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such diverse dust t reatment,  with dust-cell ratio capable 
of affecting macrophage respiration and releasing en- 
zymes from lysosomal granules and the cell sapL By 
rising this ratio, the SeRb+ effiux from silica-treated cells 
might  increase significantly. However, severe toxic effects 
are produced by silica in this condition,with extracellular 
release of mitochondrial and microsomal enzymes ~ pos- 
sibly indicating complete ceil disruption. Nevertheless, 
the S~Rb + efflux from macrophages might  also be quanti-  
ta t ively different from tha t  by K +. 

Present results suggest that  silica does not  cause altera- 
tions in plasma membrane permeabili ty and ion shifts 
not mediated by failure of the metabolic act ivi ty  of cells. 
Release of lysosomal enzymes from silica-treated macro- 
phages ~ might be due to lytic actions on the membranes 
of intracellular vacuoles ~. However, phagocytosis in vitro 
occurs in 2 discrete stages ~a, the first or a t tachment  phase 
not requiring serum or cations for its accomplishment, the 
subsequent or ingestion phase requiting serum and being 
chiefly inhibited by the absence of Ca ~+. When silica is 
incubated in Ca~+-free Ringer, lysosomal enzymes are 
released by cells 2~ in rates similar to those found with 
normal Ringer ~. This possibly poses some questions on the 
in vitro mechanism of silica action on phagocytes. During 
incubation in normal Ringer not  supplemented with 
serum or serum factors, as usually done in this laboratory, 
a t tachment  of dust particles on the cell surface occurs 
readilyL However, it is very probable that  no significant 
true ingestion takes place in this condition, as is suggested 
also by lack v,x~ of the modifications of cell metabolism 
usually implied by phagocytosis ~*. Still more difficult 
dust ingestion is to be expected when a Ca ~+ free medium 
is used. I t  should be supposed tha t  penetrat ion of 
(mono-)silicic acid into the cell ~ from the at tached dusts 
might  occur, with resultant intracellular slight poly- 
merization and eventual inhibition of the cytochrome 
oxidase or succinic oxidase systems~,~L This might cause 
loss of lysosomal enzymes from cells, as occurs also when 
metabolic inhibitors are used ~. 

Recent  in vivo experiments suggest that  the cytotoxic 
action of fibrogenic silica might primarily be due to an 
influence on the cytochrome oxidase system of the cells 2s. 
This should agree with the present suggestions and with 
those put  forward years ago by JA~a~s and MARKS 2'q in 
in vitro experiments 3o. 

Riassunto. Viene studiata la possibilit~ che precoci 
modificazioni della permeabilit~ cellulare si producano 
nei fagoeiti t ra t ta t i  sperimentalmente con polveri silicee. 
A tale scope vengono compiute determinazioni dell'ef- 
fiusso di S~Rb+ da cellule macrofagiche peritoneali t ra t -  
tare in vitro con forme diverse di questo minerale. I 
risultati appaiono contrari a tale ipotesi. Essi vengono 
discussi con particolare riferimento al l 'aumentato efflusso 
enzimatico che si riscontra in tall condizioni. 
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t iber die H e m m u n g  des Gerinnunflsfermentes Thrombin  durch Benzamidinderivate  

Im Rahmen yon Untersuchungen fiber Struktur-  
~Virkungs-Beziehungen synthctischer Proteasenhemm- 
stoffe x,2 fanden wit, dass einige Benzylamino-, Phenyl- 
guanidin- u nd Benzamidin-Derivate die AktivitAt des 
Gerinnungsfermentes Thrombin zu hemmen verm6gen. 
Die Hemmwirkung der Verbindungen wurde durch Mes- 
sung der hydrolytischen Spaltung yon Benzoyl-D,L- 
arginin-4-nitroanilid (BANI) durch Thrombin (gereinigtes 
Rinder-Thrombin, Aktivi t~t  1000 NIH-E/mg)  bestimmt. 
~Vie aus den in der Tabelle zusammengefassten Versuchs- 
ergebnissen ersichtlich ist, erwiesen sich unter den ge- 
prfiften Verbindungen insbesondere die ]3enzamidin- 
derivate als starke kompeti t ive Thrombininhibitoren, 
unter denen die 4-Amidinophenylbrenztraubens/iure, 
welche bereits von GERATZ ~ als Trypsininhibitor gekenn- 
zeichnet wurde, die stArkste Hemmwirkung zeigte. 

Die Aktivi t~t  des Thrombins (50 N I H - E  Rinder- 
Thrombin/ml) wurde durch spektrophotometrische Mes- 
sung der BANI-Spal tung (bei 405 rim) in 0,1M Tris- 
HC1-Puffer pH 8,4 bei 25 °C nach 30 rain langer Inkubation 
bestimmt. Die Inhibitorkonstanten wurden nach der 
Methode yon DIXON * ermittelt .  

