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mix tu re .  "When a l lowed to  r e a c t  w i t h  s u l p h i t e  ion 1 Mol of 
t h e  ' m o n o s u l f o x i d e '  p r o d u c e d  0.5 Mol of t h i o l  as m e a s u r e d  
b y  a m p e r o m e t r i c  t i t r a t i o n  w i t h  mercu r i c  ch lor ide  in. Th i s  
is d i f f icu l t  t o  exp la in  on  t h e  bas is  of  s t r u c t u r e  ( I I )  b u t  c a n  
b e  reconci led  w i t h  t h e  a s s u m p t i o n  t h a t  t h e  p r o d u c t  is a n  
e q u i m o l a r  m i x t u r e  of (I) a n d  ( I I I ) ,  s ince ( I I I )  does  n o t  
y ie ld  t h i o l  u n d e r  t he se  cond i t i ons  *. T he  h y p o t h e s i s  t h a t  
t h e  ' m o n o s u l f o x i d e '  is a n  e q u i m o l a r  m i x t u r e  of (I) a n d  
( I I I )  agrees  w i t h  t h e  f igures  x2 for  e l e m e n t a r y  ana lyses  
a n d  e q u i v a l e n t  we igh t ;  a n d  t h e  specific r o t a t i o n  ([,t]~ t = 
-- 111°)x~ is a p p r o x i m a t e l y  t h e  m e a n  of t h e  r o t a t i o n s  of I 
( -  213 °) a n d  I I I  (-- 22°). C o n t r a r y  to  t h e  p r ev ious  r e p o r t  ~ 
i t  is now found  t h a t  in  t he  reg ion  7 -10  Vt t h e  in f r a - r ed  
s p e c t r a  x~ of t h e  'monos u l f ox i de '  a n d  of a n  e q u i m o l a r  
m i x t u r e  of I a n d  I I I  are  i nd i s t i ngu i shab le .  S imple  a l i pha t i c  
a n d  a r o m a t i c  t h io l su l f ina t e s  are  u n s t a b l e  a n d  r ead i ly  dis- 
p r o p o r t i o n a t e  i n to  a m i x t u r e  of t h e  c o r r e s p o n d i n g  di- 
sul f ide  a n d  t h io l su l fona t e  x~a~ a n d  i t  is poss ible  t h a t  
' cys t ine  m o n o s u l f o x i d e '  decomposes  in  t h i s  w a y  as soon as 
i t  is fo rmed  in t h e  acidic  so lu t ion  (HC1 + KI) .  

To f u r t h e r  i n v e s t i g a t e  possible  i n t e r m e d i a t e  o x i d a t i o n  
p r o d u c t s  of cys t ine ,  t he  pe r fo rmic  acid o x i d a t i o n  m e t h o d  ~ 
h a s  b e e n  s t ud i ed  us ing  v a r y i n g  a m o u n t s  of o x i d a n t  (1-5 
Mol L T h e  p r o d u c t s  of these  o x i d a t i o n s  were a n a l y s e d  
q u a n t i t a t i v e l y  u s ing  t h e  i o d o m e t r i c  r e d u c t i o n  m e t h o d  of 
TOENNIES a n d  LAVINE ~ a n d  also q u a l i t a t i v e l y  b y  t h e  
c o m b i n a t i o n  of p a p e r  e lec t rophores i s  a n d  p a p e r  c h r o m a t o -  
g r a p h y  x~. T h e  r e a c t i o n  course  is f o u n d  to  be  m a r k e d l y  
a f fec ted  b y  t he  p resence  of HC1, p r e s u m a b l y  because  t h e  
e f fec t ive  o x i d a n t  in  t h i s  case is ch lor ine ,  fo rmed  in situ. 
I n  t h e  p resence  of HC1 large a m o u n t s  of t h e  two  in te r -  
m e d i a t e  o x i d a t i o n  p r o d u c t s  I I I  a n d  V I  are  f o r m e d  ~ 
whe rea s  in  t h e  absence  of  HC1 t h e  f ina l  o x i d a t i o n  s tage  
cys te ic  ac id  ( v i i ) ,  is r e a c h e d  w i t h  on ly  m i n o r  a m o u n t s  of 
I I I  a n d  V I  ; a n d  V I I  is t h e  u l t i m a t e  p r o d u c t  w h e n  excess  
of pe r fo rmic  ac id  is used  e i t h e r  in  t h e  p re sence  or  absence  
of HCl.  I t  is n o t e w o r t h y  t h a t  t h e r e  is no  ev idence  for  
i n t e r m e d i a t e s  o t h e r  t h a n  I I I  a n d  V I  whereas  t he  whom 

