
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. X V I I I ,  No.  6 

Selenium i n c o r p o r a t i o n  i n t o  su lphur  amino ac ids  and 

g l u t a t h i o n e  and t h e  s t a b i l i t y  o f  t h e  i n c o r p o r a t i o n  

p roduc ts  

M. Czauderna and K. Samochocka 

Department o f  Chemistry Warsaw U n i v e r s i t y ,  Poland 

Abst rac t :  

The r e a c t i o n  o f  75Se-sodium s e l e n i t e  w i t h  cys te ine ,  

c y s t i n e  and g l u t a t  h ione was s tud ied .  Se lenod icys te ine  and 

se lenod ig lu ta th ione  were ob ta ined as the  i n c o r p o r a t i o n  produc ts  

o f  i n o r g a n i c  selenium. The i n c o r p o r a t i o n  o f  selenium i n t o  

these o rgan ic  compounds i s  g r e a t l y  a f f e c t e d  by pH. The 

e q u i l i b r i u m  cons tan ts  o f  t h e  se lenod icys te ine  and 

se lenod ig lu ta th ione  fo rmat ion  were ca l cu la ted .  The s t a b i l i t y  

o f  se lenod icys te ine  I n  a s t rong  a c i d i c  s o l u t i o n ,  i n  the  

hydrogen perox ide  s o l u t i o n  and i n  the  presence o f  

mercaptoethylamine were i nves t i ga ted .  The mechanism o f  

the  decomposi t ion o f  the  i n v e s t i g a t e d  selenium compounds 

was suggested. 

I n t r o d u c t i o n  

I t  has been known t h a t  aqueous s o l u t i o n s  o f  selenium 

d i o x i d e  reac t  w i t h  s u l p h y d r y l  compounds t o  form r e l a t i v e l y  

uns tab le  de r i ve tes .  P a i n t e r  /I/ proposed t h a t  t h e  r e a c t i o n  

between t h i o l s  8nd selenium d i o x i d e  took p lace  i n  the  

f o l l o w i n g  manner: 
4 RSN + SeOZ-+- RS-Se-SR + RSSR + 2 H20 
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Compounds o f  the type o f  RS-Se-SK are  analogues o f  the  

t r i s u l p h i d e s  i n  which one atom o f  su lphur  i s  rep laced  by 

selenium and t h e r e f o r e  they  may be conven ien t l y  r e f e r r e d  

t o  as se leno t r i su lph ides .  S e l e n o t r i s u l p h i d e s  appear t o  

p a r t i c i p a t e  f a r  more r e a d i l y  than d i s u l p h i d e s  i n  r e a c t i o n s  

w i t h  t h i o l s ;  the  presence o f  selenium between two su lphur  

atoms con fe rs  a much g rea te r  s e n s i t i v i t y  /compared t o  

d isu lph ides /  t o  a t t a c k  by t h i o l s .  These compouds a re  l i k e l y  

t o  e x h i b i t  an a c t i v i t y  i n  c a t a l y z i n g  ox ida t i on - reduc t i on  

r e a c t i o n  o f  t h i o l s  /2/. u ickson  and Tappel /3/ have found 

i n t e r e s t i n g  e f f e c t s  i n v o l v i n g  c a t a l y s i s  o f  d i s u l p h i d e  in te rchange 

i n  p r o t e i n s  by  seleno-amino ac ids.  Ganther and Corcoran /4/ i n -  

v e s t i g a t e d  the  p o s s i b i l i t y  o f  a sulphydryl-selenotrisulphide 

exchange r e a c t i o n  i n  p r o t e i n .  

Because o f  t he  importance o f  selenium compounds i n  the  

b iochemis t r y  o f  selenium t h i s  paper r e p o r t s  a s tudy  o f  t h e  

a c t i o n  o f  s e l e n i t e  on su lphur  amino ac ids :  cys te ine ,  c y s t i n e  and 

g lu ta th ione .  

M a t e r i a l s  and Methods 

The r a d i o n u c l i d e  75Se-selenium ob ta ined  from The Radio isotope 

Produc t ion  and D i s t r i b u t i o n  Centre Swierk, Poland, was used as 

Na275Se03 . 
The s p e c i f i c  a c t i v i t y  was 322 MBq/mg Se. The p u r i t y  was 

c o n t r o l l e d  by h i g h  v o l t a g e  paper e l e c t r o p h o r e s i s  70 V/cm 

and by the  radiochromatogram scanner Packard Model 7201. 

Cyste ine and c y s t i n e  were ob ta ined  from F lucka  AG Buchs SG; 

g l u t a t h i o n e  from E. Merck AG. 

