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' s m a l l ' ;  o t h e r s  showed,  a t y p i c a l  d e v e l o p m e n t  of t h e  h e a d  
a n d  n e u r a l  s t r u c t u r e s  a n d  were classif ied as ' a b n o r m a l ' .  
I n  v iew of a c e r t a i n  a m o u n t  of v a r i a t i o n  in d e v e l o p m e n t a l  
s tages  a n d  in  size b e t w e e n  l i t t e r m a t e s  occur r ing  n o r m a l l y ,  
i t  is n o t  possible  to  ass ign  a p a r t i c u l a r  g e n o t y p e  to  t h e  
' sma l l '  embryos .  

DUNN a n d  GLUECKSOHN-SCHOENHEIMER 6 r e p o r t e d  t h a t  
' a b n o r m a l '  e m b r y o s  f rom crosses of l ines A b y  29 were  
smal le r  a n d  less deve loped  t h a n  t h e i r  ta i l less  l i t t e r m a t e s  
a n d  t h a t  t h e y  h a d  a b n o r m a l i t i e s  i n v o l v i n g  a n t e r i o r  
s t ruc tu re s ,  e.g., mic rocepha ly ,  m i c r o p h t h a l m i a ,  a n d  
a n e n c e p h a l y .  I n  t h e  p r e s e n t  s t u d y  of e m b r y o s  b e t w e e n  t h e  
ages  of 9 a n d  121/~ days ,  11 were  f o u n d  w i t h  h e a d  ab -  
no rma l i t i e s ,  17 w i t h  a b n o r m a l  n e u r a l  s t ruc tu re s ,  a n d  5 
w i t h  h e r n i a t e d  hea r t s ,  some of t h e  e m b r y o s  possess ing  
m o r e  t h a n  one  a t y p i c a l  s t ruc tu re .  

Most  of t h e  a n i m a l s  w i t h  a b n o r m a l  h e a d  s t r u c t u r e s  
a p p e a r e d  to  be  mic rocepha l i c  a n d  two possessed a b n o r m a l  
m a n d i b u l a r  arches .  A b n o r m a l  n e u r a l  s t r u c t u r e s  i nc luded  
a s y m m e t r i c a l  n e u r a l  folds in  e m b r y o s  t h a t  h a d  n o t  
deve loped  b e y o n d  t h e  n e u r a l  fold s tage.  Two a d d i t i o n a l  
e m b r y o s  h a d  a l l an to i s  w h i c h  h a d  a p p a r e n t l y  fai led to  jo in  
t h e  chor ion  a t  ear l ier  s tages.  

T h e  resu l t s  of t h i s  s t u d y  as well  as of t he  p rev ious  one  6 
seem to  i nd i ca t e  t h a t  i n t e r a c t i o n  of t o a n d  t ~ d u r i n g  
e m b r y o g e n y  var ies  in  sever i ty .  A t  one ex t r eme ,  d e a t h  of 
t ° t  x c o m p o u n d s  m a y  occur  a t  v e r y  ea r ly  s tages,  as evi-  
d e n c e d  b y  t h e  large  n u m b e r  of s i tes  of r e s o r p t i o n  f o u n d  in 
l i t t e r s  of i n t e r l i ne  crosses on  t h e  9 th  d a y  of ges ta t ion .  A t  
t h e  o t h e r  ex t r eme ,  some t°t ~ c o m p o u n d s  are  v i ab l e  a n d  
n o r m a l  t a i l ed  a t  t e rm .  B e t w e e n  the se  two  e x t r e m e s  
sp reads  t he  ' a b n o r m a l '  g roup  w i t h  a wide r a n g e  of ab-  
no rma l i t i e s  l ead ing  to  d e a t h  of e m b r y o s  a t  d i f f e ren t  
s tages .  Th i s  is in  d i s t i n c t  c o n t r a s t  to  t h e  s h a r p  p h a s e  
speci f ic i ty  s h o w n  b y  e m b r y o s  h o m o z y g o u s  for  e i t h e r  
recess ive  allele w h i c h  die a t  de f in i t e  s tages  of deve lop-  
m e n t  3. 

