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to  be closely re la ted  t o - - i f  not  ident ica l  w i t h - - t h e  sys tem effecting aerobic  hyd roxy l a -  
t ion of a lkanes  to  give the  p r i m a r y  alcohol. 
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PN 10061 
Induced, soluble phenylalanine hydroxylase from Pseudomonas sp. 

grown on phenylalanine or tyrosine 

The fo rmat ion  of  tyros ine  b y  the  pheny la lan ine  hyd roxy la se  (EC 1.99.1.2 ) of  m a m -  
mal ian  l iver  has  been well s tud ied  z-4. The  b iosynthes is  of  tyros ine  in microorganisms  
is genera l ly  v ia  an ent i re ly  different  p a t h w a y  5,6. Al though  i t  has been r epor t ed  
t h a t  i n t ac t  cells of  cer ta in  species of  microorganisms can form tyros ine  from phenyl -  
a lanine  under  the  p roper  condi t ions  7-9, the  enzyme or enzymes invo lved  have  not  
been ob ta ined  in cell-free ext rac ts .  This communica t ion  describes a soluble, cell-free 
p repa ra t ion  from Pseudomonas  sp. which h y d r o x y l a t e s  pheny la lan ine  to  form 
tyrosine.  

Pseudomonas  sp. (ATCC I I 2 9 9 a  ) was grown on min ima l  med ia  conta in ing  
0 .1% K2HPO4, o .1% KH~PO4, 0 .02% MgSO 4, 0 .2% NH4C1, and  e i ther  0 .2% 
t -pheny la l an ine ,  0 .1% L-tyrosine,  or 0 .2% L-asparagine (pH 6.8). The cells were 
ha rves t ed  dur ing  log phase  and washed five t imes  wi th  0 .2% phospha te  buffer 
conta in ing  0 .02% MgSO a (pH 6.8). The concen t ra ted  cell suspension was lysed in 
an osmotic  pressure cell and  the lysa te  cent r i fuged in a Spinco centrifuge,  Model L, 
a t  4 ° 00o rev . /min  for I h. The clear  supe rna t an t  f rac t ion from this  p r epa ra t i on  
was used for these exper iments .  

The s u p e r n a t a n t  f ract ion was incuba ted  in air  a t  3 °0 wi th  D P N H  and L-phenyl-  
alanine.  A t  the  end of the  incuba t ion  per iod t r ichloroacet ic  acid  was added  to a 
final concent ra t ion  of 60,/0 . Ty ros inO ° and pheny la lan ine  n were de t e rmined  fluoro- 
me t r i ca l ly  in a l iquots  of  the  protein-free  f i l trate.  

High-speed  supe rna t an t  p repa ra t ions  from cells grown on pheny la lan ine  con- 
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vetted phenylalanine to tyrosine (Table I). The reaction was completely dependent 
on exogenous phenylalanine and was stimulated by added DPNH. D-Phenylalanine 
was not hydroxylated. TPNH was inactive and, in fact, inhibited the reaction. The 
enzyme was saturated with respect to DPNH and phenylalanine at the concen- 
trations used. 

The preparation did not metabolize tyrosine under these conditions. The con- 

T A B L E  I 

T Y R O S I N E  F O R M A T I O N  B Y  HIGH-SPEED SUPERNATANT FRACTION 
F R O M  PSEUDOMONAS SP. 

The  comple t e  s y s t e m  cons is ted  of 2. 5 ~moles  of D P N H ,  6.06 ~moles  of L-phenyla lanine ,  and  
0. 5 ml  of  s u p e r n a t a n t  in  0 .2% p h o s p h a t e  buffer con ta in ing  o 0 2 %  MgSO~ (pH 6.8). The to ta l  
v o l u m e  was  0.8 ml. E x p e r i m e n t s  I a nd  2 con t a ined  6.85 and  5.36 mg  of prote in ,  respect ive ly .  
The  r eac t ion  m i x t u r e s  were shaken  for 20 rain a t  30 ° and  the  reac t ions  s topped  wi th  0.2 ml 

of  3O~'o t r i ch loroace t ic  acid. 

p~ol~s Tyrosine 
Incubation 

No. • No. 2 

Comple te  1.8i t .23 
-- D P N H  0.99 o.8i  
-- P h e n y l a l a n i n e  0.55 0.45 

E n z y m e  0.03 0.02 
Comple te  (enzyme boi led  3 ° sec) 0.55 0.44 
Comple te  (o min) o .6t  o.44 

version of phenylalanine to tyrosine was stoichiometric and linear for at least 30 min. 
The formation of tyrosine was linear with enzyme concentration above a minimal 
protein content of about 2 mg per o.8-ml incubation. All the experiments presented 
were carried out with protein concentrations between 5 and 7 mg per incubation. 