Other reagent-grade chemicals  were ob ta ined  from commercial 

sources, s a t i s f a c t o r y  f o r  use w i thou t  f u r t h e r  p u r i f i c a t i o n .  
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The r e a c t i o n  o f  s e l e n i u m  d i o x i d e  o r  o t h e r  s e l e n i u m  compounds 

w i t h  s u l p h u r  amino  a c i d s  was s t u d i e d  I n  a q u e o u s ,  t h e r m o s t a t e d  

s o l u t i o n 3 ,  from which  t h e  oxygen was r i g o r o u s l y  e x c l u d e d  by 

c o n t i n u o u s l y  f l u s h i n g  t h e  s y s t e m  w i t h  a r g o n  4 cm / s [ F i g u r e  11. 3 

n -  

2 U 1 3 

F i g u r e  I .  Appa ta tU8  for t h e  I n v e s t i g a t i o n  o f  t h e  s t a b i l i t y  of 

s e l e n i u m  compounder 

I. a r g o n  c y l i n d e r  

2 .  w a s h e r s  w i t h  py roga l lo l  

3. f lask w i t h  t h e  I n v e s t i g a t e d  sample 

The r e a c t i o n  p r o d u c t s  were e x a m l n a t e d  b y  h i g h  v o l t a g e  p a p e r  

e l e c t r o p h o r e s i s  i n  0.02 M sodium a c e t a t e  s o l u t i o n ,  b y  t h e  

t h i n - l a y e r  c h r o m a t o g r a p h y  and  s p e c t r o p h o t o m e t r i c a l l y  w i t h  

a "Spectromom 202" s p e c t r o p h o t o m e t e r .  The r a d i o a c t i v e  p r o d u c t s  

were d e t e c t e d  w i t h  r a d i o c h r o m a t o g r a m  s c a n n e r  P a c k a r d .  

R e s u l t s  

I. I n c o r p o r a t i o n  o f  s e l e n i u m  i n t o  c y s t e i n e  

The r e a c t i o n  o f  75Se-sodium s e l e n i t e  w i t h  c y s t e i n e  was 

s t u d i e d  a t  291'K i n  0.1 M N a C l  s o l u t i o n s  a t  pH 1.4 - 9.5 i n  

d a r k n e s s .  A f t e r  15 m i n u t e s  t h e  r e a c t i o n  p r o d u c t s  were s e p a r a t e d  
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PH 

1.4 

2.4 

and i d e n t i f i e d .  The se lenod icys te ine  /CyS/ .p and c y e t i n e  

/ C Y S / ~  have been found as  r e a c t i o n  p roduc ts  by  the  compar is ion 

w i t h  t h e i r  sbandards. The same q u a l i t y  and q u a n t i t y  o f  r e a c t i o n  

produc ts  were a l s o  i d e n t i f i e d  a f t e r  48 hours  o f  t he  a c t i o n  

o f  75Sa-sodium s e l e n i t e  w i t h  cys te ine ,  a t  pH 1.4 - 2.4. T h i s  

i n d i c a t e  t h a t  t h e  e q u i l i b r i u m  o f  t h e  r e a c t i o n  o f  75Se-eodium 

s e l e n i t e  w i t h  cys te ine  has been e s t a b l i s h e d  du r ing  15  minutes. 

The f o l l o w i n g  r e a c t i o n  i s  respons ib le  f o r  t h e  i n c o r p o r a t i o n  

o f  selenium i n t o  cys te ine :  

/CyS/2'5Se K the  apparent 
/CYS/2 w- NaZ75Se03 CySH 

mole dm'3 mole d ~ n ' ~  mole dmm3 mole dm'3 e q u i l i b r i u m  const. 

0.878-10-4 1.719*10-4 0.497-10-4 0.497-10-4 3.22-1O1O 

0.830*10-4 1 .540-10-4 0.545- loo4  0.545 ~ 1 0 ' ~  6 .36*1010 

OH - 
4 CySH + H275Se03 A \- / C Y S / ~  75Se + /CyS/, + 3 H20 /2/ 

The apparent e q u i l i b r i u m  cons tan ts  f o r  t h i s  r e a c t i o n  were 

c a l c u l a t e d  /Table 1/. 

Table 1. Produc ts  from the  r e a c t i o n  o f  Na275Se03 w i t h  c y s t e i n e  

a t  pH 1.4 and 2.4 

When the  i n f l u e n c e  o f  pH va lue  f o r  t h i s  r e a c t i o n  i s  taken i n t o  

c o n s i d e r a t i o n  the  c a l c u l a t e d  e q u i l i b r i u m  cons tan t  i s  K = 1.93 1014 

/K = K .[OH-]', & = - 0 . 3 / .  
PH 

The i n f l u e n c e  o f  pH va lue  o f  t he  r e a c t i o n  on t h e  selenium 

i n c o r p o r a t i o n  i n t o  c y s t e i n e  has been observed /Table 2, F igu re  2/. 

