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The au tho r s  have  prev ious ly  shown 1, 2 t h a t  in u l t rasonic  ex t rac t s  and  in in tac t  cells of Proteus 
vulgaris t h e  me tabo l i sm of L-cysteinesulf inate  (L-CSA) proceeds by  way  of (a) a rapid  t r a n s a m i n a t i o n  
wi th  a -ke tog lu t a ra t e  to g l u t a m a t e  and  f l -sul f inylpyruvate ,  followed by  c leavage of t he  l a t t e r  to 
p y r u v a t e  and  sulfite and  oxida t ion  to sulfate,  and  (b) a compe t ing  p a t h w a y  of lesser q u a n t i t a t i v e  
impor tance ,  which  involves  a slow dehydrogena t ion  of CSA to cysteic  acid. 

S tudies  in FROMAG~OT'S laboratory3,  4 d e m o n s t r a t e d  t h a t  r abb i t  liver ex t r ac t s  slowly de- 
ea rboxy la t e  L-CSA to hypo t au r i ne  and  rap id ly  conver t  it  to a lanine  and  sulfite. The  l a t t e r  reac t ion  
was  recent ly  shown  5 to involve  p re l iminary  t r a n s a m i n a t i o n  of CSA wi th  a -ke tog lu t a r a t e  as in 
Proteus ext rac ts .  

Dur ing  t he  pas t  2 years  the  au t ho r s  have  m a d e  an  ex tens ive  s t u d y  of the  fate of L-CSA in a 
va r i e ty  of an ima l  t issues,  pa r t i cu la r ly  in mi tochondr ia l  p repara t ions ,  where in  m o s t  of t he  metabol ic  
a c t i v i t y  t oward  th is  amino  acid is located. The  h igh  ra te  of L-CSA m e t a b o l i s m  in an ima l  t i s sues  
leaves  lit t le doub t  t h a t  th is  metabol i te  is a ma jo r  connec t ing  l ink be tween  su l fu r -con ta in ing  amino  
ac ids  and  the  t r icarboxyl ic  acid cycle. I n  all cases s tudied,  t he  oxida t ion  of CSA is in i t ia ted  by  a 
r ap id  t r a n s a m i n a t i o n  wi th  ei ther  a -ke tog lu t a ra t e  or oxaloaceta te ,  as in P. vulgaris 2. The  rap id i ty  
and  comple teness**  of the  t r a n s a m i n a t i o n  of CSA wi th  oxa loace ta te  m a k e s  possible the  efficient 
ox ida t ion  of precursors  of oxaloaceta te ,  such  as f u m a r a t e  and  ma la t e  (Table I, exp.  I), wh ich  alone 
are no t  apprec iab ly  oxidized b y  these  p repara t ions  because  of equi l ib r ium considera t ions .  The  overal l  
reac t ions  of L-CSA in mi tochondr ia l  ace tone  powders  and  in soluble ex t rac t s  thereof  is descr ibed 
by  equa t ions  (i) to (2a) and  thei r  s to ich iomet ry  is d o c u m e n t e d  in Table  I (exps. i and  2). 

L-CSA-C-a-Ketoglutara te  + 0 . 5 0 2 + H 2 0  > P y r u v a t e + S O ~ + L - G l u t a m a t e + H +  (i) 

L-CSA + Oxaloace ta te  + 0. 5 0 2  + H 2 0  > P y r u v a t e  + SO~ + L-Aspar ta te  + H+ (2) 

L-CSA + L-Malate (or F u m a r a t e  + H,O)  + 02 + I.i~O DPN > P y r u v a t e  + SO~ + L-Aspar ta te  + H+ (2a) 

The  possible role of the  classical aspar t ic -a -ke toglu ta r ic  t r a n s a m i n a s e  in the  above  reac t ions  
is sugges t ed  by  the  observa t ion  t h a t  th is  enzyme,  prepared  by  the  m e t h o d  of CAM~IARATA AND COHE• s 
tO t he  h ighes t  s tage  of purif icat ion,  ca ta lyzes  t he  t r a n s a m i n a t i o n  of L-CSA wi th  a -ke tog lu t a r a t e  
fas ter  t h a n  the  corresponding reac t ion  wi th  L-aspar ta te .  (We are gra teful  to Dr. S. GRISOLIA for a 
p r epa ra t i on  of th is  enzyme.)  

