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INTRODUCTION 

I t  has been shown that  cystamine is oxidized by diamine-oxidase extracted either 
{rom pig kidney cortex or from pea seedlings 1. The rate of oxidation of this sulfur- 
containing diamine is in the range of that  found, under the same conditions, using 
a typical substrate such as cadavefine. Although the analytical values are in agree- 
ment  with a typical diamine-oxidase reaction, the total O, uptake, with cystamine 
:as substrate, is higher than that obtained with cadaverine. This probably indicates 
:a high reactivity of the reaction product of cystamine which is further metabolized. 

Cadaverine and putrescine have been shown to be oxidized by diamine-oxidase 
to the cyclized internal Schiff bases instead of their free amino-aldehyde derivatives 2, 3. 
In this paper we present evidence on the analogous intermediate formation of a 
cyclized disulfide-containing azo-methine derivative, by the interaction of eystamine 
with diamine-oxidase. 

METHODS AND MATERIALS 

I) iamine-oxidase extracted from pea seedlings, according to the method of KENTEN AND MANN 4, 
has been used as enzyme th roughou t  this work. 20 mg  of the final acetone powder, or higher 
propor t ional  amounts ,  have  been homogenized wi th  2 ml of o.i M phospha te  buffer, a t  the ap- 

,Re/erences p. 358. 
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propr ia te  pH,  a n d  fil tered f rom t h e  insoluble  residue. Typica l  e x p e r i m e n t s  h a v e  been  pe r fo rmed  
wi th  z m l  buffered e n z y m e  e x t r a c t  (i.e. 2o m g  d ry  enzyme)  p lus  i ml  wa te r  con ta in ing  io / zmoles  
of  neu t ra l i zed  c y s t a m i n e  d ihydrochlor ide ,  and  e v e n t u a l  addi t ions .  A few e x p e r i m e n t s  have  been 
pe r fo rmed  in t he  absence  of buffer,  in wh ich  case t he  e n z y m e  was  homogen ized  in water .  

The  conven t iona l  W a r b u r g  a p p a r a t u s  was  used for the  e s t ima t i on  of t he  O 2 up take .  W o r k i n g  
t emp . ,  25°;  air  was  used  as gas. S u b s t r a t e s  dissolved in 0.5 ml  wa te r  were placed in t he  side a r m ;  
t h e  cen te r  well con ta ined  o.2 ml  IO % N a O H .  

Descend ing  c h r o m a t o g r a p h y  on W h a t m a n  No. 4 paper  was  employed  for t he  de tec t ion  of  
i n t e rmed ia t e  compounds .  So lven t :  bu tano l ,  acetic acid, wa te r  (4, i ,  5; v/v).  Spray  r eagen t s  are  
descr ibed in t he  t ex t .  Depro te in iza t ion  was  ob ta ined  by  add ing  to t he  sample  one t e n t h  of i t s  
v o l u m e  of lOO% tr ichloroacet ic  acid. Af ter  f i l trat ion,  t he  p rec ip i t an t  was  pa r t l y  r emoved  by  
ex t r ac t i ng  t he  f i l t rate five t imes  wi th  equal  a m o u n t s  of ether,  o.I5-O.2 ml  of t he  final a q u e o u s  
layer  was  dr ied on t he  top  of t he  pape r  sheet .  

C y s t a m i n e  a n d  cadaver ine  d ihydrochlor ides  were commerc ia l  p roduc t s ;  o - aminobenza ldehyde  
was  p repa red  b y  t he  m e t h o d  of BAMBERGER et al. 5. 

