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Improved Biochemical Preparation of L-Kynurenine 

I n  t h e  l iver  L - t r y p t o p h a n  is e n z y m a t i c a l l y  oxid ized  to 
L-kynuren ine  as s h o w n  in th i s  s chema t i c  drawing .  

Tryptophan pyrrolase 
Heroin 

L-tryptophan ~ L-formyl kynurenine 
O2 

Formylase 
L-formyI kynurenine ~ L-kynurenine + HCOOH 

~re  were able  to  p r epa r e  L-kynuren ine  b y  fol lowing th i s  
same  e n z y m a t i c  p a t h w a y ,  t h e  p r o d u c t  be ing  pur i f ied  b y  
c h r o m a t o g r a p h y  on  a ca t ion ic  res in  a n d  crys ta l l ized-xff  
sulfate.  

Material and methods, a) Pur i f i ca t ion  of t r y p t o p h a n  
pyr ro lase  a n d  formylase .  These  enzym es  are pur i f ied  
f rom r a t  l iver  w i t h  a s l ight  m o d i f i c a t i o n  of K N o x ' s  
t e c h n i q u e  ~. I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of cor t i sone  
hemisucc ina te ,  w i t h  a dose of 37.5 rag/100 g b o d y  wt.,  
increases  t he  c o n c e n t r a t i o n  of t r y p t o p h a n  pyr ro lase  in 
t he  l iver  3. F o u r  h a f t e r  t h i s  in ject ion,  t he  r a t s  are sacr i f ied 
and  t he  l ivers  are  removed .  

The  r a t  l ivers  are homogen ized  in t he  P o t t e r - E l v e h j e m  
homogen i ze r  in  2 vo lumes  b y  we igh t  of a n  isotonic  KC1 
so lu t ion  c o n t a i n i n g  2 ~zmoles/ml of D L e - m e t h y l t r y p t o p h a n ,  
wh ich  is a t r y p t o p h a n  p y r r o l a s e  s tab i l izer  3. The  homoge-  
h a t e  is cen t r i fuged  a t  4~ (18,000 g, 15 min) .  T r y p t o p h a n  
pyr ro lase  and  fo rmylase  are p r e c i p i t a t e d  f rom 60 ml  of t he  
s u p e r n a t a n t  b y  ac id i f i ca t ion  to  p H  5.5 w i t h  6 ml  of 
0.75 2VI p o t a s s i u m  p h o s p h a t e  m o n o b a s i c  a n d  3 m l o f  0.17 N 
acet ic  acid. The  p rec ip i t a t e  is s e p a r a t e d  b y  cen t r i f uga t i on  
a t  4 ~ (18,000 g, 10 min) ,  t h e n  su spended  b y  hofiaogeniza- 
t i on  in 40 ml  of 0.1 M p o t a s s i u m  p h o s p h a t e  buf fe r  (pH 7.0) 
c o n t a i n i n g  1 ~zmole/ml of L - t ryp tophan .  No k y n u r e n i n a s e  
a c t i v i t y  was de t ec t ed  in th i s  e n z y m a t i c  suspension.  

b) K y n u r e n i n e  syn thes i s .  T he  i n c u b a t i o n  m e d i u m  
con ta in s :  1.5 mmoles  of L - t r y p t o p h a n  dissolved in 200 ml  
of 0.1 M p o t a s s i u m  p h o s p h a t e  buffer  (pH 7.0), 1.88 ~zmoles 
of hero in  c h l o r h y d r a t e  d issolved e x t e m p o r a r i l y  in  25 ml  
of 0.04 N N a O H  a n d  40 ml  of t h e  e n z y m a t i c  p r e p a r a t i o n .  
Th i s  m i x t u r e  is gen t ly  s h a k e n  a t  37~ on a m a g n e t i c  
st irrer .  

To follow t h e  progress  of t he  react ion,  0.5 ml  a l iquo ts  of 
t he  i n c u b a t i o n  m i x t u r e  are added  to 2 m l  of 10% recta-  
phosphor i c  acid. Af te r  cen t r i fuga t ion ,  read ings  of t he  
s u p e r n a t a n t  are t a k e n  a t  280 n m  ( m a x i m u m  a b s o r p t i o n  of 
t r y p t o p h a n )  and  360 n m  ( m a x i m u m  a b s o r p t i o n  of 
kynuren ine ) .  

Af te r  a b o u t  18 h these  two read ings  r each  c o n s t a n t  
va lues :  L - t r y p t o p h a n  is t o t a l l y  c o n v e r t e d  to kynu ren ine .  
I00 ml  of 2.5 N perch lor ic  acid are added  to  p r ec ip i t a t e  
all t h e  pro te ins .  Af te r  c e n t r i f u g a t i o n  t he  s u p e r n a t a n t  is 
s tored  a t  4~ 

c) Pu r i f i ca t ion  of L-kynuren ine .  T he  s u p e r n a t a n t  of t he  
p reced ing  s tep  is c h r o m a t o g r a p h e d  on  res in  Dowex  
50 • 12 (200-400 mesh)  fo rm H + on  a 7 • 3.25 cm column.  
C o n t a m i n a n t s  are washed  down  w i t h  80 ml  f rac t ions  of 
HC1 w i t h  inc reas ing  n o r m a l i t y :  N/10,  N/3, N, 2.5 N, 
5 N.  L-kynuren ine  is e lu ted  w i t h  t he  5 N HC1 f rac t ion.  