r a n g e  of p r o d u c t s  f rom R - S - S O - R  to  R - S O 2 - S O ~ - R  c a n  
be  p r e p a r e d  in t h e  s imple  a l i p h a t i c  a n d  a r o m a t i c  series x~.~° 
R e c e n t  work  h a s  s h o w n  t h a t  a l t h o u g h  a p p a r e n t l y  s imple ,  
t h e  o x i d a t i o n  of th io l s  to  d isul f ides  =z a n d  of t h io l su l f i na t e s  
to  t h io l su l fona t e s  s~ m a y  i nvo lve  c o m p l e x  r e a c t i o n  
m e c h a n i s m s  ~.  

Zusammen/assung.  Die frf iher  als  ~Cys t i nmonosu l foxyd  ~ 
b e s c h r i e b e n e  V e r b i n d u n g  (Th iosu l f i na t  I I )  ve rh i i l t  s ich  
wie e ine  "~quimotekulare M i s c h u n g  y o n  Cys t in  (I) u n d  d e m  
e n t s p r e c h e n d e n  T h i o s u l f o n a t  ( I I I ) .  O x y d a t i o n  y o n  Cys t in  
m i t  Pe ramei sens i iu re  ff ihr t ,  b e s o n d e r s  in  G e g e n w a r t  yon  
HCI, f iber  die Z w i s c h e n p r o d u k t e  T h i o s u l f o n a t  ( I I I )  u n d  
Sul f ins~ure  (VI) zu Cysteinst~ure (VII) .  
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N o r a d r e n o l u t i n  

I t  h a s  b e e n  k n o w n  for  m a n y  yea r s  t h a t  f l uo rescen t  
s u b s t a n c e s  c a n  be  o b t a i n e d  f rom t h e  o x i d a t i o n  p r o d u c t s  of 
a d r e n a l i n e  ( t : R  = CHa) a n d  n o r a d r e n a l i n e  ( I :  R = H)  
b y  t r e a t m e n t  w i t h  a lka l i  a n d  t h i s  p h e n o m e n o n  ha s  b e e n  
wide ly  used  in  t h e  f l uo r om e t r i c  e s t i m a t i o n  of these  ca te -  
c h o l a m i n e s  in  b o d y  f luids (for re fe rences  see HEACOCK 1, 
VON EULER2, a n d  PERSKEY3), T h e  f luorescen t  d e r i v a t i v e  
of ad rena l ine ,  k n o w n  as a d r e n o l u t i n  ( 5 , 6 - d i h y d r o x y - N -  
m e t b y l i n d o x y l  (V: R = CH3)) 4 was  i so la t ed  a n d  cha r ac -  
t e r i zed  seve ra l  yea r s  agoe ;  h o w e v e r  i so la t ion  of t h e  
f luo rescen t  o x i d a t i o n  p r o d u c t  of n o r a d r e n a l i n e  in  t h e  
solid s t a t e  h a s  n o t  y e t  b e e n  repor ted .  B u ' L o c K  a n d  HAR- 
LEY-MASON fai led to  o b t a i n  a n y  c rys t a l l i ne  m a t e r i a l  f r om 
t h e  a lka l ine  r e a r r a n g e m e n t  p r o d u c t s  of so lu t ions  of nor -  
ad rena l ine ,  w h i c h  h a d  been  ox id ized  w i t h  p o t a s s i u m  
fe r r i cyan ide  L A n  a l t e r n a t i v e  unsuccessfu l  r o u t e  a t t e m p t e d  
b y  these  a u t h o r s  v h a s  b e e n  r e e x a m i n e d  a n d  c rys ta l l ine  
n o r a d r e n o l u t i n  (i.e. 5 , 6 - d i h y d r o x y i n d o x y l  (V: R = H)) 
ha s  now been  o b t a i n e d .  

