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Table I I  

Dose of Optical density of the plasma 

CPZ before 10 ufin after 15 rain 25 rain 35 rain 
mg/kg 

admin, of protamine after adminisiration of CPZ 

7.0 
7.5 
7.5 

10.0 
10.0 

0.833 0.497 
1.440 1-473 
2.886 2.85~ 
1.383 1-193 
t.200 1.630 

1.041 
1.723 
2.862 
2.033 
1.657 

1.033 
1-926 
3-312 
1-850 
2-070 

0.892 
1.577 
3.102 
1.440 
2.017 

Z u s a m m e n / a s s u n g  

Bei  H u n d e n  e rg ib t  C h l o r p r o m a z i n  i n  vivo eine Kl~irung 
des l i p / imi schen  P lasmas .  Dieser  E f f e k t  des P r i i p a r a t e s  
wi rd  d u r c h  v o r a u s g e h e n d e ,  i n t r a v e n 6 s e  P r o t a m i n s u l f a t -  
i n j e k t i o n e n  a u f g e h o b e n .  Es  da r f  a n g e n o m m e n  werden ,  
dass  d iese  W i r k u n g  d u r c h  Mobi l i s i e rung  y o n  e n d o g e n e m  
H e p a r i n  v e r m i t t e l t  wird.  M6gl icherweise  is t  d ieser  Me- 
c h a n i s m u s  a n  d en  t h r o m b o e m b o l i s c h e n  K o m p l i k a t i o n e n  
n a c h  C h l o r p r o m a z i n b e h a n d l u n g  bete i l ig t .  

d e r i va t i ve s ,  and he  also sugges t s  t h a t  t he se  d r u g s  in- 
c rease  t h e  h e p a r i n  c o n t e n t  of t h e  b lood.  A c c o r d i n g  to  
COURVOISlER 5, t h e  c o a g u l a t i o n  t i m e  of b lood  is p ro long-  
ed b y  a d m i n i s t r a t i o n  of c h l o r p r o m a z i n e .  
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Fig. ~.--Changes in lipoprotein pattern caused by 10 mg/kg chlor- 
promazine shown by paper electrophoresis. 1: before, 2" '25 min after 
chlorpromazine administration (180 V, 1O mA, 20 h. Sudan Black 

stain). 

S ince  t h e  p h e n o t h i a z i n e  d e r i v a t i v e s  a re  w ide ly  used  
in t h e r a p y ,  s eve ra l  o b s e r v a t i o n s  s u g g e s t e d  t h a t  t h r o m -  
b o e m b o l i c  c o m p l i c a t i o n s  f r e q u e n t l y  occu r  8 fo l lowing 
t he  use of t h e s e  drugs .  Our  c l in ical  o b s e r v a t i o n s  also 
s u p p o r t  these  f ind ings .  On  t h e  bas i s  of ou r  e x p e r i m e n t s ,  
i t  m a y  be  a s s u m e d  t h a t  owing  to  t h e  i nc r ea sed  re lease  of 
h e p a r i n  d u r i n g  p h e n o t h i a z i n e - t r e a t m e n t  t h e  h e p a r i n -  
s to res  t h r o u g h o u t  t h e  b o d y  b e c o m e  d i m i n i s h e d ;  t h u s  
t he  i n t e r r u p t i o n  of c o n t i n u o u s  a d m i n i s t r a t i o n  m a y  be  
fol lowed b y  a dec rease  of t h e  h e p a r i n  b lood- leve l .  Th e  
poss ib i l i t y  t h a t  s u c h  a m e c h a n i s m  m a y  be i n v o l v e d  in 
p o s t - p h e n o t h i a z i n e  t h r o m b o e m b o l i c  c o n d i t i o n s  m i g h t  
also be  t a k e n  i n t o  c o n s i d e r a t i o n .  
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The Oxidation of Cystamine and Other Sulfur- 
Diamines  by Diamine-Oxidase  Preparations 

