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SUMMARY 

I. Phenylalanine activates phenylalanine hydroxylase (L-phenylalanine, tetra- 
hydropteridine:oxygen oxidoreductase (4-hydroxylating), EC i . i4 .3. i  ), when dithio- 
threitol is used to regenerate 2-amino-4-hydroxy-6,7-dimethyltetrahydropteridine. 

2. Phenylalanine hydroxylase activation by phenylalanine follows first order 
kinetics; the activation rate is time and temperature dependent, and is described by 
the exponential equation Va ---- vt + (Vo--Vf) e -at. 

3. The kinetic analysis, derived from the effect of phenylalanine on phenyl- 
alanine hydroxylase, is consistent with the postulate that  the enzyme has a second 
activating site for phenylalanine distinct from its catalytic site. 

4. The sedimentation constant of non-activated phenylalanine hydroxylase is 
6.1 and shifts to 8.14 on activation. Activation shifts the equilibrium from a dimer 
of IiO ooo molecular weight to a tetramer of 21o ooo. 

INTRODUCTION 

Phenylalanine hydroxylase (L-phenylalanine, tetrahydropteridine:oxygen 
oxidoreduotase, EC 1.14.3.1 ) is likely to be subject to metabolic regulation since it 
catalyzes the initial degradation of phenylalanine and is the only pathway for the 
synthesis of tyrosine. A further indication for the metabolic regulation of this enzyme 
is the observation that tyrosine spares the dietary requirement for phenylalanine 1. 
Yet our understanding of the control mechanisms that  operate on this step is in- 
complete. Part of the difficulty in elucidating any biologically significant effect on 
this extremely complex system is the requirements of the reaction. These include 
phenylalanine, tetrahydrobiopterin and oxygen in addition to dihydropteridine re- 
reductase, NADPH (NADPH generator, which is NADP +, glucose, glucose dehydro- 
genase) and catalase 2-4. BUBLITZ 5 has published a direct assay for rat liver 
phenylalanine hydroxylase based on the non-enzymatic regeneration of 2-amino i 
4-hydroxy-6,7-dimethyltetrahydropteridine ("quinonoid" form) by dithiothreitol. 
Dithiothreitol also protects the enzyme from peroxides formed from aerobic oxida- 
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tion of tetrahydropteridine. This system eliminates the need for dihydropteridine 
reductase, NADPH, NADPH generator and catalase, proceeds without substrate 
inhibition, and thus gives an unambiguous measurement of phenylalanine hydroxy- 
lase over a wide range of substrate concentration. 

I t  is the purpose of this paper to describe the activation by phenylalanine of a 
partially purified rat  hepatic phenylalanine hydroxylase which may be of signi- 
ficance in the metabolic regulation of phenylalanine hydroxylase, utilizing a 
modification of the direct assay of BUBLITZ 5. The kinetic data and the sedimentation 
behavior is consistent with the postulate that  phenylalanine hydroxylase has a 
second "act ivat ing" site for phenylalanine distinct from its catalytic site. Phenyl- 
alanine activation induces a shift in the sedimentation coefficient of the enzyme. 

MATERIALS AND METHODS 

Phenylalanine hydroxylase was prepared from rat  liver through the first 
(NH4)2SO 4 step by a modification of the procedure of KAUFMAN 2. The modification 
was that  an ethanol fraction was collected between 21 and 30% ethanol by volume 
rather than between IO and 21°/o . The yield varied from 25 to 45% of the starting 
material. The specific activity of the (NH4)~SO 4 fraction ranged from 0.20 to 0.38 
/zmole/mg per min at Vmax for a 75-fold purification from the crude homogenate. 
This purified fraction has 2-5-fold more activity than a similar fraction by KAUF- 
MAN'S methods under the conditions of our standard assay, with 2/~M phenylalanine. 
None of the preparations used destroyed tyrosine. The concentration of tetrahydro- 
pteridine obtained from Calbiochem in individual io-mg vials was measured by titra- 
tion with 2,6-dichlorophenol indophenol which was standardized with ascorbate s. 

L-Phenylalanine, L-tyrosine, 4-fluorophenylalanine, L-tryptophan, dithio- 
threitol, were obtained from Calbiochem. D-Phenylalanine, ~-phenyllactate, alanine 
were obtained from Sigma; I-nitroso-2-naphthol, 1,2-dichloroethane from Eastman 
Kodak. Horse liver alcohol dehydrogenase was obtained from C. F. Boehringer. 
Protein was measured by the biuret 7 or LOWRY s methods with lysozyme (Mann) 
as standard. 