2 - I o d o n o r a d r e n o c h r o m e  ( I I :  R = H) can  be  o b t a i n e d  
f rom t h e  o x i d a t i o n  of n o r a d r e n a l i n e  h y d r o c h l o r i d e  w i t h  
p o t a s s i u m  iodateT, S. (The p rocedu re  desc r ibed  b y  
Bu 'LoCK a n d  HARLEY-MASON gives a poor  yie ld  of 
c rys t a l l i ne  p r o d u c t  a n d  on ly  a f t e r  r e m o v a l  of m u c h  t a r r y  
m a t e r i a l L )  Howeve r ,  a m o d e r a t e  yie ld  of c rys ta l l ine  
2 - i o d o n o r a d r e n o c h r o m e  w i t h  m i n i m a l  f o r m a t i o n  of t a r r y  
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b y p r o d u c t s  was  o b t a i n e d  b y  t r e a t i n g  a so lu t ion  of nor-  
a d r e n a l i n e  h y d r o c h l o r i d e  (0.5 g) in w a t e r  (150 ml) w i t h  
p o t a s s i u m  ioda te  (0.8 g) ; s t i r r ing  t he  r eac t ion  m i x t u r e  for 
11/2 h ;  a d j u s t i n g  t he  p H  to  2 (wi th  h y d r o c h l o r i c  acid) a n d  
f ina l ly  a l lowing t he  so lu t ion  to s t a n d  a t  4 ° o v e r n i g h t .  
Di rec t  a c e t y l a t i o n  of 2 - i o d o n o r a d r e n o c h r o m e  (II  : R = H) 
w i t h  ace t ic  a n h y d r i d e  a n d  d r y  py r id ine  gave  3 ,5 ,6 - t r i -  
ace toxy-2 - iodo indo le  ( I I I :  R = H) (m.p .  207-208 ° ) 
( F o u n d :  C, 40.32;  H,  2.92; N, 3.14; I, 30.53. C14H120,NI 
requ i res  C, 40.30; H,  2.89; N, 3.36; I, 30 .43%) wh ich  on  
d e i o d i n a t i o n  w i t h  zinc a n d  ace t ic  acid gave  3, 5 ,6- t r i -  
a c e t o x y i n d o l e  ( IV:  R = H) (m. p. 123-124 ° ) ( F o u n d :  
C, 57.79; H,  4.53; N, 4.81. ClaHI~O,N requ i res  C, 57.73; 
H,  4.50;  N, 4 .82%).  These  t w o  c o m p o u n d s  h a d  p rev ious ly  
b e e n  desc r ibed  as 3, 5, 6 - t r i ace toxy -N-ace ty l -2 - iodo indo le  
( I I I :  R = COCH3) a n d  3, 5, 6 - t r i a c e t o x y - N - a c e t y l i n d o l e  
( IV:  R = COCHs) r e spec t ive ly  T, h o w e v e r  i den t i f i c a t i on  
was based  on  c a r b o n  a n d  h y d r o g e n  ana lys i s  alone,  w h i c h  
in these  cases does n o t  give a suf f ic ien t ly  c lear  cu t  differ-  
e n t i a t i o n  b e t w e e n  t he  t r i -  a n d  t e t r a - a c e t y l  de r iva t ives .  
In  n e i t h e r  case does t h e  in f ra red  s p e c t r u m  show a n y  
amide  c a r b o n y l  b a n d s ,  h o w e v e r  b o t h  show def in i t e  N - H  
s t r e t c h i n g  peaks  9 a t  3450 cm -1 a n d  3470 cm -1 respec t ive ly .  
Bu'LOCK a n d  HARLEY-MASON failed to  o b t a i n  a n y  
c rys ta l l ine  f luorescen t  p r o d u c t  f rom t h e  a lka l ine  h y d r o -  
lysis of t he  d e i o d i n a t e d  ace ty l  d e r i v a t i v e  ~, however ,  
hydro lys i s  of 3, 5, 6 - t r i ace toxy indo le  w i t h  1 N  s o d i u m  
h y d r o x i d e  in the  p resence  of a smal l  q u a n t i t y  of sod ium 
h y d r o s u l p h i t e  gave ,  in  our  h a n d s ,  a f t e r  ac id i f ica t ion  w i t h  
glacial  ace t ic  acid,  a ye l low-orange  solid, wh ich  a f forded  
n o r a d r e n o l u t i n  ( 5 , 6 - d i h y d r o x y i n d o x y l ,  V:  R =  H) in 