EXPERIMENTAL AND RESULTS 

The effect o/cl, ange o/ pH on the 0 3 uptake 

The amount of O~ consumed in the oxidation of cadaverine by the pig-kidney diamine- 
oxidase is very close to the theoretical value of 0.5 moles O 8 per mole of substrate; 
cystamine under the same conditions takes up more than twice this amount 1. With 
the plant enzyme (Fig. I) at pH 7.4 cadaverine also shows a higher O 8 uptake when 
used in IO/,moles amount. This is in agreement with the higher value found for 
cadaverine at this pH by HASSE AND ~/~AISACK 3, even in the presence of catalase. 
This extra consumption of O 3 has been explained by  the same authors as being caused 
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Fig. z. Oxida t ion  of cadaver ine  b y  20 m g  
d iamine-ox idase ,  p H  7.4, ; p H  5.6, 
. . . . .  ; w i t h  io /~moles  subs t ra te ,  • ;  
w i t h  5 /~moles  subs t r a t e ,  O .  Buffer ,  2 ml  
o . I M  p h o s p h a t e ;  t emp . ,  25°;  gas, a i r ;  

f inal vol., 3 ml.  

Fig. 2. Ox ida t ion  of c y s t a m l n e  b y  20 m g  
d iamine-ox idase ,  pI-I 7.4, ; p H  5.6, 
. . . . .  ; w i th  I o / , m o l e s  subs t r a t e ,  • ; 
w i t h  5 /zmoles  subs t ra te ,  O .  All o the r  

condi t ions  as  in Fig. i .  
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by a secondary oxidation of the reaction product; the secondary oxidation is eli- 
minated by  working at a low pH (pH 5.7). 

As is shown in Fig. 2, the Oz uptake of cystamine in the presence of diamine- 
oxidase at pH 7-4 is more than twice the theoretical value with both the concen- 
trations of the substrate, in analogy with the higher values obtained with the animal 
oxidase 1. Working at pH 5.6 the total O 2 uptake is notably depressed in the case of 
cystamine also, indicating an inhibition of the secondary oxidation of the reaction 
product. The inhibition of secondary reactions is also indicated by the lack of colour 
change at low pH. In contrast to cadaverine, the incubation mixtures with cystamine 
quickly assume a dark brown colour at pH 7-4, as was found also with animal oxidase 1. 
No coloration or only a very faint colour appears when working at pH 5.6. 

The effect o/o-aminobenzaldehyde on the 02 uptake 

o-aminobenzaldehyde has the property of combining spontaneously and specifically 
with cyclized azo-methine compounds yielding a yellow or orange dihydroquinazo- 
linium derivative2,3, 6-8. The incubation of diamine-oxidase with cystamine in the 
presence of added o-aminobenzaldehyde resulted invariably in the production of a 
golden yellow colour in the place of the dark brown colour that  is usually obtained 
at pH 7.4 without any addition. Since cystamine, alone or incubated with boiled 
enzyme extract, failed to give any coloration, this seems to indicate that  the oxidation 
product of cystamine reacts with the added aminobenzaldehyde. Furthermore, the 
total 0 2 uptake in the presence of the aminobenzaldehyde is notably reduced; it is 
depressed to the theoretical value of 0.5 moles 0 2 per mole substrate. The theoretical 
value is obtained by  extrapolating to zero time the second part of the oxidation curve 
of Fig. 3. 

These results are highly significant for the production of an azomethine derivative 
in the case of cystamine also. Of particular interest is the depression of the total 
0 2 uptake induced by the aminobenzaldehyde. This indicates that the oxidation in 
excess of the theoretical value may be imputable to the further oxidation of the azo- 
methine product, which in the presence of aminobenzaldehyde is trapped by  the 
reagent and made unavailable for further oxidation. The slower oxidation which 
follows in the second part of the curve reported in Fig. 3, may possibly indicate a 
dissociation of the dihydroquinazolinium derivative. These compounds are in fact 
reported to be easily hydrolysable to the parent reactants s. 

Paper chromatography 

Further evidence on the production of a cyclized azo-methine compound has been 
obtained by  paper chromatography. To avoid desalting of the samples to be chromato- 
graphed, no buffer was used in these experiments: the dry enzyme preparation was 
dissolved in water and treated in the same way as the buffered enzyme. The pH of 
the reacting mixture was initially adjusted to 5.6 by careful introduction of diluted 
HC1. In the absence of buffer the pH did not change appreciably at the end of the 
experiment; the 0 2 uptake was of the same order as that  obtained with the buffered 
mixture. The low pH was preferred, with the aim of minimizing the higher oxidation 
and side reactions of the oxidation product. 