The y i e l d  o f  se lenod icys te ine  and o t h e r  selenium compounds were 

measured a f t e r  15 minutes o f  t he  reac t i on .  
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Figure 2. The in f luence  o f  pH value  on t h e  s e l e n i u m  incorporation 

i n t o  c y s t e i n e .  Reaction system: c y s t e i n e  4.10°4 M 

and sodium s e l e n i t e  1.4.10-~ M 

........ ... t h e  c o l l o i d a l  selenium 

- sele nod i c  y s  t e i n e  

5 -0 

7.2 

Table 2. Selenium incorporation i n t o  c y s t e i n e  i n  dependence 

o f  pH va lue .  Reaction system: c y s t e i n e  4*10’4 M 

and Ns275Se03 1.4*10-4 M .  

0.083 

0 .024 

L L  I s e l e n i u m  i n  /CyS/2Se 

s e l e n i u m  i n  inorganic compounds 
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By i nc reas ing  t h e  pH va lue  the y i e l d  o f  se lenod icys te ine  de- 

creased. A t  pH 3.4 - 5.0 the  fo rma t ion  o f  an a d d i t i o n a l  inorgan ic  

selenium compound has been observed, p robab ly  the  uns tab le  

HSe203- . The fo rmat ion  o f  t he  c o l l o i d a l  selenium /as a p roduc t  

o f  decomposit ion o f  /CyS/,Se/ has been s t u d i e d  a t  pH = 2 i n  

dependence o f  t he  r e l a t i v e  molecu la r  concen t ra t i ons  o f  c y s t e i n e  

t o  selenium d i o x i d e  /Table 3/. The y i e l d  o f  the  e lementary 

selenium i s  measured a f t e r  100 hours  o f  t he  r e a c t i o n  o f  selenium 

d i o x i d e  w i t h  cys te ine .  

Table 3. The fo rmat ion  o f  the  e lementary selenium i n  dependence 

o f  the  r e l a t i v e  molecular  concen t ra t i ons  o f  c y s t e i n e  

t o  selenium d iox ide .  

R a t i o  o f  mo lecu la r  
concen t ra t i on  

U [ cys  t e  i ne I 
I seo23 

amount o f  
e lementary Se 

I mgl 

30 

27 

9 

7 

0 

* React ion  system: c y s t e i n e  lo"% and the  amount o f  selenium 

d i o x i d e  shown i n  a Table. 
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11. I n c o r p o r a t i o n  o f  selenium i n t o  c y s t i n e  

The a c t i o n  o f  75Se-sadlua s e l e n i t e  on c y s t i n e  wee e tud ied  

under the  same c o n d i t i o n s  as cyete ine .  T h i s  r e a c t i o n  i s  more 

complex and depends o f  t h e  e q u i l l b r l u m  between cye te ine  and 

c y s t l n e  i n  aqueous so lu t i ons .  The de tec ted  and i d e n t i f i e d  

r e a c t i o n  p roduc ts  were t h e  se lenod icys te lne  end t h e  e lementary 

selenium. The pH va lue  o f  t he  reac t l o r ;  as w e l l  ae t h e  t ime  and 

temperature o f  t he  process e f f e c t  t h e  fo rme t ian  o f  ee lenodl -  

cys te lne  /Tables 4 and €4. 

Table 5. Produc ts  from the  r e a c t i o n  o f  c y s t i n e  w i t h  75Se-eodius 

s e l e n i t e  a t  pH = 2, a t  333'K. React ion  system: 2.3010-% 

cys t i ne ,  3.5.10-4 M Na275Se03. 

111. I n c o r p o r a t i o n  o f  selenium i n t o  g l u t a t h i o n e  

A. 

was s t u d i e d  under the  same r e a c t i o n  c o n d i t i o n s  a s  w i t h  cys te ine .  