Organic microanalysis of the L-kynuren!ne sulfate 

Values (%) C H N S 

Theoretical 37.04 4.97 8.64 9.89 
Found 37.43 5.37 8.76 9.82 

1.2% mineral ashes as Na=CO a are substraeted to obtain found values. 

This  e lua te  is e v a p o r a t e d  in v a c u u m  to a d ry  res idue 
wh ich  is t a k e n  up  in 30 ml  of dis t i l led w a t e r  in  a wa te r -  
b a t h  for 48 h. Af te r  a d d i t i o n  of 3 ml  of NH2SO4, th i s  
so lu t ion  is c o n c e n t r a t e d  u n d e r  r educed  pressure  to  a b o u t  
3 ml. Af te r  s t a n d i n g  a t  4~ for 48 h, wh i t e  c rys ta l s  of 
k y n u r e n i n e  sul fa te  are formed.  Rec rys t a l l i za t ion  can  be 
car r ied  ou t  w i t h  smal l  a m o u n t s  of 0.1 N HzSO 4. 

Results and discussion. The  f inal  yield of th i s  e n z y m a t i c  
p r e p a r a t i o n  is usua l ly  a b o u t  56%.  Organic  mic roana lys i s  
of t he  p r o d u c t  gives sa t i s fac to ry  va lues  for t h e  su l fa te  
h y d r a t e  (C10Hl~O3N2, H2SO4, H20) ,  as can  be seen on  
the  Table .  K y n u r e n i n e  sul fa te  d a r k e n s  and  decomposes  
a t  167 ~ 

The  p u r i t y  of t he  newly  syn thes i zed  p r o d u c t  was  
t e s t ed  b y  c h r o m a t o g r a p h y  on  "vVhatman No. 1 p a p e r  w i t h  
severa l  so lven t s :  bu t ano l ,  acet ic  acid a n d  w a t e r  (4:1 : 2) ; 
i sopropanol ,  a m m o n i a  (sp. gr. 0.880) a n d  w a t e r  (20:1:  2); 
8% (W/V) aqueous  NaC1 a n d  glacial  ac t ic  acid (100:1) 4. 
E x a m i n a t i o n  of t he  c h r o m a t o g r a m s  u n d e r  UV- l igh t  
fol lowed b y  t r e a t m e n t  b y  some loca t ion  reagen t s  (Ehr l i ch  
reagent ,  E k m a n  reagent ,  n i n h y d r i n  reagent )  assessed t he  
p u r i t y  of t he  p roduc t .  I n  eve ry  solvent ,  t he  R I  of our  
p r o d u c t  and  of DL-kynurenine  S igma  were ident ical .  

H y p o t h e t i c  k y n u r e n i n e  i somer i za t ion  d u r i n g  t h e  
synthes is ,  is e x a m i n e d  b y  c h r o m a t o g r a p h y  on  W h a t m a n  
No. 1 p a p e r  w i t h  me thano l ,  n - b u t a n o l ,  benzene ,  water ,  
glacial  acet ic  acid (40: 20:20  : 20:1) 5. Af te r  t r e a t m e n t  of 
t he  c h r o m a t o g r a m  b y  Eh r l i ch  reagent ,  one single spo t  
was  seen. C h r o m a t o g r a p h y  of DL-kynuren ine  S i g m a _  
u n d e r  t he  same cond i t ions  shows two spots  co r re spond ing  
to t he  D- a n d  t he  L-kynuren ine .  

The  e n z y m a t i c  syn thes i s  of L-kynuren ine  p rev ious ly  
sugges ted  b y  HAYAISHI ~ uses cell-free e x t r a c t s  of t r y p t o -  
p h a n a d a p t e d  cells of t~seudomonas sp (No. 11, 299 of 
A.T.C.C.) as an  e n z y m e  source. The  b a c t e r i a  m u s t  be  
g rown on a m e d i u m  ove r loaded  w i t h  L - t r y p t o p h a n .  Af te r  
t he  e n z y m a t i c  t r a n s f o r m a t i o n  of t r y p t o p h a n  in to  kyn-  
u ren ine  u n d e r  cond i t ions  v e r y  s imi la r  to  t he  one we used, 
t he  pu r i f i ca t ion  of t he  p r o d u c t  is ensu red  on ly  b y  crys- 
t a l l i z a t i on  in sulfur ic  med ium.  

T h a t  e n z y m a t i c  p r e p a r a t i o n  is v e r y  t i m e - c o n s u m i n g  
and  t he  k y n u r e n i n e  o b t a i n e d  is s t rong ly  c o n t a m i n e d  w i t h  
non-ox id ized  t r y p t o p h a n .  I n  t he  t e c h n i q u e  we are propos-  
ing, t he  use of i nduced  l iver  t r y p t o p h a n  pyr ro lase  p rov ides  
a v e r y  act ive,  qu i ck ly  p r e p a r e d  e n z y m a t i c  suspension.  
The  inc lus ion  of co lumn  c h r o m a t o g r a p h y  i m p r o v e s  t h e  
pu r i f i ca t ion  of the  f inal  p roduc t .  

Rdsumd. P r 6 p a r a t i o n  b i o c h i m i q u e  de L-kynur6nine  avec  
le L - t r y p t o p h a n e  e t  des enzymes  du  foie de r a t  semi-  
purifi6s.  
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