]5-Sulfinylpyruvate,  the  p r i m a r y  p roduc t  of t r a n s a m i n a t i o n s  involv ing  L-CSA, does no t  a c c u m u -  
la te  in t he  mi tochondr ia l  ext rac ts ,  even in t he  presence of e t hy l ened i amine t e t r aace t a t e  (EDTA) to 
b ind  t races  of Mn ++. Ins tead ,  p y r u v a t e  and  sulfite a ccumula t e  in beef hea r t  mi tochondr ia l  ex t rac ts ,  
whe rea s  in r a t  liver p repara t ions  p y r u v a t e  and  sul fa te  are t he  only  demons t r ab l e  p roduc ts .  

The  ques t ion  of w he t he r  SO~ arises f rom f l -su l f inylpyruvate  by  oxida t ion  of tile l a t t e r  to 
~ - su l fony lpy ruva t e  and  cleavage to sulfa te  or by  desulf inat ion followed by  ox ida t ion  of the  sulfite 
to sul fa te  has  been answered  as follows. An  ana ly t ica l ly  pure  sample  of f i - su l fony lpyruva te  (kindly 
provided  by  Dr. A. MEISTER) was no t  cleaved to p y r u v a t e  by  any  of t he  e n z y m e  p repara t ions  f rom 
an ima l  t i ssues  or  Proteus, nor  was t he  accumul a t i on  of th is  c o m p o u n d  observed  in reac t ions  (I) and  
(2). This  rules ou t  f l - su l fonylpyruva te  as an  in t e rmed ia t e  in the  ox ida t ion  of L-CSA and  impl ica tes  
c leavage o f /~-su l f iny lpyruva te  to SO 2 and  p y r u v a t e  as the  reac t ion  mechan i sm ,  as in Proteus 2 and  

* Suppor ted  by  g ran t s  f rom the  Nat iona l  I n s t i t u t e s  of Hea l th ,  U.S. Publ ic  H e a l t h  Service and  
.the Wiscons in  A l u m n i  Resea rch  F ounda t i on .  

** W i t h  exces.s L-CSA and  l imit ing a -ke tog lu t a r a t e  t r a n s a m i n a t i o n  comes  to a ha l t  when  approxi -  
ma t e ly  4 ° to 5 ° % of the  a -ke tog lu t a ra t e  is conver ted  to g l u t a m a t e  (Table I, line 2), even  t h o u g h  
f l - su l f inylpyruvate  is r emoved  as fas t  as it  is formed.  Fai lure  of t he  a - k e t o g l u t a r a t e - a s p a r t a t e  reac t ion  
to proceed to comple t ion  when  a -ke tog lu t a ra t e  is l imit ing,  despi te  rap id  and  con t i nuous  r emova l  
of oxaloaceta te ,  has  been i ndependen t l y  observed  by  GRISOLIA 9. In  cont ras t ,  t h e  t r a n s a m i n a t i o n  
of L-CSA wi th  oxa loace ta te  proceeds to comple t ion  w i t hou t  difficulty (Table I, line I). 
r abb i t  liver ~. Fu r the rmore ,  the  charac ter i s t ics  and  e x t e n t  of t he  02 u p t a k e  in reac t ions  (i) and  (2) 
paral lel  exac t ly  those  of t he  enzymic  ox ida t ion  of sulfite in liver p repara t ions .  
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T A B L E  I 

Additions O~ uplake* CSA Aspartate Glutamate Pyruvate NH3 
removed lormed lormed /ormed loomed 

I~ atoms pM IzM pM pM pM 

I. IO/*M F u m a r a t e  
+ 15 /2M L-CSA 16. 5 lO.2 9.1 - -  9-9 o 

2. IO/~M a - K e t o g l u t a r a t e  
+ 15 ~uM L-CSA 4 .6 - -  - -  4-4 4 .2 o 

3. 15 /~M L-CSA 12.6 15 o o 12.5 12.3 

* At  cessa t ion  of 02 up take .  Note  t h a t  in the  presence  of m e t h y l e n e  blue, as used  here, the  
ox ida t ion  of sulfite to sul fa te  by  t he  e n z y m e  s y s t e m  is incomplete ,  g iv ing rise to only  0 .6-o.8  a t o m s  
02 per  mole.  L-CSA and  a s p a r t a t e  were de te rmined ,  following c h r o m a t o g r a p h y  on Dowex-5o co lumns ,  
by  m e a n s  of n i n h y d r i n  and  ch lo ramine  T, respect ively.  G l u t a m a t e  was  de te rmined  by  the  purif ied 
decarboxy lase  f rom E. cell, p y r u v a t e  by  m e a n s  of 2 ,4 -d in i t rophenylhydraz ine  and  also wi th  lactic 
dehydrogenase ,  and  N H  a b y  aerat ion,  followed by  Nesslerizat ion.  In  exps .  I and  2, t he  s l ight  02 
up take ,  CSA removal ,  and  p y r u v a t e  fo rmat ion  due  to reac t ions  (3-4) have  been sub t rac ted .  

