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Evidence fo r  the  p a r t i c i p a t i o n  of  F A D  in t h e  a lan ine  racernase 
(I~C; 5.1.1.1) react ion  

x6,  

O I . I V A R D ,  M E T Z L E R  AND SNELl. ), a. ~, a result of their  work on the non-enzvmic  race- 
miza t ion  of a |anine  in the presence . f  pyr idoxal  anti t,ev.vy metals,  proposed tha t  
dur ing  the  enzymic  racemi~ation the amino acid reacts with the pry idoxal  der iva t ive  
to  form a Schiff ha~e which is stabilized t)x, the m~:tal i<m. This in termediate ,  by  a 
simple rea r rangement ,  woukl des t roy  the ;ts.,:mmetry of tire a-carDon and racemi- 
zat ion could occur. Although such an in te rmedia te  has not definitely been demon-  
s t ra ted  in enzymic  react ions,  its exiMence appears  to be highly probable.  SNELL 
did not  suggest a mechanism for the hydrogen  t ransfer  to yield the optical ly in- 
ac t ive  in te rmedia te .  The  er;periments  reporte~l here are concerned with this  mecha-  
nism and thus  represent  aa  , ;x te . -k ,n  of  the earli, 'r p(~stutate. 

In our  l abora to ry ,  enz.~mae preparat ion~ from Bac i l lus  subti l is  have been purified 
by  cell ex t rac t ion ,  amino:  .am sulfate  precipi tat i ,m, e thanol  fract ioniat ion,  densi ty-  
gradient  sed imenta t ion  and dens i ty-grad ien t  ehwtrophorests.  I t  **as obs~r<ed dttr ing 
the  dens i ty -g rad ien t - sed imen ta t ion  exper iments ,  tha t  the zone conta ining enzymic  
ac t iv i ty ,  in con t r a s t  to o t he r  zone-., exhib i ted  a k,,.en fluore.~cence. The  enzyme 
p repa ra t ion  had  been comple te ly  resolvext from pyr idoxal  phospha te  at this stage 
of  purif icat ion and so i,: w,x~ of  interest  to  invest igate  the  source of the  fluorescence. 
This  fluorescence was similar to tha t  of  flavin compounds .  F luoromet r i c  de termina-  
tion z showed tha t  r iboflavin was associated with the enzyme.  
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T h e  a c t i v i t y  w a s  d e t t r m i r t c d  b'," i n c u b a t i n g  4 3  I* m o l e s  p y r i d o x a l  ph t J~pha t e ,  33-5 U rnolc~ g l u t a -  
t h i o n e  a n d  400  m u o l e ~  o f  L-a lanint :  t~ith o .oz  ml  e n z y m e  s o l u t i o n  c o n t a i n i n g  7 0 - 2 4 o  I tg p r o t e i n  
a n t i  n .o  4 M p h o s p h a t e  b u f f e r  I p t !  8. t) in  a t o t a l  v o l u m e  o f  5 ml .  W h e r e  i n d i c a t e d ,  4.0 :~moles  o f  
F i N  o r  F A D  w e r e  %tided to  t h e  a_~ay.  T h e  r c a c d G n  v,÷a~ .~topped b v  i m m e r s i n g  the. *t l | :es in 
b o i l i n g  w a t e r  fo r  5 ra in  ant i .  a f t e r  coo l ing ,  t h e  t u b e s  w e r e  i n c u b a t e d "  fo r  z. 5 h w i t h  S m g  p ig -  
k i d n e y  D - a m i n o  ac id  o x i d a n e  l e t "  ]. ; .3 .3,  ~. "F:;t. t ' , y r u v a t e  f o r m e d  w a s  d e t e r m i n e ( i  c o l o r i m e t r i c a l l y  
a s  t h e  z , 4 - d i n i t r o p h e n y l h y d r a z * m e .  T h e  r e s u l t s  g i v e n  a r c  a v e r a g e s  o f  d u p l i c a t e  d e t e r m i n a t i o n s  

a l o n g  w i t h  t h e  ;tvt_,ragtr d r : e l a t i o n s .  
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" lzmolc~ o--~lanine  p e r  m g  p r t ) tv in  l ~ r  h.  