A ssay for phenylalanine hydroxylase 
The standard assay (i.o ml) contained in #moles : potassium phosphate, pH 7.o 

or 7.2, IOO; L-phenylalanine, 8 or as specified for each experiment;  tetrahydropteri-  
dine, i ;  dithiothreitol, IO. The reaction was initiated by addition of the enzyme 
and incubated for I rain at 25 °. 

Phenylalanine activation assay 
Two incubations were performed to assay phenylalanine activated enzyme; 

(a) The first incubation contained all the components, except tetrahydropteridine, 
and the enzyme was the last addition. The duration of this incubation varied 
depending on the concentration of phenylalanine, and its volume was 0. 9 ml or as 
indicated. During the first incubation no tyrosine was formed; (b) the second 
incubation was initiated by  tetrahydropteridine which started the hydroxylation reac- 
tion. The complete system was incubated for 3 min or as specified, at 25 ° with 
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shaking in a water bath. The reaction was stopped by the addition of I ml of 3o% 
trichloroacetic acid and diluted to 5 ml. Tyrosine in 2-ml aliquots of deproteinized 
solution was determined by the nitrosonaphthol method fluorimetrically ~. Correc- 
tions for appropriate zero time controls were routinely made. Tyrosine standard cur- 
ves were routinely included ranging in concentrations 0.005-0. 5 #M. 

RESULTS 

The initial lag of phenylalanine hydroxylation 
Preliminary incubations were carried out to determine the initial rates for the 

first 5 min and at phenylalanine concentrations varying from o.I to 8 #moles/ml. 
I t  immediately became apparent that there was an initial 6o-9o-sec lag in the velocity 
of the reaction when time was the variable. The duration of the lag depended on the 
concentration of phenylalanine. 

A similar lag of 7 min in the initial rate of the phenylalanine hydroxylation 
reaction was first described by KAUFMAN TM. However, this lag is almost completely 
eliminated by preincubation of both phenylalanine hydroxylase and dihydropteridine 
reductase with the NADPH generator system, either aerobically or anaerobically. 
Thus the suggestion made was that  the formation of a reduced cofactor (tetra- 
hydrobiopterin) was necessary for the reaction to proceed, even though the 
preincubation did not completely eliminate this lag. 

Phenylalanine activation of phenylalanine hydroxylase 
The first incubation of the various components of the reaction mixture with the 

enzyme revealed a slight stimulation by phosphate buffer, but a marked stimulation 
by phenylalanine. The first incubation of the enzyme with dithiothreitol or tetra- 
hydropteridine had no significant effect. And finally, the omission of dithiothreitol 
from both the first and second incubation rules out the possibility that phenyl- 

T A B L E  I 

ACTIVATION OF PHENYLALANINE HYDROXYLASE BY PHENYLALANINE 

Componen t s  of the  full  i ncuba t ion  sys t em con ta ined  in /zmoles: p o t a s s i u m  phospha te ,  p H  7.2, 
IOO; d i t h io th re i t o l  (DTT), IO; 0.69 mg enzyme;  pheny la l an ine  (Phe), i ;  t e t r a h y d r o p t e r i d i n e  
(PtH4), i .  The first i ncuba t i on  was  for IO min  a t  25 ° and  the  vo lume  was  0. 7 ml. The e n z y m e  
was the  l as t  a d d i t i o n  du r ing  th is  incuba t ion .  The second i ncuba t i on ' s  final vo lume  was  i ml, 
P t H  4 was  the  l as t  add i t i on  excep t  when  the  first  i ncuba t i on  was omi t ted ,  t hen  the  e n z y m e  
was  the  l as t  addi t ion .  The second incuba t ion  which  in i t i a t ed  the  h y d r o x y l a t i o n  reac t ion  was 
for I min  a t  25 ° . 