A l t h o u g h  i t  is k n o w n  t h a t  c y s t a m i n e  is ox id ized  b y  
t h e  r a t  in  vivo t o  t a u r i n e  1, h y p o t a u r i n e  2 a n d  su l fa te  a, 
e n z y m a t i c  s y s t e m s  c a p a b l e  of c a r r y i n g  o x i d a t i v e  r eac t i on  
on  c y s t a m i n e  i n  vitro are  a t  p r e s e n t  u n k n o w n .  Only  
recen t ly ,  SALVADOR a n d  BRADY 4 h a v e  r e p o r t e d  t h e  
o x i d a t i o n  of  c y s t e a m i n e  to  c y s t a m i n e  d i su l fox ide  b y  a 
p igeon l iver  p r e p a r a t i o n .  No e x p e r i m e n t a l  d a t a  are  
h o w e v e r  r e p o r t e d  in t h e i r  paper .  

T h e  i n c u b a t i o n  of c y s t a m i n e  w i t h  a r a t  l iver  h o m o -  
g e n a t e  in a W a r b u r g  s y s t e m  resu l t s  in  a s l i gh t  inc rease  
of t h e  O~ u p t a k e  o v e r  t h e  e n d o g e n o u s  r e s p i r a t i o n  on ly  in 
t h e  f i r s t  pe r iod  of i n c u b a t i o n ,  fo l lowed b y  a d e p r e s s i o n  
in t h e  second  p a r t  ( u n p u b l i s h e d  e x p e r i m e n t s ) .  Th i s  
resu l t  m a y  poss ib ly  be  i n t e r p r e t e d  b y  a p a r t i a l  o x i d a t i o n  
of c y s t a m i n e  b y  t h e  d i a m i n e - o x i d a s e ,  w h i c h  is c o n t a i n e d  
on ly  in sma l l  a m o u n t s  in  t h e  r a t  l i ve r  s , t o  c o m p o u n d s  
wh ich  a re  tox ic  to  t h e  l ive r  e n z y m e s .  

In  o rde r  to  t e s t  t h e  a b i l i t y  of d i a m i n e - o x i d a s e  to  
c a t a l y z e  t h e  o x i d a t i o n  of c y s t a m i n e ,  a n d  to ga in  e v i d e n c e  
on  t h e  poss ible  role of d i a m i n e - o x i d a s e  in t h e  b io logica l  
d e g r a d a t i o n  of c y s t a m i n e  a n d  o t h e r  s u l f u r - d i a m i n e s ,  a 
c o m p a r a t i v e  s t u d y  h a s  b e e n  ca r r i ed  o u t  b y  i n c u b a t i n g  
c a d a v e r i n e  a n d  s u l f u r - c o n t a i n i n g  d i a m i n e s  w i t h  d ia-  
m i n e -o x i d a s e  p r e p a r a t i o n s  e x t r a c t e d  f rom t r a d i t i o n a l  
sources.  

P i g - k i d n e y  diamine-o ,~ ' idase . -The e n z y m e  s y s t e m  w as  
p r e p a r e d  in a c r u d e  fo rm a c c o r d i n g  to  ZELLER *, w i t h  
m i n o r  mod i f i ca t ions .  As i t  is s h o w n  in F i g u r e  l ,  c y s t a -  
m i n e  is a n  exce l l en t  s u b s t r a t e  for th i s  e n z y m e ,  t h e  r a t e  
of o x i d a t i o n  b e i n g  c o m p a r a b l e  to  t h a t  of c a d a v e r i n e .  
Us ing  c a d a v e r i n e  as s u b s t r a t e ,  t h e  f ina l  O 2 u p t a k e  is 
close to  t h e  t h e o r y  of o.5 M per  mole  s u b s t r a t e ;  u s ing  
c y s t a m i n e  we i n v a r i a b l y  f o u n d  a h i g h e r  O,  c o n s u m p t i o n  
w h i c h  was  m o r e  t h a n  d o u b l e  t h e  t h e o r e t i c a l  a m o u n t .  