The r e a c t i o n  was examinated a t  pH = 1.4 - 7.2. The se lenod ig lu ta -  

t h i o n e  /GS/2Se has been i d e n t i f i e d  as a r e a c t i o n  product  

the  comparison w i t h  t h e  standard. The same q u a l i t y  and q u a n t i t y  

o f  r e a c t i o n  p roduc ts  were a l s o  i d e n t i f i e d  a f t e r  48 hours o f  

the a c t i o n  o f  75Se-sodium s e l e n i t e  w i t h  g l u t a t h i o n e  a t  pH 1.4 -2.4, 

The r e a c t i o n  o f  75Se-sodium s e l e n i t e  w i t h  g l u t a t h i o n e  GSH 

by 
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1.4 

2.4 

837 

/GS/2 /GS/275Se K - the  
PH 

Na275Se03 GSH 

mole.dd3 rnole.dma mole-dn  e q u i l i b r i u m  

O.979*1O4 2.335*10-4 0.396*10°4 0.396*10-' 5.40*109 

0.858- loo4 1.919.10-4 0.517*10-4 0.617*10-4 2.30*1010 

4 mole. dm'3 apparent 

const  ant 

T h i s  i n d i c a t e  t h a t  t h e  e q u i l i b r i u m  o f  the  r e a c t i o n  o f  g l u t a t  h ione 

w i t h  75Se-sddium s e l e n i t e  has been e s t a b l i s h e d  dur ing  15 minutes. 

The apparent e q u i l i b r i u m  constant  f o r  t h e  f o l l o w i n g  r e a c t i o n :  

has been c a l c u l a t e d  /Table 6/. 

Table 6. Produc ts  from r e a c t i o n  o f  Na275Se03 w i t h  g l u t a t h i o n e  

a t  pH 1.4 and 2.4 

When the  i n f l u e n c e  o f  pH va lue  f o r  t h i s  r e a c t i o n  i s  taken i n t o  

c o n s i d e r a t i o n  the c a l c u l a t e d  e q u i l i b r i u m  constant  i s  K = 4.68010 

/K = K .[OH-],P= - 0.63/. When t h e  pH o f  the r e a c t i o n  m i x t u r e  

inc reased / pH> 2.4/ the  y i e l d  o f  / G S / Z  Se fo rmat ion  decreased 

and an a d d i t i o n a l  r e a c t i o n  produc t  has been observed / o n l y  a t  

pH 3.4 - 5/. T h i s  is  an i n o r g a n i c  selenium compound, p robab ly  

HSe202 

o f  the  r e a c t i o n  and d isappears a f t e r  2 hours /F igure  3/. The 

i n f l u e n c e  o f  pH va lue  o f  the  r e a c t i o n  on the  selenium i n c o r p o r a t i o n  

i n t o  g l u t a t h i o n e  has been observed /Table 7, F igu re  4/. The y i e l d  

o f  se lenod ig lu ta th ione  and o the r  selenium compounds are measured 

a f t e r  15 minutes o f  t he  reac t i on .  

17 

P 
PH 

which 16 formed in the  f i r s t  15 minutes a f t e r  t h e  beg inn ing  
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I- '  1_1' 
1 

star t  

Figure  3. Radioelectrophoregremme o f  the  r e a c t i o n  products 

i n  the  system: g l u t a t h i o n e  4.1014 M and sodium 

s e l e n i t e  1 . 4 . 1 0 ~ ~  M at pH 5 i n  t i n e  dependence 

a/ a t t e r  15 minutes 

b/ a t t e r  2 hours 

F igure  4. The Inf luence o f  pH value on the selenium incorpo- 

r a t i o n  i n t o  g lutath ione.  React ion system: 

g l u t a t h i o n e  4.10m4 M and sodium s e l e n i t e  1.4.10-4 M 

. . . . . . . . . . the  c o l l o i d a l  selenium 

- eelenodiglut  a t  hione 
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selenium i n  /GS/2Se 

selenium i n  i n o r g a n i c  compounds 

0 0405 

0 0603 

0.490 

0 0307 

0.206 
i 

Table 7. Selenium i n c o r p o r a t i o n  i n t o  g l u t a t h i o n e  i n  dependence 

o f  pH value. React ion  system: g l u t a t h i o n e  4*1Ow4 M 

and Na275Se03 1.4*10-4 M 

B. 

g l u t a t h i o n e  was examinated i n  deaerated 0.01 M sodium ace ta te  

s o l u t i o n  a t  pH 4.1, a t  temperature 293'K i n  darkness. The r e a c t i o n  

produc ts  were separated and i d e n t i f i e d  spec t rophomet r i ca l l y  

and by the  use o f  h i g h  v o l t a g e  paper e l e c t r o p h o r e s i s  / i n  0.02 M 

sodium acetate,  a t  pH 4.1, d u r i n g  50 minutes a t  v o l t a g e  70 V/cm 

and c u r r e n t  i n t e n s i t y  7 mA/. The f o l l o w i n g  r e a c t i o n  p roduc ts  w i t h  

i nco rpo ra ted  selenium were ob ta ined:  se lenod ig lu te th ione ,  seleno- 

c y s t e i n o g l u t a t  h ione /GS/-Se-> /CyS/ and the  c o l l o i d a l  selenium The 

fo rmat ion  o f  above p roduc ts  i s  a t ime dependent process /F igu res  

5 and 6/. 

