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The formation of disulphides durin 9 hydrolysis of 
proteins containing oxidised thioether groups 

ZAH~ et al. 1 have  shown t h a t  l an th ion ine  SS-dioxide ( " lan th ion ine  su lphone")  hea ted  in 6 N HCI 
a t  zo5 ° C for 16 h gives alanine,  pyruv ic  acid, t races of cys t ine  and  "cys te ine  sulphinic  ac id" ,  
while l an th ion ine  S-oxide, hea ted  in 6 N or i2 N HCI a t  zo5 ° C for I2 h gives high yields of cys t ine  
plus  some  cysteic  acid, wi th  a little of tile su lphin ic  acid in the  case of 12 N acid. We  have  had  
occasion to measu re  the  cys t ine  con t en t  of var ious  wool pro te ins  con ta in ing  the  -CH2SCH2CO~H 
and - C H o S ( ' H z C O N H  2 side chains,  before and  af te r  oxidat ion  of the  protein  with peracet ic  acid. 
These  su lphide  (thioether) groups,  formed from cys te ine  res idues by  react ion with iodoacetic acid 
or iodoacetamide,  can  be oxid ised  to a su lphoxide  and  su lphone  and  are t hus  comparab le  to  
l an th ion ine  which  also con ta ins  the  grouping  -CH2SCH2- .  Our  resul ts  show t h a t  on oxida t ion  
and  hydro lys i s  of such  wools, and  also of wools con ta in ing  lanthionine,  the  a p p a r e n t  cys t ine  
con t en t  ac tua l ly  increases.  Th i s  can  only  be due  to decomposi t ion  of the  su lphoxide  or su lphone  
dur ing  hydrolysis ,  to yield new disulphide.  

For  example ,  a f te r  ex t r ac t ion  of Merino 64's wool with alkal ine thioglycol la te  so lu t ions  
according to GILLESmE AND LE,'¢NOX z, the  insoluble residue was t rea ted  with excess of iodoacetic 
acid a t  p H  9 for 2 -  4 h and  was then  washed  thoroughly .  After  hydrolys is  in a i : r  m ix tu r e  of  
lo N HCI:  9 8 %  formic acid in a spr ing- loaded s toppered  tube  a t  i ~ o ° C  for 5 h, the  d isu lphide  
con t en t  ca lcula ted  as cys t ine  was shown to be 2 .6% as de t e rmined  by amperome t r i c  HgCI 2 
t i tration3, 4. After  ox ida t ion  of a sample  of the  same  residue for 5 h in 1.6 % peracet ic  acid, the  
" c y s t i n e "  con ten t  rose to 3.4 %. I t  seems likely (see below) t h a t  in th is  case the  new d isu lph ide  
is no t  cys t ine  itself, bu t  b i s (ca rboxymethy l )  disulphide.  

Wi th  S-ca rboxymethy lkera te ine-2 ,  prepared  from the  wool protein  which dissolves in t he  
a lkal ine thioglycol la te  ~, the  initial cys t ine  con ten t  was zero, rose to a b o u t  4 % in samples  
oxidized for 2-24 h, and  fell again  to zero in samples  oxidized for 3-4  days .  These  values  were 
de te rmined  af ter  I6 h hydro lys i s  in HCI: formic acid, both  by amperome t r i c  HgCI z t i t ra t ion  and  
by  t he  m e t h o d  of SHINOHARA 5. The  resul ts  could well indicate  a different  mode  of b reakdown 
for su lphoxide  (short  oxidat ion)  and  su lphone  (long oxidat ion) ,  as found also for l an th ion ine  1. 
In  a s ample  of wool which had  been several  t imes  success ively  reduced wi th  thioglycollic acid 
a t  p H  7 and  then  allowed to react  with  iodoacetic acid, the  figures were: before oxidat ion,  1.4 °o 
" c y s t i n e " ;  a f te r  5 h oxidat ion,  4 .6% ; a f te r  24 h oxidat ion,  i . 1 % .  A similar  wool which had  
been subs t i t u t ed  with iodoace tamide  gave:  before oxidat ion,  i . o %  cys t ine ;  a f te r  5 h oxida t ion ,  
5 .2%.  