The addition of components from the mammalian phenylalanine hydroxylase 
system, i.e., concentrates containing the pteridine cofactor or preparations of the 
"sheep enzyme 'q* had no effect on this activity. The relationship of this hydroxylase 
to the mammalian phenylalanine hydroxylase or to the other hydroxylases elaborated 
by this organism13,14 remains to be studied. 

Extracts from cells grown on asparagine were devoid of hydroxylase activity 
(Table II). Extracts from cells grown on tyrosine, however, possessed about the same 

T A B L E  I I  

T Y R O S I N E  F O R M A T I O N  B Y  H I G H - S P E E D  S U P E R N A T A N T  FRACTIONS FROM CELLS GROWN 
ON VARIOUS MEDIA 

The cond i t ions  of  i n c u b a t i o n  were  as  i nd i ca t ed  in  Table  I. F igures  for ty ros ine  fo rma t ion  were 
o b t a i n e d  b y  s u b t r a c t i n g  the  a m o u n t s  of  t y ros ine  in  the  zero- t ime samples  f rom t h a t  in  the  com- 
p le te  sys tem.  The  n u m b e r s  r ep resen t  tw o  s e p a r a t e  e x p e r i m e n t s  w i t h  each cu l tu re  m e d i u m .  

!~moles tyrosine 
Culture medium formedlrag protein 

L-Pheny la l an ine  (0.2%) O. 18, O.15 
L-Tyrosine (o.i  %) 0.25, o.18 
L-Asparagine  (0.2 %) 0.003, 0.003 
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a m o u n t  o f  h y d r o x y l a s e  a c t i v i t y  as  d id  e x t r a c t s  o f  cells  g r o w n  on  p h e n y l a l a n i n e .  

T h i s  o b s e r v a t i o n  has  been  c o n f i r m e d  in s tud ies  on  t h e  m e t a b o l i s m  a n d  i n c o r p o r a t i o n  

o f  p h e n y l a l a n i n e  in who le  cells  15. O t h e r  s imi la r  e x a m p l e s  o f  t h e  i n d u c t i o n  o f  t h e  

in i t i a l  e n z y m e  o f  a d e g r a d a t i v e  p a t h w a y  b y  t h e  p r o d u c t  o f  i t s  a c t i on  h a v e  b e e n  
reported16,17. 

D a t a  are  a v a i l a b l e  to  i n d i c a t e  t h a t  t h e  t y r o s i n e  f o r m e d  b y  th i s  i nduc ib l e  s y s t e m  

can  be  used  for  p r o t e i n  syn thes i s  15. A s t u d y  o f  t h e  r e l a t i onsh ip  b e t w e e n  t h e  a l t e r n a t e  

r o u t e s  o f  t y ro s ine  f o r m a t i o n  in  t h e  i n d u c e d  o r g a n i s m  is in  progress .  
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PN IOO62 
The involvement of sulfhydryl sites in dopamine~-hydroxylase activity 

T h e  e n z y m e  d o p a m i n e - f l - h y d r o x y l a s e  c a t a l y z e s  t h e  f l - h y d r o x y l a t i o n  o f  d o p a m i n e  t 
a n d  o t h e r  s t r u c t u r a l  r e l a t e d  p h e n y l e t h y l a m i n e s  a n d  p h e n y l p r o p y l a m i n e s  2-4. As  
cofac tors ,  a scorb ic  a n d  f u m a r i c  ac ids  a re  r equ i red .  W h i l e  i t  was  s h o w n  t h a t  t h e  
e n z y m a t i c  f l - h y d r o x y l a t i o n  o f  t h e  a m i n e s  is coup l ed  to  a s t o i c h i o m e t r i c a l l y  e q u i v a l e n t  
o x i d a t i o n  o f  a scorb ic  acid,  t h e  r e q u i r e m e n t  for  f u m a r a t e  is s t i l l  u n e x p l a i n e d  1. T h e  

e n z y m a t i c  h y d r o x y l a t i o n  is s t i m u l a t e d  b y  A T P ,  a n d  i t  was  sugges t ed  t h a t  A T P  
f u n c t i o n s  as a c h e l a t i n g  a g e n t  r a t h e r  t h a n  as a d o n o r  o f  h i g h  e n e r g y  z. E D T A  in-  
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