of South Caro l ina ,  Charleston,  SC. T. Tidwell .  

A def i c i ency  of p ro te inase  i n h i b i t i o n  has been demonstrated i n  t h e  se ra  of 
some p a t i e n t s  with scleroderma (systemic s c l e r o s i s ) .  Control and scleroderma 
serum i n h i b i t i o n  of t r y p s i n  e s t e r a s e  a c t i v i t y  using an L-BAPNA s u b s t r a t e  has 
been measured a t  both high and low s u b s t r a t e  concen t r a t ions ;  d i f f e rences  were 
found only a t  low concen t r a t ions  measuring i n i t i a l  r e a c t i o n  v e l o c i t y .  (Y PI was 
found t o  account f o r  90% of t o t a l  serum i n h i b i t i o n .  e molar r a t i o  of PI t o  
t r y p s i n  l n h i b i t e d  a t  high s u b s t r a t e  concen t r a t ion  (loT' M) was 1.1 f o r  bolh 
norm 1 and 2 leroderma s e r a .  A k i n e t i c  a n a l y s i s  a t  low s u b s t r a t e  concentrat ion 
(lo-' t o  10 ' M )  of f i v e  s e r a  gave t h e  molar r a t i o s  i n  t h r e e  which were t h e  
same a s  those found a t  high s u b s t r a t e  concen t r a t ions .  In  two of t h e  f i v e  s e r a ,  
both from scleroderma p a t i e n t s ,  t h e  r a t l o  was 2 . 5  and 2 . 2 ,  ( i . e . ,  twice a s  much 
(Y PI was necessary t o  reduce t r y p s i n  a c t i v i t y ) .  These p re l imina ry  observat ions 
ptovide a s e n s i t i v e ,  k i n e t i c  approach f o r  determining t h e  mechanism of 
d e f i c i e n t  (Y PI i n  some p a t i e n t s  w i th  scleroderma. 1 

E44 

AND V . A .  MED CENTER, ST. LOUIS, MO 63106. 
S tud ie s  wi th  y carboxyglutamic a c i d  
human pe r iphe ra l  mononuclear c e l l s .  
l eucocy tes  (PMN), which a r e  de r ived  from t h e  s a m e  colony forming u n i t s  (CFU's) and respond 
t o  t h e  s a m e  colony s t i m u l a t i n g  factors (GM-CSF's). 
s t r i k i n g  s i n c e  P M " s  respond t o  a broad range of chemoatt ractants .  
p o s t - t r a n s l a t i o n a l  modif icat ion is Vitamin K dependent,  is found i n  Z e o c a l c i n ,  t he  venom 
of  c e r t a i n  sea  s n a i l s ,  and p r o t e i n s  of the  c l o t t i n g  cascade. In  p a r t i c u l a r  i t  is present  
i n  prothrombin and Fac to r s  11, V I I ,  I X  and X. 

r e s idues ,  is  chemotactic f o r  mononuclear c e l l s .  
Boyden Chamber assay i s  10-7 M. 
10-11 M t o  10-6 M. 
i n  t he  recrui tment  of mononuclear c e l l s  t o  a r e a s  of t i s s u e  inflammation and r e p a i r .  
a d d i t i o n  the  d a t a  suggest  t h a t  gla may be an important p a r t  of t he  r ecogn i t ion  s i g n a l  f o r  
c e l l  r ec ru i tmen t .  

PROTHROMBIN FRAGMENT I ,  which con ta ins  10 GLA RESIDUES , I S  CHEMOTACTIC FOR 
MONONUCLEAR CELLS. J. DAVID MALONE AND MICHAEL RICHARDS. S T .  LOUIS UNIVERSITY 

(&) i n d i c a t e  t h a t  i t  evokes a chemotactic response i n  
This  response is no t  shared by polymorphonuclear 

The d i f f e r e n c e  i n  response is q u i t e  
Gla,  i n  which t h e  

Prothrombin i s  without  chemotactic a c t i v i t y ,  however Fragment I ,  which con ta ins  10 g l a  
Optimum concen t r a t ion  f o r  chemotaxis i n a  

The response i s  concen t r a t ion  dependent over t he  range 
The da ta  suggest  t h a t  c leavage products  of prothrombin may be important 

In  

E45 AN ACTIVE FIBRINOLYTIC ENZYME FROM SOUTHERN COPPERHEAD VENOM. F.S. 
Marklan.1, K.N.N. Reddy, and A.L. Guan, Dept. of Biochemistry and Comprehensive Cancer 

A fibrinolytic enzyme has been purified from Agkistrodon c. contortrix (southern copperhead) 
venom. Purification of the enzyme presently employs four steps: ion exchange chromatography on 
CM-cellulose, molecular sieve chromatography on Sephadex G-100, affinity chromatography on 
benzamidine-Sepharose to remove serine proteinase contaminants, and preparative immobiline isoelec- 
t r i c  focusing. The enzyme is directly fibrinolytic on human blood clots or purified human fibrin, and 
does not require plasmin for activity. Physicochemical studies reveal that  the enzyme has a molecular 
weight of 25,000 5 2,000, is  a glycoprotein, and has an isoelectric pH of 6.6 - 6.8. The enzyme 
apparently has t PO isoelectric forms with identical amino-terminal sequences. These forms may 
derive from minor sequence differences or carbohydrate alterations. The enzyme is devoid of 
fibrinogen clotting activity and does not hydrolyze a series of p-nitroanilide containing serine 
proteinase substrates. The enzyme is inhibited rapidly by 10 mM EDTA and tetraethylenepentamine 
suggesting that  i t  is a metalloproteinase. Although the  enzyme is inhibited by a -macroglobulin, i t  is 
not inactivated by soybean or l ima bean trypsin inhibitors, trasylol, or diisopropylhuorophosphate. 

In vivo studies in a rabbit model of subacute venous thrombosis, in collaboration with J.J. 
Bookstein, University of California, San Diego, reveal that  the purified enzyme has excellent 
thrombolytic activity with minimal toxicity. These studies were supported in part  by Cortech, Inc., of 
Denver, Colorado and USPHS Grant No. HL31389, awarded by the  National Heart ,  Lung, and Blood 
Institute. DHHS. 

Center,  University of Southern California, School of Medicine, Los Angeles, CA 90033 

- -  
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E46 B I N D I N G  OF PLASMINOGEN ACTIVATOR (UROKINASE) TO HUMAN BREAST CANCER CELL MEMBRANE 
GK Needham'*, AL H a r r i s '  
and c a n c e r  Research  U n i t ? ,  U n i v e r s i t y  of Newcastle upon Tyne, United Kingdom. 

GV Sherbe t '  and J R  F a r n d o n l ,  Dept of Surgery '  

Plasminogen a c t i v a t o r s  (PA) a r e  i m p l i c a t e d  i n  t h e  p r o c e s s e s  of tumour i n v a s i o n  and 
m e t a s t a s i s  by mechanisms a s  y e t  unknown. Membrane bound r a t h e r  t h a n  f r e e  PA may be  the 
form of t h e  enzyme r e q u i r e d  f o r  anchorage  independent  growth  of cells' and it h a s  been  
observed  t h a t  membrane a s s o c i a t e d  PA i s  h i g h e r  i n  secondary  tumours t h a n  t h e i r  p r i m a r i e s  
a l t h o u g h  c y t o s o l i c  l e v e l s  a r e  s i m i l a r ' .  

u r o k i n a s e  t o  meabranes prepared  from human b r e a s t  carc inomas .  Not a l l  t w o u r s  e x h i b i t e d  
s p e c i f i c  bindin,: b u t  h i g h  a f f i n i t y  (Kd approx  5 x lo-'' t o  
a c h i e v e d  i n  o t h e r  c a s e s  wi th  e q u i l i b r i u m  a t t a i n e d  i n  30  m i n u t e s  a t  30°C. 
been assayed  in b o t h  c y t o s o l  and membrane o f  t h e  tumours. W e  i n t e n d  t o  c o r r e l a t e  t h e  d a t a  
w i t h  t h e  e s t r o g e n  r e c e p t o r  and e p i d e r m a l  growth f a c t o r  r e c e p t o r  s t a t u s .  

modi fy ing  t h e  membrane OK a n  i n c o r p o r a t i o n  of a c t i v e  enzyme t o  f a c i l i t a t e  plasminogen 
a c t i v a t i o n  n e a r  t h e  c e l l ' s  s u r f a c e .  
1. DE M u l l i n s  a,ld ST R o h r l i c h .  Biochimica  e t  Biophys ica  Acta ,  695 (1983) 117-214. 
2. R Ng e t  a l .  M e t a s t a s i s  (1985)  3, 1, 73. 
(The work was s h p p o r t e d  by a g r a n t  from t h e  North of England Cancer Research  Fund).  

Here ,  a s tudy  h a s  been made i n t o  t h e  b i n d i n g  of  h igh  m o l e c u l a r  weight  (54 ,000)  

s p e c i f i c  b i n d i n g  was 
Endogenous PA h a s  

The b i n d i n g  of u r o k i n a s e  may p r e s e n t  a Local i n a c t i v a t i o n  mechanism, a means of 

E47 HORYONAL R E G U W i  I O N  OF COLLAGE~ASE AND COLLAGENASE I N H I B I T O R  I N  OSTEOBLASTIC CELLS 
S .  P a r t r i d g e ,  J .  J e f f r e y ,  H .  h ' e lgus ,  S .  Te i te lbaum & A.  Kahn, S t .  Louis  & Washington 
l l n i v . ,  S t .  L o u i s ,  YO 

C o l l a g e n a s e s  t h a t  s p e c i f i c a l l y  c l e a v e  n a t i v e  c o l l a g e n  a t  n e u t r a l  pH have  been  i m p l i c a t e d  i n  
t h e  main tenance  and t u r n o v e r  o f  c o n n e c t i v e  t i s s u e .  The c e l l u l a r  o r i g i n  of t h i s  enzyme i n  bone 
h a s  remained e q u i v o c a l .  However, r e c e n t  s t u d i e s  of o u r  own and o t h e r s  have  i n d i c a t e d  t h a t  t h e  
o s t e o h l a s t  a p p e a r s  t o  h e  t h e  c e l l  i n  bone r e s p o n s i b l e  f o r  p r o d u c t i o n  of  c o l l a g e n a s e  ( C ' a s e ) .  
I n  t h e  p r e s e n t  s t u d y ,  t h e  p r o d u c t i o n  and r e g u l a t i o n  o f  C 'ase  and c o l l a g e n a s e  i n h i b i t o r  (CI)  
were i n v e s t i g a t e d  i n  two o s t e o g e n i c  sarcoma c e l l  l i n e s ;  t h e  r a t  c l o n a l  l i n e ,  UMR-106-01, and 
t h e  human l i n e ,  SaOS-2. C ' a s e  and C I  were measured hy ELISA or f u n c t i o n a l  a s s a y s .  UMR-106-01 
c e l l s  produced u n d e t e c t a b l e  l e v e l s  o f  C ' a s e  under  b a s a l  c o n d i t i o n s .  
r e s o r b i n g  a g e n t s  caused  t h e  r e l e a s e  o f  C ' a s e  i n t o  t h e  medium by t h e s e  c e l l s .  A f t e r  24 h ,  
p a r a t h y r o i d  hormone (PTH) produced C 'ase  l e v e l s  of 5 2 9 t 2 7  ns/mg c e l l  p r o t e i n .  By compar ison ,  
3 o t h e r  a g e n t s ,  1,25(OH)2Tl-, PGE; and r e t i n o i c  a c i d  caused  a l e s s e r  i n c r e a s e  i n  C ' a s e  con- 
c e n c r a t i a n s .  As w e l l  a s  b e i n g  t h e  most p o t e n t  s t i m u l a t o r  of C 'ase  p r o d u c t i o n  by  t h e s e  c e l l s  
PTli caused  a 2- fo ld  i n c r e a s e  i n  C I  s e c r e t i o n ,  s u g g e s t i n g  c o o r d i n a t e  e x p r e s s i o n  of  t h e s e  
two p r o t e i n s  by an o s t e o b l a s t i c  c e l l .  I n  c o n t r a s t  t o  t h e  r a t  l i n e ,  t h e  human SaOS-2 c e l l s ,  
w h i l e  c a p a b l e  of  producing  CI,  d i d  n o t  s c c r e t e  C ' a s e .  Also, t h e  o n l y  a g e n t s  shown t o  
Dromote C I  p r o d u c t i o n  by t h e s e  c e l l s  were a p h o r h o l  e s t e r  and e p i d e r m a l  growth f a c t o r .  Thus 
3 s t e o b l a s t s .  i n  a d d i t i o n  t o  producing  abundant c o l l a g e n ,  a l s o  may s y n t h e s i z e  C 'ase  and C I ,  
7t l e a s t  when exposed  t n  some bone-seeking a g e n t s .  I f  so ,  o s t e o h l a s t s  l i k e  o s t e o c l a s t s  
lus t  h e  c o n s i d e r e d  i m p o r t a n t  c o n t r i h u t o r s  i n  t k e  r e s o r p t i v e  phase  of  hone r e m o d e l l i n g .  

However, s e v e r a l  bone- 

E48 THROMBIN STIMULATED METABOLISM OF INOSITOL-CONTAINING PHOSPHOLIPIDS, 
Daniel M. Raben, Kathleen Yasuda, and Dennis D. Cunningham, Department of Micro- 

biology, College of Medicine, University of California, Irvine, CA 92717. 
The release of arachidonic acid (AA) and i ts  subsequent metabolism has been implicated in the  
mitogenic stimulation of cultured cells. Recent studies have indicated that  the presence of AA in 
certain diacylglycerols (DAG) and i ts  subsequent release in an important aspect of transmernbrane 
signalling events involving inositol-ontaining phospholipids. Furthermore, the DAG serves as a 
substrate for the synthesis of phosphatidylinositol (PI). 

We have examined the relationship among a) the release and metabolism of A A  from 
phospholipids; b) the metabolism of inositol-ontaining phospholipids; and c )  the rnitogenic stimulation 
by thrombin. These studies were conducted on a subclone of Chinese hamster embryo fibroblasts 
(IIC9) which show a large rnitogenic response to low concentrations of thrombin in the  absence of 
other growth factors. Our results demonstrate that  thrombin stimulates a rapid, dosedependent 
release of A A  and i ts  metabolites from IIC9 cells. Thrombin also st imulates the synthesis of PI. This 
stimulation of PI is due to  a cyclooxygenase metabolite of AA. Furthermore, the release and 
metabolism of AA and the early stimulation of PI synthesis a r e  not necessary for thrombin-stirnulated 
cel l  division. In addition, studies on the effect  of chymotrypsin on thrombinstimulated events 
indicate that  thrombin stimulates a t  least two pathways for the metabolism of inositol-containing 
phospholipids. One of these pathways is mediated by a GTP binding protein designated as Gi while 
the other pathway does not involve this G protein. 
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P I .  R i g b i * ,  A .  A l a j o u t s i ~ a r v i * ,  A .  Elder+, R .  Galunt ,  F .  I r a q i  *, 11. Levy', M. O r e v i * ,  and r. Tei te lbaum* 
Dept .  of B i o l o g i c a l  Chemis t ry ,  I n s t .  of L i f e  S c i e n c e s ,  The H e b r e w  u n i v e r s i t y  of Jerusa lem;  

+Dept. of Hematology, Hadassah U n i v e r s i t y  H o s p i t a l ;  *&pt. of P a r a s i t o l o g y ,  H e b r e w  U n i v e r s i t y  
Hadassah Medica l  School ;  and naept. of O r a l  B i o l o g y ,  H e b r e w  Univers i ty-Hadassah  F a c u l t y  of 
Dental Medic ine ;  Jerusalem, I s r a e l .  

D i l u t e  s a l i v a  (DS) o f  H i r u d o  m e d i c i n a l i s  and aqueous e x t r a c t s  o f  i t s  s a l i v a r y  glands con ta in  
a b a t t e r y  o f  f a c t o r s  which i n h i b i t  b lood  c l o t t i n g ,  p l a t e l e t  aggregat ion  and leucocy te  a c t i -  
v i t y .  DS i s  ob ta ined by i nduc ing  the animal t o  b i t e  and suck th rough a membrane, the  o the r  
s i d e  o f  which conta ins  a s t i m u l a n t  s o l u t i o n  o f  d i l u t e  a r g i n i n e  i n  s a l i n e .  A f t e r  the  "meal," 
the  s a l i v a  i s  "mi lked"  by f o r c i n g  th rough the  mouth. The process may be repeated  severa l  
t imes. 
I s o e l e c t r i c  f ocus ing  o f  t h i s  f r a c t i o n  showed the  presence o f  s i x  components. DS and s a l i v a -  
ry g land aqueous e x t r a c t s  con ta in  h i r u d i n  ( th rombin  i n h i b i t o r ) ,  e g l i n  (chymot ryps in ,  leuco-  
cy te  e las tase  and ca theps in  G i n h i b i t o r ) ,  apyrase, co l lagenase and hya lu ron idase.  
separa t i on  o f  these components was ob ta ined  by g e l  f i l t r a t i o n  on F rac toge l  TSK HW-55. 
and the  g land e x t r a c t s  i n h i b i t  p l a t e l e t  aggregat ion  induced by co l lagen,  ADPandepinephr ine. 
DS i n h i b i t s  t he  y n e r a t i o n  o f  oxygen f r e e  r a d i c a l s  by a c t i v a t e d  human polymorphonuclear leu-  
cocy tes .  Th is  a c t i v i t y  i s  due t o  e g l i n .  

FACTORS I N  LEECH SALIVA AND SALIVARY GLAND EXTRACTS WHICH COUNTERACT HEMOSTASIS AND 
LEUCGCYTE ACTIVITY 

The h i g h  mo lecu la r  f r a c t i o n  o f  DS was ob ta ined by  ge l  f i l t r a t i o n  on Sephadex G-10. 

P a r t i a l  
DS 

~ 5 0  SELECTIVE INHIBITION OF PROTEOLYTIC ENZYMES CATHEPSIN B, UROKINASE AND THROMBIN 
I N  A B16 MELANOMA MOUSE LUNG COLONIZATION MODEL FOR METASTASIS, Richard  M. 

S c h u l t z ,  L a w r e n c e  E. O s t r o w s k i ,  A. Ahsan ,  B.P. S u t h a r  a n d  P. P a g a s t ,  Dept .  o f  
B i o c h e m i s t r y ,  Loycla  Univ. Schl .  of Medic ine ,  Maywood, IL. 60153. 

P e p t i d e  a l d e h y d e  t r a n s i t i o n - s t a t e  a n a l o g  i n h i b i t o r s  o f  a r e  used  t o  s e l e c t i v e l y  
i n h i b i t  t a r g e t e d  p r o t e a s e s  i m p l i c a t e d  a s  h a v i n g  a r o l e  i n  tumor  ce l l  metastasis. The 
Ki v a l u e s  o f  t h e s e  i n h i b i t o r s  d e t e r m i n e d  i n  v i t r o  a g a i n s t  c a t h e p s i n  8, p l a s m i n ,  
u r o k i n a s e ,  t h r o m b i n  and F a c t o r  Xa show t h e y  are h i g h l y  s e l e c t i v e  by o r d e r s  o f  
magnitude. The i n h i b i t o r s  are i n t r o d u c e d  i n t o  C57BL/6 mice  c o n c u r r e n t l y  w i t h  B16 F10 
melanoma c e l l s ,  and t h e  number of m e t a s t a t i c  f o c i  i n  t h e  l u n g  d e t e r m i  ed. Mini-pump 
i n f u s i o n  of l e u p e p t i n  a t  a s t e a d y - s t a t e  p lasma c o n c e n t r a t i o n  of 3x10-' M ([I] = 
1000xKi) o v e r  5 d a y s  gave no d e c r e a s e  i n  l u n g  c o l o n i z a t i o n  by t h e  816 tumor  c e l l s .  
Ep475 a second i n h i b i t o r  of c a t h e p s i n  8, a t  a s t e a d y - s t a t e  p lasma c o n c e n t r a t i o n  of 
3x10-' M a l s o  d i d  n o t  i n h i b i t  f o c i  f o r m a t i o n .  Thus a s e c r e t e d  c a t h e p s i n - B - l i k e  
enzyme d o e s  n o t  have  a s i g n i f i c a n t  role i n  B16 tumor  c e l l  l u n g  c o l o n i z a t i o n .  
S e l e c t i v e  i n h i b i t o r s  of p lasminogen a c t i v a t o r  w i t h  g e n e r a l  s t r u c t u r e  R-Glu-Gly- 
A r g i n i n a l  d i d  n o t  i n h i b i t  l u n g  c o l o n i z a t i o n .  The s e l e c t i v e  t h r o m b i n  i n h i b i t o r  D-Phe- 
Pro-Argin ina l  d r a m a t i c a l l y a n d  s i g n i f i c a n t l v  i n c r e a s e d  B16 melanoma c o l o n i z a t i o n  of 
mice  l u n g s  ( >3OO f o c i  vs. 12  i n  c o n t r o l ) .  T h i s  r e s u l t  i m p l i c a t e s  t h r o m b i n  as h a v i n g  
a r o l e  i n  p r e v e n t i n g  m e t a s t a s i s .  Suppor ted  by N I H  g r a n t  CA 34530. 

E51 PARTICIPATION OF ENDOTHELIAL CELLS IN THE PROTEIN C-PROTEIK s ANTICOAGULAIT PATHWAY: 
THE SYNTHESIS AND RELEASE OF PROTEIX S.  D .  S t e r n ,  J .  B r e t t ,  K .  H a r r i s  and  P.  Xawroth. 

