
5(~8 PRELIMINARY ~*OTES voL. 3g (z959) 

\V. S. I,v~-~ ~, E.  ST,XPCE hNl~ S. GURIN. Federation _Proc., 14 (1955) 783. 
9 M,  kV. ~VHI'r*zIIOrJSI~, E. ST,~.PLg A~D S, GUrtlN, J.  Biol. Chem., ~234 ( ] 9 5 9 )  "76.  

10 M. U. ]'[ORNING-, D .  S. FRISDRIGKISON AND I~. ][~. ANFINSIgN, AvC/~,, B i o c k ~ t l .  Biophys., 7 z (1957} 266. 
11 ]) .  ~. FREI_]RICKSON, J .  Bio l ,  CheaJz., ~22 ( t956)  lO9. 
12 H. ])A.~IJ~LSSO~'~, 13iochim. BioplJys. Acta, :~7 (1958) 4 °z-  
ta A, Nogx~:xz~, .-Icta Chem. Sca~,d., 7 (~953) ~4~3. 
14 j .  fgje~vALk. Acta J°hysiol. Scand., ~9 (z953) 232- 

R e c e i v e d  April 27th, 1959 

Evidence for  a new oxidat ive  pathway for  t ryp tophan  

The cotwersion of tryptophan to kynuren ine  is a well establ ished biochemical  react ion 
and with the recent  work showing the  conversion of kynuren ine  to 3 -hyd roxy-  
kynureninel ,  ± the  ove ra l l  sequence of metabol ic  s teps from t r y p t a p h a n  to niacin 
appears  to be subs tant ia l ly  comple te :  t r y p t o p h a n  > kynuren ine  --+ 3 -hydroxy-  
kynuren ine  ~ 3 -hydroxyan th ran iKc  acid --> niacin. 

The existence of these in te rmedia tes  has been demons t r a t ed  repea ted ly .  Indeed ,  
so much work has been repor ted  in this a rea  tha t  it has a lmost  obscured the  possibil i ty 
tha t  t r y p t o p h a n  could also be metabol ized  by  a second and  h i ther to  unknown 
pa thway .  Al though the sequence of react ions out l ined above  does not  account  for 
the r eady  oxidat ion  of the benzene ring of t r y p t o p h a n  a, it has  been suggested t ha t  
the enzymic  opening of the 3 -hydroxyan th ran i l i c  acid ring could lead to  an oxidizable 
p roduc t  instead of to  niacin ~. 

We wish to repor t  evidence  for a new p a t h w a y  of t r y p t o p h a n  ox ida t ion  in ra t  
liver which a.ppears to be independen t  of kynuren ine .  The mater ia ls  used for  these 
exper iments  were L-[7a-~4C]tryptophan and L-[l*C]kynurenine singly labeled in the 
equ iva l e r t  posi t ion of the benzene ring. The  t r y p t o p h a n  was synthes ized chemically,  
and  resolved enzymical ly .  The  L-~14Clkynurenine was p repared  enzymica l ly  f rom the  
L-E7a-14CJtryptophan. 13oth mater ia ls  were pure  as de t e rmined  by  paper  ch roma tog-  
r a p h y  and r a d io au t og raphy  in two sets of  solvents.  The specific ac t iv i ty  of each  
compound  was * ~C/tzmole. Homogena te s  prepared  from the livers of female Sprague-  
Dawley rats  weighing app r ox i ma t e l y  200 g were used in th-,~e exper iments .  The  livers 
were homogenized in four t imes thei r  weight of o.9 % KC1 and  then  cent r i fuged  at  
2ooo :/ g for zo min to  remove whole cells and debris.  Incuba t ions  were carr ied ou t  
for 2-2.5 h at  37 ° in a Dubnoff  shaking incubator .  CO 2 was col lected by  means  of 
alkali in a center  well and prec ip i ta ted  and coun ted  as Ba14COa. 

It  can readi ly  be seen tha t  a l though t r y p t o p h a n  and  kynuren ine  are quan t i t a -  
t ively  balanced in the medium,  only  the  t r y p t o p h a n  is significantly oxidized under  
these condit ions.  Therefore ,  kynuren ine  cannot  be an in te rmedia te  in the  to ta l  
ox ida t ion  observed in these exper iments .  The  possibil i ty exists, of course, t ha t  an 
ac t iva t ed  form of kynuren ine  is p roduced  from t r y p t o p h a n ;  one which cannot  readi ly  
be der ived from free kynuren ine  itself. 