T h e  s ame  lack  of s h a r p  p h a s e  speci f ic i ty  of effect  was  
r e p o r t e d  in a n  i n v e s t i g a t i o n  of a g roup  of gene t i ca l ly  
s imi la r  l e t h a l  t alleles e x t r a c t e d  f rom d i f fe ren t  p o p u l a t i o n s  
of wild  house  mice,  whe re  t h e  h o m o z y g o u s  recess ive  
c o n d i t i o n  of each  allele led to  a l e t h a l  pe r iod  e x t e n d i n g  
b e t w e e n  8-10  d a y s  s. A b n o r m a l  e m b r y o s  showed  a wide  
r ange  in  degree  of d i f f e ren t i a t ion ,  some deve lop ing  no  
f a r t h e r  t h a n  t i le  egg cy l inde r  s tage ,  whi le  o t h e r s  fo rmed  
e x t r a e m b r y o n i c  m e m b r a n e s .  

I n  ou r  p r e s e n t  s t u d y  con t ro l  e m b r y o s  for  c o m p a r i s o n  
w i t h  t h o s e  d i ssec ted  f rom in te r l ine  crosses were  o b t a i n e d  
f rom m a t i n g s  w i t h i n  l ine 29. P r e v i o u s  i nves t i ga t i ons  h a d  
s h o w n  t h e  t 1 allele to  be  a p r e i m p l a n t a t i o n  le tha l% b u t  in  
t h e  p r e s e n t  s t u d y  r e so rp t ion  s i tes  were  found  for  33 of a 
t o t a l  of 85 e m b r y o s  b e t w e e n  8-12x/2 days ,  i n d i c a t i n g  
d e a t h  of such  e m b r y o s  a f t e r  i m p l a n t a t i o n .  Numer i ca l l y ,  
t h e  p r o p o r t i o n  of r e so rbed  e m b r y o s  m a y  well  a c c o u n t  for  
t h e  t 1 h o m o z y g o u s  class. I n  add i t ion ,  t he  ave rage  n u m b e r  
of e m b r y o n i c  s i tes  of 9.4 a t  t i m e  of d i ssec t ion  a p p e a r s  
r a t h e r  h i g h  for a p r e i m p l a n t a t i o n  le tha l .  

These  r e su l t s  open  t he  poss ib i l i ty  t h a t  ou r  ta i l less  l ine  
29 carr ies  a new t allele (t x) w h i c h  ac t s  as a n  ea r ly  pos t -  
i m p l a n t a t i o n  l e tha l  a n d  w h i c h  arose s o m e t i m e  in t h e  p a s t  
h i s t o r y  of our  T P  line. Since t* would  be  i n d i s t i n g u i s h a b l e  
f rom t ~ in  i ts  i n t e r a c t i o n  w i t h  T in p r o d u c i n g  ta i l lessness ,  
i t  cou ld  h a v e  been  car r ied  t h r o u g h  one of t h e  n a r r o w  
b o t t l e n e c k s  t h a t  f r e q u e n t l y  deve lop  in t he  course  of 
b r e e d i n g  as di f f icul t  a s t r a i n  as th i s  ta i l less  one  w i t h  two  
l e t h a l  genes.  

I f  t he  i nd i ca t i ons  of t h e  p resence  of a new  m u t a t i o n  in  
l ine  29 can  be  conf i rmed ,  i t  wou ld  exp l a in  some of t h e  
d i f ferences  b e t w e e n  ear l ier  s tud ies  b y  DUNN a n d  GLUECK- 
SOHN-SCHOENHEIblER 6, a n d  t h e  p r e s e n t  i nves t i ga t i on .  
Therefore ,  t he  i den t i f i c a t i on  of t he  recessive alleles in-  
v o l v e d  in t h e  crosses r e p o r t e d  here  will be  t he  s u b j e c t  of 
a n  ex t ens ive  d e v e l o p m e n t a l  s tudy .  