Oklahoma X e d i c a l  Research  Foundat ion ,  Oklahoma C i t y ,  OK 73104, and Dept.  P a t h o l o g y ,  Columbia 
U n i v e r s i t y ,  N e w  York C i t y ,  N Y  10032. 
The p r o t e i n  C - p r o t e i n  S a n t i c o a g u l a n t  pathway i s  c l o s e l y  l i n k e d  t o  t h e  endothe l ium.  I n  t h i s  
r e p o r t  t h e  s y n t h e s i s  and r e l e a s e  of t h e  v i t a m i n  K-dependent c o a g u l a t i o n  f a c t o r  p r o t e i n  S is  
demonscra ted .  Western  b l o t t i n g ,  f o l l o w i n g  SDS-PAGE of T r i t o n  X-100 e x t r a c t s  of bovine  a o r t i c  
e n d o t h e l i a l  c e l l s  grown i n  serum-free  medium, d e m o n s t r a t e d  t h e  p r e s e n c e  of  p r o t e i n  S .  h s i n -  
g l e  major band was o b s e r v e d  a t  ?Ir ^-75 ,0OO,  c l o s e l y  m i g r a t i n g  w i t h  p r o t e i n  S p u r i f i e d  from 
plasma. E x t r a c t s  f rom c e l l s  t r e a t e d  w i t h  c y c l o h e x i m i d e  d i d  n o t  d e m o n s t r a t e  t h i s  band, i n d i -  
c a t i n g  t h a t  d e  novo s y n t h e s i s  was r e q u i r e d .  Using a radioimmunoassay, e n d o t h e l i u m  was found 
t o  r e l e a s e  180 f m o l e l l 0 5  c e l l s 1 2 4  h r s  and  c o n t a i n  44 fmoles /105  cel ls  of  p r o t e i n  S a n t i g e n .  
P r o t e i n  S r e l e a s e d  from e n d o t h e l i u m  was f u n c t i o n a l l y  a c t i v e  based  on i ts  a b i l i t y  t o  promote 
a c t i v a t e d  p r o t e i n  C-mediated F a c t o r  Va i n a c t i v a t i o n  on t h e  e n d o t h e l i a l  c e l l  s u r f a c e .  War- 
f a r i n  d e c r e a s e d  s e c r e t i o n  of  p r o t e i n  S a n t i g e n  by > 90% and i n c r e a s e d  i n t r a c e l l u l a r  accumu- 
l a t i o n  by a l m o s t  two-fo ld .  Morphologic s t u d i e s  d e m o n s t r a t e d  t h a t  p r o t e i n  S was p r e s e n t  i n  
t h e  g o l g i  of endothe l ium.  A p o o l  of i n t r a c e l l u l a r  p r o t e i n  S c o u l d  be  r e l e a s e d  r a p i d l y  by 
t h e  c a l c i u m  ionophore  A23187 ( 5  - M ) .  T h i s  e f f e c t  w a s  dependent  on t h e  p r e s e n c e  of c a l c i u m  
i n  t h e  c u l t u r e  medium and c o u l d  be  b locked  by LaCl3, s u g g e s t i n g  t h a t  c y t o s c l i c  c a l c i u m  f l u x  
was r e s p o n s i b l e  f o r  p r o t e i n  S r e l e a s e .  These  r e s u l t s  d e m o n s t r a t e  t h a t  e n d o t h e l i a l  c e l l s ,  
b u t  n o t  s u b e n d o t h e l i a l  l a y e r s  of t a e  v e s s e l  w a l l ,  c a n  s y n t h e s i z e  and  r e l e a s e  p r o t e i n  S ,  
i n d i c a t i n g  a new mechanism by whic3 t h e  i n n e r  l i n i n g  o f  t h e  v e s s e l  w a l l  c a n  c o n t r i b u t e  t o  
t h e  p r e v e n t i o n  of thombot ic  e v e n t s .  
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Unlversity of North Carolina at Chapel Hill, Chapel Hill, NC 27514 

Proteasa Inhibitors Prevent Glomerular Necrosis in Experimental Glomerulonephritls. 
Richard R. Tidwell, J. Charles Jennette, J. Dieter Geratz, and Ronald J. Folk. 

It has been well documented that proteolytic enzymes play a maJor role in the initiation 
of inflammation resulting from immune complex deposition. 
ground we investigated a series of protease inhibitors of the amidine type on the murine 
model of immune complex mediated necrotizing glomerulonephritis. 
apoferritin (HAF) daily for 12 days developed proliferative glomerulonephritis with massive 
glomerular HAF, IgG and C3 deposits and extensive glomerular necrosis. While none of the 
inhibitors reduced glomerular hypercellularity, immune complex localization or neutrophil 
attraction, one of the compounds, bis(5-amidino-2-benzimidazolyl)methene (BABIM) did produce 
a striking reduction in glomerular necrosis. Animals given daily i.p. injections of BABIM 
of either 20 or 5 mg/kg on days 7-12 showed a 901 reduction in glomerular necrosis as 
compared to untreated controls. 
neutral lytic proteases released by the neutrophils. 

With this observation as a back- 

Control mice given horse 

A proposed site of action of BABIM is the inhibition of 

E53 
We have isolated and sequenced human cathepsin B, L, and H as well as a series of low molecular 
weight inhibitors of these enzymes from human tissues. 
of homology to cysteine proteinases from bovine, rat, and plant sources. The proteinase 
inhibitors fall into three families. The stefin family, which consists of inhibitors with 
no disulfide bonds, the cystatin family, which consists of molecules with disulfide bonds, and 
kininogen which consists of moelcules with inhibitor squences in themiddle of  a larger protein. 
The structures, homologies and evolution of these enzymes inhibitors will be illulstrated. 

STRUCTURE AND FUNCTION OF LYSOSOMAL CYSTEINE PROTEINASES AND THEIR INHIBITORS, 
V. Turk, J. Stefan Institute, Ljubljana, Yugoslavia. 

The human enzymes show a large degree 

E54 STRUCTURAL AND FUNCTIONAL BONOLOGIES BETWEEN PROTEASE NEXIN I AND C1-INHIBITOR 
William E. Van Nostrand and Dennis D. Cunningham, University of California, Irvine 
CA 92717  

We show that protease nexin I and C1-inhibitor share structural and functional homologies. 
Previous studies have shown that protease nexin I is synthesized by many cultured cells 
and inactivates certain proteases at the cell surface, whereas C1-inhibitor is a plasma 
inhibitor named for i t s  inhibition of certain complement proteases. 
peptide mapping studies revealed numerous homologies between these two protease inhibitors. 
Specificity studies have shown that both inhibitors can covalently complex the same prot- 
eases. 
protease nexin I was a potent inactivator of each of these important regulatory proteases. 
We have been unable to detect appreciable quantities of protease nexin I in plasma. 
Furthermore, cultured human fibroblasts did not secrete C1-inhibitor. 
inhibitors may control similar regulatory proteases in different compartments of the body. 

Cyanogen bromide 

Enzymatic inhibition studies on Factor XIIa and plasma kallikrein showed that 

Thus, these two 

E55 CELL LINEAGE-DEPENDENT POLYMORPHISM OF GELATINASES IN HUMAN PHAGOCYTES. 

Human peripheral blood granulocytes, monocyte-derived macrophages and U937 and RCZA promono- 
cytic cell lines produce a proteolytic enzyme (gelatinase) that rather specifically degrades 
denatured but not native type I collagen. The enzyme can be isolated from the growth medium 
or extracts of these cells by affinity chromatography on gelatin-Sepharose. Isolated gelatin- 
ases were run in SDS-PAGE under reducing or nonreducing conditions. The polypeptides were 
analyzed either by protein staining or immunoblotting using antiserum against the Mr 95 000 
gelatin-binding protein produced by cultured human macrophages (1). Under reducing conditions 
the gelatinases from granulocytes, macrophages and promnocytic cells had a molecular weight 
>f Mr 95 000. Nonreduced gelatinase from the cells of the mononuclear phagocyte lineage 
migrated to the position o f  Mr 9 2  000. The corresponding granulocyte protein appeared as 
three polypeptide bands Mr 225 000, Mr I30  000 and Mr 92 000. All these polypeptides reacted 
with the antiserum made against the M, 95 000 macrophage protein. The results suggest that 
the gelatin-degrading enzyme produced by human blood granulocytes and monocyte/macrophages 
exists in several immunologically cross-reactive polymorphic forms which are different in 
these two cell-lineages. 
I .  Vartio, T., et al. J. Biol. Chem. 257: 8862-8866, 1982. 

T. Vartio and T. Hovi, University of Helsinki, Helsinki, Finland. 
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ES STIMULATION OF HUMAN LEUKOCYTE ELASTASE ACTIVITY BY BILE ACIDS AND DETERGENTS 
M. Vered and S.R. Simon, SUNY at Stony Brook, New York 11794 

We have measured the hydrolysis of elastin and of the chromogenic substrate succinyl- 
(Ala) nitrophenylanalide (SLAPN) by human leukocyte elastase (HLE) in the presence of the 
bile acid conjugates, taurocholate (TC) and glycocholate (GC) , or the steroidal zwitterionic 
detergents, CHAPS and CHAPSO. All these compounds stimulate HLE activity with bell-shaped 
activation profiles which peak in the range 1-25 mM, around the critical micelle concentra- 
tions. At the optimal activating concentrations, the order of stimulation of SLAF” hydro- 
lysis is CHAPSO (1ZX))CHAPS (11X)>TC (7.5X)XC (5X). Both the hydrophobic steroidal ring 
system and the very polar sulfate group are important for stimulation: the unconjugated bile 
acid, cholate stimulates activity less than 1.5X and the aliphatic amphiphiles, Zwittergent 
3-14 and 3-16 are without effect. Only leukocyte elastase is stimulated by the steroidal 
detergents, while pancreatic elastase is unaffected. Lineweaver-Burk analysis of activation 
of SLAPN hydrolysis by CHAPS revealed no effect on but an 11-fold increase in V . The 
inhibition of HLE-mediated elastin hydrolysis by el-protease inhibitor (#-l-PI) w%xdimin- 
ished in the presence of CHAPS, as reflected in-gn increase in the appyent dissociation 
constant for 4-1-PI, , from 0.29 0.11 x 10 M co 0.20 2 0.09 x 10 M in the presence 
of detergent. ConverLf! inhibition of HLE-mediated SLAPN or elastin hydrolysis by pneumo- 
coccal extracts (M. Vered et al., Am. Rev. Resp. Dis. 130: 1118 (1984)) was enhanced by 
CHAPS. No marked conformational changes in HLE induced by optimally activating concentra- 
tions of CHAPS can be detected by UV circular dichroism. These studies are consistent with 
roles of both hydrophobic and ionic interactions in regulation of HLE catalytic activity. 

E57 METALLOPROTEASES OF HUMAN CARTILAGE IN RELATION TO OSTEOARTHRITIS, 3. Frederick 
Woessner, J r . ,  Walid Azzo and David 0. Dean, U n i v .  Miami Sch. Med., Miami, 33101 

Kthods  have been developed f o r  the ex t rac t ion  of metalloproteases from human a r t i c u l a r  
car t i lage .  A t i s sue  i n h i b i t o r  of metalloproteases (TI14P) i s  a l s o  present in  these 
e x t r a c t s .  Two proteases have been pur i f ied  on the basis  of t h e i r  a b i l i t y  to  degrade 
proteoglycan monomers. One protease has a pH optium of 7 . 2  and a molecular weight 
i n  l a t e n t  form o f  approximately 56,000. A second protease has an unusual pH optium 
o f  5.3. 
I t  i s  found in  a l a t e n t  form of 55,000 and an ac t ive  form of 35,000 dal tons.  Both 
proteases a r e  ac t iva ted  by aminophenylmercuric ace ta te .  The acid protease i s  inh ib i ted  
s t rongly be chelat ing agents ,  TIMP and ovostat in  but not by phosphoramidon. I t  cleaves 
the B chain of insu l in  a t  Ala -Leu and Tyr Leu Both proteases appear t o  have 
zinc a t  the ac t ive  center  andl toth h?e stimulated b~7calcium. 
pur i f ied ,  i t  has a molecular weight of approximately 28,500. 
to  measure each protease and the i n h i b i t o r  in the presence of  one another in crude 
t i s s u e  e x t r a c t s .  The r e s u l t s  t o  date  indicate  t h a t  both proteases a re  elevated a t  
l e a s t  3-fold i n  o s t e o a r t h r i t i s ,  b u t  t h a t  TIMP shows l i t t l e  change i n  a c t i v i t y .  We 
e a r l i e r  showed t h a t  collagenase was a l s o  elevated i n  o s t e o a r t h r i t i s .  The combined 
results ind ica te  t h a t  various metalloprotease a c t i v i t i e s  a re  e levated in  the disease 
process, without a concomitant increase i n  i n h i b i t o r .  (NIH Grant AM-16940) 

T h i s  protease has been purif ied 4000-fold s t a r t i n g  from 20 g of car t i lage .  

TIMP has been only p a r t i a l l y  
Methods have been developed 
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Occurence  of  PMN-elastase a s  well a s  Degraded Alpha-1-Antiprotease Inhibitors 
in Bronchoalveolar Fluids of Adult Respiratory Distress Syndrome, Shiu Y .  Yu, 
S teven  K. Harmon, Sally Tricomi,  Alpha A. Fowler and Thomas M. Hyers, St. Louis 

V A Medical C e n t e r  and St. Louis Univ.Schol.of Med. St. Louis, Mo. 63125. 
A possible ro le  f o r  PMN elas tase  in a c u t e  lung injury in ARDS was examined. Since e las tase  
is t h e  major pro tease  s e c r e t e d  by PMN leukocytes,  PMN elas tase  and alpha-I-antiprotease inhibitor 
(a-l-Pi)  in brochoalveolar f luids (BAL) of subjects with ARDS (19 subjects),  smoker-controls 
(16 subjects) and non-smoker-controls (16 subjects) were studied. Hlgher amounts  of an t igenic  
PMN elas tase  were  found in  BAL of ARDS as compared  with those of controls;  1,336+228 vs. 
45+30ng of PMN elas tase /mg of  BAL protein,  p>O.Ol. 
In s tud ies  of  antigenic a-1-Pi in BAL by SDS-PAG electrophoresis folloNzed by 
immunoelectrophoretic de tec t ion  a f t e r  e lec t raphore t  ic t r a n s f e r  f rom ge l  to nitrocellulose-papers, 
we found significant amounts  of  degraded  products of  a-1-Pi (M.W.of 2OK, 30K and 43K dalton) 
as well as degraded and  in tac t  products of enzyme-inhibitor complexes of a-1-Pi (M.W. of 94K,80K 
and 67K da l ton)  in BAL of ARDS in addition to free a-1-Pi. But t h e  degraded products of a-I-Pi 
were  not  d e t e c t e d  in  those of  controls. 
Although e las tase  ac t iv i ty ,  assayed by using C-14-elastin as subs t ra te ,  was not d e t e c t e d  in BAL 
of e i t h e r  ARDS or controls,  t h e  presence  of significant amounts  of both PMN elas tase  and degraded 
products of a - I -P i  in  BAL suggests tha t  proteolytic injury by e las tase  may have  taken  place in 
lungs of  ARDS. (Supported by V A Medical Research and NIH g r a n t  HL-30572) 

E58 

Activation of Cell Activities, Degenerative Diseases and Protease Inhibitors 

E59 PROTEASE ACTIVATION OF C E L L U L A R  ACTIVITIES:  POSSIBLE ROLES FOR BOTH RECEPTOR 
OCCUPANCY AND ENZYMIC ACTIVITY, D. H. Carney, Division of Biochemistry, University 

of Texas Medical Branch, Galveston, TX 77550 
Several proteases including t ryps in ,  thrombin and plasminogen ac t iva tors  have been reported 
to  i n i t i a t e  a var ie ty  of c e l l u l a r  a c t i v i t i e s  which include p l a t e l e t  ac t iva t ion ,  f ib roblas t  
chemotaxis and ce l l  p ro l i fe ra t ion .  Studies with DIP- and PMS-thrombin have shown tha t  
receptor occupancy by pro teo ly t ica l ly  inact ivated (nonmitogenic) thrombin molecules do not 
i n h i b i t  s t imulat ion of pro l i fe ra t ion  by enzymically ac t ive  thrombin. 
t h a t  receptor occupancy is  not involved in mitogenesis. Other s tud ies ,  however, have shown 
t h a t  i n i t i a t i o n  of c e l l  p ro l i fe ra t ion  by thrombin appears to require  both receptor occupancy 
and enzymic ac t iv i ty .  In this workshop we wil l  examine posi t ive and negative evidence f o r  
involvement of spec i f ic  receptors  in these a c t i v i t i e s .  He will a l so  examine the spec i f ic  
regions of thrombin which i n t e r a c t  with c e l l s  and are  responsible f o r  s t imulat ing chemotaxis 
a n d  pro l i fe ra t ion .  
cule  might be involved, Lastly, we will update progress in character izat ion of receptors 
f o r  these proteases and present recent  f indings about the possible  s ignals  which m i g h t  be 
generated by receptor occupancy and by enzymic a c t i v i t i e s ,  In par t icu lar ,  recent s tud ies  
from a t  l e a s t  3 laborator ies  have shown t h a t  phosphoinositide turnover is  stimulated by 
thrombin as  a par t  of the mitogenic s ignal .  T h u s ,  i t  i s  important to  determine how phos- 
phoinosi t ide turnover i s  stimulated by thrombin and to  compare t h i s  stimulation with tha t  
observed in c e l l s  a f t e r  addi t ion of other  growth fac tors .  

This could suggest 

Recent s tudies  suggest tha t  two separate  regions of  the thrombin mole- 

E60 S E L E C T I V E  DEGRADATION O F  F O R E I G N  A N D  ABNORMAL PROTEINS 
Alfred L. Goldberg, Oept. of Physiology, Harvard Medical School, Boston, MA 02115 

Escherichia c o l i ,  l ike  mammalian c e l l s ,  rapidly degrade highly abnormal proteins  by a 
soluble  pathway fhat requires A T P .  
which, protease La ( the  product o f  tFe K g e n e ) ,  requires  ATP for  function. 
enzyme catalyzes  the i n i t i a l  cleavages F p r o t e i n s .  I t  i s  a ser ine protease t h a t  cleaves 
proteins and A T P  in a coupled process. Two ATPs a r e  u t i l i z e d  per peptide bond cleaved. I t  
i s  a tetramer composed o f  ident ical  subunits ( M  =94,ODO). Much progress has been made in 
understanding i t s  mechanism through the use o f  Fluorogenic substrates .  
indicate  t h a t  ATP-dependent proteolysis  involves a mult is tep process: 1) ATP binding occurs 
i n i t i a l l y  and allows peptide bond cleavage. 2 )  ATP hydrolysis then follows. 3 )  T h i s  reaction 
cycle i s  repeated unt i l  small peptides a re  generated. 4 )  I n  addi t ion,  protein substrates  
ac t iva te  t h i s  protease. T h u s ,  unfolded proteins b i n d  i n i t i a l l y  to  a regulatory s i t e  d i s t i n c t  
from the ac t ive  s i t e .  Activation o f  the enzyme by substrates  may help prevent inappropriate 
proteolysis  i n  vivo. The c e l l u l a r  content o f  protease La is  a l so  precisely regulated. I t  i s  
a heat-shockprotein whose t ranscr ip t ion  i s  control led by the htpR locus. Synthesis of 
protease La a n d  other  heat-shock proteins  increases under various conditions t h a t  cause the 
appearance o f  large amounts of abnormal proteins ,  including production o f  foreign poly- 
peptides. Induction of th i s  (and perhaps o ther )  proteases by substrates  can help prevent 
the i n t r a c e l l u l a r  accumulation o f  the abnormal polypeptides. 

E .  col i  contain a t  l e a s t  8 soluble endoproteases, one of 
This novel 

These s tudies  
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E61 Human Protease Nexin-1: Immunological Charac t e r i za t ion  and Biosynthet ic  S tud ie s ,  
Daniel  J. Knauer and Er i c  W. Howard, Department of Developmental and Cel l  Biology, 

Universi ty  of  C a l i f o r n i a ,  I r v i n e ,  CA 92717. 
Protease nexin-I (PN-I) s ec re t ed  by human f i b r o b l a s t s  i s  a 47,000 Mr s e r i n e  protease 
i n h i b i t o r  of  l imi t ed  s p e c i f i c i t y .  PN-I mediates the c e l l u l a r  binding, i n t e r n a l i z a t i o n  and 
degradat ion of t he  protease t o  which i t  has become l inked during the i n a c t i v a t i o n  s t ep .  We 
have now developed a monospecific,  polyclonal  antibody t o  highly pu r i f i ed  PN-I from human 
f i b r o b l a s t s .  Anti-PN-I IgG blocks the  l inkage formation between PN-I and i t s  protease 
s u b s t r a t e s ,  and a l s o  blocks the c e l l u l a r  binding of t he  complexes once formed. 

This  antibody w i l l  a l s o  immumoprecipitate PN-1:Protease complexes, but w i l l  not r e a c t  
w i t h  AT-1II:Protease complexes, thus e s t a b l i s h i n g  immunological non-ident i ty  between PN-I  
and AT-111. In add i t ion ,  t he  antibody w i l l  not recognize e i t h e r  the bovine or human 
endo the l i a l  ce l l - s ec re t ed  protease i n h i b i t o r s ,  but w i l l  recognize "PN-I l i k e "  molecules from 
f i b r o b l a s t s  of rodent o r i g i n .  