Various samples taken at intervals from the incubation mixture of cystamine 
with the oxidase, were deproteinized and spotted on the top of the same paper sheet. 

Reterences p. 358. 
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Fig. 3. Oxidation of cystamine by 20 mg diamine-oxidase; in the presence ( - - 0 - - 0 - - ) ,  and 
inthe absence ( - - Q - - O - - )  of I2 #moles of o-aminobenzaldehyde. Substrate, io/,moles; pH 7-4- 

All other conditions as in Fig. i. 

Fig. 4. Progressive chromatogram of the incubation mixture of 2o nag diamine-oxidase with 
io/,moles of cystamine. No buffer was used; pH initially adjusted at 5.6. Other conditions as 
in Fig. I. At the indicated time, o.15 ml of the deproteinizate was dried at RF o.oo. Solvent, 

butanol-acetic acid; spray reagent, Folin-Marenzi with bisulfite. 

The  ch romatograms  were run  in bu tano l -ace t i c  solvent ,  dried,  and  sp rayed  wi th  the  
Fol in-Marenz i  reagent  conta in ing  bisulfi te as used for the  de tec t ion  of disulfide com- 
pounds  9,10. 

Fig.  4 repor ts  the  resul t  of one of these exper iments .  A spot  in the  region of 
R F o.67 i nva r i ab ly  appea red  af te r  30 min incubat ion  and  increases in surface and  
in tens i ty  only  in the  two first hours of incubat ion.  B y  the use of app rop r i a t e  reagents  
this  compound  could  be ident i f ied as the  azo-methine  der iva t ive  of cys tamine .  I t  
gave  the  following reac t ions  on the  dr ied  pape r :  

(a) Iodoplatinate 
(b) Folin-Marenzi + bisulfite 
(c) Folin-Marenzi without bisulfite 
(d) Ninhydrin 
(e) o-aminobenzaldehyde (i % in acetone) 
(f) p-dimethylaminobenzatdehyde (2 % in pyridine) 

positive 
positive 
negative 
positive (weak yellow) 
positive (yellow) 
positive (orange) 

Reac t ions  (a-c) are  indica t ive  of the  presence of an ---SS---  group in the  com- 
pound  9-n ; reac t ions  (d-f) are  ind ica t ive  of the  presence of a cycl ized Schiff base  s,e-a, 18. 
Thus  p a p e r  c h r o m a t o g r a p h y  confirms the  assumpt ion  t h a t  an in te rna l  Schiff base  is 
the  p roduc t  of the  p r i m a r y  ox ida t ion  of cys tamine  b y  diamine-oxidase .  

Re/erences p. 358. 
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Isolation o/the compound 
Pyrroline and piperideine produced by the oxidation of putrescine and cadaverine by 
diamine-oxidase have been isolated by HASSE AND MAISACK 3 as the picrate of their 
respective dihydroquinazolinium derivative. A similar procedure has been applied 
to the isolation of the Schiff base produced with cystamine. In order to increase the 
yield we preferred the incubation of the substrate with the enzyme in the presence 
of a suitable amount of o-aminobenzaldehyde. 

31 incubation mixtures each containing 20 mg enzyme and IO/~moles cystamine 
were shaken in Warburg vessels at pH 7.4 in the presence of 12/,moles o-amino- 
benzaldehyde until a little more than the theoretical amount of O 3 was taken up. 
At the end of the incubation all the liquids were pooled and the vessels carefully 
washed with a small amount of water. The pH was adjusted to 4.5 with acetic acid, 
the liquid filtered and 400 mg of picric acid were stirred in. After being left overnight 
at o ° the precipitate was centrifuged, washed with water, suspended in 30 ml ethanol 
and boiled on a water bath. The suspension was filtered, the solution concentrated 
in vacuum to 5-6 ml and left to crystallize at o °. The supernatant was poured out 
and the residue was dissolved by boiling with 30 ml ethanol. After filtration the 
solution was again concentrated to 2-3 ml and left to crystallize at o °. Crystallization 
from ethanol was repeated once, leaving a crystalline residue of 20 mg of red needles 
which melted at 155-156°. The microanalysis gave the following values: C, 44.69%; 
H, 3.61%; S, 13.48 %. Calculated for the picrate of the dihydroquinazolinium deriva- 
tive (mol. wt. = 237.35): C, 43.86; H, 3.24; S, 13.77. 