The a c t i o n  o f  r a d i o a c t i v e  se lenod icys te ine  /CyS/275Se w i t h  
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thl 

Figure 5. The react ion products i n  the system: selenodfcystelne 

3. loo4 M and glutath ione 1.2- lou4 M 

selenodicysteine 

_.-._. selenodiglutet  hione 

- - - - - - selenocyst einog l u  t a t  hione 

............ the c o l l o i d e l  selenium 

Figure 6. Radioelectrophoregraame o f  the react ion products 

i n  the system: selenodicysteine 3 .10"~ M and 

glutathione 1.i?.1014 M. 
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I V .  The s t a b i l i t y  o f  selenium inco rpo ra ted  compounds 

A. I n  the  r e a c t i o n  m ix tu re :  

The r e a c t i o n s  o f  75 Se-sodium s e l e n i t e  1.8.10-4 M w i t h  c y s t e i n e  

/ 4 * W 4  M/ and w i t h  g l u t a t h i o n e  /4*10'4 M/ were i nves t i ga ted .  

The r e a c t i o n s  p roduc ts  were separated and i d e n t i f i c a t e d  a f t e r  15 

minutes  end 2 hours, r e s p e c t i v e l y .  The r e s u l t s  ob ta ined ere  shown 

in Table 8. 

Table 8. Selenium i n c o r p o r a t i o n  i n t o  c y s t e i n e  and g l u t a t h i o n e  

a f t e r  15 minutes and 120 hours i n  0.01 M sodium acetate,  

a t  pH = 5.0 a t  291 K. 

reac t  i o n  selenium i n  / C y S / * S e  

t ime I selenium i n  i no rgan ic  
[ a ] .  3600 compounds 

120 
0*25  I 0.073 

0 0059 

selenium i n  /GS/,Se 

selenium i n  i no rgan ic  
compounds 

0.290 

0 0286 

B. I n  s t rong  a c i d i c  s o l u t i o n :  

The fo rma t ion  o f  c o l l o i d a l  selenium /as a product  o f  decomposit ion 

o f  /CyS/2Se /has been observed i n  s t rong  a c i d s  solutions/H2S04,HC1/. 

The r a t e  o f  decomposit ion r e a c t i o n  o f  /CyS/$3e decreases w i t h  

decreas ing concen t ra t i on  o f  the  ac id .  The r a t e  o f  decomposit ion 

r e a c t i o n  o f  / C Y S / ~ S ~  decreases t o  zero i n  2 M HC1 /Table 9/. 
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Table 9. The decomposit ion o f  /CyS/2Se i n  s t r o n g l y  a c i d  medium i.e. 

HC1. I n i t i a l  concen t ra t i on  o f  /CyS/2Se - M a t  293'K. 

~~ 

concen t r a  t i o n  
o f  HC1 

[ M I  

12 

10 

7 

5.5 

4 

t o t a l  decomposi t ion 
o f  /CyS/*Se 

[ 81 

i n s t a n t l y  

i n s t a n t l y  

300 

720 

32400 

C. I n  the  presence o f  mercaptoethylamine MEA: 

The r e a c t i o n  o f  75Se-sodium s e l e n i t e  w i t h  

o f  mercaptoethylamine was inwes t iga ted  us ing  the  f o l l o w i n g  molecular  

concen t ra t i on :  75Se-sodium s e l e n i t e  1.8*10-3M, c y s t e i n e  6 . 0 ~ 1 0 - ~  M, 

c y s t e i n e  i n  the  presence 

MEA 7*10'3 M i n  0.01 M sodium ace ta te  a t  pH 3.2 and tempera- 

t u r e  292'K i n  darkness. The fo rma t ion  o f  the  c o l l o i d a l  selenium 

was i n s t a n t l y  observed. I n  t h e  r e a c t i o n  m i x t u r e  t h e  f o l l o w i n g  

selenium compounds were i d e n t i f i c a t e d :  se lenod icys te ine  and seleno- 

mercaptoethyleminecysteine /MEA/-Se-/CyS/. The r e s u l t s  are shown 

i n  Table 10. 
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Table 10. Selenium inco rpo ra t i on  i n t o  cysteine and mercapto- 