E x p t .  3 indicates tha t  a reversal of ox ida t ive  rates for t r y p t o p h a n  and kynuren ine  
occurred when o.z5 31 sucrose was used for the  medium ins tead of o. 9 % KCI. This  
result  was also ob ta ined  in a second set of exper iments .  There  is no quest ion bu t  
tha t  L-L14C]kynurenine a a n  be oxidized b y  broken  cell p repara t ions  under  appropr i a t e  
condit ions.  However ,  in o.9 % KCI, the  evolved  CO2 rLever amoun ted  to  more  than  
0.05 % and was usual ly o.oz % of the s tar t ing  radioac t iv i ty .  
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E a c h  i n c u b a t i o n  flask c o n t a i n e d  2 ml  l aomt)gena te .  5 ° l t m o i c s  p r ) t a s s i u m  ph~sph0 . t e  hu l l e r ,  pki  7-4, 
3 1 l m o l e s  A T I  ~, ~ t t m o l e s  3,1g ~ '  a n d  3 / ~ m ° l e s  each  of  p o t a s s i u m  p y r u v ' a t e  a n d  f u m a r a t e  in a 

t o t a l  ve t .  ,~f 3 ml .  

F.xpt. .Nubstr, tv" A dditv~,s '% ,i  actWity 
reFot'tyt'd Ct.~ 1 h i  t 4f'()a 

l& ~ltC]T -F ['~ I ) I ' N H  ( 3 / t m o ] - ~ )  o.94 
I 1 )  [I~C~K ~ T I ) P N H  {~ tlroolc3) . o.02 

2a  , [t4C:'t" + I ' , 2  I ) P N H  + [ ' y r i d o x i n c  o . -  7 
- 'b [lt(.'.ilK + T D P N I - t  --- P y r k h ~ x i n e  o.o_' 
sc  [ " C  -Ac .... e,.6 

3~t [t4C i'|" + 1~ - -  t .oG 
3 ! , [ t 4 C : K ~  T - -  o .o  3 
3c [~4CjAc - -  o,82 

3t I [bl¢']T _,t_ lq. O.25 3f  .%ucr'~,~e O.OI 
3e [t'tC iK + T ,Medium o.44 
3i [laC i:kc i .8 

" T  =: L - t r y p t o p h a n :  K 
o ,5 l~C o f  a c t i v i t y  in t h e  
(5 t t m o l e s )  • 

L-l~ .ynt t ren ine .  ~ ~ne / , m o l e  of  e a c h  s u b s t r a t e  w a s  tlsed, repre.qentlng; 
case  o f  t h e  i s o t o p i c  c o m p t m n d s .  [14(-iAc = S o d i u m  .r_l-IaCiacetate 

M e n t i o n  s h o u l d  be m a d e  of  the  fact  tha t  in a b o u t  5 ° % of  t i le l ivers  used,  no  
s ign i f i cant  o x i d a t i o n  of  e i ther  t r y p t o p h a n  or k y n u r e n i n e  to  CO~_ t o o k  place .  T h e  use  
o f  f a s t ed  rats  appears  to  h a v e  increased  the  p e r c e n t a g e  of  " a c t i v e "  l ivers ,  but  con-  
d i t i o n s  h a v e  n o t  y e t  been  f o u n d  w h i c h  c o n s i s t e n t l y  p r o d u c e  a g o o d  rate  of  o x i d a t i o n .  

A d d i t i o n a l  w o r k  i~ vitro has  s h o w n  t h a t  400  m g  of  rat - l iver  s l ices  in 3 ml  of  
K r e b s - R i n g e r  p h o s p h a t e  s o l u t i o n  c a n  o x i d i z e  2 t, m o l e s  r - - [7a -r tC] tryptophan  to  xICOz 
t o  t h e  e x t e n t  o f  2 - 8  % in 2 h. In the  case  of  l iw:r s l ices  f rom rats  p r e v i o u s l y  in jec ted  
w i t h  t r y p t o p h a n  to  boos t  the  level  of  t r y p t o p h a n  p e r o x i d a s e  ~, CO e p r o d u c t i o n  w a s  
of  t h e  s a m e  m a g n i t u d e .  In the  la t ter  e x p e r i m e n t s ,  the  a m o u n t  of  free k y n u r e n i n e  
re l eased  i n t o  the  m e d i u m  w a s  c o n s i d e r a b l y  increased .  L- .r l tC]kynurenine  w a s  c o n -  
v e r t e d  t o  laC02  to  the  e x t e n t  of  I -  3 % in the  a b o v e  e x p e r i m e n t s .  

T h e  a u t h o r s  r e c o g n i z e  t h a t  the  q u a n t i t a t i v e  s i g n i f i c a n c e  of  the  p a t h w a y  w h o s e  
e x i s t e n c e  is  d e m o n s t r a t e d  here  h a s  n o t  b e e n  e.~tablistied. It  is h o p e d  t h a t  further  
w o r k  wi l l  d e t e r m i n e  the  i m p o r t a n c e  of th i s  p a t h w a y  a n d  the  n a t u r e  of t h e  inter-  
m e d i a t e s  J n v o l v e d .  
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