F i n a l l y ,  we have used t h i s  antibody t o  immunoprecipitate metabol ical ly  35S-labeled PN-I 
from human f i b r o b l a s t s .  PN-I comprises about 5X of t o t a l  ce l l - s ec re t ed  p ro te in .  and is 
heavi ly  glycosylated.  Short-term pulse  experiments using 35S-Methionine, followed by 
treatment of  immunoprecipitates with endogylcosidases suggest  t ha t  PN-I contains  15% t o  17% 
carbohydrate.  Steady s t a t e  l abe l ing  experiments i n d i c a t e  t h a t  P N - I  l e v e l s  i n  the medium 
might r egu la t e  PN-1 syn thes i s  and r e l ease .  

E62 UBIQUITIN-LYSOZYME CONJUGATES: IDENTIFICATION AND CHARACTERIZATION OF AN 
ATP-DEPENDENT PROTEASE FROM RABBIT RETICULOCYTE LYSATES. R. Hough. G. P r a t t  
and M. Rechsteiner,  U n i v e r s i t y  o f  Utah, S a l t  Lake City, UT 84112 

Ub iqu i t in - l ysozyme con jugates  have been used as subs t ra tes  t o  i d e n t i f y  an ATP- 
dependent p ro tease from r a b b i t  r e t i c u l o c y t e  l ysa tes .  The protease. which has been 
p a r t i a l l y  p u r i f i e d  by DEAE chromatography and g l y c e r o l  g rad ien t  c e n t r i f u g a t i o n ,  has 
an apparent mo lecu la r  we igh t  o f  600 k i l o d a l t o n s  based on sed imenta t ion  and ge l  
f i l t r a t i o n .  
presence o f  hyd ro l yzab le  nuc leos ide  t r iphosphates ,  b u t  i t  does n o t  degrade f r e e  
lysozyme molecules even i n  t h e  presence o f  added u b i q u i t i n ,  l ysozyme-ub iqu i t in  
con jugates  and nuc leos ide  t r iphosphates .  Degradat ion  of lysozome con jugates  i s  
i ndependant o f  added u p i q u i  ti n and occurs  i n f r a c t i o n s  i ncapab le  o f  ub iqu i  t i n 
con jugat ion .  P r o t e o l y s i s  i s  maximal a t  pH 7.8, i n h i b i t e d  by hemin, N-ethylmaleimide 
o r  a u r i n t r i c a r b o x y l i c  a c i d  and proceeds w i t h  an apparent Ar rhen ius  a c t i v a t i o n  energy 
w i t h i n  t h e  range 27 t 5 k c a l  p e r  mole. 
observed f o r  t h e  degradat ion  o f  ub iqu i t i n - l ysozome con jugates  i n  l y s a t e s  i n d i c a t i n g  
t h a t  t h e  p a r t i a l l y  p u r i f i e d  pro tease ca ta l yzes  t h e  'second' A T P - u t i l i z i n g  r e a c t i o n  
i d e n t i f i e d  p r e v i o u s l y  (Hough and Rechsteiner,  Proc. Nat. Acad. Sci. USA 81:90 
(1984); Hershko e t  al.. Proc. Nat. Acad. Sci. USAE:1619 (1984); TanakaT t  al.. J. 
C e l l  B i o l .  E : 1 5 8 0  (1983). 

It degrades lysozyme molecu les  w i t h i n  con jugate  complexes o n l y  i n  t h e  

These p r o p e r t i e s  a r e  s i m i l a r  t o  those  

E63 THE PROTEINASE INHIBflOR ALPHA-I-ANTICHYMOTRYPSIN IS DETECTABLE IN THE 
HUMAN CENTRAL NERVOUS SYSTEM BY IMMUNOHISTOCHEMICAL TECHNIQUES. 

Deanna L. Justice, Roy H. Rhodes and 2 0 1 t h  A. T6k;s. Depts. of Biochemistry and Pathology, Univ. 
of  Southern California, School of Medicine, Comprehensive Cancer Center,  Los Angeles, CA 90033. 

Alpha-I-mtichymotrypsin, Achy, is a 68kd glycoprotein and a potent inhibitor of enzymes, like 
cathepsin G, that  preferentially cleave proteins at hydrophobic regions. I t  is synthesized primarily by 
the hepatocrtes,  but breast epithelial cells, certain melanomas and HeLa cells also produce it. Its 
synthesis is induced by estradiol in cancer cells. We report the presence of this proteinase inhibitor in 
the human central  nervous system (CNS). Paraffin-embedded normal fetal ,  neonatal and adult CNS 
tissue from 9 autopsy specimens were stained with monospecific antibodies and avidin-biotin- 
peroxidase complex. Tissue sections included spinal cord, medulla oblongata, cerebellum, mesen- 
cephalon, basal ganglia, hippocampus, and neocortex. Positive non-granular, diffuse staining of Achy 
appeared throughout numerous neurons and glial cells in specific regions of the CNS, including the 
thalamus, gt tamen,  hippocampal cortex,  substantia nigra, grey ma t t e r  of the cerebral cortex, various 
cranial nerve nuclei, inferior olivary nucleus, and cerebellar cortex. In addition, a strong granular 
cytoplasmic staining w a s  apparent in the  choroid plexus epithelium. Ventricular ependymal cells 
demonstrated moderate to  strong non-granular staining. Midgestational fe ta l  brains were negative. 
Specimens from newborn patients in general were negative. Exception was the choroid-plexus 
epithelium which had a strong apical and granular staining. These observations, thus, establish a 
widespread distribution of this proteinase inhibitor in the CNS and raise the question of Achy's 
potential significance in the maintenance of functional neural networks. 
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E63 ALTERED DISTRIBUTION O F  PROTEINASE INHIBITORS IN HUMAN PROSTATE ADENO- 
CARCINOMAS. Kiyoaki Kitajima, Donald G. Skinner, Gary  Lieskovsky and 2 0 1 t h  A. T s k k  

Depar tments  of Biochemistry and Urology, Comprehensive Cancer  Center ,  Univ. Southern California, 
School of Medicine, Los Angeles, C A  90033 and Nihon University, Tokyo, Japan. 

The expression of proteinase inhibitors a-I-antichymotrypsin, (Achy), a-1-proteinase inhibitor, 
(API), a-2-macroglobulin, (AMG), and in te ra lpha- t ryps in  inhibitor, (IATI), was investigated using 
immunohistolo*cal techniques on f rozen  human tissue specimens. For control unrelated serum 
proteins haptoxlobin, (Hpg) and alpha-1-acid glycoprotein (AGP) were studied. The purpose was to 
examine  deviations i n  t h e  availabil i ty of these  proteins due t o  malignancy. Antibodies t o  AGP stained 
predominantly a t  t h e  apical s u r f a c e  of normal epithelial  cells. In tumor specimens, t h e  expression of 
AGP was significantly diminished. Hpg was de tec tab le  in some of the  basal cells and in the  basal 
region of t h e  cytoplasm of all normal epithelial  cells. In adenocarcinoma specimens, Hpg was found in 
intercellular spaces. AMG was undetec tab le  in epithelial  and basal cells. IATI was also not d e t e c t a b l e  
in malignant cells. Only fa in t  positive staining was seen  f o r  IATI in normal epithelial  cells. The  most 
remarkable  change in distribution due to malignancy was observed with API and Achy. API shifted 
position from primarily t h e  apical cytoplasmic regions in normal epithelial  cells to what appeared as 
extracellular compar tments  i n  malignant specimens. Achy was loca ted  predominantly i n  the  basal 
cytoplasmic r e y o n s  of normal and hyperplastic epithelial  cells and was below t h e  level of de tec t ion  in 
all of t h e  pros ta te  cancer  specimens. The a l te red  distribution of these  normal proteins, i n  particular 
of proteinase inhibitors, may b e  re la ted  to t h e  breakdown of three-dimensional secretory structures,  
destabil ization of ce l l  interactions and t o  t h e  cellular disorganizations seen in pros ta t ic  carcinoma. 

E64 
Georgia, 30602. 
A major problem i n  determining the s p e c i f i c i t y  of a oroteinase inh ib i tor  l i e s  in  the f a c t  
tha t  many have overlapping a c t i v i t i e s  against  several enzymes. 
inh ib i tors  have, in  the past .  been referred to as having slow, ooor, orogressive, o r  ranid 
inh ib i t ion  of a j iven proteinase. Unfortunately, such terms q i v e  no meanino as to  whether 
an inh ib i tor  can reac t  ranidly enough to  be of nhysiolonical imoortance. 
we have attempted to  determine the ta rqe t  enzyme control led b y  a soec i f ic  inh ib i tor  by 
measuring second order  associat ion r a t e  constants during enzyme-inhibitor in te rac t ions .  
T h e  r e s u l t s  indicate  t h a t  although several enzymes can be inhibi ted by a s ino le  inh ib i tor  
the ra tes  of in te rac t ion  may d i f f e r  by fac tors  as  la rge  as  100,000. T h u s ,  i t  i s  hiahly 
unlikely t h a t  the slowly react ing inh ib i tors  with a given enzyme have any ohysioloaical 
r o l e ,  excent under extreme conditions where the normal inh ib i tor  may be saturated.  Usinn 
s ix  of the well known plasma inhib i tors  we have determined tha t  each has one soec i f ic  ta rge t  
enzyme and t h a t  nearly a l l  secondary react ions with other  enzymes a r e  too slow t o  be of 
physiological s iqnif icance.  When t h i s  data i s  comnared with the in vivo d is t r ibu t ion  of 
a given enzyme w i t h  a l l  of the  plasma inhib i tors  the r e s u l t s  comoare favorablv, indicat ina 
tha t  associat ion r a t e  k ine t ics  a r e  invaluable in  determininn inh ib i tor  s o e c i f i c i t v .  

THE USE OF ASSOCIATION RATE CONSTANTS IN DETERMINING THE SPECIFICITY OF PROTEINASE 
INHIBITORS, James Travis ,  Dept. of Biochemistry, University of Georaia, Athens, 

For t h i s  reason, many 

In t h i s  laboratory 

E65 
Labora tory  of Radiobio logy  and Environmental  H e a l t h ,  and Department of Anatomy, U n i v e r s i t y  
of C a l i f o r n i a ,  San F r a n c i s c o ,  CA 94143 .  

The d e g r a d a t i o n  of t h e  c o n n e c t i v e  t i s s u e  s c a f f o l d i n g  of t i s s u e s  i n  d e g e n e r a t i v e  d i s e a s e s  
owes l a r g e l y  t o  t h e  a c t i v i t i e s  of metal-dependent p r o t e i n a s e s  t h a t  i n c l u d e  i n t e r s t i t i a l  c o l -  
l a g e n a s e ,  s t r o m e l y s i n ,  g e l a t i n a s e  and macrophage e l a s t a s e .  These p r o t e i n a s e s  s h a r e  t h e  
common p r o p e r t i e s  of induced s y n t h e s i s  i n  r e s p o n s e  t o  s p e c i f i c  s t i m u l i ,  a c t i v a t i o n  from pre-  
c u r s o r  forms ,  enzymatic f u n c t i o n  i n  t h e  p e r i c e l l u l a r  or e x t r a c e l l u l a r  environment,  and spe-  
c i f i c  i n h i b i t i o n  by t h e  t i s s u e  i n h i b i t o r  of m e t a l l o p r o t e i n a s e s  (TIMP). The e x p r e s s i o n  of 
t h e s e  p r o t e i n a s e s ,  t h e r e f o r e ,  i s  t h e  n e t  r e s u l t  of i n d u c t i o n  of t h e  e x p r e s s i o n  of mRNA f o r  
t h e  enzymes, t r a n s l a t i o n  i n t o  proenzymes, s e c r e t i o n  i n t o  e x t r a c e l l u l a r  s p a c e s ,  s e q u e s t r a t i o n  
of  proenzymes by m a t r i x  p r o t e i n s ,  a c t i v a t i o n  by endogenous a c t i v a t o r s  or by exogenous enzymes 
i n c l u d i n g  k a l l e k r e i n  and p lasmin  g e n e r a t e d  by t h e  a c t i v i t y  of plasminogen a c t i v a t o r s ,  i n h i -  
b i t i o n  of a c t i v e  p r o t e i n a s e s  by TIMF' and a2-macroglobulin,  c l e a r a n c e  of enzyme- inhib i tor  com- 
p l e x e s ,  and s u s c e p t i b i l i t y  of t h e  e x t r a c e l l u l a r  m a t r i x  s u b s t r a t e .  I n  t h e  c a s e  of s y n o v i a l  
c e l l s ,  t h e  m a j o r i t y  of t h e  r e g u l a t i o n  a p p e a r s  t o  be a t  t h e  p r e t r a n s l a t i o n a l  l e v e l  and a t  t h e  
l e v e l  o f  a c t i v a t i o n  of proenzymes. I n  t h e  c a s e  of c a p i l l a r y  e n d o t h e l i a l  c e l l s ,  t h e  massive 
s y n t h e s i s  of TIMP p r o v i d e s  an  a d d i t i o n a l  l e v e l  of c o n t r o l .  Tumor c e l l s  such  a s  HT1080 and 
SV40-transformed f i b r o b l a s t s  appear  t o  e x p r e s s  p r o t e i n a s e s  c o n s t i t u t i v e l y  and a r e  a l s o  induc- 
i b l e  fo r  a d d i t i o n a l  p r o t e i n a s e s .  Supported by U.S. Department of Energy DE-AC03-76-SF01012. 

MULTIPLE PATHWAYS FOR REGULATING THE EXPRESSION OF METALLOPROTEINASES . Zena Werb, 
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E66 R E L E V A N C E  O F  P E P T I D A S E S  A N D  P R O T E A S E S  TO CLINICAL 
ENZYMOLOGY, P a u l  L.  W o l f ,  D e p a r t m e n t  o f  P a t h o l o g y ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  San D i e g o ,  La  J o l l a ,  C A  9 2 0 3 7  
T h i s  p a p e r  i s  an  o v e r v i e w  o f  r e l e v a n t  p e p t i d a s e s  a n d  p r o t e a s e s  
w h i c h  a r e  s i g n i f i c a n t  i n  c l i n i c a l  e n z y m o l o g y  a n d  m e d i c i n e .  
D e c u b i t u s  u l c e r s  a r e  c a u s e d  b y  m u l t i p l e  f a c t o r s  i n c l u d i n g  p r e s s u r e  
l e a d i n g  t o  c o m p r e s s i o n  i s c h e m i a ,  i n f e c t i o n  w i t h  f e v e r ,  m o i s t u r e  and  
i m m o b i l i t y .  P r o t e o l y s i s  o c c u r s  w i t h  n e c r o s i s  o f  t i s s u e .  N e c r o t i c  
t i s s u e  m u s t  be  d e b r i d e d  s i n c e  n e c r o t i c  t i s s u e  l e a d s  t o  f u r t h e r  
p r o t e o l y s i  s .  F i b r i n o l y s i s  a n d  d e s o x y r i b o n u c l e a s e  a r e  u s e f u l  i n  t h e  
t r e a t m e n t  by  d e g r a d i n g  d e n a t u r e d  p r o t e i n s .  P r o t e o l y t i c  enzymes a r e  
i m p o r t a n t  i n  t h e  h u m o r a l  r e g u l a t i o n  o f  b l o o d  p r e s s u r e ,  b y  d e g r a d i n g  
o r  p r o d u c i n g  v a s o a c t i v e  p e p t i d e s  s u c h  as  b r a d y k i n i n  o r  
a n g i o t e n s i n .  Two e n d o p e p t i d a s e s ,  r e n a l  k a l l i k r e i n  and  r e n i n  a r e  
i m p o r t a n t  i n  t h i s  f i e l d .  T h r o m b i n ,  p l a s m i n  a n d  e l a s t a s e  a r e  s e r i n e  
p r o t e i n a s e s  w h i c h  may c a u s e  a p r o t e o l y s i s  s y n d r o m e  i n  s e p t i c  
p a t i e n t s ,  a s s o c i a t e d  w i t h  c o a g u l o p a t h i e s .  Human g r a n u l o c y t e s  
c o n t a i n  e n d o p r o t e i n a s e s  w h i c h  a r e  r e l e a s e d  f r o m  l e u k o c y t e s  i n  
i n f l a m m a t o r y  d i s e a s e s  due  t o  b a c t e r i a ,  v i r u s e s  a n d  f u n g i  and  i n  
c o l l a g e n  v a s c u l a r  d i s e a s e s  w h i c h  a r e  r e s p o n s i b l e  f o r  t i s s u e  
b r e a k d o w n .  The i n v a s i v e  and  m e t a s t a t i c  b e h a v i o r  o f  m a l i g n a n t  c e l l s  
i s  a s s o c i a t e d  w i t h  s p e c i f i c  p r o t e i n a s e s  p r o d u c e d  by  t h e  n e o p l a s t i c  
c e l l s .  P r o t e i n a s e s  a r e  a l s o  i m p o r t a n t  i n  f o l l i c u l a r  r u p t u r e  
r e s u l t i n g  i n  o v u l a t i o n .  The p l a s m i n o g e n  a c t i v a t i n g  enzyme s y s t e m  
i s  s i g n i f i c a n t  i n  t h i s  a r e a .  M y o f i b r i l l a r  p r o t e o l y s i s  i s  
a s s o c i a t e d  w i t h  an  i n c r e a s e d  e x c r e t i o n  o f  3 - m e t h y l h i s t i d i n e  i n  t h e  
u r i n e .  D u r i n g  f e v e r  m y o f i b r i l l a r  p r o t e o l y s i s  may r e s u l t  f r o m  
i n t e r l e u k i n - I ,  c a l c i u m  a n d  p r o s t a g l a n d i n  E2. I n  m u s c u l a r  d y s t r o p h y  
p r o t e i n a s e s  h a v e  been  i m p l i c a t e d  i n  t h e  c a t a b o l i s m  o f  m y o f i b r i l l a r  
p r o t e i n s .  T h e s e  i n c l u d e  c y s t e i n e  p r o t e i n a s e s ,  c h y m o t r y p s i n  a n d  
t r y p s i n - l i k e  s e r i n e  p r o t e i n a s e s .  

Proteases in Control of Normal Biological Processes 

E67 THE ADHESION PLAQUE PROTEIN, TALIN, IS RELATED TO P235, A MAJOR SUBSTRATE OF T p  
CALCIUM-DEPENDENT PROTEASE I N  PLATELETS, M. Beckerle,  T. O'Halloran, D. C roa l l  , 

and K. Burridge,  Univ. of North Caro l ina ,  Chapel H i l l ,  NC and Univ. of Texas, Da l l a s ,  TX. 
T a l i n  i s  a 215kD vincul in-binding p r o t e i n  which is  loca l i zed  i n  f i b r o b l a s t s  a t  

adhesion plaques where a c t i n  f i lament  bundles a s s o c i a t e  with t h e  plasma membrane. T a l i n  i s  
extremely s u s c e p t i b l e  t o  p r o t e o l y s i s  a t  a s i n g l e  site, a c h a r a c t e r i s t i c  t h a t  led us t o  
consider  t h e  events  of p l a t e l e t  a c t i v a t i o n  i n  which s e l e c t i v e  p r o t e o l y s i s  i s  thought t o  be 
phys io log ica l ly  s i g n i f i c a n t .  One of t h e  p r o t e i n s  that i s  cleaved during p l a t e l e t  
a c t i v a t i o n  i s  a 235kD p r o t e i n ,  P235. Because P235 i s  remarkably s i m i l a r  t o  t a l i n  i n  i t s  
p u r i f i c a t i o n  and biophysical  p r o p e r t i e s ,  we inves t iga t ed  t h e  p o s s i b l e  r e l a t i o n s h i p  between 
t h e  two p ro te ins .  By Western b lo t  a n a l y s i s  of p l a t e l e t  e x t r a c t s  probed with a n t i - t a l i n  
ant ibody,  P235 w a s  demonstrated t o  be a n t i g e n i c a l l y  r e l a t e d  t o  t a l i n .  The two p r o t e i n s  
a l s o  e x h i b i t  similar oned imens iona l  p a r t i a l  p r o t e o l y t i c  maps when digested with 
Staphylococcal V8 pro tease ,  e l a s t a s e ,  or chymotrypsin. Moreover, both t a l i n  and P235 bind 
r ad io iod ina ted  v i n c u l i n  in a blot-overlay assay suggest ing a func t iona l  r e l a t i o n s h i p  
between t h e  two p r o t e i n s  as w e l l .  Ongof  t h e  most s t r i k i n g  c h a r a c t e r i s t i c s  of P235 i s  i t s  
s u s c e p t i b i l i t y  t o  c leavage by t h e  Ca -dependent protease(CDP). I f  t a l i n  were c l o s e l y  
r e l a t e d  t o  P235 one might expect i t  l i kewise  & be a s u b s t r a t e  f o r  t h e  protease.  When 
t a l i n  and P235 a r e  incubated with CDP p lus  C a  , both p ro te ins  a r e  cleaved t o  y i e ld  
s imi l a r - s i zed  domains of 190-200kD and about  46kD. P ro teo lys i s  of a s t r u c t u r a l  component 
of t h e  adhesion plaque could provide a mechanism for  e i t h e r  s t r eng then ing  or d i s r u p t i n g  
t h e  s t a b i l i t y  of substrate-membrane-actin i n t e r a c t i o n s  i n  vivo. 
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EM 
Yves A. DeClerck. Childrens,Hospital of Los Angeles, Los Angeles, Univrrr:iry 
Southern California, Loe Angeles, CA 90027, USA. 

collager. turn-ever in tissues. We have investigated the ability of bovine aortic 
erlutheliai ceils to secrete inhibitors cf collagenases. Serum free medfum 
ccnditioned by confluent cultures of endothelial cells was foucd to ichibit the 
degradation of type I ccllzgrc by collagenases from tadpole, .rabbir fibroblasts and 
human fibroblasts but not by bacterial collagenase. This inhibitory activity was 
suppressed by treatment of the cells with cycloheximide suggesting a direct 
production of inhibitass t,>- frdothellal cells. Gel filtration chromatographic 
anzlysis of endothelial cells conditioned medium revealed the prececce of at least 2 
types of inhibitors. Whereas one inhibitor was identified as Tissue Inh!hltcr of 
Metalloproteinnseu [TIHP), the second with a molecular weight in the range of 
70,000-75,000 has to be characterized. 