ethylamine. Reaction system: 75Se-sodiua s e l e n i t e  

1.8-10'3 M, cysteine 6 ~ 1 0 ' ~  M, nercaptoethylamine 

7 ~ 1 0 ' ~  M ;  a t  pH 3.2; a t  291°K 

radioproduct 

[ w o l e  . dm- 1.10- 

/ c ~ s / ~ ~ ' s ~  

76 
/MEA/ -Se-/CVS, 

t inre o f  the react  i o n  [ 8 3- 3600 

0 02 
mole . d m - ~ a 1 ~ - 3  

1.489 

0 .244 

0 0074 

0.002 

1.430 

0.297 

0 0073 

0 0001 

72.0 
mole - dm-3] . lom3 

1.396 

0 0399 

0.007 

- 

0 .  I n  the presence o f  aercaptoethylaaine end g lu ta th ione r  

The r e a c t i o n  o f  76Se-sodlu~ s e l e n i t e  w i t h  cyste lne and mercapto- 

ethylamine I n  the presence o f  g lu ta th ione  uaa inveb t iga ted  

us ing t h e  fo l l ow ing  molecular concentrat Ions t "Se-sodium s e l e n i t e  

1.8 *loo3 M e  cyste ine 6 -  loo3 M, mercaptoethylamine 7 ~ 1 0 ~ ~  M, 

g lu ta th ione  6.6*10'3 M i n  0.01 M sodium acetate a t  pH 3.2 end 

tenperature 291'K i n  darkness. Seleniua we6 Incorporated mainly 

i n t o  g lu ta th ione  and cyste ine 88: /GS/*Se, /GS/-Se-/CyS/, 

/GS/-Se-/MEA/ , /CyS /p  and /MEA/ -Se- /CyS/ . The y i e l d 8  both 

o f  the c o l l o i d a l  selenium and o f  the unreacted s e l e n i t e  remained 
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unchanged dur ing 72 hours o f  observations. The r e s u l t s  are 

shown i n  Table 11. 

Table 11. Selenium inco rpo ra t i on  i n t o :  cystelne, wtercepto- 

ethylamine and g l u t a t  hione. React ion egatemr sodium 

s e l e n i t e  1.8 * lom3 M, cyeteine 6+lOo3 M, aercspto- 

ethylamine 7 . W 3  M, g l u t s t h i o n e  S.S*iOo3 M;at  pH 

a t  291°K. 

3.2; 

radioproduct 

7%e0 

15 
Se incorporated 
i n t o  organic 
compounds 

t i n e  o f  the r e a c t i o n  [s] 3600 

0 02 

'mole. dllg3/ . loo3 

0 0824 

0 .loo 

0.876 * 

0 0825 

0 .lo4 

0.371 

* selenium i n :  / C Y S / ~  Se - 0.131 M 

selenium i n :  /MEA/ -Se-/CyS/ - t race 

selenium i n :  /GS/2Se, /GS/-Se- / C y S / ,  /GS/-Se-/MEA/ 4 

0.740*10'3 M 
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E. I n  presence o f  hydrogen perox ide :  

The s t a b i l i t y  o f  /CyS/,f3e i n  the presence o f  hydrogen pe rox ide  

i n  0.01 M sodium ace ta te  s o l u t i o n  /deaerated and p r o t e c t e d  from 

the  a c t i o n  o f  l i g h t / w a s  i nves t i ga ted .  The decomposit ion r a t e  o f  

/CyS/$ie i n  v a r i o u s  concen t ra t i ons  o f  hydrogen perox ide  a t  

pH 7.4 and 292'K was examinated. The r e s u l t s  a re  shown i n  F igu re  7. 

. 
,Q 

/ . , . . . . , 
,6 
, 

.6 

. _ . -  ... 

1 2 3 t i m e  1 2 3 t i m e  

F i g u r e  7. The deconpoe l t ion  r a t e  o f  8elenOdlCybtelne i n  t h e  

presence o t  hydrogen pe rox ide  a t  pH 7.4 

............ se lenod icye te ine  3 .lo-" M 

ee lenod icys te ine  3. M end hydrogen 

pe rox ide  ~ 1 . 1 0 ~ ~  M 

ee lenod icys te ine  3. M and hydrogen 

- - - - -  perox ide  3*10°3 M 

Cys te ine  and the  c o l l o i d a l  selenium were obta ined.  The presence 

o f  c y s t i n e  was e s t a b l i s h e d  us ing  t h i n - l a y e r  chromatography and 

paper chromatography /Whatman 3MM, i n  1 -bu tano l -ace t ic  ac id-  

water 4 : 1 : I/. 
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I t  was a l s o  observed t h a t  t h e  decomposit ion r a t e  o f  /CyS/2Se 

i s  a pH dependent process /F igure  8/. The decomposi t ion r e a c t i o n  

o f  /Cys/2Se i n  hydrogen perox ide  is a f i r s t  o rde r  r e a c t i o n  f o r  