Condit ions,  I2 m g  ra t  l iver mi tochondr ia l  ace tone  powder  in expe r imen t s  I and  2, 24 m g  in 
exp.  3; o.o5 M p h o s p h a t e  buffer, p H  7.6, 1 .2/~M D P N  (exps. i and  3), and  I m g  m e t h y l e n e  blue;  
t empera tu re ,  38° . 

HEIMBERG el al. 7 h a v e  repor ted  t h a t  t he  enzymic  oxida t ion  of sulfite to sul fa te  in par t ia l ly  
purified p repa ra t ions  (Qo, = 44) ~ of whole r a t  l iver ha s  a p H  o p t i m u m  of 9.3, shows a p ronounced  
induc t ion  period, and  is inhib i ted  by  E D T A  s. In  t he  au t ho r s '  l abora to ry  t he  ox ida t ion  of sulfi te 
was s tud ied  in ex t r ac t s  of r a t  l iver mi tochondr i a  (Qo, = 6o), where in  t he  e n z y m e  appears  to be 
localized. The  p H  o p t i m u m  was  observed to be abou t  7.3; E D T A  was no t  inh ib i to ry ;  and  the re  
was  no ind ica t ion  of a lag period in sulfite oxidat ion.  Despi te  these  a p p a r e n t  differences, in view 
of the  complex  n a t u r e  of sulfi te oxidat ion,  one c a n n o t  s t a te  defini tely as ye t  t h a t  different  e n z y m e s  
are involved.  In  beef hea r t  mi tochondr ia l  ace tone  powders  sulfi te oxidase  is weak  or a b s e n t  and  
Proteus vulgaris ex t r ac t s  possess  only  a ve ry  feeble oxidase,  which,  unl ike  the  an ima l  enzyme ,  
requi res  m e t h y l e n e  b lue .  

In  add i t ion  to the  reac t ions  above,  a n o n - t r a n s a m i n a t i v e  type  of ox ida t ion  of CSA has  also 
been observed  in r a t  liver mi tochondr ia l  acetone powders .  The  reac t ion  requires  on ly  D P N  and  an  
au tooxid izable  dye (diaphorase  is p re sen t  in the  prepara t ion) .  The  reac t ion  p roduc t s  are p y r u v a t e ,  
SO~, and  NH3;  no amino  acid a c c u m u l a t e s  in t he  reac t ion  (paper ch roma tog raphy ) .  The  reac t ion  
ha s  been observed  only  in r a t  liver mi tochondr i a ;  it  is re la t ive ly  slow compared  wi th  reac t ions  (i) 
and  (2), and  t he  ac t iv i ty  of t he  e n z y m e  shows considerable  var ia t ion  in different  p repara t ions .  T h e  
s imples t  i n t e rp re t a t ion  of i ts  s to i ch iomet ry  (Table I, exp.  3) is t h a t  it  is an  anaerobic  pyr id ine  
nucleot ide  dehydrogenase ,  ana logous  to g lu tamic  dehydrogenase ,  and  t h a t  the  react ion sequence  
involved is : 

L-CSA @ D P N - - - +  f l -Sul f inylpyruvate  + N H  3 + D P N H  + H+ (3) 

f l -Sul f inylpyruvate  > P y r u v a t e  + SO~ 0.5 O, >SO~ (4) 

Only  t races  of cysteic  acid were de tec ted  when  L-CSA was  oxidized by  ra t  liver mi tochondr i a t  
acetone powder ,  and  no h y p o t a u r i n e  a c c u m u l a t e d  unde r  t he  expe r imen ta l  condi t ions .  

The  hosp i ta l i ty  and  con t inued  in teres t  of Dr. D. E. GREEN in th is  inves t iga t ion  is g ra te fu l ly  
acknowledged.  
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