DISCUSSION 

The results of the present work indicate that one of the products of the oxidation 
of cystamine by diamine-oxidase is a typical cyclized azo-methine derivative. This 
finding extends to cystamine the properties found for other diamines that are oxidized 
by the same enzyme to the cyclized form. The compound produced with cystamine 
should have structure (I). 

I t  is unknown in the chemical literature and would be correctly named 1,2- 
dehydro dithiamorpholine. However we propose for it the more euphonious name of 
cystaldimine. 

Seven-membered disulfide-containing rings have been prepared and are therefore 
not merely hypothetical. DAvis AND FETTES 13 have synthesized a cyclic disulfide of 
formula (II), FROMM AND JOERG a4 a disulfide of formula (III), and AFFLECK AND 
DOUGHERTY 15 the compound (IV). 

/ S - S ~  / S - S ~  
CH 2 CH~ CH~ CH 2 
I I I ! 

"% N / (I) 
1,2 -dehydrodithiamorpholine 

(cystaldimine) 
(II) 

/ S - S  ,~. ..-S-S ~. 
CH 2 CH 2 CH~ CH~ 
J I J I 
CH~ CH~ CH, CH~ 

S / ~ C H ,  / 

(III) (IV) 

Moreover DAvIs AND FETTES indicated that these compounds may undergo reversible 
polymerization. Cystaldimine not only contains a disulfide bond, but also an azo- 
methine bond, which is well known to cause polymerizatione, 7. Its structure could 

References p. 358. 
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explain the peculiar excess oxidation encountered with cystamine : indeed it  is known 
tha t  polymers of piperideine are easily oxidized by  the enzyme, owing to the presence 
in the preparat ion of as yet  unidentif ied cofactors 2, 4 

Cystaldimine appears to be the first product  of oxidation of cystamine by  the 
oxidase. When  it  is not  t rapped by  o-aminobenzaldehyde it undergoes further  modi- 
fications as indicated by  the final brown coloration of the liquid, by  the excess 
oxidation, and  by  the increase of the sulfur content  of the trichloroaeetic acid pre- 
cipitate of the enzymic preparat ion at the end of the oxidat ion of cystamine 16. Wi th  
regard to the las t -ment ioned effect, 64% of the sulfur ini t ial ly present in the incu- 
ba t ion  mixture  as cystamine is recovered bound  to the proteins at the end of the 
incuba t ion  period. The increase in protein  sulfur explains the disappearance of the 
- - S S - -  groups from the trichloroacetic filtrate observed in a previous work 1. We do 
not  possess at  present  any  reliable informat ion on the k ind of modifications to which 
cystaldimine is submi t ted  once it  is formed; nei ther  do we unders tand  the mechanism 
involved in the l inkage of cystaldimine to the proteins. As a result of the present  
work we know tha t  both  a low pH and  the presence of 0-aminobenzaldehyde have 
an inhib i tory  effect on the secondary reactions, a l though they leave the product ion 
of cystaldimine unaffected. 
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SUMMARY 

The product of oxidation of cystamine by diamine-oxidase extracted from pea seedlings has been 
identified as the cyclized form of its aminoaldehyde. The name of cystaldimine has been proposed 
for this compound. Cystaldimine is the primary product of the oxidation, it undergoes further 
reactions as it is produced. Low pH and the presence in the reaction mixture of o-aminobenzalde- 
hyde have an inhibitory effect on the secondary reactions of cystaldimine, although they leave 
its production unaffected. 
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