We also demonstrated the inhibition of "classic" collagenase and type IV 
specific collsgenase from tumor cells by these ichibitors. 

Our data therecore incllrate the production of potent inhibitors of collagenase 
by bovine aortic endothelial cells, and suggest that these irhlbitors may be 
importsnt in the control of collagen degradation by tumor cells. 

PRODUCTION OF INHIBITORS OF COLLAGENASES BY BCVIKE AORTIC ENDOTHELIAL CELLS. 

Tissue inhibitors of collagenase play an important role i n  the control of 

E69 NEUROPEPTIDE PROCESSING AT A SINGLE ARGININE RESIDUE: 
CONVERSION OF LEUMORPHIN (DYN B-29) TO DYNORPHIN B AND 
DYNORPHIN B-14 BY A THIOL PROTEASE, Lakshmi Devi and 
Avram Goldstein, Addiction Research Foundation, Palo Alto, 
CA 94304 

Dynorphin B (rimorphin) is formed from dynorphin B-29 (leumorphin) by 
the action of a thiol protease from rat brain membranes, in a single 
step. This represents a "single-arginine cleavage" between threonine-13 
and arginine-14 of the substrate. We have observed that in addition to 
dynorphin B, dynorphin B-14 is formed from dynorphin B-29. Among the 
various general protease inhibitors tested, none except p-chloromercuri 
benzene sulfonic acid inhibited the formation of the two products. In 
addition, both temperature and pH had identical effects on the formation 
of dynorphin B-14 and dynorphin B. The inhibitory potencies of ACTH, 
peptide E and dynorphin A were identical for the formation of the two 
products. 
for the formation of Dyn B-14 and Dyn B. This represents a novel 
mechanism of processing at a "single-arginine residue", in that a single 
enzyme appears to be responsible for the formation of two products by 
alternatively cleaving to the NH2-terminal and COOH-terminal side Of 
arg inine. 

These results suggest that the same enzyme is responsible 

E70 R O L E  OF ATP HYDROLYSIS IN THE DEGRADATION OF PROTEINS BY PROTEASE LA 
T i m  Edmunds and Alfred L. Goldberg, Harvard Medical School,  Boston, MA 02115 

The A T P  requirement f o r  pro te in  degrada t ion  i n  Escher ich ia  c o l i  appears  t o  be due t o  
p ro tease  La, the  lon  gene product.  
process.  Recent s t u d i e s  i n d i c a t e  t h a t  degrada t ion  of  small pept ides  r equ i r e s  only  ATP 
binding t o  the enzyme, but degrada t ion  o f  pro te ins  t o  ac id - so lub le  products r equ i r e s  ATP 
hydro1 y s i  s . 

To c l a r i f y  t h e  func t ion  o f  A T P  hydro lys i s .  we used SDS g e l s  t o  s tudy  t h e  degrada t ion  
of case in  i n  t he  presence of ATP or  non-hydrolyzable ATP ana logs .  K i t h  ATP, c a se in  i s  
degraded r a p i d l y  t o  ac id - so lub le  products ,  and no in t e rmed ia t e s  a r e  found even when t h e  
r eac t ion  i s  slowed by lowering the  temperature.  
AMPPNP), two l a r g e  ( 1 9  and 20,000d) fragments a r e  produced and r e l eased  from t h e  enzyme. 
W i t h  AMPCPP, c a s? in  is  r a p i d l y  degraded t o  these fragments,  which can be f u r t h e r  degraded 
t o  ac id - so lub le  pept ides .  These da t a  sugges t  t h a t  the  degrada t ion  of  p ro te ins  by p ro tease  
La i s  i n i t i a t e d  a t  on ly  a l imi t ed  number of s i tes  and t h a t  ATP hydro lys is  then  allows r ap id  
process ion  a long  the  s u b s t r a t e  without r e l e a s e  of po lypept ide  in t e rmed ia t e s .  

T h i s  p ro tease  hydrolyzes p r m n s  and ATP i n  a l inked  

K i t h  t he  analogs (AMPCPP, AMPPCP and 
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E71 PUXIFICATTON AND PROPERTIES OF MICROSOML SICNAL PEPTIDASE, E m i l y  A. Evans, 
Reid Gilmore, and GCnter B lobe l ,  Rocke fe l l e r  Univers icy ,  New i'ork, NY 10021 

W e  have p u r i f i e d  t o  homogeneity miirosomhl s i g n a l  p r p t i d a s e  from canine  
pancreas .  S t r ipped  microsomal melllbrdnes were s e l e c t i v e l y  s o l u b i l i z e d  and 
sub jec t ed  t o  an ion  and c a t i o n  exchange chromatograpLy, hydroxy lapa t i t e  
chromatography, suc rose  g rad ien t  v e l o c i t y  sed imen ta t ion  and g e l  f i l t r a i i o n .  
An improved pos t - t rans laLio i ia l  a s s a y  w a s  used t o  monitor s i g n a l  pey t idase  a c t i v i t y .  
P r o p e r t i e s  of t h e  p u r i f i e d  microsomal s i g n a l  pep t idase  w e r e  s t u d i e d  and v i l l  
be d iscussed .  

E72 
M . I . T . ,  Cambridge, XA 02139  

GENETIC ANALYSIS OF U B I Q U I T I N  FUNCTION, Danie l  F in l ey ,  Engin ifzkaynak, Andreas Bach- 
ma i r ,  S t e fan  Jen t sch ,  John McGrath and Alexander Varshavsky, Department of Biology, 

Ub iqu i t in  is  a p r o t e i n  found i n  euka ryo t i c  c e l l s  e i t h e r  f r e e  or cova len t ly  jo ined  t o  a 
v a r i e t y  of p r o t e i n  s p e c i e s  111. Conjugation of u b i q u i t i n  t o  sho r t - l i ved  p r o t e i n s  i s  essen-  
t i a l  f o r  t h e i r  s z l e c t i v e  deg rada t ion  i n  v ivo ,  as shown i n  p a r t i c u l a r  by our  prev ious  s t u d i e s  
of t h e  mouse c e l l  l i n e  t s 8 5 ,  a c e l l - c y c l e  mutant ,  which has  a the rmolab i l e  u b i q u i t i n  ac t iva -  
t i n g  enzyme and i s  consequent ly  d e f e c t i v e  f o r  t he  con juga t ion  of u b i q u i t i n  a t  nonpermissive 
tempera ture  1 2 , 3 ] .  

v i s i a e )  141. W e  w i l l  d i s c u s s  t h e  phenotypes of va r ious  yeas t  u b i q u i t i n  mutants ,  t h e  synthe-  
sis of u b i q u i t i n  i n  t h e  form of a po lyub iqu i t in  p recu r so r  p r o t e i n ,  t r a n s c r i p t i o n a l  c o n t r o l  
of u b i q u i t i n  s y n t h e s i s  by t h e  hea t  shock r e g u l a t o r y  system, and t h e  r o l e  of u b i q u i t i n  i n  the  
heat-shocked c e l l .  

___  

Current  s t u 3 i e s  focus  on t h e  mul t igene  fami ly  t h a t  encodes u b i q u i t i n  i n  y e a s t  ( S .  - _ _  ce re -  

__ 

1. F in ley ,  3 .  and Varshavsky, A. (1985) TIBS 2 ( 9 ) ,  343-347.  
2 .  Fin ley ,  D., Ciechanover,  A. and Varshavsky, A. ( 1 9 8 4 )  C e l l  2, 43-55.  
3 .  Ciechanover,  A . ,  F in l ey ,  D .  and Varshavsky, A. ( 1 9 8 4 )  C e l l  3 7 ,  57-66.  
4 .  Zzkaynak, E . ,  F in l ey ,  D.  and Varshavsky, A.  (1984) Nature 312, 663-666.  

E73 PURIFICATION AND CHARACTERIZATION OF TWO ACID PROTEINASES OF THE NEMATODE TUABATRIX 
ACETI. Ralendia D. Ghai', Mathew von Wronski+. Don W. Bryant+ and Roger S. Lane+. *Res. Dept., Pharma. Div.. 

CIBA-GEIGY Corp., Summit, NJ 07901 and +Dept. of Biochemistry, Univ. of South Alabama, Mobile, A L  36688. 
Two acid proteolytic activities, one that hydrolyzes [methyl-14C1 hemoglobin t o  acid-soluble fragments (Proteinare A)  and a second 

that hydrolyzes glutaryl-L-phenylalanine pnitroanilide liberating p-nitroaniline (Proteinare 6). have been detected i n  the free-living 
nematode, Turbarrix aceri. These two proteases have been isolated from the 100,000 x g supernatant of T. aceri extracts by acid 
precipitation, and gel exclusion chromatography, and separated from one another by affinity chromatography on diamino- 
dipropylamine-pepstatinQpharose CLSB. Proteinase B is not adsorbed t o  immobilized pepstatin i n  0.2 M NaCl at p H  3.5 whereas 
Proteinase A IS specifically bound under these conditions: elution of Proteinase A is achieved wi th  1 M NaCI at p H  9. Proteinase A is a 
single-chain enzyme of molecular weight approximately 30.000 as estimated by gel filleration and SDS gel electrophoresis. It is 
optimally active towards hemoglobin as substrate at p H  3.0, is maximally stable at 4OC and pH 7.0, and I S  an aspartyl protease sensitive 
t o  inhibition by pepstatin (50% inhibition is obtained with about 1.0 ng pepstatinlml). Non-denaturing polyacrylamide gel electro. 
phoresis of proteinase A shows the presence of two active protease components, indicating the occurrence of isoenzymic forms. 
Proteinase B is of Mr  - BO.000 and consists of two dissimilar polypeptide subunits with molecular weights of 30,000 and 19.000. It 
exhibits an optimum p H  of  5.5 with glutaryl-L-phenylalanine p-nitroanilide as substrate, is  maximally stable at 4OC and pH 6.0, and is a 
serine protease sensitive to inhibition by DFP and PMSF. The functional signkficance o f  these t w o  proteases in nematode protetn 
degradation is not yet known. (Supported by N I H  Grant AG01002) 
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E74 PROPERTIES OF THE Ca2+-DEPENDENT PROTEINASE A N D  ITS PROTEIN INHIBITOR, D.E. Goll, 
J.D. Shannon, W.C. Kleese, and S.K. Sathe, University f Arizona, Tucson, AZ 85721 

A procedure has b en developed f o r  purifying the micromolar La”-requiring form (HM C D P ) ,  
the millimolar Ca’+-requiring form (mM CDP), and the protein inh ib i tor  (CDPI) of the calcium- 
dependent proteinase from one sample of bovine skeletaJ+muscle. Both AM and mM CDP autolyze 
when incubated with La2’. T h e  polypeptides and the Ca required f o r  one-half maximal a c t i -  
v i ty  of the four f o  ms of CDP a r e  as follows: M CDP, 76-kDa and 28-kDa poly- 
peptides, 0.6 ~ # 4  Ca”. 2 )  AM CDP, 80-kDa and 28-kDa, 4 AM La”; 3)  au olyzed mM COP, 78-kDa 
and 18-kDa, 180pM La2+; and 4 )  mM CDP, 80-kDa and 28-kDa, 1DDOAM Ca”. Peptide mapping 
and amino acid analyses show tha t  both the DO-kDa and the 28-kDa polypeptides ofAM and mM 
CDPs d i f f e r  and probably or ig ina te  e i t h e r  from di f fe ren t  genes o r  from one gene whose t rans-  
c r ip t ion  product i s  processed in a l t e r n a t i v e  ways. CDPI inh ib i t s  a l l  four forms of CDP. 
Binding s tudies  u s i n g  ac t ive  CDPs indicate  t h a t  approximately 30% of the CDP molecules a r e  
inact ive and t h a t  these inact ive molecules bind t o  CDPI with a lower a f f i n i t y  than ac t ive  
CDP molecules. These inact ive CDP molecules account f o r  the high inact ivat ion r a t i o s  of 7 
to  10 CDP m l e c u l e s  inact ivated per 1 CDPI polypeptide. The t rue  binding and inact ivat ion 
r a t i o  i s  4 t o  5 CDP molecules ( e i t h e r  AM o r  mM) bound per 1 CDPI polypeptide. 
chemical s tud ies  using monoclonal antibodies spec i f ic  forpM o r  f o r  mM CDP and polyclonal 
antibodies show t h a t  the CDPs and CDPI a r e  not always located a t  the same places although 
a l l  three proteins  a r e  found exclusively i n t r a c e l l u l a r l y .  ,uM and mM CDP co- local ize  a t  
l e a s t  a t  the f luorescent  microscope level  of resolut ion.  (Supported by NIH Grants AM-19864 
and HL-20894; the MDA, and NSF Grant PCM-8118177.) 

1 )  autolyzed 

Immunohisto- 

INDUCTION OF COLLAGENASE IN U937 CELLS, Carol Lipsey Hersh, 
Raymond K. Yeh, James E. Callaway, Joseph Garcia, Jr., and 
Maureen Gilmore-Hebert, International Genetic Engineering, 
Inc., 1545 17th Street, Santa Monica, CA 90404 

Collagenase production is induced in U937 tissue culture cells (a 
monocyte-like cell line) by the addition of phorbol myristate acetate (PMA) 
to the media at concentrations greater than or equal to 1.6 x 10-8 M. 
Control cultures in sera-free media alone do not produce the enzyme. The 
induced collagenase cleaves type I collagen into the classical 3/4 and 1/4 
products. The induction of the enzyme appears to be the result of de novo 
synthesis rather than granule release. The production of collagenase is 
inhibited by actinomycin D and cyclohexinide. Collagenase activity can be 
detected in induced cells 24 hours after the addition of phorbol ester 
(8x10-an). No enzyme is detected in media after incubation of cells for 
1-2 hours with 8x10-811 phorbol ester. 
induced in U937 cells by endotoxins, interleukin 1, and latex beads. The 
media from induced U937 cells contains active collagenase. No increase in 
collagenase activity was detected after N-ethyl maleimide treatment of 
media collected after a 24 hour incubation with phorbol ester. A 150-fold 
purification of this enzyme was achieved using DEAE-Sephacel followed by 
wheat germ agglutinin-agarose chromatography. 

E75 

Collagenase production is also 

E76 Expression of metalloproteinases w h i c h  degrade ge la t in  and nat ive type V col- 
lagen i n  res ident  and inflammatory c e l l s .  Margaret S .  Hibbs and Andrev H. 

Kang, U n i v e r s i t y  of Tennessee Center for  Health Sciences, Memphis, TN 38104. 

While i n t e r s t i t i a l  collagenase is responsible for  the i n i t i a t i o n  of degradation of t h e  
i n t e r s t i t i a l  col lagens,  i t  has no a c t i v i t y  against  types I V  and V collagens. R e c e n t l y  
we have purif ied and characterized a metalloproteinase secreted by human PMNL which 
degrades ge la t in  and nat ive type V collagen. T h e  proteinase shows a high degree of 
s p e c i f i c i t y  for nat ive and denatured collagens w i t h  l i t t l e  ac t iv i ty  against other pro- 
t e i n s .  A s imi la r  proteinase was found Lo be secreted by macrophages. T h i s  proteinase 
has a molecular weight of 92,000 and is inhibi ted by t i s s u e  inh ib i tor  of mtal lopro-  
te inases .  The  macrophage proteinase is secreted by resident alveolar macrophages and 
monocytes d i f f e r e n t i a t e d  i n  cu l ture  but not by peripheral blood mononuclear cells. 
Using subs t ra te  gel  analysis ,  w e  have extended our observations t o  fibroblasts.The 
major metal logelat inase seen i n  f ib roblas t  cul ture  media has a %=67,000 and appears t o  
be cons t i tu t ive ly  secreted. T h i s  proteinase is not recognized by antibodies t o  t h e  
92,000 proteinase. AM,=92,000 metal logelat inase which appears imrmnologically s imilar  
to t h e  macrophage proteinase is expressed by f i b r o b l a s t s  i n  a highly regulated manner  
w i t h  s ign i f icant  secret ion noted only a f t e r  optimal ac t iva t ion  of t h e  c e l l s .  T h e  
di f ferences i n  the expression and regulation of t h e s e  proteinases  may be important i n  
e x t r a c e l l u l a r  matrix a l t e r a t i o n s  i n  both physiologic and pathologic processes. 
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E77 FUNCTIONAL DIFFERENCES OF ONE-CHAIN AND TWO-CHAIN TISSUE-TYPE PLASMINOGEN 
ACTIVATOR WHICH MAY HAVE PHYSIOLOGICAL SIGNIFICANCE, Deborah L. Higgins. M. 

Chr i s t i ne  Lamb, and Gordon A. Vehar, Dept. o f  Prote in  Biochemistry, Genentech, Inc., South 
San Francisco, CA 94080. 

Tissue-type plasrninogen a c t i v a t o r  (t-PA) i s  synthesized as a s i n g l e  po lypept ide 
chain. It can be hydrolyzed t o  a two-chain p r o t e i n  a t  a s i t e  which i s  analogous t o  the 
" a c t i v a t i o n  s i t e "  i n  most s w i n e  proteases. Dansyl-glutamyl-glycyl-arginyl chloromethyl 
ketone (DEGR-CK) was shown t o  i n a c t i v a t e  both one-chain and two-chain human, recombinant 
t - P A  which was obtained from t h e  supernatants o f  mammalian c e l l s  i n  t i s s u e  cu l tu re .  The 
i n t e r a c t i o n  o f  DEGR-CK w i t h  t - P A  was accompanied by an increase i n  the  f luorescence 
i n t e n s i t y  and a b lue s h i f t  i n  t he  wavelength o f  maximum emission. 
i n t e r a c t i o n  o f  t - P A  w i t h  DEGR-CK could be fo l lowed by both loss o f  a c t i v i t y  and an 
increase i n  fluorescence. The second order r a t e  constants (k /K.) obtained w i t h  these two 
methods agreed q u i t e  wel l .  The r a t e  a t  which one-chain t - P A  f s  I nac t i va ted  by DEGR-CK i s  
15- fo ld  lower than the  r a t e  w i t h  two-chain t -PA.  The r e s u l t s  demonstrated, however, t h a t  
the hyd ro l ys i s  o f  t he  one-chain p r o t e i n  t o  the two-chain form i s  no t  requi red f o r  
r e a c t i v i t y  w i t h  DEGR-CK. 
f i b r i n o l y s i s .  
may help regulate the l y s i s  o f  c l o t s .  

The k i n e t i c s  o f  the 

Both one-chain t - P A  and two-chain t - P A  are a c t i v e  i n  
However, t h e i r  a b i l i t y  t o  i n t e r a c t  d i f f e r e n t l y  w i t h  other  plasma p ro te ins  

E78 INHIBITION OF PROTEOLYTIC PROCESSING OF PRECURSORS TO C3 AND C4, Glen Hor t in  and 
Arnold W. S t r auss ,  Washington Un ive r s i ty ,  S t .  Louis,  M0 63110 

A series of m i n e s ,  recognized  as lysosomotropic  agen t s ,  i n h i b i t e d  the  convers ion  of the  
s ing le -cha in  p recu r so r s  of t h e  t h i r d  and f o u r t h  components of complement (proC3 and proC4) 
t o  t h e i r  mature forms i n  the  human hepatoma-derived ce l l  l i n e  HepGL. Process ing  of C3 and 
C4 w a s  a s ses sed  by l a b e l i n g  c e l l s  wi th  r3H1leucine,  i s o l a t i n g  l abe led  C3 or C4 from c u l t u r e  
medium by immunoprec ip i ta t ion ,  and ana lyz ing  t h e  immunoprecipitates by SDS-polyacrylamide 
g e l  e l e c t r o p h o r e s i s .  In t h e  absence  of t he  amines these  cel ls  sec re t ed  predominantly C3 and 
C4. When 0 .2  mM chloroquine ,  2 mM amantadine,  5 mM t r i e thy lamine .  5 mM cyclohexylamine, 5 
mM benzylamine, 5 mM tyramine, 5 mM benzamidine, or 5 mM procainamide was included i n  
c u l t u r e  medium, proC3 and  proC4 became t h e  predominant s e c r e t o r y  forms. Methylamine, 
ammonium ion ,  and tris(hydroxymethy1)aminomethane a t  a concen t r a t ion  of 10 mM had a lesser 
e f f e c t .  In pulse-chase experiments c leavage  of proC3 was i n h i b i t e d  by a d d i t i o n  of chloro-  
qu ine  t o  medium up t o  one hour a f t e r  s y n t h e s i s  of t he  p r o t e i n .  Thus, t he  amines probably 
a f f e c t e d  process ing  of t h e s e  p r o t e i n s  i n  a d i s t a l  compartment a long  t h e  s e c r e t o r y  pathway. 
Other  agen t s ,  monensin and n i g e r i c i n ,  known t o  r a i s e  t h e  pH of a c i d i c  i n t r a c e l l u l a r  compart- 
ments a l s o  i n h i b i t e d  the  c leavage  of proC3 and proC4. Our r e s u l t s  sugges t  t h a t  c leavage  of 
proC3 and proC4 occur s  wi th in  an a c i d i c  compartment a long  the  s e c r e t o r y  pathway, and t h a t  
c leavage  i s  i n h i b i t e d  when t h e  pH of t h i s  compartment is r a i s e d .  