T h e  h i g h e r  O,  u p t a k e  in t h e  case  of c y s t a m i n e  is n o t  
caused  b y  t h e  a c c u m u l a t i o n  of H 2 0  2 in t h e  i n c u b a t i o n  
m i x t u r e .  Th i s  has  been  ru led  o u t  b y  t i p p i n g  a so lu t ion  of 
c a t a l a s e  a t  t h e  en d  of one  of t h e s e  r e a c t i o n s  : no  e v o l u t i o n  
of  O 2 w as  n o t i c e d  a f t e r  t h e  c a t a l a s e  a d d i t i o n .  F u r t h e r -  
more  t h e  h i g h e r  Oz c o n s u m p t i o n  is a lso n o t  a t t r i b u t a b l e  
to  t h e  p r e sence  in t h e  e n z y m a t i c  p r e p a r a t i o n  of a s y s t e m  
c a p a b l e  of ox id iz ing  t h e  d i su l f ide  g r o u p  c o n t a i n e d  in t h e  
i n i t i a l  s u b s t r a t e .  Th i s  poss ib i l i t y  h a s  been  e l i m i n a t e d  b y  
us ing  N - d i a c e t y l c y s t a m i n e ,  w h i c h  was  lef t  u n o x i d i z e d  
b y  t h e  s a m e  p r e p a r a t i o n .  
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A n a l y t i c a l  d a t a  o b t a i n e d  on  t h e  d e p r o t e i n i z e d  i n c u b a -  
t i o n  m i x t u r e  a t  t h e  e n d  of t h e  O, u p t a k e  a re  r e p o r t e d  
b e l o w :  

Theory: Found: 
O~ uptake 5/zM l~/~M 

NH 3 
C y s t a m i n e . . .  
Taurine 
H y p o t a u r i n e . .  
-SS-groups . . 
Sulfate 
H2S 

10/~M 
0/~M 
? 
? 

100% 
0 # M  
0 ~,M 

9 . 6 ~ M  
0 ~ M  
0 pM 
0 BM 

2 1 %  
0 pM 
0 pM 

Analysis of a deproteinized incubation mixture of pig-kidney dia- 
mine-oxidase with cystamine. Time: at exhaustion 0 2 uptake (6 h). 

Substrate 10 t,~M. Other conditions as in Figure 1. 

t h e  c o m p o u n d  f o r m e d  ex i s t s  in  t h e  f o r m  of a cyclized 
i n t e r n a l  Sch i f f -base ;  t h i s  will  be  r e f e r r ed  l a te r .  

T h e  d i s c r e p a n c y  b e t w e e n  t h e  a m m o n i a  p r o d u c t i o n ,  in 
a g r e e m e n t  w i t h  t h e  t h e o r y ,  a n d  t h e  h i g h e r  02 u p t a k e  
m a y  poss ib ly  be  i m p u t e d  t o  t h e  f u r t h e r  o x i d a t i o n  of the  
r e a c t i o n  p r o d u c t .  N e v e r t h e l e s s  t a u r i n e  a n d  h y p o t a u r i n e  
a re  n o t  d e t e c t a b l e  in  t h e  d e p r o t e i n i z a t e  b y  p a p e r  or  ion- 
e x c h a n g e  c h r o m a t o g r a p h y ,  T h o u g h  - S S -g roups  a re  no t -  
a b l y  d e c r e a s e d  a t  t h e  end  of i n c u b a t i o n ,  t h i s  f i n d i n g  is 
o n l y  a p p a r e n t  s ince  i t  is b e t t e r  e x p l a i n e d  b y  t h e  b i n d i n g  
p r o p e r t i e s  of t h e  r e a c t i o n  p r o d u c t  w i t h  t h e  p r o t e i n s  of 
t h e  p r e p a r a t i o n ,  w h i c h  h a v e  b e e n  r e m o v e d  b y  t h e  de- 
p ro t e in i ze r .  T h a t  t h e  o x i d a t i o n  of  c y s t a m i n e  is compl i -  
c a t e d  b y  s i d e - r e a c t i o n s  wil l  b e  s h o w n  l a t e r ;  i t  is  also 
i n d i c a t e d  b y  t h e  i n t e n s e  b r o w n  co lor  a s s u m e d  b y  t he  
m i x t u r e s  i n c u b a t e d  w i t h  c y s t a m i n e  in c o n t r a s t  w i t h  
t hose  i n c u b a t e d  w i t h  c a d a v e r i n e .  