In weiteren Versuchen wurde der Einfluss dieser Ver- 
bindung auf die ]31utgerinnungsvorg~nge geprfift. Dabei 
zeigte sich, dass auch die "Wirkung des Thrombins auf 
das natiirliche Substrat Fibrinogen bereits in 10-5M 
4-Amidinophenylbrenztraubens~ure-L6sung gehemmt  
wird (Figur). Obereinstimmend damit  wurde die Gerin- 
nungszeit yon Humanblut  wie auch die Rekalzifizierungs- 
zeit yon Humanzi t ra tplasma dutch Zusatz yon 0,1 
~ ' I o l  Hemmstoff /ml auf das Doppelte vertgngert. Die 
antikoagulierende V¢irkung yon 4-Amidinophenylbrenz- 
traubens/ture iibertrifft die Hemmwirkung des syntheti-  
schen Thrombinsubstrates TAME auf die dureh Thrombin 
ausgel6ste Fibrinogengerinnung sowie die Wirkung des 
durch Modifikation des synthetischen Substrates gewon- 
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Antithrombinwirkung von Benzylamin-, Phenylguanidin- und Benz- 
amidin-Derivaten 

Heulmstoff Ki (M) 

Benzylamin 1,2 X 10 -2 
4-Aminomethylbenzoes/iure > 2,0 X 10 -~ 
4-Methoxybenzylamin 4,0 X 10 -a 
4-Aminobenzylamin 3,8 X 10 -3 
4-Chlorbenzylamin 2,2 X 10 -4 
4-Aminomethylbenzoes~urebenzylester 1,4 X 10 ~a 

Phenylguanidin 9,0 X 10 -a 
4-Guanidinobenzoes/iure 4,0 X 10 -2 

Benzamidin 2,0 X 10 -4 
4-Aminobenzamidin 8,0 X 10 -5 
4-Amidinobenzoesfiure ;> 2,0 × 10 -a 
4-Amidinobenzoes/iurebenzylester 1,5 X 10 a 
4-Amidinophenylbrenztraubens/iure 3,0 X 10 -~ 

n e n e n  k o m p e t i t i v e n  T h r o m b i n h e m m s t o f f e s  T o s y l a g m a -  
t i n  ~,~ bei  we i tem.  

Die  Fes t s t e l lung ,  dass  die b i s h e r  g e f u n d e n e n  k o m p e t i -  
r i v e n  T h r o m b i n h e m m s t o f f e  zugle ich H e m m s t o f f e  des  
T r y p s i n s  s ind  7m, weis t  an f  e ine enge  V e r w a n d t s c h a f t  de r  
b e i d e n  F e r m e n t e  in  i h r e m  W i r k u n g s m e c h a n i s m u s  u n d  im 
A u f b a u  ihres  a k t i v e n  Z e n t r u m s  hin% 

Summary. A series of a m i n o m e t h y l ,  g u a n i d i n o  a n d  
a m i d i n o  d e r i v a t i v e s  of b e n z e n e  were  i n v e s t i g a t e d  for  
t h e i r  i n h i b i t o r y  effect  o n  t h e  a c t i v i t y  of t h r o m b i n .  
A m i d i n e s  were  genera l ly  more  p o t e n t  t h a n  t he  o t h e r  

t~ 
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(onzentrafion yon t~-Amidinophenylbrenztraubens~ure 

Hemmung der Thrombinwirkung auf Fibrinogeu dureh 4-Amidino- 
phenylbrenztraubens~ure (gemessen an der Gerinnungszeit yon 
l%igen Rinderfibrinogen-LSsungen in Tris-HC1-Puffer pH 7,4 bei 
37 oc). 

c o m p o u n d s ,  p - A m i d i n o p h e n y l p y r u v i c  acid,  a s t r o n g  
t r y p s i n  inh ib i to r ,  was  f o u n d  also to  be  t h e  s t r o n g e s t  
sma l l -mo lecu la r  i n h i b i t o r  on  t he  a c t i v i t y  of t h r o m b i n .  
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Herrn Dr. GERhTZ, Univ. N.C. Chapel Hill, danken wir fiir die 
0berlassung yon 4-AmidinophenylbrenztraubensSure. 

R e a c t i o n  of  L y s o z y m e  w i t h  D i t h i o t h r e i t o l  a n d  w i t h  

Most  p ro t e in s  c o n t a i n  disulf ide  b o n d s  a n d  these  b o n d s  
h a v e  a u n i q u e  s t r u c t u r a l  role because  t h e y  can  l ink  to-  
g e t h e r  o the rwi se  s e p a r a t e  p o l y p e p t i d e  cha ins  or  t ie  non -  
c o n t i g u o u s  p a r t s  of a s ingle c h a i n  in to  loops. Scission of 
t h e  disulf ide  b o n d s  ha s  f r e q u e n t l y  been  used in s tud ies  of 
p ro t e in  s t ruc tu re ,  of t h e i r  func t ion ,  a n d  of t h e  r e l a t ion-  
ship  b e t w e e n  t h e m .  Disulf ides  m a y  be c leaved  b y  r eac t ion  
w i t h  m e r c a p t a n s ,  a n d  va r ious  m e r c a p t a n s  h a v e  b e e n  used 
for  t h i s  p u r p o s e  w i t h  severa l  p ro te ins .  However ,  l i t t l e  
i n f o r m a t i o n  is as y e t  ava i l ab l e  a b o u t  t h e  k ine t i c s  of t h e  
r eac t i on  a n d  a b o u t  t h e  fac tors  t h a t  d e t e r m i n e  r e a c t i v i t y  L 