Zusammen]assung .  M e h r f a c h  wurde  gezeigt ,  dass  zwei 
rezessive le ta le  Allele in  de r  H a u s m a u s  (t o u n d  P) lebens-  
f/ihige n o r m a l e  Tiere  in  h e t e r o z y g o t e r  K o m b i n a t i o n  t ° / t  x 
produz ie ren .  Neuere  D a t e n  m a c h e n  wahr sche in l i ch ,  dass  
das  t l-Allel  m u t a t i v  abXnder te ,  so dass  sowohl  seine 
h o m o z y g o t e  W i r k u n g  als a u c h  die Z u s a m m e n w i r k u n g  m i t  
t ° bee in f lus s t  w o r d e n  ist .  H i n g e g e n  s ind  K o m b i n a t i o n e n  
y o n  t o u n d  d e m  n e u e n  Allel n i c h t  m e h r  lebensf / ihig,  u n d  
H o m o z y g o t e  s t e r b e n  e r s t  n a c h  de r  I m p l a n t a t i o n .  
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S T U D I O R U M  P R O G R E S S U S  

T h e  D i s c r i m i n a t i o n  of V a r i o u s  C y s t i n e  S u l f o x i d e s  

A c o n t r o v e r s y  ex is t s  c o n c e r n i n g  t h e  c o n s t i t u t i o n  of 
cys t ine  disul foxide .  Based  on  i n f r a r ed  spec t r a l  in te r -  
p r e t a t i o n ,  SWEETMAN 1 d e e m e d  i t  t o  be  cys t e ine  th io l -  
su l fona t e  (I). T h e  i somer ic  s y m m e t r i c a l  d isu l foxide  
s t r u t t u r e  ( I I )  was  a d v a n c e d  b y  LAVlNE a n d  TOENNIES ~ 
on  t h e  bas is  of i t s  facile r e d u c t i o n  to  cys t ine .  

LAVINE a n d  TOENNIES ~ h a v e  r e p o r t e d  t h e  syn thes i s  of 
cys t ine  d isu l foxide  b y  t h e  o x i d a t i o n  of cys t ine  p e r c h l o r a t e  
w i t h  pe rbenzo ic  acid in  a n h y d r o u s  ace ton i t r i l e .  EMILIOZZI 
a n d  PICHAT ~ h a v e  used pe r fo rmic  acid in formic  acid as 
t h e  ox idan t .  I t  h a s  n o w  b e e n  found  t h a t  b o t h  p rocedures  
p roduce  b o t h  possible  isomers.  T h e  m e t h o d  of LAVINE a n d  
TOENNIES yields  m a i n l y  t he  s y m m e t r i c a l  d isulfoxide,  
whi le  t h a t  of EMILIOZZI a n d  PICHAT af fords  as m a i n  
p r o d u c t  t h e  th io l su l fona te .  T h e  t w o  i somers  c a n  be  
d i s t i ngu i shed  b y  t h e i r  d e c o m p o s i t i o n  po in t s ,  t he  th io l -  

su l fona te  b e c o m i n g  p a r t l y  viscous  a b o v e  205 °, whe reas  
t he  s y m m e t r i c a l  d isul foxide  r e m a i n s  d r y  a n d  d a r k e n s  
s lowly u p  to  240 ° . 

]3oth c o m p o u n d s  possess  a s t r o n g  p e a k  in  t he  i n f r a r ed  
a t  8.93 ~z. Th i s  is t he  s a m e  p e a k  s h o w n  b y  cys t ine  m o n o -  
sul foxide  (Cys(S-~O)-S-Cys)  ( I I I )*  a n d  is r espons ib le  for 
t h e  c o n t r o v e r s i a l  s t r u c t u r e  a s s ignmen t s .  T h e  r e m a i n i n g  
p a r t s  of t h e  s p e c t r a  a re  d i s t i n c t l y  d i f f e r en t  (Figure  2). 