Additions during Additions during Tyrosine formed 
first incubation second incubation (l~moles •mg protein -1. min -1) 

None Phe, buffer, PtH4, DTT, o.o154 
enzyme  

Buffer, enzyme  Phe, DTT, P t H  4 o.o226 
Buffer, DTT, enzyme  Phe, P t H  4 o.o21o 
Buffer, DTT, P t H i ,  enzyme  Phe  0.0226 
Buffer, ]?he, enzyme  DTT, P t H  4 0.0703 
Buffer, Phe,  DTT, enzyme  P t H  4 o.o616 
None Buffer, Phe, PtH4, enzyme  O.OLO8 
Buffer, Phe, enzyme  P t H  4 o.o5o8 
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Fig. I. The  effects of  var ious  concen t ra t ions  of  pheny la l an ine  dur ing  the  first i ncuba t ion  on t he  
t ime  course of  ac t iva t ion  of  pheny la l an ine  hydroxy lase ,  Pheny l a l an ine  and  the  full c o m p o n e n t s  
excep t  t e t r ahyd rop t e r i d i ne  were first i ncuba t ed  for t he  ind ica ted  t ime  periods.  The  addi t ion  of  
0.32 m g  e n z y m e  in i t ia ted  t he  first i ncuba t ion  for the  ind ica ted  t ime  periods.  The  second incuba-  
t ion  for t he  h y d r o x y l a s e  reac t ion  was  s t a r t ed  b y  t e t r ahyd rop t e r i d ine  for 3 min  a t  25 °. Pheny l -  
a lan ine  concen t ra t ions  in #moles  were: Curve  A, 8 ; Curve  B, 4 ; Curve,  C, I ; Curve  D, O.T. 

alanine activates a dithiothreitol inhibited phenylalanine hydroxylase (Table I). 
The degree of activation and the time required to arrive at the fully activated 

form of the enzyme was directly proportional to phenylalanine concentration for 
activation during the first incubation phase (Fig. I). Thus at o.I #mole/ml phenyl- 
alanine 15 min and at 8 #moles/ml phenylalanine 9 ° sec were required for full 
activation. 

Specificity of L-phenylalanine for activation of phenylalanine hydroxylase 
The specificity of phenylalanine hydroxylase activation was tested by D- 

phenylalanine, L-tryptophane, fi-phenyllactate, alanine. None of these compounds 
at I -lO -3 M had any effect on phenylalanine hydroxylase. Likewise, Na +, K +, Mg ~+, 
Fe 2+, Cd 2+, CuZ% Zn 2+, NH4 +, S042-, HCQ- ,  acetate, C1- at i .  io  ̀ -4 M had no effect 
whatsoever on phenylalanine hydroxylase. GUROFF 11 has reported activation of 
phenylalanine hydroxylase from Pseudomonas by Fe 2+, Cu ~+, Cd 2+, Hg 2+. 4-Fluoro- 
phenylalanine activated phenylalanine hydroxylase. It  is also a substrate for 
phenylalanine hydroxylase, but proceeds at one-sixth the rate of phenylalanine as 
reported by KAUFMAN 12. 

Determination of phenylalanine activation rates of phenylalanine hydroxylase 
The activation rate of the non-activated enzyme was determined with respect 

to the fully activated enzyme, at two concentrations, I and 8 #moles/ml L-phenyt- 
alanine. For tile former the contribution by phosphate stimulation was also 
calculated by first incubation with phosphate buffer but without phenylalanine (Figs. 
2, 3). Phenylalanine hydroxylase activation by phenylalanine is first order with 
respect to non-activated enzyme. The final rate achieved never equals to the fully 
activated rate of the enzyme which has been first incubated and activated with 
phenylalanine prior to the initiation of the hydroxylation reaction by the second 
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Fig. 2. Ac t iva t ion  of  pheny la l an ine  h y d r o x y l a s e  by  pheny la l an ine  and  e l imina t ion  o f  t he  initial 
lag. The  comple te  i ncuba t i on  s y s t e m  con ta ined  in /~moles: p o t a s s i u m  phospha te ,  p H  7, ioo;  
di thiothrei tol ,  IO; t e t r ahydrop te r id ine ,  I ; L-phenyla lanine ,  I. Curves  A and  B were first i ncuba t ed  
for 15 min  a t  25 °, w i th  t he  comple te  s y s t e m  except  A w i thou t  t e t r ahydrop te r id ine ,  and  B 
w i t h o u t  pheny la l an ine ,  The  first i ncuba t ion  period was  s t a r t ed  by  the  add i t ion  of  0.32 m g  
enzyme .  The  second incuba t ion  was s t a r t ed  by  t e t r a h y d r o p t e r i d i n e  for A, and  pheny la l an ine  
for B for t he  specified t ime  per iods  a t  25 °. Curve  C, the  incuba t ion  m i x t u r e  was no t  first i ncuba t ed ;  
the  reac t ion  was  s t a r t ed  b y  t he  add i t ion  of  enzyme.  