E79 SELECTIVE PROTEASE ACTION ON A MAMMALIAN ENDOCELLULAR ENZYME: ASPARTATE TRANS- 
AMINASE. Ana I r i a r t e ,  H o l l y  Hartman, and Marino Mart inez-Carrion, V i r g i n i a  Comnon- 

weal th  Univers i ty .  Richmond, VA 23298. 

Proteases are s e l e c t i v e  f o r  the NH - terminal  reg ion o f  hear t  aspar tate transaminase. These 
regions overlap, through severa? hydrophobic contacts, the surface reg ion o f  the 
accompanying subunit.  Release o f  small molecular weight peptides from each subuni t  produces 
l oss  o f  c a t a l y t i c  a b i l i t y .  The a c t i o n  o f  t r yps in ,  b u t  n o t  o f  o ther  proteases, i s  i n h i b i t e d  
by polyphosphates, i nc lud ing  nucleotides. This  i s  through e l e c t r o s t a t i c  b ind ing  t o  an 
external  reg ion (probably Lys-19) o f  the transaminase d i s t a n t  from i t s  a c t i v e  s i t e .  The 
a c t i o n  o f  proteases leads t o  i n a c t i v a t i o n  due t o  a conformational change i n  the  transaminase 
s t r u c t u r e  induced by the loss o f  the NH - terminal  peptide. This i s  detected by spectro- 
scopic and c a l o r i m e t r i c  s tud ies on the Grotease-treated transaminase. A f t e r  loss o f  the 
NH - terminal  peptide(s) o the r  proteases f i n d  i t  eas ie r  t o  a t tack  the remaining core prote in .  
R e 8 e r s i b i l i t y  o f  the i n i t i a l  protease i n a c t i v a t i o n  is being attempted us ing syn the t i c  
peptides cova len t l y  attached t o  the  core :ransaminase through a c o n t r o l l e d  reversa l  o f  t he  
i n i t i a l  p r o t e o l y t i c  event. E f f i c i e n c y  o f  resynthesis'' i s  monitored f o l l o w i n g  a c t i v i t y  and 
by imnunoelectrophoretic methods. It i s  f e l t  that ,  whether the coenzyme pyr idoxal  phosphate 
i s  bound (holoenzyme) o r  n o t  (apoenzyme), the i n i t i a l  p r o t e o l y t i c  event induces a new 
conformational s t ruc tu re  o f  the transaminase t h a t  i s  t r i g g e r - f a c i l i t a t o r  o f  subsequent 
p r o t e o l y t i c  h i t s .  (Supported by HL-22265). 
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HUMAN LUNG MAST CELL TRYPTASE. David A. Johnson, Biochem. Dept. Quillen- 
Dishner College of Medicine, East Tenn. State Univ., Johnson City, TN 37614 

E80 

Tryptase, a trypsin-like enzyme, is the major serine proteinase of human mast 
cells. The in vivo function of tryptase 
is unclear, but it must be involved in the limited proteolysis of a specific substrate 
because activity on denatured proteins such as casein is very limited. One hallmark of 
this enzyme is its resistance to inhibition by protein proteinase inhibitors, such as 
alpha-1-proteinase inhibitor, alpha-2-macroglobulin and protease nexin. 
fails to cleave the bait region of alpha-2-macroglobulin. The enzyme does not activate 
procollagenase or degrade proteoglycan, which are processes catalyzed by trypsin. 
Tryptase has a high affinity for heparin, another component of mast cells. In vitro 
studies show that heparin stabilizes the activity of tryptase. 

It appears to exist as a tetramer of 125 kDa. 

Tryptase also 

-__ 

Previously, tryptase has been isolated as a mixture of forms differing by 
approximately 500 in subunit molecular weight. 
cellulose phosphate column by affinity elution with heparin. The high M. W. form was 
found to be 96% active while the low M. W. form was only 16% active. Incubation of the 
high M.W. form for 24 hrs at 37OC did not result in its autolysis to the low M.W. form. 
The high M.W. tryptase seems to be more active on dibasic synthetic peptide substrates. 
The activities and structures of these two forms will be compared. 

These forms have been separated on a 

E81 REGULATION OF RATTLESNAKE VENOM PROTEOLYTIC AND HEMORRHAGIC ACTIVITY BY INHIBITORS 
ISOLATED FROM OPOSSUM SERUM, Lawrence F. Kress, Joseph J .  Catanese and Lowell G. 
Sheflin, Roswell Park Memorial Institute, Buffalo, N.Y. 14263 

Rattlesnake bite in most mammalian victims results in extensive localized hemorrhage 
caused by metalloproteinases in the crude venom. However, opossums show little or no 
localized effects following venom injection, and the gelatinase and hemorrhagic activity of 
crude rattlesnake venom can be blocked in vitro by whole opossum serum. Fractionation of 
opossum serum led to the purification of an inhibitor designated oprin (yossum proteinase 
inhibitor) which formed inactive complexes with venom metalloproteinases, but did not react 
with HTa, the most active hemorrhagic toxin from C. atrox venom (Fed. Proc. 44, 1431 
(1985)). A metalloproteinase inhibitor similar in size to oprin (Mr = 50,000) and differing 
in charge has now been isolated from opossum serum. This inhibitor blocks both the 
proteolytic and hemorrhagic activity of HTa. 
al-antichymotrypsin have also been purified. 
respectively, but have no effect on venom metalloproteinases. Opossum a PI retains 
inhibitory activity in the presence of venom or venom metalloproteinases under conditions 
in which human Q ~ P I  is totally inactivated. 
metalloproteinase inhibitor, oprin, and of the specific hemorrhagic toxin inhibitor partly 
account for the resistance of the opossum to rattlesnake envenomation. The results with 
opossum a PI in3icate that there are naturally occurring form of this inhibitor which are 
resistant to inactivation by venom metalloproteinases. 

- 

Opossum a1-proteinase inhibitor (alPI) and 
These inhibit trypsin and chymotrypsin, 

1 

The presence in opossum serum of the 

1 

E82 DAHA(3E AND REMOVAL OF A WINONE-BINDINQ PROTEIN OF THE CHLOROPLAST MEMBRANE: 
A MODEL SYSTEM TOSTUDY MEMBRANE PROTEIN TURNOYER. David J. Kyle, M a t &  
Corporation, 91  15l3uilfordRd, Columbia MD 21046. 

A 32 kDa ChlcirOplEst membrane protein (the O-protein) is k m n  to be involved in the transfer 
of electrons from Photas@m 11 to oxidized plastoquim. Cwmqmntly. the enzymatic activity 
is dnalqpus to the W P  reductase ample: of mitochondria The electron transfer c a t a m  by 
the @-protein occurs in two steps; the first results in the formation of a tightly-bound 
s e m i q u i m  mion rdicsl, and the lEcMd results in the protmatim and release of the doubly 
reduced p l u s t q i m .  Under high intensity illumination the q u i m  pml is fully reduced, 
dun* ensues at the level of the (W-protein and it is repidw removed from the membrane. We 
suggast that when the i m  pmi beceines overly reducad, oxygm can su;csssrully cumpete with 
the oxidized q u i m  % the binding site on this -8 and the resulting electron transfer 
p r a k s s  supermi* at the active site. We further sugg?& that the resulting oxidatim of en active 
site residue axlses a conformational to the protein rendering i t  mcire susceptible to 
protease attad;. A rapid turnwer of mitochondria1 membrme proteins upon reduction of the 
ubiquinme pa11 sugpts that this might be a universal pheromemn among quim-binding 
proteins. Pretiminay results indicate that a very stable. membrane-hnd protease is involved 
which does mt reqiire ATP S i m  the rateof @-protein turnover is mily amtrolled f turnover 
is prqmrtiotml to li@t intensity) we can use this system to identify molecular mechmisms 
involved in the ickntification and removal of abermt membrane proteins. 
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E83 HUMAN VASCULAR SMOOTH MUSCLE CELLS (HVSMC) PRODUCE INHIBITORS OF 
PLASMINOGEN ACTIVATORS (PA). Fi.E.Laug, A.T'Ang. C.Y.Cheng. Childrens 
Hospital of Los  Angeles, Los Angeles, CA 90027, USA. 

plasminogen activator (t-PA). 
reverse fibrin autography showed PA hhibitory activities in the molecular weight 
range of 50,000 to 55,000. 
by acid treatment. Heparin-sepharose chromatography of the IJVSMC conditioned 
medium allowed for the detection of a protease nexin like substance forming SDS 
resistant complexes with thrombin and PA. 
with an approximate Mr of 50,000 was found in the unabsorbed fractjons of the 
heparin-sepharose rolumn. After purification by means of DEAE ion exchange and 
Con-A sepharose chromatography a preparation was obtained which was resistant to 
treatment with acid (pH 2.5, 1 hr.), trypsin, dithiothreitol, urea. guanidine-HC1 
and SDS. The inhibitor neutralized both u-PA and t-PA, plasmiri and trypsin and in 
contrast to protease nexin, also pancreatic elastase. The production of two 
distinct PA irbjbitors by HVSMC may be of importance in the pathobiology of 
thrombus formation in arteriosclerotic vessels as well as in the natural 
resistance of large vessels to tumor cell invasion. 

Medium conditioned by hVSMC inhibits urokinase (u-PA) and tissue type 
Analysis of this medium by SDS-PAGE followed by 

These inhibitory activities were partially destroyed 

An additional, acid stable PA inhibitor 

E84 PROTEOLYTIC PROCESSING OF EN~PHALIN PRECURSORS BY A CHROWIN G ~ E  
TRYWIN-LIKE PROTEASE. I.Lindberg, Dept. of Biochemistry, L.S.U. Med. School, 
New Orleans, LA 70119 

Several years ago, we reported the identification and partial purification of a trypsin- 
like protease from bovine adrenal chromaffin granules which may be involved in the 
biosynthesis of enkephalins (BBRC 106, 186, 1982); this protease is inhibited by DFP, 
soybean and lima bean trypsin inhibitors, but not by TLCK,  PCME, or leupeptin. Current 
work has centered on defining the specificity of the reaction of this protease with 
purified enkephalin precursors. We have used the 5.3 kDal fragment of proenkephalin 
(which terminates in the sequence YGCFMRGL); the 8.6 kDal fragment of proenkephalin 
(terminating in YGGFM); and Peptide B (terminating in YGGFMRF). All of these precursors 
occur naturally within chromaffin granules. Digestion products were characterized by 
their retention times on HPLC as well as by radioimmunoassays directed against the carboxyl 
terminal enkephalins. The results indicate that the chromaffin granule protease is capable 
of correctly cleaving these precursors at pairs of basic residues to yield the intact 
enkephalins. Further cleavage of YGGFMRGL to YGGFMR was not observed. The enzyme does not 
appear to be a kallikrein; no generation of bradykinin from human low molecular weight 
kininogen was measurable by radioimmunoassay. These results provide further evidence 
for the involvement of this chromaffin granule protease in the biosynthesis of enkephalins. 

E85 PMRHACOLOGICAL. HODULATIOU OF PLASHIUOCEU ACTIVATOR LEVEL IN P388D1- CONDITIOUED 
HEDIUW G. Chow. A. Woronick. P. Kinkade. R. DeLeon and H. Matteo, Boehringer 
Ingelheim Pharmaceuticals, Inc.. Ridgefield, CT 06877 

P388D1, a continuous line derived from mouse mscrophages, secretes proteases constitutively, 
at levels comparable to those secreted by elicited macrophages. These levels are reduced 
considerably by dexamethasone (OEX), while levels of constitutively secreted lysozyme are 
unaffected (Werb, Z., (1978) J. Inununol. 121). In this study, the effects of DEX, 
auranofin (AUW and indomethacin (IUD) on plasminogen activator (PA) activity of P388D1 
conditioned media (CX) were compared. 
1640 containing 10% acid-treated fetal calf serum +/- DEX, AUR or IUDO. Conditioned media 
were harvested at 48 or 72 hrs, centrifuged, desalted and assayed for PA, inhibitor of PA 
(IPA) and lysozyme activities. PA activity was determined kinetically by the plasminogen- 
dependent hydrolysis of chromogenic peptide S-2251 or, qualitatively, by fibrinolysis. IPA 
was measured by the decrease in activity of exogenously added PA (from P388Dl CHI or uro- 
kinase. DEX (.01-1 m) and AUR (1 m) substantially decreased detectable PA levels, while 
IUD0 increased slightly or had no effect on PA. The drug effects were not caused by direct 
action on PA itself. Lysozyme levels were unaffected by the drug treatment. Conditioned 
serumless media were then prepared +/- DEX (.Ol W; 0.2% lactalbumin hydrolysate in RPHI 
1640) .  Fractions from an HPLC anion exchange column of the +DEX Cn were inhibitory to both 
PA (fraction from -DEX CH) and urokinase. suggesting the presence of a dexamethasone-induced 
inhibitor. 

P388D1 cells were cultured in 5% COP at 37°C in RPHI 
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Transcellular transport of polymeric IgR from serum to bile in rat he atoc tes is 
mediated by a l0SKd membranous form of secretory component (mSC). 
bound IgR) 1 5  cleaved and released into the bile as a soluble 68Kd protein (fSCf. We 
have used monolayer cultures of rat he atocytes, which synthesize mSC and efficiently 
cleave it to fSC, to determine the celeular site of this conversion. Cleavage of 
C35SlCys-mSC in hepatocytes is inhibited by leupeptin (60% inhibition at 50 ug/ml) but 
not by DFF' pepstat in, o-phenanthroline or NEM. C35SlCys-mSC accumulated In the 
Dresence OF leupeptin is released as fSE following leupeptin removal and incubation at 
37C. Small amuunts of fSC are also produced by hepatocytes shifted to leupeptin-free 
media at 4C. Following leupeptin removal production of fSC at 4C is abolished if cell 
surface mSC is first removed by trypsinizhion at 4C. Prior trypsin treatment does not 
prevent fSC production if the subsequent incubation is at 37C, suggestin that cleavage 
occurs at the plasma membrane. 
intracellular based on insensitivity to trypsin digestxon at 4C lactoperoridase 
catalyzed iodination of hepatocytes at 4C wa5 used to selectively label surface mSC with 
1251. Surface Cl2511-mSC is converted to fSC by cells at 4C Indicating that cleavage 
occurs on the cell surface because: 
there is a 70% decrease in fSC generation by addition of anti& antiserum. Warming of 
iodinated monolayers to 37C for 18 minutes results ir. complete internalization ftrypsin 
insensitivity) of Cl25II-mSC. If these cells are returned to 4C no cleavage of the 
intracellular Cl25Il-mSC is seen. In addition lasma membrane [1251I--RIsC 15 cleaved to 
fSC following dounce bomogenization whereas C1!25~l-mSC internalized by cells 
disruption is not cleaved. 
surface but not intracellularly This most like1 reflects localization of the protease 
un the cell surface. 

MEMBRRNE SECRETORY COMPONENT IS CLERVED ON THE CELL SURFRCE OF RRT HEPRTOCYTES 
Linda 5. Musil and Jacques U. Baenziger, Washington U., St. Louis, MO 63110 

mS! (with or without 

Since 80-30% of C35SlCys-mSC in hepatocytes is 

1) C12511-mSC remains tgy sin sensitive at 4C and 2) 

rior to 
Thus, rat hepatocyte mSC 1s converted to fSC at tCe cell 

Supported'by NCI grant ROl-ER21323. 

E87 PURIFICATION AND CHARACTERIZATION OF A HUMAN RHEUMATOID SYNOVIAL METALLOPROTEINASE 
THAT DIGESTS CONNECTIVE TISSUE MATRIX COMPONENTS. 
Yasunori Okada, Edward D. Harris, Jr., and Hideaki Nagase: UMDNJ-Rutgers Medical 
School ,  Departments of Medicine and Biochemistry,  Piscataway, New J e r s e y  08854 

Two a c t i v e  forms o f  a me ta l lop ro te inase  t h a t  d i g e s t s  proteoglycans and o t h e r  connec- 
t i v e  t i s s u e  components  were p u r i f i e d  t o  homogenei ty  from t h e  c u l t u r e  medium of human 
rheumatoid s y n o v i a l  c e l l s .  The r e l a t i v e  molecu la r  masses of t h e  two forms were est imated 
t o  be 45,000 and 28.000 by SDS/polyacrylamide g e l  e l ec t rophores i s .  whereas t h e  l a t e n t  
p recu r so r  form was found t o  be Kr 51,000 by g e l  permeation chromatography. Both forms 
had o p t i m a l  a c t i v i t y  a t  pH 7.5-7.8, and t h e i r  a c t i v i t y  was i n h i b i t e d  by EDTA, 1,lO- 
phenanthrol ine,  t i s s u e  i n h i b i t o r  f o r  me ta l lop ro te inases  and d i t h i o t h r e i t o l ,  but no t  by 
o t h e r  i n h i b i t o r s  f o r  cys t e ine ,  s e r i n e  and a s p a r t i c  proteinases .  Removal o f  Ca2+ from t h e  
enzyme s o l u t i o n  r e s u l t e d  i n  a complete l o s s  of a c t i v i t y  which could be r e s to red  by t h e  
a d d i t i o n  of 1 m M  a2+. The a c t i v i t y  of t h e  apoenzyme was r e s t o r e d  by t h e  a d d i t i o n  of 
Zn2+, Co2+, o r  Hn'+ in t h e  p r e s e n c e  o f  5 mM C a 2 +  b u t  n o t  by e a c h  i n d i v i d u a l  meta l  ion 
alone.  The i d e n t i c a l  d i g e s t i o n  p a t t e r n s  o f  reduced, carboxymethylated human t r a n s f e r r i n  
and bovine serum albumin ind ica t ed  both a c t i v e  forms o f  t h e  enzyme have similar s u b s t r a t e  
s p e c i f i c i t y .  The enzyme degraded c a r t i l a g e  p r o t e o g l y c a n s ,  g e l a t i n ,  t y p e  I V  c o l l a g e n ,  
f i b r o n e c t i n ,  and removed t h e  NH2-terminal p r o p e p t i d e s  from c h i c k  t y p e  I p r o c o l l a g e n .  
This  enzyme may p l a y  a r o l e  in normal matr ix  tu rnove r  and i n  p a t h o l o g i c a l  d e s t r u c t i o n  of 
t h e  matrix.  

ACTIVE SITE MAPPING OF H U M A N  COMPLEMENT PROTEINS D. C Z  A N D  B WITH PEPTIDE 
THIOESTER SUBSTRATES A N D  SYNTHETIC INHIBITORS, James C. Powers, C h i h - M i n  Kam and 

E88 
John E. Volanakis. Georgia I n s t i t u t e  of Technology, A t l an ta ,  GA 30332 (C.M.K. and J.C.P.) and 
U. of Alabama, Birmingham, A L  35294 (J.E.V.) 

The s p e c i f i c i t y  and r e a c t i v i t y  of complement s e r i n e  proteases ,  D, B. C2, Bb. and CZa, were 
determined using a number o f  pept ide t h i o e s t e r  subs t r a t e s .  
were measured using the  t h i o l  r eagen t  4 ,4 ' -di thiopydridine a t  pH 7.5.  
contained a P Arg r e s idue ,  and the e f f e c t s  of var ious groups and amino a c i d s  i n  the  
P -P pos i t i oks  were determined. 
a$ t i$a t ion  s i te  sequence i n  B .  d ipep t ide  t h i o e s t e r s  containing a P 
b e s t  s u b s t r a t e s  f o r  D. 
Leu-Ala-Arg and Leu-Gly-Arg, which have the  same sequence a s  the cleavage s i t e  of C 3  and C5. 
B was t h e  l e a s t  r e a c t i v e  among these  complement enzymes and the b e s t  s u b s t r a t e  was 
Z-Lys-Arg-SBzl w i t h  a k / K  value of 1370. The c a t a l y t i c  fragment of B .  Bb, had 
higher  a c t i v i t y  toward $fi&seMpeptide t h i o e s t e r  subs t r a t e s .  The b e s t  s u b s t r a t e  f o r  Bb was 
Z-Gly-Leu-Ala-Arg-SBzl w i t h  a k / K  s i m i l a r  to C2a and 10 t imes higher than the  
value f o r  B.  These s y n t h e t i c  s68Itrgtes were a l s o  used to  study the  i r r e v e r s i b l e  
i n a c t i v a t i o n  of D. B, C2 and fragments Bb and C2a by several  c l a s s e s  of s e r i n e  protease 
i n h i b i t o r s .  Two i n h i b i t o r s  w i t h  p o s i t i v e l y  charged thiouryl  groups on the  isocoumarin r ing ,  
no t  only inh ib i t ed  p ro te in  0 b u t  a l s o  inh ib i t ed  CZ. 8.  C2a. and Bb t o  a lesser ex ten t .  

