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Biosynthesis of ~-aminolaevulic acid by extracts 
of Rhodopseudomonas spheroides 

There  is s t r o n g  ev idence  to  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  ini t ial  r eac t ion  in p o r p h y r i n  s y n t h e s i s  
is t he  c o n d e n s a t i o n  of g lyc ine  wi th  an  a s y m m e t r i c  de r iva t ive  of succ ina t e  to  f o r m  A L A  * 1. A recen t  
r epo r t  f rom th i s  d e p a r t m e n t  descr ibed  t h e  i so la t ion  of a pa r t i cu l a t e  s y s t e m  f r o m  a n a e m i c  ch ickens  
wh ich  ca t a ly se s  a ne t  s y n t h e s i s  of A L A  f r o m  glycine  a n d  a - k e t o g l u t a r a t e  or  succinate2;  a n d  it  
was  la te r  f ound  t h a t  a f t e r  su i t ab le  t r e a t m e n t  t h e  s y s t e m  fo rms  A L A  f rom glycine  a n d  succ iny l -  
CoA 3. I t  h a s  how been  f o u n d  t h a t  e x t r a c t s  of  Rps. spheroides ca r ry  o u t  t h e  s a m e  reac t ion .  The  work  
of LASCELLES 4 ind ica tes  t h a t  t h i s  o r g a n i s m  fo rms  A L A  w h e n  g rown  anaerob ica l ly  in t h e  l ight ;  
however ,  i t  appea r s  t h a t  t he r e  is also cons iderab le  A L A  f o r m a t i o n  b y  e x t r a c t s  of  o r g a n i s m s  g rown  
aerobica l ly  in t h e  dark .  Th i s  r epo r t  is conce rned  on ly  wi th  da rk -g rown  o rgan i sms .  

The  s t r a i n  of Rps. spheroides was  t h a t  u sed  b y  LASCELLES 4. Cells were g rown  aerobica l ly  
in m e d i u m  " S "  a t  34 ° f r om a 1 %  i n o c u l u m  of l i g h t - a d a p t e d  o r g a n i s m s  g rown  as descr ibed  by  
LASCELLES ; t h e y  were h a r v e s t e d  af te r  20-24  h, b y  which  t ime  t he  d e n s i t y  of  o r g a n i s m s  was  0. 7 -  
o.9 m g  d r y  wt . /ml .  T he  cells were s u s p e n d e d  in 0.05 M t r i e t h a n o l a m i n e  buffer,  p H  7.4 (about  
io  ml /g  d ry  wt.)  and  d i s in t eg ra t ed  on a Mul la rd  u l t rasonic  genera tor ,  t y p e  E 759 OA (25 kc/sec  
for 30 rain). The  su spens i on  was  cen t r i fuged  for I h a t  lO5,OOO × g; t h e  clear  p ink  so lu t ion  con-  
t a i ned  all t h e  ac t iv i ty .  

I t  was  f o u n d  t h a t  e x t r a c t s  m a d e  in th i s  m a n n e r  r ap id ly  metabo l i ze  A L A  aerobica l ly  or in 
vacuo. H o w e v e r  a f t e r  s to rage  for 3 -5  d a y s  a t  - - 2 0  ° t h e y  lose some  of the i r  ab i l i ty  to  de s t roy  ALA,  
and  it is possible  to d e m o n s t r a t e  a ne t  s y n t h e s i s  of th i s  compofind.  Dia lys is  aga ins t  t r i e t h a n o l a m i n e  
buffer  also i nac t i va t e s  t h e  s y s t e m  which  me tabo l i se s  ALA.  Tab le  I shows  t h e  fo rma t ion  of A L A  
f rom glyc ine  a n d  succ iny l -CoA genera ted  enzymica l l y  e i ther  f rom succ ina te  (Exp t .  I) or  f rom 
a - k e t o g ! u t a r a t e  (Exp t .  2). I n  t h e  fo rmer  case no e n z y m e s  a p a r t  f r om t h e  e x t r a c t  need  to  be added,  
b u t  in t h e  l a t t e r  case i t  is nece s sa ry  to add  a -ke tog lu ta r i c  a n d  g l u t a m i c  dehydrogenases .  I t  can  be 
seen  t h a t  in b o t h  cases  t h e  s y s t e m  is a l m o s t  comple t e ly  inac t ive  in t h e  absence  of glycine or PyP ,  
a n d  t h a t  a c t i v i t y  is g rea t ly  r educed  w h e n  CoA is omi t t ed .  The  r e q u i r e m e n t  for added  P y P  in th i s  
s y s t e m  is p r o b a b l y  t he  m o s t  conclus ive  ev idence  so far  t h a t  t h i s  s u b s t a n c e  is invo lved  in A L A  
f o r m a t i o n .  

T A B L E  I 

E a c h  t u b e  con ta ined  IOO # m o l e s  t r i e t h a n o l a m i n e  buffer,  p H  7.4, 20 # m o l e s  MgSO 4. 5 c # m o l e s  
glycine,  0.o6 # m o l e  CoA, o.I # m o l e  P y P ,  a n d  o.6 ml  of Rps. spheroides ex t r ac t .  I n  E x p t .  1 t he  
t u b e s  also con ta ined  5 # m o l e s  succ ina t e  a n d  6 # m o l e s  A T P ;  in E x p t .  2 t h e y  con ta ined  5 # m o l e s  
a -ke tog lu t a r a t e ,  o.I # m o l e  D P N ,  2.5 # m o l e s  cys te ine ,  2o # m o l e s  (NH4)2SO4, 49 # g  a -ke tog lu ta r i c  
d e h y d r o g e n a s e  5, and  IOO # g  c rys ta l l ine  g l u t a m i c  d e h y d r o g e n a s e  (obta ined frorr, Boehr inger  and  
Soehne,  M a n n h e i m ) .  F ina l  v o l u m e  1. 5 ml ;  i n c u b a t e d  for i h in vacuo a t  37 °, depro te in i sed  wi th  

5 % t r ichloroacet ic  acid, a n d  e s t i m a t e d  for A L A  by  c o n d e n s a t i o n  wi th  ace ty lace tone  e. 

ALA synthesised (l~mole/h) 

Expt. z Expt. 2 

Comple te  s y s t e m  0.33 o. 12 
No g lyc ine  o.oo O.Ol 
No CoA 0.03 0.04 
No P y P  0.03 o.o1 
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• The  fol lowing a b b r e v i a t i o n s  are  used :  ATP, adenos ine  t r i p h o s p h a t e ;  ALA,  6-aminolaevul ic  
acid;  ( 'oA, c o e n z y m e  A; D P N ,  d i p h o s p h o p y r i d i n e  nuc leo t ide ;  PyP ,  py r idoxa l  p h o s p h a t e .  