- o~ KCN Fina l ly  we t rea ted  Merino 64's wool h a v i n g  a cys t ine  con t en t  of I 2 . 7 %  with o o /o 
for 3 h a t  50 ° C and  obta ined  a p roduc t  ana lys ing  for 5.2 % cyst ine.  In  this  react ion the  cys t ine  
which d isappears  is conver ted  to lan th ionine  e. After  t r e a t m e n t  with L 6 %  peracet ic  acid, and  
hydro lys i s  for s6 h in .5 N HCI a t  z xo°C, ana lys i s  ~ showed t h a t  6 9 %  of this  residual  cys t ine  was  
appa ren t l y  des t royed  af te r  3 h oxidat ion,  and  78 % af ter  24 h oxidat ion.  Af ter  s imilar  oxida t ion  
of the  original wool, con ta in ing  no lanthionine,  the  cor responding  figures were 84 % and  94 °..0, 
These  resul ts  sugges t  t h a t  new disulphide  is fo rmed dur ing  the  hydro lys i s  of  wool con ta in ing  
oxidized l an th ion ine  residues.  

Dr. H. LINDLEY of th is  l abora to ry  has  s tudied  wools con ta in ing  - C H z S C H e C H z S C H  t -  g roups  
prepared  by  reduct ion  of the  wool followed by  cross- l inking with e thy lene  dibromide.  He repor ts :  
t h a t  af ter  ox ida t ion  with peracet ic  acid none  of the  expected  d isu lphone  could be de tec ted  in 
hydro lysa tes .  Oxida t ion  and  hydro lys i s  of SS-e thylene  bis-cyste ine  gave  rise to cysteic  acid, 
a lan ine  anti th ree  o ther  unident i f ied ami no  acids. 

In  these  var ious  oxidised th ioc thers  t he  s u l p h u r  a t o m  is in the  ~ re la t ionship  to  a potent ia l ly  
ionisable hyd rogen  a t o m  (the a -hyd rogen  of the  a m i n o  acid residue). W e  therefore  sugges t  t h a t  
decomposi t ion  of these  oxides  occurs  by  a type  of f l -el iminat ion (equat ions  z and  2), a l t hough  
ac id-ca ta lysed  e l imina t ion  react ions  m u s t  be regarded as except ional .  The  ana logous  decom-  
posi t ion of a lkyl  su lphones  in s t rong  alkali  to give olefin and  alkyl  su lphinic  acid is known s, 
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while the reverse react ion (addi t ion  of s u l p h m a t e  to oh,fin to Rive sulphonos) h;i. also been 
rep()l-ted ,~. 

The sulphenic  alld/l~r su lphinic  acid forllled could well illldergll disprop~Jrtionation and other  
react i (ms to give thiol,  d i su lph ide  and sulphonic  acid. In the case of l an th ionme  S oxides, these 
three  products  would be cysteine,  cvs t ine  and cyste ic  acid respect ively ,  while S -ca rboxvme thv l  
cvs te ine  oxides  shouh.1 yield main ly  {fis(carboxymethyl)  d isulphide.  Pvruvic  acid and a lanine  are 
known to arise from aminoac ry l i c  (dehydroalanine)  residues 1°,11. The f l -e l iminat ion mechan i sm 
exp la ins  the in s t ab i l i t y  in the above  cases and the con t r a s t i ng  s t ab i l i t y  of meth ion ine  SS-dioxide la, 
where the  su lphur  a t o m  is isolated from the. a -hydrogen  by an ex t ra  carbon a tom.  

]'~ARI.ANI'* AND KNIGHT la have  shown t h a t  af ter  hea t ing  wool in cyan ide  so lu t ions  a t  0 0  C 
or loo (" and  then oxidis ing  wi th  peracet ic  acid, cys te ic  acid can be detected in hydro lysa tes .  
This  resul t  was in te rp re ted  as showing  t h a t  unchanged  d i su lph ide  remains  a f te r  the cyanide  
t r e a t m e n t .  I t  is a p p a r e n t  t h a t  some ;it least  of th is  cvs te ic  acid coukl arise by decomposi t ion  
of l an th ion ine  oxides,  bu t  EARl.AND AND KNIGHT'S conclusion is not  ques t ioned  since i t  was 
shown a l r eady  by ('.I:THBERTSON AND PHII.I.IPS 6 t h a t  some cys tme  is unat tec ted  by the cyanide.  
I nc iden t a l l y  i t  seems to us t h a t  t i le l a t t e r  workers  c la imed not  t h a t  the cys t ine  convers ion is 
comple te  (as m a i n t a i n e d  by EARI.ANI) AND KNIGHT) bu t  only t h a t  the cys t ine  which does react  
with cyan ide  is conver ted  q u a n t i t a t i v e l y  to lanthionine .  For  ti le es t i lna t ion  of cvs t ine  as cys te ie  
acid in ti le presence of su lphides  it would seem best  to oxidize  af ter  hydrolysis ,  as prescr ibed 
bv TH o.M PSON 14. 
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