The  r a t e s  of t h i o e s t e r  hydrolysis  
Each s u b s t r a t e  

Among pept ide t h i o e s t e r s  corresponding t o  the 
Lys r e s idue  were the 

C2 and fragment C2a p re fe r r ed  hydrolyzing 6ep t ides  containing 
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The v a r i a b l e  d i s t r i b u t i o n  o f  t he  80-kDa subun i t  o f  two ca l c ium-ac t i va ted  proteases, c a l p a i n  
I and c a l p a i n  11, has been examined i n  Lg and Lg myoblasts,  and t h e i r  nonfus ing  v a r i a n t s ,  
f u - 1  and M3A us ing  non-cross- reac t ing  monoclonal an t i bod ies  t o  bo th  subun i ts .  Imnunof luo- 
rescence r e s u l t s  have shown t h a t  w h i l e  the  80-kDa subun i t  o f  c a l p a i n  I i s  l o c a l i z e d  i n  the  
cytoplasm o f  a l l  t he  myoblasts,  t h e  80-kDa subun i t  of  c a l p a i n  I1  appears t o  be predominant ly  
assoc ia ted  w i t h  t h e  plasma membranes o f  Lg and L6 myoblasts.  The d i s t r i b u t i o n  o f  t he  80-kDa 
subun i t  o f  c a l p a i n  I 1  i n  non- fus ing  myoblasts,  f u - 1  and M3A, i s  g e n e r a l l y  cy top lasmic  and 
d i f f u s e .  Immunoblot a n a l y s i s  o f  membrane and c y t o s o l  f r a c t i o n s  of a l l  t h e  myoblasts us ing  
the  monoclonal an t i bod ies  descr ibed above e s s e n t i a l l y  conf i rms the  imuno f luo rescence  
f i n d i n g s .  
competent, 1 6  and L myoblasts,  we suggest t h a t  c a l p a i n  I1  
may p l a y  a r o l e  i n  &he Ca2+-mediated f u s i o n  events o f  d i f f e r e n t i a t i n g  (p re fus ion)  myoblasts.  

POSSIBLE ROLE OF CALPAIN I AND CALPAIN I1 I N  DIFFERENTIATING MUSCLE, J u d i t h  E. 
Schol lmeyer,  Roman L .  Hruska U.S. Meat Animal Research Center,  C lay  Center,  NE 

Because c a l p a i n  I1 e x h i b i t s  a p e r i p h e r a l  d i s t r i b u t i o n  i n  c e l l s  which a re  fus ion -  
myab las ts  b u t  no t  i n  f u - l  and 

Ego AN INSULIN-STIMULATED PROTEASE I N  ADIPOCYTE PLASMA MEMBRANES POSSIBLY INVOLVED I N  
SIGNAL TRANSDUCTION, J. Sea l s  and J .  Quai l ,  U. Mass. Med. Sch., Worcester,  M a  01605 

A c r i t i c a l  element t o  be i d e n t i f i e d  i n  t h e  mechanism of a c t i o n  of a hormone o r  growth f a c t o r  
is  an  a c t i v i t y  c l o s e l y  l i nked  t o  t h e  l i gand  r ecep to r  t h a t  t ransduces t h e  binding event i n t o  
a c e l l u l a r  enzyine even t ,  i d e a l l y  one t h a t  t r i z g e r s  subseqaznt r egu la to ry  a c t i o n s .  I n  
i n s u l i n  a c t i o n ,  s e v e r a l  l i n e s  of evidence have l ed  to t h e  proposal t h a t  a p r o t e o l y t i c  event 
might be a common regu la to ry  s i g n a l  l i n k i n g  r ecep to r  binding t o  c e l l u l a r  a c t i o n s  ( J . B . C .  
- 255, 6529, 1980). 
membranes (PM) whose a c t i v i t y  i s  increased i n  t h e  presence of i n s u l i n .  F i r s t ,  p ro t ease  
a c t i v i t y  of i s o l a t e d  PM w a s  determined toward a gene ra l  s u b s t r a t e ,  ca se in  l abe led  with 
f luo resce in .  To ta l  a c t i v i t y  of c o n t r o l  PM w a s  about equa l ly  divided between s e r i n e  and 
t h i o l  p ro t ease  a c t i v i t i e s  a t  pH 7 .4 .  EGTA p a r t l y  i n h i b i t e d  t h e  s e r i n e  a c t i v i t y ,  i nd ica t ing  
a Ca*-dependent s e r i n e  p ro tease  component r ep resen t ing  5-10% of t h e  t o t a l  a c t i v i t y .  
t hese  measurements were made i n  t h e  presence of 5 nM i n s u l i n ,  t h e  same components were 
i d e n t i f i e d .  To ta l  a c t i v i t y  w a s  only s l i g h t l y  increased (9.0 
s e r i n e  p ro tease  component w a s  s i g n i f i c a n t l y  increased (112.5 + 19.4%). Second, PM were 
l abe led  wi th  3H-DFP followed by SDS-PAGE t o  r e so lve  p ro tease  components. I n  c o n t r o l  PM, a 
major band (58 kd) and n ine  minor bands were i d e n t i f i e d .  Labeling of one band (62 kd) bu t  
no o t h e r s  was increased 35.7 5 12.2% i n  t h e  presence of i n s u l i n .  These r e s u l t s  a r e  consis-  
t e n t  with a PM-associated, Ca *-dependent s e r i n e  p ro tease  s t imu la t ed  by i n s u l i n  whose r o l e ,  
y e t  t o  be determined, might be i n  e l i c i t i n g  t h e  c e l l u l a r  response t o  i n s u l i n .  

We have t h e r e f o r e  a t tempted t o  i d e n t i f y  a p ro tease  i n  rat  ad ipoc te  plasma 

When 

5.7%),  but  t he  Caw-dependent 
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Center1,  and Depts of Genet ics  and Ce l l  Biology2 and Laboratory Medicine and Pathology3, 
Un ive r s i ty  of Minnesota, Minneapolis,  MN 55417 

Plasminogen a c t i v a t o r  (PA) a c t i v i t i e s  are increased du r ing  embryonic and f e t a l  growth. 
We examined plasminogen a c t i v a t o r  a c t i v i t i e s  i n  t h e  r a t  p r o s t a t i c  complex of Sprague-Dawley 
rats of d i f f e r e n t  ages  from b i r t h  t o  sexua l  ma tu r i ty  to determine if t h i s  p ro tease  is 
as soc ia t ed  wi th  t h e  establ ishment  of t i s s u e  o rgan iza t ion  i n  t h i s  gland.  
p r o t e i n  d i d  no t  change s i g n i f i c a n t l y  i n  p r o s t a t i c  complexes (which included t h e  seminal 
v e s i c l e s )  i n  animals  2-3, 15-16, and 21 days of age ( t h i s  i nc ludes  t h e  per iod of a c i n a r  
developmenr, formation of lumina i n  d u c t s  and a c i n i ,  and c y t o d i f f e r e n t i a t i o n  of e p i t h e l i a l  
s ec re to ry  c e l l s ) .  
70 day o l d  animals.  
27 fo ld  i n  t h e  d o r s o l a t e r a l  p r o s t a t e  (2  and 14 f o l d  r e spec t ive ly  when expressed pe r  u n i t  DNA) 
during growth from t h e  sexua l ly  immature t o  t h e  mature s t a t e .  
a c t i v i t i e s  of t h e  v e n t r a l  p r o s t a t e  i n  t h e  a d u l t  c o r r e l a t e s  with t h e  f ind ing  of PA a c t i v i t i e s  
i n  i ts  s e c r e t i o n s .  Thus, no t  on ly  a r e  PA a c t i v i t i e s  e l eva ted  during p r o s t a t i c  development, 
but  i n  t h e  v e n t r a l  p r o s t a t e  i t  is  an expression of t h e  d i f f e r e n t i a t e d  sec re to ry  func t ion  of 
t h e  gland.  
e s t a b l i s h e d .  

PLASMINOGEN ACTIVATOR ACTIVITIES I N  THE DEVELOPING RAT PROSTATE, Akhouri A. Sinha1,Z 
Richard D .  Estensen3, James  E.H. Powell1, and Michael J. WilsonI.3, V.A. Medical 

PA a c t i v i t y / u n i t  

The ind iv idua l  l obes  of t h e  p r o s t a t i c  complex were d i s sec t ed  from 21 and 
PA a c t i v i t i e s l u n i t  p r o t e i n  decreased 4 f o l d  i n  the v e n t r a l  p r o s t a t e  and 

The s u b s t a n t i a l l y  higher  PA 

The c o n t r o l  of  PA expression f o r  t h e s e  two s e p a r a t e  purposes remains t o  be 
(Supported i n  p a r t  by gene ra l  r e sea rch  funds of t h e  VA and N C I  g r an t  CA-221951 
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~ 9 2  HW BRONCHIAL LEUKOCYTE PROTEINASE INHIBITOR: EVIDENCE FOR A PRECURSOR. C.E. 
Smith and D.A. Johnson, Biochem. Dept.. East Tenn. State Univ., Johnson City, TN 

The secretions of the upper respiratory tract contain a low M.W. (11 kDa) acid stable 
inhibitor known as bronchial leukocyte proteinase inhibitor (BLPI) that apparently functions 
to inhibit human neutrophil elas 
extravascular leukocytes (Ki=IO-"H, 10- M resp.). BLPI is present in a variety of 
seromucous secretions including those of salivary glands. 
protein, we have investigated the possibility that BLPI may be derived from limited 
proteolysis of a larger precursor. 
developed and used to analyze human saliva for precursors of BLPI. Antigen (BLPI) is first 
blotted to nitrocellulose, then incubated with affinity purified rabbit antibody (anti-BLPI) 
followed by incubation with peroxidase tagged anti-rabbit IgG. A bright blue color results 
where the original antigen (BLPI) was present. Densitometrv tracings of these blots allows 
quantitation of BLPI in the picogram range. This assay in conjunction with western blot 
analysis of cetyl-pyridinium C1 treated saliva show a possible BLPI precursor of 280 kDa. 
Gel filtration of the treated saliva on Sephacryl S-200 gives a small peak at 89 kDa that 
contains HNE inhibitory activity. Polyacrylamide gel electrophoresis (SDS and reduced) of 
this peak shows a single band at 70 kDa that is immunologically cross-reactive with BLPI and 
indicates that the HWE inhibitory activity observed, was not due to complexation of BLPI 
with other saliva components. 
(Supported by The Health Effects Institute.) 

se (HNG) and cathepsin G (Cat G )  released from 

Since BLPI is a secretory 

A simple quantitative immuno-blot assay for BLPI was 

These data suggest that BLPI is excreted as a precursor. 

E93 THE KINETICS OF THE INHIBITION OF THROMBIN BY HIRUDIN 
Stuart R. Stone and Jan Hofsteenge, Friedrich Miescher Institute, 
P.O. Box 2543, CH-4002 Basel, Switzerland 

The dissociation constant for hirudin was determined by varying the 
concentration of hirudin in the presence of a fixed concentration of enzyme 
and tripeptidyl E-nitroanilide substrate. The estimate of the dissociation 
constant determined in this manner diplayed a dependence on the 
concentration of substrate which suggested the existence of two competitive 
binding sites for the substrate. A high affinity site could be correlated 
with the binding of the substrate at the active site and the other site 
displayed an affinity for the substrate that was two orders of magnitude 
lower. Extrapolation to zero substrate concentration yielded a value of 20 
femtomolar for the dissociation constant of hirudin. The dissociation 
constant for hirudin was markedly dependent on the ionic strength of the 
assay; it increased 20-fold when the ionic strength was increased from 0.1 
to 0.4. This increase in dissociation constant was accompanied by a 
decrease in the rate with which hirudin associated with thrombin. This 
rate could be measured with a conventional recording spectrophotometer at 
higher ionic strength and was found to be independent of the binding of 
substrate at the active site. 

E94 T H E  UBIQUITIN/ATP-DEPENDENT PATHWAY: E V I D E N C E  THAT iT EXISTS IN E Y E  LENS A N D  PLAUSI-  
B L E  R O L E  iN CATARACT FORNATION, Allen Taylor ,  J e s s i ca  Jahngen, Joanne Blondin.  

USDA Human Nut r i t i on  Research Center on Aging a t  Tuf t s  Univ. ,  711 Washington S t . ,  Boston, MA 
T h e  s o l e  func t ion  o f  t he  eye l e n s  i s  t o  c o l l e c t  and focus l i g h t  on the  r e t i n a .  Accord- 

i n g l y ,  the l e n s  m u s t  remain c l e a r  throughout l i f e .  With inc reas ing  age the l e n s  becomes 
c louded ,  and i n  over  252 of t he  e l d e r l y ,  o p a c i f i e d .  Catarac tous  o p a c i t i e s  a r e  due in p a r t  
t o  the  accumulation, aggrega t ion  a n d  eventua l  p r e c i p i t a t i o n  of  damaged l ens  p ro te ins .  I n  
many c e l l  systems damaged p ro te ins  a r e  r a p i d l y  ca t abo l i zed  by p ro teases .  Thus, we endeav- 
ored t o  e s t a b l i s h  models i n  which t o  s tudy  the  e f f e c t s  of  aging on pro teo lys i s  and t o  d e t e r -  
mine i f  the p r e c i p i t a t i o n  of  l e n s  p ro te ins  i s  due t o  f a i l u r e  o f  p r o t e o l y t i c  systems upon 
ag ing .  Using UVA and U V B  i r r a d i a t i o n  a s  a model of  age r e l a t e d  photooxida t ion ,  we show tha:: 
1 )  a f t e r  60 min aminopeptidase a c t i v i t y  i s  d iminished;  2 )  a f t e r  120  min p ro te in  aggrega t ion  
i s  obvious and 3)  15mM ascorba te  de lays  both of  t hese  damages. 

vivo lens  sys tems,  we show t h a t  t he  lens  con ta ins  a f u l l y  func t iona l  ub iqu i t in - l ens  p r o E i n  
K u g a t i n g  system which appears  t o  be a t t enua ted  w l t h  age.  
pa i red  i n i t i a t i o n  of  p ro teo lys i s  v i a  t h e  ub iqu i t in  pathway a n d  impaired p r o t e o l y t i c  capa- 
b i l i t i e s  may account f o r  the  accumulation o f  damaged p ro te ins  in ca t a rac tous  o p a c i t i e s .  
Such photooxida t ive  damage may be delayed with a n t i o x i d a n t s .  

Supported by g ran t s  t o  Allen Taylor from USDA/ARS, F ight  fo r  S i g h t ,  Mass Llons Eye 
Research Fund, Inc . ,  N . I . H .  

Next, we monitored t h e  i n i t i a t i o n  of  l e n t i c u l a r  p r o t e o l y s i s .  Using c e l l  f r e e  and in 

This d a t a  sugges ts  t h a t  im- 
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E95 SPECIFIC LABELING OF CELL SURFACE PROTEOLYTIC PRODUCTS, James  A. 
Thompson, Alice L. Lau, and Dennis D. Cunningham, Department of Microbiology and 

Molecular Genetics, College of Medicine, University of California, Irvine, CA 92717. 
A procedure was developed to detect  proteolytic cleavages at cell surfaces using a watersoluble 
form of the 1251-labeled Bolton-Hunter reagent, sulfosuccinimidyl-3~4+ydroxyphenyl) propionate 
(sulfoSHPP). This method was developed in order to de t ec t  thrombin generated cell surface 
cleavagek) as the initiating eventk)  in the mitogenic stimulation of fibroblasts by thrombin. 
Membrane proteins were labeled before or a f t e r  t reatment  with thrombin. Comparison of labeled 
proteins on a n  autoradiogram revealed thrombin substrates as bands that  disappeared a f t e r  t reatment  
of cells with thrombin while products of proteolysis were bands that  appeared. Since sulfoSHPP 
labels f ree  amino-groups, new amino-termini produced by proteolysis were preferentially labeled. In 
addition, t he  sensitivity of labeling of new amino-termini was increased by blockage of existing 
amino-termini and lysines by incubation of cells with unlabeled sulfo-SHPP before the generation of 
new amino-termini as a result of thrombin treatment.  In this way, amino-terminal proteolytic 
fragments were specifically labeled and easily identified by autoradiography. Resolution was 
enhanced by fractionation of labeled membrane proteins by selective extraction with detergents 
before electrophoresis. 

E96 
Estensen2, VA Medical Center1 and Dept. Laboratory Medicine and Pathology? Universi ty  of 
Minnesota, Minneapolis,  MN 55417 

Plasminogen a c t i v a t o r s  (PA) are increased i n  oncogenesis.  Since p r o s t a t i c  neop las i c  
changes occur w i t h  aging i n  rats and humans, we undertook a s tudy  of the  v e n t r a l  and dorso- 
l a t e r a l  p r o s t a t i c  l obes  of Fischer-344 rats of d i f f e r e n t  ages  t o  determine whether a l t e r e d  
PA a c t i v i t i e s  r e s u l t  from aging a lone  o r  t h e  pathology concurrent  w i th  aging. P ro te in  and 
DNA con ten t  of t h e  v e n t r a l  w a s  decreased only i n  30 month o l d  animals.  The v e n t r a l  
p r o s t a t e s  of 30 month o l d  rats had widespread e p i t h e l i a l  a t rophy and small  f o c i  of i n t r a -  
g l andu la r  a t y p i c  hype rp la s i a  and/or  adenocarcinoma. 
a c t i v i t y l u n i t  p r o t e i n  o r  DNA i n  v e n t r a l  p r o s t a t e s  of 2-3, 5 ,  and 16 month o l d  animals.  
However, PA a c t i v i t i e s  w e r e  about 20 f o l d  h ighe r  i n  v e n t r a l  p r o s t a t e s  of 30 month o l d  
animals.  
t h e  d o r s o l a t e r a l  p r o s t a t e .  
changes i n  t h i s  lobe.  Thus, it appears  t h a t  p r o s t a t i c  plasminogen a c t i v a t o r  a c t i v i t i e s  
do not  change i n  a s s o c i a t i o n  wi th  aging a lone ,  but  w i th  development of a t y p i c a l  t i s s u e  
o rgan iza t ion .  (Supported i n  p a r t  by gene ra l  r e sea rch  funds of t h e  VA and N C I  g r an t  
CA 22195). 

PLASMINOGEN ACTIVATOR ACTIVITIES I N  THE VENTRAI, AND DORSOLATERAL PROSTATIC LOBES OF 
AGING FISCHER-344 RATS, Michael J.  WilsonL? Jane t  V. Ditmanson2, and Richard D. 

There w a s  no change i n  PA 

On t h e  o t h e r  hand, t h e r e  w a s  no change i n  PA a c t i v i t i e s l u n i t  p r o t e i n  or DNA i n  
There w a s  a l s o  no p reva len t  e p i t h e l i a l  a t rophy nor n e o p l a s t i c  

Hemostatis, Posttranslational Modification, and Therapeutic Uses 

E97 RAPID ISOLATION OF SERPIN LEAVING PEPTIDE: USE OF METHOD IN THE IOENTIFICATION OF 
A NEW REACTIVE CENTER VARIANT OF ANTITRYPSIN, Stephen 0. Brennan and Robin W .  

C a r r e l l ,  Molecular Pathology Laboratory,  Pathology Department, C l in i ca l  School of Medicine, 
Chris tchurch Hosp i t a l ,  Chris tchurch,  New Zealand 

T h e  t i g h t  a s s o c i a t i o n  between t h e  leaving pept ide and post-complex a n t i t r y p s i n  was 
r e spons ib l e  f o r  the erroneous N-terminal placement of t h e  a c t i v e  site. The d i f f i c u l t y  of 
i s o l a t i n g  t h e  leaving pep t ide  a l s o  led t o  a n t i t r y p s i n  being descr ibed a s  a double-headed 
i n h i b i t o r .  We repor t  a one-step SDS/ethanol f r a c t i o n a t i o n  procedure f o r  i s o l a t i n g  t h e  
C-terminal leaving pept ide.  

Chris tchurch 363 Glw>Lys.  This s u b s t i t u t i o n  involves  an a l t e r a t i o n  i n  charge a t  t h e  P5 
r e s idue  of the r e a c t i v e  c e n t e r .  Competition experiments showed t h a t  AT Chris tchurch reacted 
a t  t h e  same r a t e  as  normal AT i n  the presence of l i m i t i n g  amounts of t r y p s i n  and leukocyte  
e l a s t a s e .  Both i n h i b i t o r s  were inac t iva t ed  by c a t a l y t i c  amounts o f  papain: t h i s  i nac t iva -  
t i o n  was due t o  cleavage a t  t h e  P7 pos i t i on .  There i s  no obvious c l i n i c a l  cond i t ion  
a s soc ia t ed  w i t h  t h i s  new a n t i t r y p s i n ,  a t  l e a s t  when present  i n  the heterozygous s t a t e .  

T h i s  procedure was used i n  the i d e n t i f i c a t i o n  of a new v a r i a n t  o f  a n t i t r y p s i n ,  
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E98 STRUCTURE OF SERPINS AND DESIGN OF SPECIFIC INHIBITORS. Robin W.Carrel1, 
Molecular Pathology Laboratory. Clinical School of Medicine (University of Otago), 
Christchurch Hospital, Christchurch. New Zealand 

The ancestral serpin appeared 500 million years ago and subsequent divergence has 
given the family of inhibitors that control mammalian proteolytic cascades. Homology 
alignment of 14  members indicates a conserved tertiary structure with three areas of major 
variation: N-terminal extensions, the reactive centre and its associated loop peptide. 
Variation of the reactive centre 
specificity in a generally predictable way 

K assoc HNE PPE Trypsin Thrombin Kallikrein Xa 

(358 Hetj-ff al-antitrypsin alters its inhibitory . 

358 Met 7x10’ lx105 4x104 5x10’ 7x10’ 2x102 
358 Arg Zx103 Nil 3x106 3x1C5 lX1o5 zX1o4 

XIa XIIf Plasmin CatG CIS 

7x1C1 Nil z x m 2  hX1o5 Nil 
lX1c5 ~ ~ 0 ’  zX1o5 2x1~4 Nil 

A range of such variants has now been produced principally in yeast5’6. The engineered 
inhibitors are not glycosylated; this does not affect function hut does give a markedly 
decreased stability. There is a five-fold reduction in half-life due to increased 
catabolism and loss through the glomerular membrane. Antigenicity, though present, will 
probably not be a major problem for therapeutic use (N-Roosdorp, personal communication). 

features responsible for their specificity with the aim of defining the type of changes 
that may be engineered - including alternatives to full glycosylation. 