BREDERECK, WAGNER, BECK, a n d  KLEIN ~ showed  
recen t ly ,  w i t h  seve ra l  a r o m a t i c  sulfoxides,  t h a t  t he  b a n d  
a t  1050 cm -1 (9.54 Iz), w h i c h  was  ass igned  b y  SWEETMAN 
to  t h e  sul foxide  group,  va r ies  f rom 1040 c m  -1 to  1130 cm -1 
a n d  t h a t  va r ious  sulfones,  d isu l fones  a n d  disul f ides  e x h i b i t  

1 B. J. SWEETMAN, Nature 183, 744 (1959). 
T. F. L~VINE and G. TOENNIES, J. biol. Chem. 11,~, 576 (1936). 
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Ber. 93, 2736 (1960). 
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~harp b a n d s  in t h e  s ame  region.  M e t h i o n i n e  su l foxide  ex-  
aibi ts  a s t r o n g  sp l i t  b a n d  w i t h  peaks  a t  1033 c m  -~ a n d  
t019 c m - L  T h e  a s s i g n m e n t  of b a n d s  to  s t r u c t u r e s  in-  
: lud ing  chemica l  r e a s o n i n g  seems,  the re fore ,  t he  more  

Z 
u s t i f i ed  w h e n  chemica l  ev idence  is ava i l ab l e  for  d i s t i nc t i on  
3etween va r ious  o x i d a t i o n  levels.  T h e  I R - s p e c t r u m  of I is . . . .  
n good a g r e e m e n t  w i t h  t h e  one  g i v e n  b y  BR~DERECK e t  
d.  s. T h e  b a n d s  a t  711 c m  -1 (14.1 p~) a n d  a t  1191 c m  -~ 
18.39 ix) seem to  be  qu i t e  specif ic  for  th io l su l fona te .  T h e  
mlfoxide  g roup  ha s  on ly  a w e a k  b a n d  a t  14.1 ~ in  t h e  
~romatic  as well  as in  t h e  a m i n o  acid series. T h e  doub le  
)eak  b e t w e e n  8.2-8.5 ~t for all  d isulf ides  a n d  t h e i r  oxid ized  2 
i e r i va t i ve s  s t ud i ed  closes to  a s ingle b a n d  in t h e  th io l -  
mlfonate .  ~ : ~  

T h e  u n s y m m e t r i c a l  cy s t i ne  d isu l foxide  (I) is p r ac t i c a l l y  _ ~ , ~  
nso luble  in  w a t e r  a n d  a lower  p H  is r equ i r ed  to  b r i n g  i t  1 
n t o  so lu t ion .  T h e  s y m m e t r i c a l  d e r i v a t i v e  (II)  is a l i t t l e  / n o t e  soluble  t h a n  cys t ine .  T h e  two  i somers  a re  b e s t  
; epara ted  b y  a l t e r n a t e l y  d i sso lv ing  in  0.25 N HCI (50 m g  
n 10 cm3), w h e r e b y  I r e m a i n s  und i s so lved ,  a n d  prec ip i -  [ 
:a t ing  b y  a d d i n g  drop~-ise 8 N a m m o n i u m  h y d r o x i d e  w i t h  / • 
:ooling a n d  s t i r r ing .  T h e  p H  shou ld  n e v e r  exceed  6 
)ecause  d u r i n g  t he  t i t r a t i o n  b o t h  i somers  s t a r t  to  decom-  
)ose a t  p H ' s  b e t w e e n  6 a n d  7 (see F i g u r e  1). As r e p o r t e d  
)y EMILmZZI a n d  PICHAT, t h e  c o m p o u n d s  a re  sp l i t  t o  
:ys te ine  sulf inic  acid.  z f  