In an a t t e m p t  to resolve the  enzxmae from the cofactor ,  a m m o n i u m  sulfate was 
adde d  to  5o$/o sa tu i a t ion  and the  pH ad jus ted  t(~ the desired value by the addi t ion 
o f  x N HCI. Precipi ta tes  were separa ted  by  centr i fugat ion,  di.~olveti in o.o5 M 
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p h o s p h a t e  buf fe r  ( p H  8.x) a n d  d i a l yzed  aga in s t  t h e  s a m e  bu f f e r  for  4 h, A l a n i n e  
r a c e m a ~ c  a c t i v i t y  was  m e a s u r e d  b y  a n  a s s a y  d e v e l o p e d  in th is  l a b o r a t o r y .  

In  seve ra l  e x p e r i m e n t s  2e-3o°.~) r e so lu t i on  w a s  o b t a i n e d  b u t  t h e  e n z y m e  cnuld  
no t  be  fu l ly  re_solved b y  th is  p r o c e d u r e  due  to  i t s  i n s t a b i l i t y  a t  low p H .  F A D ,  b u t  
not  F M N ,  N A D ,  N A D H  n o r  N A I ) P ,  r e s t o r e d  t h e  a c t i v i t y .  Rt-~ttlts o f  t y p i c a l  ex-  
p e r i t n e n t s  are  s h o w n  in T a b l e  I .  T h e  o b s e r v a t i o n  c a n n o t  be  e x p l a i n e d  b y  a p a r t i a l  
r e so lu t ion  o f  the  D - a m i n o  ac id  o x i d a s e  e m p l o y e d  in t h e  a.,~ay s y s t e m  f r o m  i ts  k n o w n  
co fac to r ,  F A D ,  s ince w h e n  k n o w n  a m o u n t s  o f  D-a lan ine  a r e  i n c u b a t e d  w i t h  t h e  
ox ida se  s y s t e m  in t he  a b ~ n c e  o f  a n y  a d d e d  F A D ,  q u a n t i t a t i v e  o x i d a t i o n  is ob-  
t a ined .  F u r t h e r m o r e  t h e  F A D  is no t  s e r v i n g  a s  a c o e n z y m e  to  a c t i v a t e  a c o n t a m i n a t -  
ing ox ida se  or  d e h y d r o g e n a . ~ ,  s ince  no p y r u v a t e  is f o r m e d  in t he  a b s e n c e  o f  D- 
a m i n o  ac id  ox idasc .  

D e t e r m i n a t i o n s  p e r f o r m e d  on  u n r e s o l v e d  e n z y m e  a n d  e n z y m e  re.~-)tved a t  p H  4.3 
"6  °-' loss o f  r i b o f l a v i n  h a d  o c c u r r e d .  T h i s  w a s  a c c o m p a n i e d  b y  a .~h<>wed t h a t  a o /o 

2g",.~ loss in enzy 'mic  a c t i v i t y ,  w h i c h  s u g g e s t s  t h a t  t h e  lo~s in a c t i v i t y  w a s  d u e  to  
the  r e so lu t i on  o f  a f l av in  c o e n z y m e  f r o m  t h e  e n z y m e .  A d d i t i o n  o f  I : A D  to  e n z y m e  
p r e p a r a t i o n s  a t  th i s  s t a g e  o f  pu r i f i ca t i on  w i t h o u t  ac id  a m m o n i u m  su l f a t e  t r e a t m e n t  
c a u s e d  no  s t i m ' i l a t i o n  of  t h e  a c t i v i t y ,  