I n  t h e  p r e s e n t  s tudy ,  t h e  r a t e s  h a v e  b e e n  m e a s u r e d  for 
t h e  r eac t i on  of 4 m e r c a p t a n s  w i t h  h e n ' s  egg-whi te  
l y sozyme  (E.C. 3.2.1.17) 2. T h e  r a t e s  v a r y  wide ly  a n d  even  
t h e  k ine t i c  law m a y  b e  d i f ferent .  T h e  r e a c t i v i t y  of 
l y s o z y m e  is of p a r t i c u l a r  i n t e r e s t  because  i t s  comple t e  
mo lecu l a r  s t r u c t u r e  is now known .  T h e  molecule  cons i s t s  
of a single c h a i n  of 129 a m i n o  acid  residues,  fo lded to  
fo rm a compac t ,  r o u g h  ellipsoid, a b o u t  45 × 30 x 30 A.. 
F o u r  cys t ine  res idues  are  p resen t ,  l i nk ing  pos i t ions  6-127,  
30-115,  64-80 a n d  76-94 ~. 

Two  samples  of l y sozyme  were  e x a m i n e d ,  f rom W o r -  
t h i n g t o n  Biochemica l s  ( twice crys ta l l ized ,  sal t - f ree)  a n d  
f rom C a l b i o c h e m  (grade A), w i t h  t h e  s ame  resul ts .  
2 - A m i n o e t h a n e t h i o l  h y d r o c h l o r i d e  f rom E v a n s  Chemet ics  
was  rec rys ta l l i zed  f rom e t h a n o l - e t h e r  to  r e m o v e  impur i -  
t i es  t h a t  a b s o r b e d  a t  280 nm .  D i t h i o t h r e i t o l  (DTT)  f rom 
Ald r i ch  a n d  al l  o t h e r  chemica l s  were  used w i t h o u t  f u r t h e r  
pur i f i ca t ion .  

O t h e r  M e r c a p t a n s  

L y s o z y m e  was d i sso lved  in  0 . 0 2 5 M  b o r a t e  buf fe r  a n d  
m i x e d  w i t h  a f resh ly  p r e p a r e d  so lu t ion  of th io l  in  t he  
s a m e  m e d i u m .  As t h e  r eac t i on  proceeded ,  a p r e c i p i t a t e  
fo rmed .  A t  a p p r o p r i a t e  in t e rva l s ,  a 0.2 m l  a l i q u o t  of t he  
r eac t i on  so lu t ion  was w i t h d r a w n  a n d  was  a d d e d  tO 5.00 
ml  of 0 . 1 M  hyd roch lo r i c  ac id ;  t h e  m i x t u r e  was cen t r i -  
fuged a t  2000 r p m  for 3 ra in  to  r e m o v e  a n y  p r ec ip i t a t e ;  
a n d  t h e  a b s o r b a n c e  of t h e  s u p e r n a t a n t  was  d e t e r m i n e d  
a t  280 n m .  T h e  d i f ference  b e t w e e n  t h e  a b s o r b a n c e  a t  a n y  
t i m e  a n d  t h a t  a t  zero t i m e  gave  t h e  f r ac t i on  of l y s o z y m e  
t h a t  h a d  r eac t ed  a n d  p rec ip i t a t ed .  

A p lo t  of log [L]  ve r sus  t ime  ([L] = l y s o z y m e  concen-  
t ra t ion}  gave  sens ib ly  s t r a i g h t  lines, i.e. f i r s t -o rde r  
ldne t ics  were  fol lowed.  T h e  F igu re  shows some repre -  
s e n t a t i v e  resul ts .  Since t h e  m e r c a p t a n s  were  t a k e n  in  
la rge  excess, t h e  o rde r  does  n o t  ref lec t  t h e  m o l e c u l a r i t y  
of t h e  r e a c t i o n ;  t h i s  was  i n v e s t i g a t e d  b y  v a r y i n g  t h e  
m e r c a p t a n  c o n c e n t r a t i o n .  The  T a b l e  r epo r t s  t h e  ha l f -  
r e a c t i o n  t imes  o b t a i n e d  w i t h  t h e  va r ious  m e r c a p t a n s  a n d  
in  d i f f e ren t  condi t ions .  The  p r o d u c t  o b t a i n e d  in t h e  reac-  
t ion  w i t h  2 - m e r c a p t o e t h a n o l  was  cha rac t e r i zed  in t he  
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