T h e  f iss ion be low p H  7 is of s ign i f icance  in t h e  d e t e c t i o n  / 3 
ff t h e  d isu l foxide  in s amples  of monosu l fox ide  b y  t i t r a t i o n .  ¢ 
For t h e  in fus ion  of t h e  base,  a c o m m e r c i a l  in fus ion  p u m p  ~ 
vas used w h i c h  de l ivers  t h e  t i t r a n t  c o n t i n u o u s l y  a t  a 
• h o s e n  speed.  A n  i n t e r r u p t i o n  in  t h e  c o n t i n u i t y  of t he  
: i t ra t ion  c u r v e  (Brown  p H  Recorder )  i n d i c a t e d  t h e  pres-  
race of a disulfoxide.  T h e  s y m m e t r i c a l  d i su l fox ide  is 
) a r t i eu la r ly  c h a r a c t e r i z e d  b y  a s h a r p e r  i n t e r r u p t i o n  p o i n t  2 3 /  
F igu re  1). / 

F o r  a f u r t h e r  c h a r a c t e r i z a t i o n  of t he  o x i d a t i o n  level  of 
t isulfide b o n d s ,  t h e  e lec t ro ly t i c  h y d r o g e n a t i o n  in  a / 
:ommercia l  de sa l t e r  7 - n  was  used as  p roposed  b y  BEr¢~sc~ / 
md BENESEH ~ w i t h  mod i f i ca t i on  b y  THOMSON a n d  MAR- 
?IN la. F u r t h e r  mod i f i ca t ions  were necessary ,  howeve r .  
['he e lec t rodes  were  c o n n e c t e d  w i t h  a r ecorde r  w h i c h  was 
:a l ibra ted  for  ampe re s  a n d  t h e  r a t e  of e scap ing  h y d r o g e n  Z 3 / ,  
r a c k e d  w i t h  t h e  a id  of a b u b b l e  coun te r .  T h e  c a t h o d e  / 
p a c e  was  the re fo re  c losed e x c e p t  for  t h e  o u t l e t  for  t h e  ( 
rabbles .  T h e  m e r c u r y  pool  c a t h o d e  w as  s t i r r ed  b y  a __  / nagne t .  

The  inso lub le  d isu l foxides  were suspended .  T h e  end  of 
h e  r e d u c t i o n  or  of a r e d u c t i o n  s t ep  is r ecogn izab le  b y  a 
ise in  t h e  b u b b l e s / m i n  c o u n t  to  a n  a l m o s t  c o n s t a n t  va lue .  
n s imple  cases t h e  h y d r o g e n  is g i v e n  b y  t h e  c o u l o m b s  
tsed, as i n d i c a t e d  b y  t he  recorder ,  m i n u s  t h e  r ecovered  
q u i v a l e n t s  of h y d r o g e n .  T h e  r e su l t  is less re l iab le  if a 
arge excess of h y d r o g e n  is r equ i r ed  for t h e  r educ t ion .  

T h e  e lec t ro ly t ic  h y d r o g e n a t i o n  al lows a sens i t ive  dis- 
x i m i n a t i o n  b e t w e e n  cys t i ne  m o n o s u l f o x i d e  ( I I I ) ,  cys te ine  
u l fenyl  cys t e ine  su l f ina t e  (II) ,  a n d  cys t i ne  t h i o t s u l f o n a t e  
I). U n l i k e  t he  r e d u c t i o n  w i t h  h y d r i o d i c  acid w h i c h  
educed  t h e  d isu l foxides  to  cys t ine  ~, t h e  e lec t ro ly t ic  
[yd rogena t ion  could  be  c o n d u c t e d  u n d e r  mi ld  cond i t i ons  
vhereby  t h e  r e d u c t i o n  s t eps  b e c a m e  visible.  U n d e r  t he se  
:ondit ions,  t h e  f i r s t  s t e p  in  t h e  r e d u c t i o n  of cys t ine  m o n o -  
u l fox ide  ( I I t )  was  t h e  s e p a r a t i o n  of t h e  S-S l inkage.  O n l y  
,ne e q u i v a l e n t  of cys te ine  was  formed.  