T h e  i n s p e c t i o n  of t h e  t a b l e  shows  t h a t  one  mole  of 
a m m o n i a  is p r o d u c e d  pe r  mole  s u b s t r a t e  a t  t h e  e n d  of ~ ,  
t h e  o x i d a t i o n .  T h i s  is i n d i c a t i v e  of a t y p i c a l  r e a c t i o n  of 
t h e  d i a m i n e - o x i d a s e  on  c y s t a m i n e  as fol lows:  

150 - 
N H 2 " C H ~ - C H ~ - S S - C H ~ - C H 2 - N H  2 --~" NH2.CH2_CHz_SS_ 

C H 2 - C H O  + N H v  

300 
c~ 
-,-L. 

250 - 

?OyM 

200 - ./o.~° 
150 - / 

, 0 0 -  

: /  

.,'ZW./. , - -  . . . . . . .  
o - -  , , , 

1 2 3 4 5 6 
Time in h 

Fig. I.--Oxidation of cadaverine and cystamine by diamine-oxidase. 
Each vessel contained: 0.2 g pig-kiduey aceton powder 6, stirred in 
2 ml phosphate 0.1 M, pH 7.4 for 30 min, and centrifuged. Substrates 
in the specified amount. Vtatcr to 3 rot. 0.2 ml NaOH ~5% in the 
center well. Temperature 38 °. Gas, air. Full line, cystamine; dotted 

line, cadaverine. 

W e  h a v e  a p r e l i m i n a r y  i n d i c a t i o n  t h a t ,  also w i t h  
c y s t a m i n e ,  as in  t h e  case  of  c a d a v e r i n e  a n d  p u t r e s c i n e  7, 

7 p. j .  G. MANN and W. S.~nTmES, Biochem. J. 61, $9 (1955). - 
K. HASSE and H. MAISACK, Biochem. Z. 327, 296 (1955). 

• CadaveHne 
zx £ystornine 

o Cadaverine + cystomine 

100 1 

50-I I 

....... j I 2 Time in h 
Figure 2.-- Oxidation of eystamine and eadaverine by the pea dia- 
mine-oxidase. Each vessel contained 5 mg dry diamine-oxidase pre- 
paration s, stirred in 2 ml phosphate 0-1 M, pH 7.4, and filtered. 
Substrates, 10 ,aM. Temperature 25°C. Other conditions as in 

Figure I. 

Pea seedlings diamine-oxidase.--With p e a  d i aminc -  
o x i d a s e  e x t r a c t e d  a c c o r d i n g  to  KE~TEN a n d  ~¢IANN 8, the  
r e s u l t s  a re  c o m p a r a b l e  t o  t h o s e  o b t a i n e d  w i t h  t h e  a n i m a l  
ox idase .  

F i g u r e  2 r e p o r t s  t h e  r e s u l t  of a n  e x p e r i m e n t  pe r fo rmed  
b y  i n c u b a t i n g  w i t h  t h e  e n z y m e  p r e p a r a t i o n  c y s t a m i n e  
a n d  c a d a v e r i n e  e i t h e r  s e p a r a t e l y  or  t o g e t h e r .  T h e  ini t ia l  
r a t e  of 02 c o n s u m p t i o n  w h e n  b o t h  t h e  s u b s t r a t e s  a re  in- 
c u b a t e d  t o g e t h e r  w i t h  t h e  p r e p a r a t i o n  is of t h e  order  
f o u n d  for  c y s t a m i n e  a l o n e  a n d  lower  t h a n  t h a t  f o u n d  for 
c a d a v e r i n e .  T h i s  shows  t h a t  c y s t a m i n e  is a lso a good 
s u b s t r a t e  for  t h e  p l a n t  ox ida se  a n d  sugges t s  t h a t  the 
e n z y m e  i n v o l v e d  is t h e  s a m e  for  t h e  t w o  s u b s t r a t e s .  