T h e m  new resu l t s  sugges t  t h a t  F A D  cou ld  f u n c t i o n  in t h e  r e a c t i o n  a.,~ a specif ic  
a c c e p t e r  for  t he  u - h y d r o g e n  w h i c h  m u s t  b e  e x c h a n g e d  d u r i n g  t h e  racemiT.a t ion.  
T h e  fo l lowing e q u a t i o n s  g ive  t w o  p l aus ib l e  m e c h a n i s m s  for  t h e  a c t i o n  t)f F A D  in 
the  r a c e m i z a t i t m .  
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B o t h  s c h e m e s  inc lude  the  .%,_hiff ba~e i n t e r m e d i a t e  f<~rmed b y  the  r e a c t i t m  of  a l a n i n c  
w i t h  p y r i d o x a l  p h o ~ p l m t e  a~ p ~ t u l a t e d  b y  ~nell .  Me,-hani.~m [ involve,,." a h y d r o g e n  
t r a n s f e r  s imi la r  to  t h a t  which  occurs  in t r an~ ,amina t ion  reaeti<ms. I f  "_his s c h e m e  is 
o p e r a t i v e ,  t h e  o p t i c a l l y  i n a c t i v e  in term~:dia te  m u s t  be  s t a b l e  ,fince c h ; t v a g e  wou ld  
p n x t u c e  p y r i d o : : a m i n e  p h o s p h a t e  a n d  pyrn,.-ie acid  which  do no t  p a r t i c i p a t e  in t he  
r eac t i on .  M e c h a n i s m  I I  wou ld  i nvo l ve  o,fl tmsar ,~rv t ion  arid F A D  is k n o w n  to  pa r t i -  
c i p a t e  in such  reac t ions .  F u r t h e r  e x p e r i m e n t s  are  in l)rogtt:.-,~ to  <iistingui~h b e t w e e n  
the,,~e, t w o  m e c l i a n i s m s .  

F A I L  or o t h e r  h y d r o g e n - a c c e p t i n g  coenzx 'me , ,  m a y  p a r t i c i p a t e  in a s imi l a r  
m a n n e r  in the  e n z y m i c  r a c r m i z a t i o n  o f  o t h e r  a m i n o  acids.  (;I.A.qER :l f ound  large  
lo.~es ,ff e n z y m i c  a c t i v i t y  on  ac id  a m m ~ m i u m  su l fa t e  p r e c i p i t a t i o n  o f  g l u t a m a t e  
r a c e m a s e  (EC 5 . I . I . 3 ) w h i c h  wet, ,  nt~t rt, Ntt~retl h;" pyrid~Jx,d p h o ~ p h a : e  a n d  cou ld  
h a v e  r e su l t ed  f r o m  the  loss of  a h y d r o g e n  accept,w+ Also TANOK.\, KA'ro  ,xxD KINO- 
SrlITA a h a v e  s u g g e s t e d  t h a t  the  g l u t a m a t e  r a c e m a s c  f r o m  LuctubaciHns .[ermenti is 
a f l a v o p r o t e i n .  

A s imi la r  m e c i m n i s m  cou ld  be  inv,~ked tt~ exp l a in  the  h y d r o g e n  t r a n s f e r  m 
o t h e r  e n z y m i c  r e a c t i o n s  r e q u i r i n g  p y r i d o x a l  p h o g p h a t e .  T h e  h y d r o g e n  t r a n s f e r  in 
e n z y m i c  transamination cou ld  <wcur b y  .~m:h a f l av in - l inked  reac t ion .  I t  is o f  in te res t  
t h a t  C O H E N "  has  o b s e r v e d  a f luorescence  t y p i c a l  o f  f l a v o p r o t e i n s  tn be presen t  in 
transamina~,~e p r e p a r a t i o n s  a n d  d i a m i n e  oxitla~e I.l-'(~ 1.4.3.6 ) ha~, been  f tmnd  t,~ re- 
qu i r e  broth p y r i d o x a l  p h o s p h a t e  a n d  F A D  u s  C t l l ' i I T . v n t e b  s .  

T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  the  c ~ p e r a t i o n  o f  Dr .  M. K BRAKKE, 
D e p a r t m e n t  o f  P l a n t  Patholol4y,  Un ive r . , i t v  of  .Nebraska,  in t he  d e n s i t y - g r a d i e n t  
e x p e r i m e n t s  a n d  the  c o n t r i b u t i o n s  ~ff Mrs+ C. l.. KIN,~ in deveh~ping  the  a s s a y  
m e t h o d .  
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