/CyS/*Se and hydrogen pe rox ide  /Tables 12 and 13/. The r a t e  con- 

s tan t  f o r  t h e  r e a c t i o n  o f  decomposi t ion o f  /CyS/$e i n  the  

presence o f  H202 is: k = 3 .6010~  [ mo1e]-3. s-l. 
7 

dm3 

0 

Figure 8. The decompoeition r a t e  o f  selenodicysteine 3-10°4 M 

I n  the presence o t  hydrogen peroxide a t  292’K i n  

dependence o f  pH value 

pH 4.9 

pH 6.0 

pH 7.4 

- - - - - - - 
............ 4 .  
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The a c t i v a t i o n  energy the  dacomposition reac t i on  o f  /CyS/2Se 
kJ I n  the presence o f  H202 i s :  E 

The decomposition o f  hydrogen peroxide i n  the reac t i on  o f  hydrogen 

peroxide / 3 - W 3  M/ w i t h  selenodicysteine /3.N4 M/ a t  pH 7.5 

was 6- loo4 M. Hydrogen peroxide was t i t  raed / i od ine  - th iosulphate 

method/ a f t e r  complete decomposition o f  selenodicysteine. 

69.0 sole 

Discussfon and Conclusion 

The format ion o f  ealenodicyeteine and selenodiglutathlone 

i n  the r e a c t i o n  o f  cysteine and g lu ta th ione  w i t h  ee len i te  

conf i rms e a r l i e r  r e s u l t s  o f  Pa in te r  / 11. 
The inco rpo ra t i on  o f  inorganic  selenium i n t o  cysteine, cyst  l n e  

end g lu ta th ione  Is g r e a t l y  e f fec ted  by pH. The y i e l d  o f  i n c o r p o r a -  

t i o n  products decreased w i t h  increas ing pH i n  the  reac t i on  

mixture. Tw0 r a d i o s c t l v e  seloniua compounds were observed: the 

colloida!. selenium /product o f  decomposition o f  selenodicysteine 

end eelenodiglutethfone/ and t h e  unident i f  l e d  Inorganic compound 

/most l i k e l y  HSe203- , Figure 3/. The format Ion o f  eupposed 

HSe203 

t h e  react  i o n  beginning HSe203- disappears and the y i e l d  o f  

c s l l o i d a l  selenium end unreected se len i te  increased, I t  seems tha t  

t he  f o l l o u i n g  reac t i on  Is responsible f o r  the decomposition o f  

selenodicysteine and se lenodig lu tath ione i n  the reac t i on  mixture 

- 
product i s  a t ime dependent processe.After 2 hours a f t e r  

se0 + suoj2- 
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The formet ion o t  selenodicysteine i n  the reac t i on  o f  cysteine 

w i t h  ae len i te  is due t o  the  e q u i l i b r i u m  reached i n  the water 

s o l u t i o n  between cyste ine and c y s t i n e t  

H+ 
/CYS/2 ,-' 2 CYSH /5/ 

I n  the preeence o f  o ther  t h i o l s  the selenodicysteine and 

eelenodig lu tat  hione are unstable . The react i o n  o f  aelenodi- 

cyste ine w i t h  g l u t  athione o r  oercaptoethylaaine leads t o  the 

formation o f  unsymmetric organic selenium compounds: /GS/-Se-/MEA/ 

/CyS/-Se-/GS/ and /CyS/-Se-/MEA/ and symmetric ones: /GS/*Se, 

/CyS/2Se and / M E A / p  . Simoltaneously c o l l o i d a l  selenium was 

Formed as a product o f  decomposition o f  the organic selenium 

compounds: 

/CyS/2Se + GSH CySH + /C;fS/-Se-/GS/ /6/ 

/CyS/-Se-/GS/+ Se0 + Cys-SG 

/Cys/-Se-/&S/ + GSH + /GS/*Se + CySH 

/ G S / ~ S ~ - - - + / G S / ~  + Seo 

/ 7/ 

/ 8 /  

/ 9 /  

The presence a f  cyste ine i n  the r e a c t i o n  mixture i s  f i rm ly  

es tab i l i shed  i n  our experiment us ing t h i n  l a y e r  chromatography 

end h igh  vo l tage electrophoresis.  The decomposition r e a c t i o n  

o f  selenodicysteine occured both i n  the  s t rong a c i d i c  and the 

a l k a l i n e  so lut ions.  We proposed t h e  fo l l ow ing  mechanism f o r  

the deco8poeitPon react  i o n  o f  selenodicysteine i n  the strong 

a c i d i c  s o l u t i o n  t 
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The supposed mechanism f o r  the decoapoelt ion reac t i on  o f  

eelenodicystelne o r  aelenodiglutethlane i n  the a l k a l i n e  

so lu t i one  I s :  