b r i g h t  yel low needles  ( m . p . - t o t a l l y  decomposed  b y  248 °) 
on  r ec rys t a l l i za t ion  f rom ho t  w a t e r  ( con ta in ing  a smal l  
q u a n t i t y  of sod ium hyd rosu lph i t e ) .  ( F o u n d :  C, 58.43; 
H,  4.49; N, 8.48. CsHTOaN requ i res  C, 58.18; H, 4.27; 
N, 8 .48%).  No c rys ta l l ine  p r o d u c t  could  be  i so la ted  w h e n  
t he  hydro lys i s  was  ca r r ied  ou t  in t he  absence  of sod ium 
h y d r o s u l p h i t e L  N o r a d r e n o l u t i n  o b t a i n e d  b y  t h e  m e t h o d  
desc r ibed  a b o v e  dissolves  in w a t e r  or  m e t h a n o l  to  give 
i n t e n s e l y  f luorescen t  so lu t ions .  T h e  u l t r av io l e t  a n d  vis ible  
a b s o r p t i o n  s p e c t r a  were m e a s u r e d  in w a t e r  (;traax: 248; 
284 ; 315 ; 368 mix). T h e  f luorescence  c h a r a c t e r i s t i c s  10 of 
n o r a d r e n o l u t i n  were  also m e a s u r e d  in aqueous  so lu t ion  
a n d  showed  t h a t  m a x i m u m  f luorescence  a p p a r e n t l y  
occur red  a t  490-500  mpt w i t h  e x c i t a t i o n  a t  380-390 mix. 

These  s tud ies  w h i c h  fo rm p a r t  of a c o m p r e h e n s i v e  s t u d y  
of t h e  c h e m i s t r y  of a m i n o c h r o m e s  a re  c o n t i n u i n g  a n d  
f u r t h e r  de ta i l s  will be  p u b l i s h e d  elsewhere .  

Zusammen/assung. H e r s t e l l u n g  u n d  einige E igen-  
s c h a f t e n  yon  k r i s t a l l i nem N o r a d r e n o l u t i n  (5 ,6 -Dioxy-  
indoxyl ) ,  d e m  gelbgrf in  f luoresz ie renden  O x y d a t i o n s -  
p r o d u k t  v o n  N o r a d r e n a l i n ,  w e r d e n  besch r i eben .  
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U n c o u p l i n g  of  O x i d a t i v e  P h o s p h o r y l a t i o n  
in A n t i g e n - A n t i b o d y  R e a c t i o n s  

I t  is now an  accep t ed  fac t  t h a t  ceils a re  d a m a g e d  b y  
a n t i g e n - a n t i b o d y  reac t ions ,  p r o b a b l y  b y  i n t e r v e n t i o n  of 
c o m p l e m e n t .  

A l t h o u g h  t h e  e x a c t  m e c h a n i s m  b y  wh ich  t he  d a m a g e  is 
p roduced  is so far  u n k n o w n ,  we can  infer,  f rom ind i r ec t  
d a t a  a n d  b y  c o m p a r i s o n  w i t h  t he  p h e n o m e n a  obse rved  in 
sens i t ized  e ry th roc i t e s ,  t h a t  t he  lesion beg ins  in t he  cell 
m e m b r a n e .  

I t  is usua l ly  accep ted  t h a t  b lood  vessel  e n d o t h e l i a  a n d  
m e s e n c h y m a l  cells are  t he  si te  of t he  a n t i g e n - a n t i b o d y  
r eac t i on ;  p a r e n c h y m a l  i n j u r y  is t h o u g h t  to  be secondary ,  
caused  b y  tox ic  s u b s t a n c e s  l i be ra t ed  b y  t he  cells a t  t he  
s i te  of reac t ion .  N u m e r o u s  d a t a  b e a r  ou t  t h i s  hypo thes i s ,  
b u t  one  c a n n o t  en t i r e ly  re jec t  t he  poss ib i l i ty  t h a t  p a r e n -  
c h y m a l  cells m a y  be  s i te  of a n t i g e n - a n t i b o d y  reac t ion ,  
e i t h e r  in  a b n o r m a l  c o n d i t i o n s  or because  t h e  an t igen ,  
h a v i n g  f i r s t  been  modi f ied  b y  t he  cells of t he  re t iculo-  
endo the l i a l  sys tem,  t h e n  passes  i n to  t he  cells of t he  pa-  
r e n c h y m a .  

