
26 Specialia EXPERIE NTIA 24ll 

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  
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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 .  

F. MARKWARDT u n d  P. WALSMANN 

Pharmakologisches Institut der ?~ledizinischen 
Akademie Erfurt (DDR), 21. August 1967. 

L. LORAND und N. G. RVLE, Nature lPO, 722 (1961). 
6 N.G. RULE und L. LORAND, Biochim. biophys. Acta 81,130 (1964). 
7 M. MARES-GmA und E. SHA~5 J. biol. Chem. 2<I0, 1579 (1965). 
s j .  D. GI~RATZ, Experientia 22, 73 (1966). 

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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fo l lowing way.  Af t e r  50-75 % of t he  r e a c t i o n  h a s  occurred ,  
t h e  r eac t i on  m i x t u r e  w as  cen t r i f uged  to  s e p a r a t e  t h e  
p rec ip i t a t e .  Th i s  was  w a s h e d  tw ice  w i t h  0 . 0 0 1 M  di-  
s o d i u m  e t h y l e n e d i n i t r i l o t e t r a a c e t a t e  (EDTA)  a n d  t h e n  
d i sso lved  in  8 M  u r e a - 0 . 0 0 1 M  E D T A .  T h i s  so lu t ion  was  
t e s t e d  for  - S H  c o n t e n t  w i t h  N - e t h y l m a l e i m i d e  4. T h e  
r e s u l t  was  4.3 =k 0.2 S H  g roups /mo lecu l e ;  i.e. p rec ip i t a -  
t i o n  occu r red  a f t e r  2 of t h e  4 d isu l f ide  g roups  in  t h e  
e n z y m e  molecule  ha s  b e e n  reduced .  A s imi l a r  r e su l t  ha s  
b e e n  o b t a i n e d  b y  e lec t ro ly t ic  r e d u c t i o n  5. 

I t  c an  be  seen f rom t h e  T a b l e  t h a t  t h e  r e a c t i v i t y  of t h e  
th io l s  a t  c o m p a r a b l e  c o n c e n t r a t i o n s  a n d  p H  10 is:  
D T T  > 3 - m e r c a p t o p r o p i o n a t e  > 2 - m e r c a p t o e t h a n o l  >> 2- 
a m i n o e t h a n e t h i o l .  Th i s  was  n o t  expec ted ,  because  t h e  
m e c h a n i s m  of disulf ide  i n t e r c h a n g e  invo lves  the  R S -  ion 6, 
a n d  2 - a m i n o e t h a n e t h i o l  is more  ex t ens i ve l y  ionized t h a n  
t h e  o t h e r  m e r c a p t a n s L  T h e  r e su l t  i nd i ca t e s  t h a t  o t h e r  

Half-reaction periods 

Thiol Thiol pH Half- 
concentration reaction 

period, 
min 

2-Mereaptoethanol 0.150 10.0 27 
0.100 10.0 37 
0,075 10.0 65 
0.050 10.0 110 
0.025 10.0 314 
0.050 9.0 860 

DTT 0.050 10.0 20 
0.025 10.0 20 
0.012 10.0 20 
0.050 9.0 20 
0.050 7.8 200 
0.050 7.3 1100 

3-Mercaptopropionate 0.050 10.0 56 

2-Aminoethanethiol 0.050 10.0 ca. 4000 
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0.$ 

02 \~ 
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Time 
Rates of reaction of lysozyme with 0.05 M mereaptan at 25°C. 
Empty c~eles: DTT at pH 7.8; triangles: 2-mercaptoethanol at  
pH 10; full circles: DTT at pH I0. 

f ac to r s  a re  of d e t e r m i n i n g  i m p o r t a n c e ,  e.g. t h e  accessi-  
b i l i t y  of t he  disulf ide  b o n d s  - or  of  some p a r t i c u l a r  di-  
sul f ide  b o n d  - to  t h e  r eagen t .  