/RS/2Se + OH'eRS-Se-OH + RS- 

RS-Se-OH+ [RS-Se'] + OH' 

[ RS-Se*] 

[RS '  = Se] + OH'+RSmSe 

[RS-Se] + RS'---3-/RS/2 + Seo + OH- 

[ RS+ = Se) 

hH 

I 
OH 

The s t a b i l i t y  o f  t h i s  organic selenium compound was found 

t o  decrease i n  the fo l l ow ing  range: 

I t  to l l aws  from the l i t e r a t u r e  date t h a t  t he  d lesoc le t l an  

constants o f  SH groups o f  g lu tath lone,  cyste ine end aiercepto- 

e thy lan ine  are found t o  obey the 0ame order: 

The d i s s o c i a t i o n  constants o f  SH groupe o f  g lu tath lone,  cyeteine 

and metcaptoethylamine are: 2.24*10a10, 2.82*10'11 end 

1.65- respec t i ve l y  /6, 6/. I f  the decomposition r e a c t i o n  

o f  selenodicystelne, se lenodlg lu tat  hione end selenodlmercapto- 

ethylamlne occur8 w i t h  the format ion a t  t he  Intermediate product t 

[ R- S-Se']#[R-S+m Se] 
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the e l e c t r o n  dens i t y  a t  the sulphur atom a t t e c t  t h e  d i s s o c i a t i o n  

a t  the[S-Selbond. I n  g lu ta th ione  t h e  sulphur atom has the 

smallest e l e c t r o n  density. The sulphur atom i n  cgstelne ha8 

greater e l e c t r o n  dens i t y  than t h a t  I n  g lu tath ione,  t h e r e t o m  

the format i o n  o t mssomeric e t  r u c t  ure [ R-S+ Ese] IS energet i c a l l y  

more favourable. Hence, the r a t e  f o r  t he  decomposition o t  

sslenodicystelne i s  tee te r  than tha t  o f  se lenodlg lu toth lone 

and tha t  f o r  selenodiaercaptoet hylamlne I s  the fas tes t  o f  

a l l  three selenium compounds. 

Organic sulphur compounds o f  selenium /undergoing decomposition 

t o  the elemental selenium and sulphur compounds/ a f f e c t  g r e a t l y  

t he  decompositt i o n  o f  peroxide. According t o  the suggest I o n  

o f  Teppel and Caldwel l  / 7 /  decomposition o f  hydrogen peroxide 

i e  invo lved by the a c t i o n  o t  selenium atom o t  selenocysteine. 

Selenium 1s known t o  have more n u c l e o p h l l l c  character than sulphur: 

t heretore, under the game erper icenta l  condi t ions,  its compounds 

may be p red ic ted  t o  react t a s t e r  w i t h  perbxldes than t h e i r  

sulphur analogs. The aper imenta l  r e s u l t  8 show t h a t  t he  decampasit ion 

r a t e  0 0  selenodLcpstelne i n  the presence o t  hydrogen peroxide 

i s  markedly accelerated. For the molecular r a t i o  o t  hydrogen 

peroxide t o  selenodicysteine 1 i 1, t h e  values f o r  the decospo- 

s i t i o n  r a t e s  o f  /CyS/,Se suggest t ha t  cyste ine in f luences the  

decomposition of  selenodicyeteine / 0 ,  9/. Cysteine i e  formed 

presumably according t o  the react  Font 

/ C y S / 2 S e  + OH~+C~S-SBI-OH + CYS- 
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and is p a r t i a l l y  ox id i zed  by hydrogen peroxide t o  cyetine. 

Thus t h e  decoapoeit ion o t  selenodicysteine r e s u l t s  trom two 

reac t  ions: 

"2O2 
/CyS/.p + /cys/, + SO 

I n  the presence o f  excess H202 / f o r  the molecular r a t i o  o f  

hydrogen peroxide t o  selenodicysteine 10 t I/ cyste ine i s  

i n d i f f e r e n t  t o  the  decornposltion r a t e  o f  selenodicysteine. 

T o t a l  cyeteine is ox id i zed  t o  cys t i ne  by excsae hydrogen 

peroxide. The decomposition o f  se lenodicyste ine is  due t o  

hydrogen peroxide only. So w i t h  the molecular concentrat i o n  o f  

hydrogen peroxide /from 3.1*10-4 M t o  3.1*10-3 M / increased 

t e n f o l d  the decomposition r a t e  o f  eelenodicysteine /3.1- M/ 

does not  increase i n  p ropor t i on  t o  increased hydrogen peroxide 

concentrat ion /Figure 7 / .  The ch ie f  conclusion is t ha t  

selenodicysteine has t h e  chemical capac i t y  t o  decompose the 

perobtidee. 
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