I n  o r d e r  to  t e s t  t h e  spec i f i c i ty  of d i amine -ox ida se  
t o w a r d s  s u l f u r - c o n t a i n i n g  d i a m i n e s ,  t h e  fo l lowing  dis- 

s R. H. I{ENTEN and P, J. G. MANN, Biochem, J. ,50, 360 (1952). 
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mines  h a v e  b e e n  c o m p a r e d  for  t h e i r  a b i l i t y  to  be  ox id ized  
b y  t h e  e x t r a c t e d  e n z y m e :  

NH2.CH2-CH2-CH2-CH~-CH2.NH 2 cadaverine 
NH2. CH2-CHi-S S-CH2-CH2-NH 2 cystamine 
NH2.CH2-CH~-S-CH2-CH2.NH ~ lanthionamine 
NH2.CH2-CH2-SO-SO-CH~-CH2.NH 2 cystamine disulfoxide 
NH2.CH2-CH2-SO2-CH2-CFI2.NH 2 lanthionamine sulfone 

de l la  c i s t a m i n a  si p r o d u c a  u n a  mole  di a m m o n i a c a  p e r  
mo le  di s u b s t r a t o ,  il c o n s u m o  di oss igeno  ~ due  vo l t e  pifi 
e l e v a t o  del  teor ico ,  i n d i c a n t e  u n a  u l t e r i o r e  oss idaz ione  
del p r o d o t t o  m e t a b o l i c o  del la  reaz ione .  T u t t a v i a  t a u r i n a ,  
i p o t a u r i n a  e solfat i ,  n o n  sono  d e t e r m i n a b i l i  nel  depro -  
t e i n i z z a t o  f inale .  

T h e  r e a c t i o n  was  fo l lowed a t  p H  5.6 in o r d e r  to  a v o i d  
d i s m u t a t i o n  of e y s t a m i n e  d i su l fox ide .  T h e  I n f l u e n c e  of  P y r i d o x i n e  on  the  F r e e  A m i n o  

A c i d s  of  D e c o t y l i z e d  P e a  S e e d l i n g s  

~. IOO- o / O ~  4 

- ~ 

$_ 1 

5O 5 

" - -  - -  - - I  ~ I" I = I  

1 2 3 4 
Time in h 

Fig. 3.--Oxidation of sulfur-containing diamines by pea diamine- 
oxidase. Enzyme preparation 20 mg. pH 5.6. Substrates 5 MM. Tem- 
perature 25 ° C. Other conditions as in Figure 1. 1 Cadaverine; 

2 eystamine; 3 cystamine disulfoxide; 4 lanthionamine; 
5 lanthionamine sulfone. 

As r e p o r t e d  in  F i g u r e  3, l a n t h i o n a m i n e  r e p r e s e n t s  t h e  
bes t  s u b s t r a t e  a m o n g  t h e  s u l f u r - d i a m i n e s .  T h e  p r e sence  
of ox id i zed  su l fu r  in  t h e  molecu le  r e s u l t s  in  a d e p r e s s i o n  
of a c t i v i t y ,  in  t h e  case  of l a n t h i o n a m i n e  sul fone,  a n d  
in a c o m p l e t e  a b o l i t i o n  of a c t i v i t y ,  in  t h e  case  of cys t -  
a m i n e  d i su l fox ide .  

E x p e r i m e n t s  a re  c o n t i n u e d  a long  t h i s  l ine  in  o r d e r  to  
d e t e c t  t h e  f ina l  p r o d u c t s  a n d  to  r e l a t e  t he se  f i nd ings  
w i t h  t h e  m e t a b o l i s m  of c y s t a m i n e  in vivo. 
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Riassunto 

Le d i a m i n e  so l fo ra te  c i s t a m i n a  e l a n t i o n a m i n a  sono  
oss ida te  con  ve loc i t~  c o m p a r a b i l e  a que l l a  de l la  cada -  
r e t i n a  da l l a  d i amino-oss idas i .  I1 solfone de l la  l a n t i o n a -  
m i n a  ~ os s ida to  p ih  l e n t a m e n t e  ed il d i so l foss ido  de l la  
c i s t a m i n a  n o n  ~ os s ida to  a f fa t to .  B e n c h ~  da l l ' o s s idaz ione  

I n  o t h e r  ( u n p u b l i s h e d )  i n v e s t i g a t i o n s ,  i t  was  e s t ab l i sh -  
ed t h a t  c o t y l e d o n - l e s s  pea  seed l ings  (if t h e  excis ion  of 
c o t y l c d o n s  c a r r i e d  o u t  a t  t h e  3rd d a y  of g e r m i n a t i o n )  
are  de f i c i en t  in  f ree  g l u t a m i c  acid,  a t  l eas t  for a few days .  