1. 
2. Travis et a1 (1985) J.Biol.Chem. 260, 4384-9 
3. Scott et a1 (1985) Transactions of A.A.P. In press 
4. Carrel1 R.W. & Bozwell D.R.(1986) in Proteinase Inhibitors eds. Barrett A.J. & 

5. Rosenberg et a1 (1984) Nature 312, 77-80 
6. Courtney et a1 (1985) Nature 313, 149-151 

It is intended that discussion of the individual serpins will focus on the structural 

Owen et a1 (1983) New Eng.J.Med. 309. 694-8 

Salvesen G. Elsevier. In press. 

Egg THROMBOLYSIS WITH TISSUE-TYPE PLASMINOGEN ACTIVATOR (t-PA) AND SINGLE CHAIN URO- 
KINASE-TYPE PLASMINOGEN ACTIVATOR (scu-PA), Desire Collen, Center for Thrombosis and 

Vascular Research, University of Leuven, Belgium and Departments of Biochemistry and Medi- 
cine, College of Medicine, University of Vermont, Burlington, VT 05405 

The thrombolytic efficacy and fibrin-specificity of natural and recombinant t-PA has been 
demonstrated in animal models of pulmonary embolism, venous thrombosis and coronary artery 
thrombosis. In all these studies intravenous infusion of t-PA at sufficiently high rates 
caused efficient thrombolysis in the absence of systemic fibrinolytic activation. 
The thrombolytic efficacy and relative fibrinogen sparing effect of t-PA was recently con- 
firmed in three multicenter clinical trials in patients with acute myocardial infarction. 
Intravenous infusion of 0.5 mg to 1 mg of t-PA per kg body weight over 1 to 3 hrs resulted in 
coronary reperfusion in approximately 70 percent of patients. It raised the plasma level 
about 1,000-fold but was associated with an average decrease of the plasma fibrinogen level 
by 30 percent. 
Specific thrombolysis by SCU-PA has also been demonstrated in animal models of pulmonary 
embolism, venous thrombosis and coronary artery thrombosis. Again intravenous infusion of 
scu-PA at sufficiently high rates caused thrombolysis in the absence of systemic fibrinolytic 
activation. We have treated six patients with acute myocardial infarction with scu-PA and 
obtained coronary reperfusion during intravenous infusion of 40 mg scu-PA over 60 min in four 
of the patients and during subsequent intracoronary infusion in one addditional patient. A 
decrease of fibrinogen to 25 percent of the preinfusion value was observed in one patient. 
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El00 Requlat ion o f  Prothrombinase A c t i v i t y  o f  Vascular Ce l l s .  
E o v i l l  and John C. Hoak, Un ive rs i t y  of Vermont, Bur l ington,  VT 05405. 

We are i n v e s t i g a t i n g  the i n t e r a c t i o n s  o f  f ac to r  Va (FVa) w i t h  human venous and a r t e r i a l  
c e l l s  as r e l a t e d  t o  i t s  cofactor  r o l e  i n  the prothrombinase ( I I a s e )  complex and 
i t s  i n a c t i v a t i o n  by the ac t i va ted  p r o t e i n  C (APC)/protein S (PSI regu la to ry  complex. 
performs i t s  co fac to r  r o l e  i n  p a r t  by b ind ing  t o  the c e l l  sur face and forming the receptor  
t o  which f a c t o r  Xa (FXa) binds. Venous and a r t e r i a l  endothel ium der ived from both f e t a l  
and a d u l t  vessels support I1 a c t i v a t i o n  when N a  and FXa are added exogenously. 
a r t e r y  > adu l t  ve in  > f e t a l  ve in  > f e t a l  a r t e r y  w i t h  respect  t o  e l i c i t i n g  I I a s e  a c t i v i t y .  
Comparison o f  these data w i t h  p l a t e l e t  I I ase  a c t i v i t y  i n d i c a t e  t h a t  -50 p l a t e l e t s  would 
express the same r e l a t i v e  I I a s e  a c t i v i t y  as one adu l t  a r t e r i a l  endo the l i a l  c e l l ,  whereas 
on ly  s i x  p l a t e l e t s  would be requ i red  t o  e l i c i t  the I I a s e  o f  one f e t a l  venous endo the l i a l  
c e l l .  
l aye rs .  
than conf luent  c e l l s .  
a c t i v a t i o n  a t  r a t e s  comparable t o  the subconfluent a r t e r i a l  c e l l s  when compared on a per 
c e l l  basis. We have shown a l so  t h a t  f e t a l  ve in  endothelium and a r t e r i a l  smooth muscle 
c e l l s  support the i n a c t i v a t i o n  o f  FVa by APC. The r a t e  o f  i n a c t i v a t i o n  could be enhanced 
by the a d d i t i o n  o f  PS. The r a t e  and extent  o f  FVa i n a c t i v a t i o n  was greater  on a per c e l l  
bas i s  with smooth muscle c e l l s  than with c e l l s  from venous endothelium. These data would 
suggest t h a t  c e l l s  o f  vascular o r i g i n  can ampl i fy  and m d u l a t e  thrombin generation. 

Paula 8. Tracy, Edwin G. 

FVa 

Adul t  

These comparisons were made based on s tud ies us ing con f luen t  endo the l i a l  c e l l  mno-  
Endo the l i a l  c e l l s  examined a t  sub-confluence e l i c i t  3-4 t imes m r e  I I a s e  a c t i v i t y  

I n  addi t ion,  conf luent  a r t e r i a l  smooth muscle c e l l s  support I1 

Alterations of Proteases by Evolution and Genetic Engineering 

El01 
Pro te in  Engineering o f  S u b t i l i s i n :  

P. Bryan, Pantol iano, M., Rollence, M., Wood, J. ,  G i l l i l a n d ,  G. 
F i n r e l ,  B.,  Ladner, B., Hsiao, H. and Poulos, T. 

We have devised a system f o r  in t roducing mutations i n  v i t r o  i n t o  random s i t e s  w i t h i n  
t h e  cloned s u b t i l i s i n  gene from B a c i l l u s  amylol iquefaciens and screening f o r  proteases 
of  increased s t a b i l i t y .  L i b r a r i e s  o f  var iant  protease genes were produced conta in ing 
from 1 - -10 base changes per molecule. Mutagenized yenes were then introduced i n t o  
~ _ _ _  B a c i l l u s  s u b t i l i s ,  and secreted proteases o f  enhanced s t a b i l i t i e s  were i d e n t i f i e d  using 
a novel p l a t e  assay procedure which enabled us t o  screen > l o 5  var iants .  A number o f  
these w i th  s u b s t a n t i a l l y  increased res is tance t o  thermal i n a c t i v a t i o n  were f u r t h e r  
character ized k i n e t i c a l l y  and by d i f f e r e n t i a l  scanning ca lo r ime t ry  t o  d i s t i ngu ish  
between classes o f  va r ian ts  w i th  increased i n t r i n s i c  thermal s t a b i l i t y  vs. res is tance 
t o  autodigestion. We have determined t h e  DNA sequence o f  t h e  most i n t e r e s t i n g  va r ian ts  
and determined the amino and subs t i t u t i ons  responsible f o r  t h e  a l te red  phenotypes. 
X-ray c rys ta l l og raph ic  analys is  i s  underway on a number o f  these. 
helped i d e n t i f y  s t r u c t u r a l  features o f  s u b t i l i s i n  c r i t i c a l  t o  p r o t e i n  s t a b i l i t y  and 
aided i n  the  design o f  o ther  amino ac id  changes t o  f u r t h e r  enhance s t a b i l i t y .  

Proteases o f  Enhanced S t a b i l i t y  

This approach has 

El02 
Br ian Cunningham and James A. Wells, GENENCOR Inc. and GENENTECH Inc., South San 
Francisco, CA 94080. 

The secret ion and maturat ion o f  t h e  Bac i l l us  am l o l i  u i f ac iens  s u b t i l i s i n  has been stud ied 
i n  several Bac i l l us  s u b t i l i s  hosts. -TT;l'ssecre:ed sqerine endoprotease appears f i r s t  as a 
preproenzyme associated w i t h  the  c e l l  membrane. 
c r i t i c a l  res idue ( i . e . ,  Asp+32 - >  Asn), or  de le te  the COOH terminal  p o r t i o n  o f  the p r o t e i n  
(conta in ing the a c t i v e  s i t e  Ser+221), block the maturaton o f  t h i s  precursor i n  B a c i l l u s  
s u b t i l i s  s t r a i n s  from which the  chromosomal s u b t i l i s i n  gene has been deleted. I nac t i ve  
s u b t i l i s i n  precursors can be processed by add i t i on  o f  ac t i ve  "helper" s u b t i l i s i n  in v i vo  
o r  i n  v i t r o .  
an Gt-eoly t ic  process which i s  novel among secreted prote ins.  

THE AUTOPROTEOLYTIC MATURATION OF SUBTILISIN, Scott D. Power, Robin M. Adams, 

Mutations which a l t e r  a c a t a l y t i c a l l y  

Thus,the re lease o f  s u b t i l i s i n  from t h e  membrane appears t o  be d o m i G t e d y  
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El03 PROTEOLYTIC PROCESSING OF HUMAN FACTOR V I I I ,  Dan L. Eaton and Gordon A. Vehar. 
Genentech, Inc., South San Francisco, CA 94080. 

Human f a c t o r  V I I I  p u r i f i e d  f rom concent ra tes  cons is t s  o f  m u l t i p l e  po lypept ides  
w i t h  M rang ing  f rom 80,000 - 210,000. 
- 210,600 p r o t e i n s  represent  t h e  C- and N- t e rm ina l  p o r t i o n s  o f  t h e  (cDNA p red ic ted )  
s i n g l e  cha in  p recursor  o f  f a c t o r  V I I I ,  r espec t i ve l y .  
r e s u l t s  i n  t h e  c leavage of  t h e  M 80,000 - 210,000 p r o t e i n s  and t h e  genera t ion  o f  subun i ts  
w i t h  M 73,000, 50,000 and 43,006. 
a c t i v a f i o n  of  f a c t o r  V I I I  by thrombin.  
r e s u l t s  i n  t h e  genera t ion  o f  subun i ts  of  M 73,000, 50,000 and 43,000, however, t h e  M 
50,000 and 73,000 subun i ts  a re  subsequentll; c leaved t o  fragments o f  M 45,000 and 67,600. 
These l a t t e r  cleavages c o r r e l a t e  w i th  i n a c t i v a t i o n  o f  f a c t o r  V I I I  by f a c t o r  Xa. 
I n a c t i v a t i o n  o f  f a c t o r  V I I I  by  a c t i v a t e d  p r o t e i n  C (APC) c o r r e l a t e s  w i t h  t h e  p r o t e o l y s i s  
o f  M 90,000 - 210,000 p r o t e i n s  and t h e  genera t ion  of  a M 45,000 fragment. C o r r e l a t i o n  
o f  t f i e  above mentioned cleavages w i t h  a c t i v a t i o n  or i n a c t f v a t i o n  o f  f a c t o r  V I I I  has 
a l lowed t h e  t e n a t i v e  i d e n t i f i c a t i o n  o f  reg ions  of  f a c t o r  V I I I  t h a t  may be requ i red  f o r  
f a c t o r  V I I I  coagu lan t  a c t i v i t y .  

Amino a c i d  sequence da ta  shows t h a t  t h e  M 80,000 

Thrombin t rea tment  of f a c t o r  V I I I  

Generat ion of these subun i ts  c o r r e l a t e s  w i t h  
Fac tor  Xa p r o t e o l y s i s  o f  f a c t o r  V I I I  i n i t i a l l y  

IMPORTANCE OF HYDROGEN BOND FORMATION I N  STABILIZING THE TRANSITION STATE 
COMPLEX I N  
A. Wells**, *Research Department, Genencor Inc., **Department o f  B i o c a t a l y s i s ,  Genentech 
Inc., South San Francisco, CA 94080. 

S t r u c t u r a l  s tud ies  on s e r i n e  pro tease have shown t h a t  hydrogen bonds a re  i nvo l ved  i n  
s t a b i l i z i n g  t h e  charged t e t r a h e d r a l  i n te rmed ia te  i n  t h e  t r a n s i t i o n  s t a t e  complex. 
However, l i t t l e  i s  known o f  t h e  q u a n t i t a t i v e  importance o f  these hydrogen bonds t o  
t r a n s t i o n  s t a t e  s t a b i l i z a t i o n .  X-ray c rys ta log raph ic  s tud ies  o f  s u b t i l i s i n  (Robertus, 
J.D., Kraut,  J., Alden, R.A. and B i r k t o f t ,  J.J. (1972) Biochem. 11, 4293) have suggested 
t h a t  t h e  amide s ide-cha in  f rom Asparagine-155 forms a hydrogen b G d  w i t h  t h e  oxyanion 
produced on t h e  subs t ra te  carbonyl  oxygen i n  t h e  t e t r a h e d r a l  in te rmed ia te .  
o f  t h i s  i n t e r a c t i o n  has been s tud ied  by k i n e t i c  ana lys i s  o f  p u r i f i e d  mutant enzymes 
produced by s i t e - d i r e c t e d  mutagenesis of t h e  B. amy lo l iquefac iens  s u b t i l i s i n  gene. 
Replacement o f  Asn-155 w i t h  Thr, His,  Gln o r  Asp caused a l a r g e  decrease i n  subs t ra te  
tu rnover ,  k These t r a n s l a t e s  t o  a l a r g e  drop i n  t r a n s i t i o n  s t a t e  
s tab i l i za t i 8A tenergy  o f  2.2 t o  4.7 kcal /mol 
and E s t e l l ,  O.A. (1986) Proc. Roy SOC. Ser B. i n  r e s s ) .  This da ta  a l s o  suggest t h e  
hydrogen bond between t h e  subs t ra te  and A s n - l 5 d k & p s  most s t r o n g l y  w i t h  t h e  subs t ra te  
bound i n  t h e  t r a n s i t i o n  s t a t e  complex ( E * S * )  and on ly  weakly, i f  a t  a l l ,  w i t h  t h e  
subs t ra te  bound i n  t h e  M ichae l i s  complex (EaS). 

SUBTILISIN, David A. E s t e l l * ,  Thomas P. Graycar*, B r ian  C. Cunningham', James 

The importance 

(ZOO-4,000 f o l d ) .  
(Wel ls,  J.A.. Cunningham, B.C., Graycar, T.P. 

El05 THE 1 .2A  CRYSTAL STRUCTURE OF S U B T I L I S I N  BPN' ,  B a r r y  C.  F i n z e l ,  
Andrew J .  Howard  a n d  M i c h a e l  W .  P a n t o l i a n o ,  Genex C o r p o r a t i o n ,  
G a i t h e r s b u r g ,  M O  2 0 8 7 7  

The t h r e e - d i m e n s i o n a l  a t o m i c  s t r u c t u r e  o f  t h e  b a c t e r i a l  s e r i n e  p r o t e a s e  
S u b t i l i s i n  B P N '  f r o m  g. Am l o l i q u e f a c i e n s  h a s  b e e n  r e f i n e d  c r y s t a l l o g r a p h -  
i c a l l y  a t  1.2A r e s o l u t i o n . Y  A p r e c i m s t a l  s t r u c t u r e  d e t e r m i n a t i o n  h a s  
r e v e a l e d  t h e  e x i s t e n c e  o f  t w o  p r e v i o u s l y  u n i d e n t i f i e d  c a t i o n  b i n d i n g  s i t e s  
s p a c i a l l y  s e p a r a t e d  f r o m  e a c h  o t h e r  a n d  f r o m  t h e  p r o t e o l y t i c  a c t i v e  s i t e .  
I n t e g r a t e d  e l e c t r o n  d e n s i t y  a n d  c o o r d i n a t i o n  g e o m e t r y  a t  t h e s e  s i t e s  l e a d s  
us  t o  i n f e r  t h a t  t h e s e  a r e  c a l c i u m  i o n  s i t e s  f u l l y  o c c u p i e d  i n  t h e  mono- 
c l i n i c  c r y s t a l  f o r m ,  e v e n  t h o u g h  n o  c a l c i u m  o r  c a l c i u m  s a l t  was e x p l i c i t l y  
i n t r o d u c e d  d u r i n g  p r o t e i n  p u r i f i c a t i o n  o r  c r y s t a l l i z a t i o n .  S t u d i e s  i n d i c a t e  
a m a r k e d  d e p e n d e n c e  u p o n  c a l c i u m  i o n  c o n c e n t r a t i o n  f o r  p r o t e i n  s t a b i l i t y  a n d  
a u t o l y s i s .  
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El06 CL0liil.G Ai!@ SECdJEtICE AIIALYSIS OF cDt1A FDF, X i V I I I C  CAF,?.CY,YPEPTID;\SE E 
L l o y d  D. F r i c k e r  and Eosard i ie rber t ,  Oreson t l e a l t h  Scicnces U n i v e r s i t y ,  
3 1 8 1  S.K. Sam Jachson Park 26.. Por t l ano .  01, 97201 

Carboxypcpt idase E (enkephal i n  cor ivorrase) i s  a carboxypept icase 6-1 i k c  p rocess iny  ertzyie 
wl-gicli i s  i n v o l  veu  i n  the b i o s y n - t h e s i s  o f  i.Lan) n e u r o p e p r i d e s  ( F r i c k e r .  1985, T r e n d s  
I.Ieurosc La: 210-214). A c'JPIA c l o n e  w h i c h  encodes t h i s  enzy,..e h a s  been i s o l a t e d  fro:.] a 
b o v i n e  p i t u i r e r y  cl) t ;A l i o r i r y .  The sequence o f  t h i s  c l o n e  su,;e5ts an e v o l u t i o n a r y  
r e l e t i o n s h i p  butween carooxyyept icase E (CPE) ilnd carboxypc>t idases  A an6 0. Althuu,h i h e  
o v e r a l  i hor..oloyy i s  low. a 1  1 o f  t h e  aihino a c i d s  ;bought t o  be  c s s e n i i a l  f o r  c a t a l y t i c  
a c L i v i r y  c f  c a r b o x y p e p t i a z s e s  A and C h a v e  been c o n s e r v e o  i n  CPE. O f  t h o  90 ai.:ino ac ic is  
r :h ich h a v e  been c o n s e r v e 6  be tween o o v i n e  CPC. c r a y f i s l i  CPE. s o v i n e  CPA, an0 r a i  CPA, 35 
i iave been conserved i n  b u v i n e  CPE. L a j o r  d i f f e rences  Jetkeen CPE and t h e  other  csrboxy- 
pektioases i n c l u b e  an ccidiLiona1 120 ar.,ino ac i6s  a t  t h e  C- ie r i , , ina l  o f  CPE, anti nu,:;erous 
chanyes i n  ar,.ino ac ids  near t h e  substru:e uindincJ s i t es .  Tilese chanyes bdy r e f l e c t  the 
d i f f e r e n t  s p e c i f i c i t i e s  of the enzyihes: Cf'E i s  v e r y  s p e c i f i c  f o r  bas i c  amino ac ic s ,  and 
does n o t  b i n d  aroi .&ic o r  a l i $ h a r i c  ar,iino acids.  Alsc,  CPE i s  o i , t i r i a l l y  a c t i v e  a t  pH 5.6, 
whereas t h e  o;her carJuxypept idasos a re  r,,axir,al i y  ac ' i ivc KL a n e u t r a l  pH. A coimparison o f  
Ctiese enzyr,ies may leao  t o  a b e t t e r  uncers tan6 ins  o f  a s t r u c t u r e - f u n c t i o n  r e l o t i o n s h i p  f o r  
carboxypept idase a c t i v i t y .  

~ 1 0 7  CLONED EGLIN PREVENTS DEVELOPMENT OF SHOCK LUNG IN EXPERIMENTAL SEPTI- 
CEMIA, H. F. Welter, M. Siebeck, H. Wiesinger, U. Seemiiller, M. Jochum 

and H. Fritz, University of Munich, D-8000 Munich 2, PRG 

The medical leech Hirudo medicinalis contains a potent inhibitor of neutro- 
phi1 elastase and cathepsin G. This inhibitory mini-protein was produced 
recently by Rink et al. ( 1 9 8 4 )  in transformed bacteria. The recombinant eglin 
has been used to elucidate pathomechanisms leading to the development of 
shock lung in experimental septicemia. Septicemia was induced in pigs by i.v. 
infusion of E.coli for 2 hours. Eglin was administered in the "therapeutic" 
group for 4 hours in a dose of 3.85 mg/kg x h. Compared to the untreated 
septicemia group with a mean survival time of 5.3 + 1.5 hours most of the 
eglin-treated animals survived the experimental period (30 hours). This 
therapeutic effect of eglin was corroborated by improvement of many of the 
parameters measured, especially by reduction of the consumption of plasma 
factors (antithrombin 111, clotting factor XIII, macro-globulin) and only 
modest morphological alterations of the lungs. Obvfously, unspecific proteo- 
lysis due to liberated neutrophil proteinases contributes significantly to 
the development of lung dysfunction in septicemia. Administration of suitable 
proteinase inhibitors offers an promising tool to protect the lungs against 
the inflammatory response of the organism induced by bacterial sepsis or 
septic shock. 

El08 EXPRESSION AND MUTAGENESIS OF H W  TISSUE PLASMINOGEN ACTIVATOR, Mary-Jane Gethinglf 
Esa Kuismanen+ and Joe Sambrook". 
TX. *Cold Spring Harbor Laboratory,  Cold Spring Harbor, N . Y .  