Cys te iny l  cys te ine  su l fona t e  (I) also t o r m e d  one  equi-  
, a len t  of cys te ine ,  b u t  more  t h a n  f ive t i m e s  as m a n y  
:oulomb e q u i v a l e n t s  were  needed  t h a n  for  t he  m o n o -  
ulfoxide.  Th i s  is p a r t l y  due  to  i t s  lower  so lub i l i ty  a n d  
~artly to  t h e  s ter ie  h i n d r a n c e  of  t h e  h e x a v a l e n t  su l fu rL  
:he cys t ine  d isu l foxide  (II)  r equ i r ed  a l a rger  excess of 
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Fig. I. Automatic titration of: (I) L-Cystine thiosulfonate 52 mg 
dissolved in 0.5 ml N HC1 and diluted to 25 ml with H~O. (II) L- 
Cystine disulfoxide 64 mg dissolved in 0.5 ml 1 N HC1 and diluted to 
30 ml with H20. (III) L-Cystine monosulfoxide 56 mg dissolved in 
0.5 ml N HC1 and diluted to 25 ml with H,O. (I), (II),  (III) were 
titrated with 0.2 N NaOH. (IV) L-Cystine 64 mg in 0.5 ml N HC1 and 
diluted to 30 ml with H,O titrated with 0.5 N NaOH. (I), (II), (IV) 
show the pH decreasing after the infusion of the t i trant was stopped. 
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h y d r o g e n  t h a n  d id  t h e  th iosu l fona te .  O v e r l a p p i n g  re-  
d u c t i o n  s t eps  s eemed  p robab le .  A t  t h e  end  two  equi-  4000 3000 
v a l e n t s  of cys t e ine  were formed.  1001'""' '" .... 

The  cys te ine  so lu t ion  is t h e n  t i t r a t e d  a m p e r o m e t r i c a l l y  I 
in t r i s  bu f f e r  ( t r i s - h y d r o x y m e t h y l - m e t h y l a m i n e  or 2- liO'l,~] 
a m i n o - 2 - h y d r o x y m e t h y l p r o p a n e  1 : 3 diol). On a d d i t i o n  of 60 cys te ine  to  a buf fe red  so lu t ion  of s i lver  t r i s  ion Ag(tris)~ 

rro wi  o n m e  e lo . 
t h e  c u r r e n t  d r o p s  v e r y  s h a r p l y  a n d  rises aga in  s lowly  to a 
c o n s t a n t  va lue ,  w h i c h  is, however ,  m u c h  be low t h e  s t a r t .  
Th i s  d r o p  is a s s u m e d  to  be  caused  b y  a c a t a l y t i c  r e a c t i o n  
of cys t e ine  w i t h  t h e  e lec t rode  lg,16. Th i s  d rop  in  t h e  c u r r e n t  100 
was-u t i l i zed ,  a f t e r  p r o p e r  i n s t r u m e n t a l  modi f ica t ions ,  as .% 
e n d p o i n t  i n d i c a t i o n  in  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of Ol 
cys te ine .  Hydrogeno ly s i s  fol lowed b y  a m p e r o m e t r i c  ~ 80 1 

t i t r a t i o n  was  used  in  t he  e s t i m a t i o n  of sulfoxides ,  o 
T h e  h y d r o l y t i c  f iss ion in te r fe res  a lso d u r i n g  e lec t ro ly t ic  ~ ~il 

h y d r o g e n a t i o n  in  a q u e o u s  suspens ion .  W i t h  a labi le  ox ide  -~ 
t h e  p lo t  of a m p e r e  v e r s u s  t i m e  e x h i b i t s  a s t ead i ly  in-  ~ 20 
c reas ing  c o n d u c t i v i t y  u n d e r  c o n s t a n t  vo l tage .  ~- 