F o r  2 - m e r c a p t o e t h a n o l  in  t h e  c o n c e n t r a t i o n  r a n g e  
0 .15-0 .05 M ,  t he  r a t e  of r e a c t i o n  is inve r se ly  p r o p o r t i o n a l  
to  t h e  th io l  c o n c e n t r a t i o n ,  showing  t h a t  t h e  l dne t i c  l aw 
is (L i = inso lub le  p roduc t )  : 

dLi/dt = k [ R S H ]  IL l  (1) 

On  t h e  o t h e r  h a n d ,  t h e  r eac t i on  w i t h  D T T  (a t  0.05 to  
0 .012M)  is i n d e p e n d e n t  of the  th io l  c o n c e n t r a t i o n .  Th i s  
i nd i ca t e s  t h a t  t h e  t h io l  is n o t  i n v o l v e d  in t h e  r a t e -  
d e t e r m i n i n g  s tep.  A p laus ib le  e x p l a n a t i o n  is t h a t  t h e  
d isul f ide  group(s)  is (are) n o t  suscep t ib le  to  r e a c t i o n  w h e n  
t h e  molecu les  of l y sozyme  are  in  t h e  ' n o r m a l '  ( lowest-  
energy)  c o n f i g u r a t i o n  a n d  t h a t  r e ac t i on  becomes  poss ib le  
w h e n  a p p r o p r i a t e  d e f o r m a t i o n s  of t h e  molecule  expose  
o r  s t r a i n  t h e  group(s) .  L e t  L r r e p r e s e n t  t h e  r e a c t i v e  
molecu le s :  

kl  

k_l  

L r + R S H  k z  Li + 1/~(RSSR) 

A s s u m e  f u r t h e r  t h a t  t h e  s t e a d y - s t a t e  a p p r o x i m a t i o n  c a n  
be  app l i ed  to  L r: 

d[Lr]/dt = k i l l  ] -- k_ t[Lr] -- k~[Lr][RSH ] = 0 

[L,]  = k,[L]/(k_ 1 + k , [ R S H ] )  

I t  m a y  t h e n  be  seen t h a t  t h e  r e a c t i o n  will r educe  to  t h e  
r e q u i r e d  form,  i n d e p e n d e n t  of t h io l  c o n c e n t r a t i o n ,  if 
h_t  < k2 (RSH) :  

dLJdt = k ~ [ L r ] [ R S H  ] ~-~ kl[L] 

If, on  t h e  o t h e r  h a n d ,  k_ t >> k~ [RSH]  - t h i s  impl ies  t h a t  
L r would  e f fec t ive ly  b e  in  e q u i l i b r i u m  w i t h  L t h r o u g h o u t  
t h e  r e a c t i o n  - one  o b t a i n s  t h e  r a t e  expres s ion  (I) .  

Lower ing  t h e  p H  reduces  t h e  c o n c e n t r a t i o n  of R S -  a n d  
t he r e fo re  s h o u l d  decrease  t h e  r a t e  of  r e a c t i o n  w i t h  2-mer-  
c a p t o e t h a n o l ;  b u t  n o t  w i t h  D T T ,  s ince  t h e  r a t e -de t e r -  
m i n i n g  s tep  does  n o t  invo lve  t h e  m e r c a p t a n .  Th i s  is in  
a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s  as t h e  p H  
is c h a n g e d  f rom 10 to  9. As t h e  p H  is lowered fu r ther ,  one  
m i g h t  a n t i c i p a t e  t h a t  t h e  r eac t i on  w i th  R S -  would  be-  
come  r a t e - d e t e r m i n i n g  in t h e  case of D T T  also, as is 
f o u n d  in t h e  r a n g e  of p H  8-7  8. 

Riassunto. Sono m i s u r a t e  le veloci t~  di  reaz ione  de l la  
l i soz ima con  0 . 0 5 M  di t io t re i to lo ,  HSCH2CHzOH,  
(HSCH2CHzCOO-)  e H~SCHzCHzNH 2 in t a m p o n e  b o r a c e  
di  p H  10 e in  a l cune  a l t r e  concen t r az ion i  e p H .  L a  
c ine t i ca  del la  reaz ione  col d i t io t re i to lo  6 d i f f e ren te  d a  
que l ta  con HSCH~CH2OH e v iene  d a t a  u n a  i n t e r p r e t a -  
zioue di  q u e s t o  fenomeno .  
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