Un ive r s i ty  of Texas Health Science Center ,  Da l l a s ,  

We have used a v a r i e t y  of mammalian v e c t o r s  t o  expres s  t o  high l e v e l s  a cloned copy of a 
cDNA coding f o r  human plasminogen a c t i v a t o r .  
we have cons t ruc t ed  mutants a t  def ined l o c a t i o n s  i n  t h e  va r ious  domains of t h e  p ro te in .  
The p r o p e r t i e s  of t h e s e  mutants w i l l  be  r epor t ed .  

Using o l igonuc leo t ide  mismatch mutagenesis,  
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~ 1 0 9  Expression and Secretion of Bovine Calf Chymosin by Aspergillus 
nidulans 
K. Hayenqa, R .  Berka, D. Cullen, G. Gray, S .  Norton, M. Rey, 
and L. Wilson 

Genencor, Inc., South San Francisco, CA 94080 
We have constructed vectors containing the structural gene for calf chymosin 
which is functionally linked to the promoter, presumptive upstream activator 
sequence and terminator of the 5 .  + qlucoamylase gene. This cassette 
was inserted into the unique Cla I site of the 5 .  nidulans transformation 
vector pDJB3 (Ballance and Turner, Gene, in press). 
-~ A. nidulans transformants were selected by 5 complementation. Active 
chymosin was identified in culture supernatants by western blot analysis 
and milk clotting activity. 5 .  nidulans transformants secreted chymosin 
when grown on media containing either starch or xylose indicating that the 
- A. niger qlucoamylase promoter is not regulated in A. nidulans. 
The A. nidulans derived chymosin is being further characterized by 
s tanzar-n met h odol oqy . 

€110 PRIMARY STRUCTURE OF HUMAN a -ANTIPLASMIN, W.E. Holmes, L. Nelles, H.R. Lijnen, D. 
Collen, Center for Thrombosis'and Vascular Research, University of Leuven, Belgium 

Fibrinolysis is a multicomponent enzymatic system. Limited proteolysis of the inactive 
zymogen, plasminogen, generates the serine protease plasmin which dissolves fibrin. In 
addition, plasmin degrades other proteins such as fibrinogen, factor V and factor VIII and, 
if uncontrolled, plasmic attack on these proteins can lead to hemostatic breakdown. Human 
plasma contains a very rapid and irreversibly acting inhibitor of plasmin, called a 
-antiplasmin. This primary physiological inhibitor is a single chain glycoprotein of Mg 
70,000 which reacts stoichiometrically with plasmin. 
We have isolated cDNA clones encoding a AP with the use of adult human liver as a source of 
poly A* mRNA for the preparation of CON% libraries in Agtll. Two degenerate and partially 
overlapping deoxyoligonucleotides encoding the a AP amino acid sequence EQPEIQVAHFPFKNNM 
were annealed and repaired using radioactive nucleotides to produce a probe for 
low-stringency hybridization to the cDNA library. 
The amino acid sequence deduced from the cDNA of a AP demonstrates significant homology to 
other serine proteinase inhibitors (serpins) incluging a AT, AT 111. ovalbumin and angio- 
tensinogen. Its reactive site sequence is AR-MSLS a 2  determined by NH -terminal and 
CGGH-terminal amino acid sequence of the two a AP peptides obtained by2 nucleophilic 
dissociation of plasmin-a -antiplasmin complex. ' This sequence was confirmed by the 
overlapping cDNA sequence. ' The reactive site sequence thus is different from the R-SL or 
M-SI reactive site sequences of AT 111 and a AT respectively. 

Ell1 XODELLING -ANTITRYPSIN FUNCTION BY PROTEIN ENGINEERING, Sophie Jallat. Luc-Henri Tessier, Annie 
Eenavente. Aanald 6 .  Crystal* and Michael Courtney, Transgene S . A . .  1 1  rue de Molsheim, 67000 Strasbourg. 
France and NHLEI, Eethesda, MD 20205, U.S.A. 

We have previously shown that a single point mutation at the reactive centre (P1 position) o f  recombinant human 

tbe contact phaselproteases Kallikrein and Factor X I 1  ( 2 ) .  
a mutation a l s o  found in a natural< AT variant uhich Mas associated with a severe bleeding disorder. It uas also 
shoun that a Met35E_jVaI substitutiAn retains efficient antielastase function but i s  no longer susceptible to 
oxidative inactivation. a process thought to be important __ in vivo in the genesis of pulmonary emphysema. A series 
o f  further mutations have been performed in an attempt to target the inhibitor towards different serine proteases. 
In this approach alterations were made tg5generate potential cleavage sites f o r  various proteases at the< AT 
reactive centre. F o r  example, 4 AT (net 4 P h e )  does not inhibit either neutrophil o r  pancreatic elastale but 
does inhibit cathepsin G. 4 AT {Wet358+Leu), like the natural inhibitor, inactivates both elastase and cathepsin 
6 but is fully resistant to ixidation. These properties suggest t h a t d l A T  Leu) could be particularly 
effective in replacement therapy for c a s e s  o f 4  AT deficiency disorders. 

(1) Courtney, U., Jailat, S., Tessier, L.-H.. Benavente, h . ,  Crystal. R.G. and L e c o c q ,  J.P. Nature 313 : 149-151 

( 2 )  Shapira, H., Ramus, R.A., Jallat, S., Carvallo, D. and Courtney. W .  J. CIin. I n v e s t .  in press (1985) .  

o( -antitrypsin @ AT) can alter its specificity o f  inhibition from neutrophil elastase to thrombin (1) as well as 
This involved a M e t 4 A r g  rubstitvtioc a t  position 358. 

( 1 9 8 5 ) .  
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El12 SITE-SPECIFIC MUTAGENESIS TO STUDY THE STRUCTURE AND FUNCTION OF 
FACTOR VIII, Randal J. Kaufman, Debra D. Pittman, Patricia Murtha, 
Louise Wasley. and John J. Toole, Genetics Institute, Boston, MA 

The recent cloning of the human cDNA for factor V I I I  revealed an apparent 
domain structure for the protein which can be represented as AI-A2-B-A3-Cl-C2. 
Recombinant DNA techniques have been used to remove large segments of DNA 
encoding the heavily glycosylated B domain from the full-length factor VIII 
cDNA. These constructs directed the synthesis of biologically active 
factor V I I I  when introduced into mammalian cells despite the deletion of 
up to 38% of the factor V I I l  molecule. The modified protein was activated 
by thrombin in a manner similar to the native molecule. These data 
demonstrate that the B domain is dispensible. 

El13 
CONTROL OF VIFZAL RIOTEASE ACTION. B. Korant, L. Ivanott, T. Towatarl, A. Cordova, C. Kettner. V. 
Turk and S. Petteway. Central Research Dept., OuPont Experhentat Statlon. E328. U I I m ,  OE 19898. and 
Joset Stefan Inst., Dept. Blochen, 61111 LJublJana, Yugoslavla. 

partlcles. Ulth several vlrus groups. the vlral genme encodes a protease functlon which 
partlclpates In the slte-speclflc endoproteolytlc cleavages preceding assenbly ot vlral precursor 
polypeptldes. We are Interested I n  deslgnlng speclflc lnhlbltors ot  v l r a l  proteases. and have 
adopted the strategy of syntheslzlng peptlde mlmlcs O t  the vlral cleavage sltes. AS the peptlde 
sequence 1s varled to closely mtch the vlral concensus processing sequences, protease lnhlbltor and 
antlvlral sctlvlty Increase substantlally. Protein cleavages ot sane viruses (Influenza, 
pollovlrus) are susceptible to lnhlbltlon by m a l l  protelns rhlch are natural protease Inhlbltors. 
and re are  also exploring whether cells englneered to Contain unusual amunts of such Inhlbltors are 
altered In sensltivlty to vlrur challenge. 
expressed a Plcornavlrus cystelne protease In bacterla. and ldentltled three actlve slte resldues by 
a cmblnatlon of protein chenlstry and site-dlrected mutation. The plcornavlral proteases are not 
closely related by m l n o  acld sequence to each other or to other proteases. but have a high degree 
ot structural slmllarlty and appear to be analcgs of papaln formed by deletlon events. lhe chenlcal 
basls tor the hlgh substrate seiectlvlty of the VIraI enzymes Is StllI unknown but m y  now be 
addressed by modfflcatlons to the protease and xlth synthetlc substrates and Inhlbltors. 

Many vlruses require lntracellular protein cleavages In order to assemble prqleny vlrus 

In support o t  these studles. we have cloned and 

~ 1 1 4  CLEARANCE RATE DETERMINATIONS OF GLYCOSYLATED AND DEGLYCOSYLATED RECOMBINANT T-PA 
IN RABBIT, Glenn Larsen, Yitzhak Blue, Kimberlee Henson and Randal Kaufman, 
Genetfcs Institute, Inc., 87 Cambridgepark Drive, Cambridge, MA 02140 

We have previously cloned and developed mammalian cells which express high levels of tissue 
plasminogen activator (t-PA). t-PA is a serine protease which is responsible for the 
dissolution of fibrin clots. In an attempt to understand the mechanism of rapid systemic 
clearance of t-PA when intravenously administered t o  rabbits, we conducted studies using 
t-PA derived from our recombinant cell lines. Two forms of t-PA were prepared in these 
studies, glycosylated and deglycosylated t-PA. Recombinant mammalian cells were 
metabolically labeled with 35S-methionine and secreted t-PA was purified from conditioned 
media using a mouse monoclonal immuno-affinity column. To investigate the possible 
interaction of t-PA with carbohydrate-specific receptors of the liver, we prepared a 
deglycosylated form of t-PA. Comparison of the in vivo clearance rates of glycosylated and 
deglycosylated t-PA were made and found to demonstrate no significant difference. The 
possibility of inhibitor mediated clearance was also investigated by treating the 
deglycosylated t-PA with DFP (diisopropyl fluorophosphate), a serine protease inhibitor 
which binds irrrversibly to the active site. We observed a similar clearance rate of this 
preparation as compared to the forms of t-PA mentioned above. In summary, we have shown 
that t-PA produced in a recombinant mammalian cell line is cleared in rabbits at a rate 
similar to that observed for t-PA purified from melanoma cells. In addition the clearance 
rate of t-PA was not affected by the absence of carbohydrate or when the deglycosylated 
radinlabelPd nrnrpin was rreared  wirh the active site inhihifnr. DFP. 
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El15 BPTI FOLDING MUTANTS, C. Berman Marks, T. Kuntz*, H. Naderi*, P. Kosen*, 

San Francisco, CA *Un ive rs i t y  o f  C a l i f o r n i a ,  San Francisco. 

A he tero logous  E. c o l i  exp ress ion /sec re t i on  system has been developed f o r  bov ine  panc rea t i c  
t r y p s i n  inhibi t - I )  t h a t  y i e l d s  na t i ve ,  c o r r e c t l y - f o l d e d  BPTI. 
system t o  express BPTI w i t h  va r ious  amino a c i d  s u b s t i t u t i o n s  t h a t  a f f e c t  i t s  f o ld ing .  In 
E .  c o l i ,  mutant p r o t e i n s  t h a t  l ack  e i t h e r  the  14-38 o r  t h e  30-51 d i s u l f i d e  bond a re  ab le  t o  
f o l d  c o r r e c t l y .  However, i n  v i t r o  exper iments i n d i c a t e  t h a t  14-38 d i s u l f i d e  mutants refold 
more s low ly  than  w i l d - t ype  B P T I ,  w h i l e  30-51 d i s u l f i d e  mutatns r e f o l d  more r a p i d l y .  
mutant p r o t e i n s  a l s o  e x h i b i t  d i f f e r e n t  s e n s i t i v i t i e s  t o  dena tu ra t i on  by heat  or 
d i t h i o t h r e i t o l .  Present ly ,  we a re  i n  t h e  process o f  c h a r a c t e r i z i n g  t h e  s o l u t i o n  s t r u c t u r e s  
o f  these mutant p r o t e i n s  us ing  h i g h - r e s o l u t i o n  2-0 NMR spectroscopy. 

R. Sheek*, H. Morehead*, S. Manogaran*, and S.  Anderson. Genentech, Inc., South 

We have used t h i s  

The 

E l  16 OVOSTATIN: A N  EGG WHITE PROTEINASE INHIBITOR HOMOLOGOUS TO a 2-MACROGLOBULIN. 
Hideaki Nagase, Departments of Medicine and Biochemistry,  UMDNJ-Rutgers Medical 
School ,  Piscatauay, N J  08854 

O v o s t a t i n  is a t e t r a m e r i c  e g g  w h i t e  p r o t e i n a s e  i n h i b i t o r  w i t h  Mu=780,00o. The 
quaternary s t r u c t u r e  of o v o s t a t i n  and its i n h i b i t o r y  mechanism f o r  p ro te inases  are s i m i -  
lar t o  those  o f  plasma ?-macroglobulin (~$4). However, o v o s t a t i n s  from chicken and duck 
egg w h i t e s  were shown t o  be d i s t i n c t  from human a 2M i n  a number o f  r e s p e c t s .  Chicken 
o v o s t a t i n  i n h i b i t e d  o n l y  m e t a l l o p r o t e i n a s e s  in 1:l s toichiometry.  A k i n e t i c  s tudy  of 
c o l l a g e n a s e  b i n d i n g  t o  c h i c k e n  o v o s t a t i n  g a v e  t h e  v a l u e  of k2/Ki=6.3x1O5 M-l min-', 
i n d i c a t i n g  t h a t  o v o s t a t i n  was e q u a l l y  as good a s u b s t r a t e  f o r  c o l l a g e n a s e  a s  t y p e  I 
c o l l a g e n .  Chicken o v o s t a t i n  d i d  n o t  c o n t a i n  a t h i o l e s t e r .  T h e r e f o r e ,  t h e r e  was no 
c o v a l e n t  l i nkage  formed between o v o s t a t i n  and an "entrapped" proteinase.  On t h e  o t h e r  
hand,  duck o v o s t a t i n  i n h i b i t e d  bo th  metal l o p r o t e i n a s e s  and s e r i n e  p r o t e i n a s e s  i n  1: 1 
s toichiometry,  but  no t  cys t e ine  proteinases .  However, duck o v o s t a t i n  contained a t h i o l -  
e s t e r  i n  each subuni t .  Neve r the l e s s ,  u n l i k e  many a2Ms, CH NH - t r ea t ed  duck o v o s t a t i n  
could bind and i n h i b i t  proteinases .  The NH terminal  sequencas #or t h e  f i r s t  14 r e s idues  
o f  duck and chicken o v o s t a t i n s  were i d e n t f c i l  and they were s u f f i c i e n t l y  simiar (about 
SO$ of i d e n t i c a l  r e s idues )  t o  t h a t  of human n2M. The r e s u l t s  suggest  t h a t  o v o s t a t i n  and 

M may have e v o l v e d  from a common ances to r ,  but t h e i r  e v o l u t i o n a r y  divergence has  l e d  t o  
t%e development of d i s t i n c t  s p e c i f i c i t i e s  i n  t h e i r  a c t i o n  on d i f f e r e n t  proteinases .  

El17 GENE TRANSFER AND EXPRESSION OF HLRUN ALPHA-1-ANTITRYPSIN IN HETEROLOGOUS MAMMALIAN 
CELLS, Richard N. Sifers, Joyce A .  Carlson, Vincent J. Kidd and Savio L.C. Woo, 
Howard Hughes Medical Institute, Dept. of Cell Biology, Baylor College of Medicine, 
Houston, Texas 77030 

The major function of the plasma protease inhibitor alpha-I-antitrypsin is to neutralize the 
hydrolytic activity of excessive neutrophil elastase in the lung. Most individuals are 
homozygous for the normal PiM allele, whereas individuals homozygous for the mutant Pi' 
allele have only 10-15% of the normal level of alpha-I-antitrypsin in their plasma. The sub- 
stitution of lysine f o r  glutamate at a specific site in the Pi2 alpha-1-antitrypsin protein 
results in its accumulation within the endoplasmic reticulum of hepatocytes and subsequently 
its decreased secretion into the c'rculatory system. In order to define the molecular basis 
of this phenomenon, the normal (Pi ) and the mutant (Pi') alpha-1-antitrypsin genes were 
isolated from a cosmid genomic DNA library constructed with an SVP-dhfr expression vector. 
Both alpha-1-antitrypsin genes were transfected into CHO (dhfr-) cells. Heterologous DNA in 
the stably transformed cells has been amplified by selection with methotrexate in the cul- 
ture medium allowing the enhanced expression of the dhfr and alpha-l-antitrypsin genes. 
Using this strategy, we have developed a model for studying the intracellular transport 
defect of the PiZ alpha-1-antitrypsin protein. 

h 
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El18 ZGLY AND LATE PROCESSING STEPS IN THE BIOSYNTRESIS OF SECRETORY 

I n s t i t u t e ,  A u s t r i a n  Academy o f  S c i e n c e s ,  Bilrot!?strasse 11, 
A-5020 S a l z b u r g ,  A u s t r i a  

S i g n a l  p e p t i d a s e  h a s  been p a r t i a l l y  p u r i f i e d  from ra t  l i v e r  and Pog p a n c r e a s  
m i c r o s o m e s .  A f t e r  s e v e r a l  y x i f i c a t i o n  s t e p s ,  i n c l u d i n g  c e n t r i f u g a t i o n  i n  
s n c r o s e  g r a d i e n t s  co i i t a in ing  d e t e r g e n t s  and r e c o n s t i t u t i o n  i n t o  phosphoii?Ld 
v e s i c l e s ,  On117 two p o l y p e ? t i d e s  can  be  d e t e c t e d .  I n  t h e  p r e s e n c e  of  m e l i t t i n  
o r  o t h e r  nlenbrane p e r t u r b i n g  a g e n t s ,  t::ese s i g n a l  p e p t i d a s e  c o n t a i n i n g  
v e s i c l e s  correct1:r co i iver t  p r e p r o n e l i t t i n  t o  p r o m e l i t t i i i .  
I n  o u r  s t u d i e s  on t h e  d i f f e r e n t  p r o c e s s i n g  enz:mes c a t a l y z i n g  t h e  conve r s ion  
o f  pro-hormones  and o t h e r  p r o - p e p t i d e s  t o  t h e  mature  F r o d u c t s ,  vie have used  
t h e  s k i n  of Xenopus l a e v i s  as a model sys tem.  It has  , r e v i o u s l y  been shoim 
i n  s e v e r a l  laboratories t h a t  a n p h i b i a n  a k i n  s y n t k e s i z e s  l a r g e  amounts o f  
Gep t ines  v:iic:i are i d e n t i c a l  o r  homologous t o  manmalian hormones and/or  
n e u r o t r a n s m i t t e r s .  
From s1:in s e c r e t i o n  o f  X. l a e v i s ,  a dipeptid:i l  amino;>e?tidase h a s  been 
? u r i P i e d ,  which c l e a v e s  a f t e r  p r o l i n e ,  a l a n i n e  and S l y c i n e  r e s i d u e s .  T h i s  

PSPTIDES ~ C h r i s t a  F011ay and Gunther X r e i l ,  l l o l e c u l a r  BiOlOgl7 

r.ie i s  pos tu l a t ed .  t o  c a t a l y z e  a l a t e  skep  i n  t;le l i b e r a t i o n  o f  c a e r u l e i n  
o i o l o q u e  of mammalian c h o l e c y s t o k i n i n )  and xenops in  ( a  p e p t i d e  relatee 

t o  n e u r o t e n s i n )  f r o n  t h e i r  r e s p e c t i v e  p r e c u r s o r s .  I n  a d d i t i o n ,  t h e  enzyme 
c a t a l y z i n q  t h e  fo rma t ion  of t e r m i n a l  amides ha: been p a r t i a l l y  p u r i f i e d  from 
t h i s  s e c r e t i o n .  

El19 ON THE MOLECULAR BIOLOGY OF HUMAN ENOOTHELIAL D E R I V E D  SERINE PROTEASE INHIBITORS, 
Hans Pannekoek, Cen t ra l  Labora to ry  o f  t h e  Nether lands, B lood Trans fus ion  

Service,  Department o f  Mo lecu la r  B io logy,  Plesmanlaan 125, 1066CX, Amsterdam, Nether lands 
A he tero logous  an t i se run ,  r a i s e d  aga ins t  bov ine  e n d o t h e l i a l  plasminogen a c t i v a t o r  i n h i b i t o r ,  
was employed t o  screen a human e n d o t h e l i a l  cDNA express ion  l i b r a r y  i n  E. c o l i ,  composed o f  
60,000 independent co lon ies .  The 2.1 kb  cONA i n s e r t  o f  an an t igen-produc ing  c lone was f o m d  
t o  h y b r i d i z e  w i t h  a human e n d o t h e l i a l  mRNA 

cONA i n s e r t ,  was used t o  d e t e c t  homologous cDNA c lones ,  c o n t a i n i n g  approx imate ly  2.3 kb of 
i n s e r t e d  cDNA. DNA seq lenc ing  revea led  t h a t  tk c loned cDNA's e x h i b i t  a s t r i k i n g  homoloay 
w i t h  members o f  t h e  s e r i n e  pro tease i n h i b i t o r  f am i l y ,  e.g., an t i t h romb in  111, a?-an t ip lasmin  
and a l - a n t i t r y p s i n .  

i t h  a l e n g t h  o f  approx imate ly  2,000 t o  3,000 
nuc leo t i des .  A s y n t h e t i c  o l i g o n u c l e o t i d e  ( 2  1 -met-), d e r i v e d  from t h e  5 '  reg ion  o f  t h e  2.1 kb 
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