I n  t h e  a m p e r o m e t r i c  t i t r a t i o n  sugges ted  for  b iological  0 
mic roana lys i s  b y  BENESCH a n d  -BENESCH ~ a n d  THOMSON 
a n d  MARTIN x~, AgNOa is a d d e d  as t he  t i t r a n t  to  a s ample  
buf fe red  w i t h  tr is .  I n  t h i s  t i t r a t i o n  t he  f ad ing  of t h e  s h a r p  
c a t a l y t i c  r e sponse  to  cys te ine  ove r l aps  w i t h  t h e  r a t h e r  
poo r  r e sponse  to  a d d e d  AgNO~. I n  o u r  e s t i m a t i o n  we a d d  
t h e  cys te ine  as  t i t r a n t  to  a c h o s e n  a m o u n t  of s i lver  t r i s  ion  
(Ag(tris)~) z'. E v e r y  drop. of cys te ine  causes  f i r s t  a c a t a l y t i c  
r e sponse  even  in  t he  p resence  of s i lve r  t r i s  ions, w h i c h  is 
i m m e d i a t e l y  reversed  b y  r eac t i on  of t h e  supposed  c a t a l y t i c  
i n t e r m e d i a t e  w i t h  s i lver  t r is  ions. W h e n  al l  s i lver  is 
t i t r a t e d ,  the c a t a l y t i c  r e sponse  remains .  T h i s  t i t r a t i o n  
t he r e fo re  uses  a n  u n r e v e r s e d  c a t a l y t i c  r e sponse  as  t h e  end  
p o i n t  i n d i c a t i o n  of t h e  a m p e r o m e t r i c  t i t r a t i o n .  T h e  im-  
p l i ca t ion  is t h a t  t h e  o t h e r  f ission p r o d u c t ,  t he  v e r y  labi le  
cys te ine  sulfenic  acid,  is n o t  a p p r e c i a b l y  r educed  u n d e r  
t h e  s ame  cond i t i ons  a n d  does n o t  cause  t h e  ca t a ly t i c  d rop  
used  as'  a n  end  p o i n t  i n d i c a t i o n  zv. 

Zusammen/assung. L-Cysteins~iure-L-cysteinylester u n d  
s y m m e t r i s c h e s  L - C y s t i n d i s u l f o x y d  w u r d e n  als zwei iso- 
m e r e  O x y d a t i o n s p r o d u k t e d e s  Cysf ins  i sol ier t  u n d  d u r c h  
I R - S p e k t r u m  u n d  ve r sch iedenes  V e r h a l t e n  bei  der  e lek t ro-  
l y t i s c h e n  R e d u k t i o n  cha rak t e r i s i e r t .  Mi t  HiKe gleich- 
m~issiger m e c h a n i s c h e r  T i t r a t i o n  w u r d e n  die pH-/3est~in- 
d igke i t sbe re i che  u n d  das  k r i t i s che  p H  b e g i n n e n d e r  H y d r o -  
lyse a ls  a b r u p t e  W e n d u n g  in de r  T i t r a t i o n s k u r v e  au to -  
m a t i s c h  reg is t r ie r t .  

Die  k a t a l y t i s c h e  ~Vechse lwi rkung  des  Cys te ins  a n  de r  
r o t i e r e n d e n  P l a t i n e l e k t r o d e  w u r d e  i n d i r e k t  als  E n d p u n k t -  
i n d i k a t i 0 n  de r  a m p e r o m e t r i s c h e n  T i t r a t i o n  des  Cys te ins  
in  Tr i s -Puf fe r  b e n u t z t .  
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Fig. 2. IR-spcctra of L-cystine thiolsulfonatc (I) and L-cystine di- 
sulfoxide (II) in KBr 1:400 measured on a Perkin Elmer Spectro- 

photometer, Model 21, with Slave Recorder. 
(I) Synon)mas: Cysteinyl cysteine sulfonate, Cystelc acid cysteinyl 
ester, unsymmetrical cystine disulfoxide, Cystinethiolsulfonate. 
(II) Cysteine sulfenyl eysteine sulfinate, symmetrical cystine disulf- 

oxide. 
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