A c c o r d i n g  t o  BURKHOLDER a n d  McVEIGH 1 a n d  
CHELDELIN a n d  LANE 2, a n  a c c u m u l a t i o n  of v i t a m i n  
Bs, py r idox ine ,  is o b s e r v a b l e  in  t h e  g e r m i n a t i n g  seeds.  
The  p y r i d o x i n e  a n d  i t s  s eve r a l  d e r i v a t i v e s  f u n c t i o n  as 
c o t r a n s a m i n a s e s ,  a n d  c o n s e q u e n t l y  p l a y  a n  i m p o r t a n t  
role in  t h e  i n t e n s i v e  t r a n s a m i n a t i o n  of t h e  seedl ings  8. 
WILSON et al. 4 h a v e  p r e p a r e d  f r o m  6 -10  d a y  old  seed l ings  
a n  e n z y m e  f r ac t ion ,  wh ich ,  in  t h e  p r e s e n c e  of p y r i d -  
o x a m i n e  or p y r i d o x a l - 5 - p h o s p h a t e ,  t r a n s f e r s  t h e  a m i n o  
g r o u p s  to  ~ - k e t o g l u t a r i c  acid .  

FRIES ~ showed  t h a t  c o t y l e d o n - l e s s  pea  seed l ings  re- 
qu i r e  in  e m b r y o  c u l t u r e  a s i g n i f i c a n t l y  h i g h  a m o u n t  of 
p y r i d o x i n e .  

I h a v e  c o n f i r m e d  e x p e r i m e n t a l l y  in  t h e  fo l lowing  
m a n n e r .  Seedl ings  of " F o l g e r "  p e a  were  d e p r i v e d  of 
t h e i r  c o t y l e d o n s  a f t e r  3 d a y s  of g e r m i n a t i o n  (a t  r o o m  
t e m p e r a t u r e )  a n d  exposed  o n  l i g h t  in  K n o p  so lu t ion .  
3 d a y s  a f te r ,  one  g roup  of t h e  p l a n t s  was  i n f i l t r a t e d  in  
v a c u u m  ( two t i m e s  d u r i n g  24 h) w i t h  0 .1% p y r i d o x i n e  
d i s so lved  in wate r .  T h e  o t h e r  g r o u p  (control )  was  g i v e n  
o n l y  d i s t i l l ed  w a t e r  (also b y  v a c u u m i n f i l t r a t i o n )  a t  t h e  
s a m e  t ime .  24 h l a t e r  I a n a l y z e d  t h e  seed l ings  of t h e  t w o  
v a r i a n t s  w i t h  r e spec t  to  t h e i r  free a m i n o  acids,  u s ing  t h e  
m e t h o d  of AWAPARA e. T h e  s o l v e n t  of t h e  (25 c m  d ia -  
me te r )  p a p e r  c h r o m a t o g r a m s  was  b u t y l i c  a l c o h o l - - w a -  
t e r - a c e t i c  ac id  (4: 1:5) .  T h e  f resh  w e i g h t  of t h e  e x t r a c t -  
ed p l a n t  m a t e r i a l  was  of 0.5 g.* 

T h e  r e su l t s  of t h e  i n v e s t i g a t i o n  s h o w e d  t h a t  w h i l e  t h e  
w a t e r - i n f i l t r a t e d  p l a n t s  were  de f i c i en t  of f ree  g l u t a m i c  
acid,  in  t h e  p l a n t s  p r o v i d e d  w i t h  p y r i d o x i n e  g l u t a m i c  
ac id  a p p e a r e d  also a m o n g  t h e  o t h e r  free a m i n o  ac ids  
(arg in ine ,  ser ine ,  t y ro s ine ,  leucine) ,  

I t  is p r o b a b l e  t h a t  in  co ty l edon - l e s s  p e a  seedl ings  t h e r e  
is no  su f f i c i en t  a m o u n t  of p y r i d o x i n e .  

L. MARTOS 

Chair o] plant breeding, High School o[ Horticulture, 
Budapest, Hungary,  June 18, 1956. 
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