I t  is n o t  k n o w n  w h i c h  ce l lu lar  s t r u c t u r e s  t a k e  p a r t  in  
t h e  a n t i g e n - a n t i b o d y  reac t ion ,  n o r  w h e t h e r  i t  t akes  p lace  
a t  t h e  cell sur face  or  ins ide  t h e  cell i tself.  I t  seems  logical  
to  suppose  t h a t  t h e  a n t i g e n  p e n e t r a t e s  i n t o  t hose  cells 
wh ich  p roduce  t h e  an t ibod ie s ,  as  t h i s  is t he  on ly  w ay  
p ro t e in  s y n t h e s e s  m a y  be s t i m u l a t e d  a n d  d i r ec t ed  
accord ing  to  t he  chemica l  s t r u c t u r e  of t he  a n t i g e n ;  i t  is 
also possible  t h a t  t h e  a n t i g e n  m a y  be  a d s o r b e d  a t  t h e  
surface  of cells wh ich  are  n o t  d i r ec t ly  i nvo lved  in a n t i b o d y  
p roduc t ion .  T h e  fac t  t h a t  lesions in s e r u m  sickness  beg in  
as soon as an t ibod ie s  a p p e a r  in  t he  b lood s t r e a m  (HAwN 
a n d  JANEWAy1; GERMUTH2; GERMUTH, PACE, a n d  
TIPPETT 3) while  t h e  a n t i g e n  is still  p resen t ,  is in acco rdance  

w i t h  th i s  hypo thes i s .  A d s o r p t i o n  of t h e  a n t i g e n  a t  t he  cell 
sur face  a n d  i ts  s u b s e q u e n t  b i n d i n g  to  t h e  a n t i b o d y  a p p e a r s  
t he re fo re  to  be  t h e  d a m a g i n g  fac to r  of cell s t ruc tu res .  

I n  t h i s  s t u d y  I h a v e  cons idered  o x i d a t i v e  p h o s p h o r y -  
ta t ion,  w h i c h  is a mos t  precise  a n d  sens i t ive  i n d e x  of t h e  
f u n c t i o n  a n d  s t r u c t u r e  of m i t o c h o n d r i a ,  w h i c h  a re  con-  
ce rned  w i t h  some of t he  m o s t  i m p o r t a n t  aspec t s  of 
ce l lu lar  life. 

I n v e s t i g a t i o n s  were ca r r ied  o u t  in t h r e e  d i rec t ions ,  i.e. : 
(1) Ac t ion  of specific a n t i s e r u m  on o x i d a t i v e  p h o s p h o r y -  
l a t ion  in m i t o c h o n d r i a  o b t a i n e d  a t  va r ious  i n t e r v a l s  f rom 
a n i m a l s  i n j ec t ed  w i t h  co r r e spond ing  an t igen .  (2) In f luence  
of t h e  a n t i g e n - a n t i b o d y  complex  on  o x i d a t i v e  p h o s p h o r y -  
l a t i on  a f t e r  r e m o v a l  of t he  p rec ip i t a t e .  (3) B e h a v i o u r  of 
o x i d a t i v e  p h o s p h o r y l a t i o n  in m i t o c h o n d r i a  a f t e r  a n t i g e n  
a d s o r p t i o n  a n d  s u b s e q u e n t  t r e a t m e n t  w i t h  c o r r e s p o n d i n g  
se rum.  

Methods. Anima l s  : Alb ino  r a t s  we igh ing  on  t he  ave r age  
100-120 g were  used.  T h e  r a t s  were fed o n  a s t a n d a r d  d i e t  
a n d  were ki l led b y  d e c a p i t a t i o n .  

I so l a t i on  of m i t o c h o n d r i a :  M i t o c h o n d r i a  were o b t a i n e d  
b y  c e n t r i f u g a t i o n  (Serva l l  SSI  cen t r i fuge)  f rom 10% 
h o m o g e n a t e  of l iver  a n d  k i d n e y  p r e p a r e d  in  a cold r o o m  
a t  + 2°C w i t h  0.25 M sucrose  a n d  0.02 M Tris-HC1 buf fe r  
p H  7.4. The  m i t o c h o n d r i a l  s e d i m e n t  was  t h e n  r e suspended  
in 0.25 dPI sucrose  a n d  0.02 M Tris  buffer .  T h e  s y s t e m  used  
for  t he  s t u d y  of o x i d a t i v e  p h o s p h o r y l a t i o n  cons i s t ed  of:  
0.013 M N a 2 H P O 4 - K H 2 P O  4 p H  7.4; 0.01 M Tris  buf fe r  
p H  7.4; 0.005 M MgCt2; 0.0I M KC1; 0.00001 M MnC12; 
0.02 M A T P ;  0.02 M K F ;  0.02 M glucose ; 0.03 M sucrose  ; 
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