Fig. 3. E x p o n e n t i a l  ac t iva t ion  o f  pheny la l an ine  h y d r o x y l a s e  b y  phenyla lan ine .  The  d a t a  of  
Fig. 2 are  rep lo t t ed  to calcula te  the  pheny la l an ine  ac t iva t ion  ra te  of  pheny la l an ine  h y d r o x y l a s e  
(Curve C) ; t h e  p h o s p h a t e  buffer  first i ncuba t ed  e n z y m e  (Curve B) ; re la t ive to the  ful ly  ac t i va t ed  
enzyme,  Curve  A. The  ac t iva t ion  ra tes  can  be ca lcula ted  f rom the  exponen t i a l  equa t i on  
va = v~ + (Vo - -  vf) e - a t  (ref. 13) where  Vo is t he  ful ly  a c t i va t ed  ra te  o f  the  first  i ncuba t ed  
enzyme,  va is t he  ac t i va t ed  ra te  a t  t ime  t of  Curves  B and  C, vt is t he  final equ i l ib r ium ra te  
ach ieved  of  Curves  B and  C, a n d  a is a cons tan t .  I t  follows t h a t  log (vf  - -  va) vs .  t is a s t r a i gh t  
l ine wi th  a slope - - a / 2 . 3 ,  f rom which  t he  ra te  c o n s t a n t  is ca lcula ted  us ing  the  l e a s t  squa re  
me thod ,  Curve  B, a = o.o1556 sec-1; Curve  C, a ~ 0.01698 sec -1. Since t he  difference be tween  
these  two ra te  c o n s t a n t s  is less t h a n  IO°/o, the  p h o s p h a t e  buffer  p robab ly  does no t  affect t he  ra te  
c o n s t a n t  of  ac t iva t ion .  

incubat ion .  The ra te  cons tan t  for ac t iva t ion  a is 0.01556 sec -z for the  phospha te  
buffer first i ncuba ted  enzyme and  0.01698 sec -1 for the  only  second incuba ted  
enzyme a t  I #mole /ml  phenyla lanine .  Since the  difference be tween these two 
cons tan t s  is less than  IO%, i t  would follow t h a t  phospha te  buffer does not  a l te r  the  
ra te  cons tan t  of  phenyla lan ine  ac t iva t ion  of  phenyla lan ine  hydroxylase .  At  8 ymoles /  
ml  pheny la lan ine  a equals  0.02179 sec -1. Similar ly ,  ac t iva t ion  ra tes  were de t e rmined  
a t  15 ° and  20 ° and  at  I #mole  phenyla lan ine .  These were a ---- 0.0020 sec -~ for the  
former  and  0.00338 sec -1 for the  l a t t e r  t empera tu re .  The ful ly  ac t i va t ed  enzyme 
has a l inear  ra te  for only  3-4  min af te r  which i t  drops  to  a new l inear  ra te  for i o  min. 
This d rop  is not  due to subs t r a t e  or cofactor  deplet ion,  since a Io-fold  add i t ion  
of  pheny la lan ine  and 2-fold cofactor  does not  a l ter  this  drop.  Anaerobic  incuba t ion  

B i o c h i m .  B i o p h y s .  A c t a ,  242 (1971) 345-354 



35 ° A. TOURIAN 

of the enzyme with phenylalanine in evacuated Thunberg tubes during the first 
incubation phase does not prevent phenylalanine activation of phenylalanine 
hydroxylase. 

To test the effect of tetrahydropteridine on phenylalanine hydroxylase activa- 
tion, the enzyme was first incubated in evacuated Thunberg tubes with both tetra- 
hydropteridine and phenylalanine, followed by aerobic incubation to initiate the 
hydroxylation reaction during the second incubation. The initial rate of hydroxyla- 
tion is identical to enzyme that has been activated by only phenylalanine, however, 
the linear phase extends to 7 min then declines very gradually. This experiment 
suggests that the presence of tetrahydropteridine during the activation of phenyl- 
alanine hydroxylase by phenylalanine, does not prevent full activation, and the 
activated enzyme is stabilized bv the presence of cofactor prior to the initiation of 
the hydroxylation reaction. 

The apparent Km for phenylalanine of the fully activated enzyme at pH 7.o 
and 25 ° is 1.75 ± o.o8 mM for three determinations in duplicate. The K,,, is determined 
from the slope of the Hofstee plot, v vs. v/[Sl from a least square fit. 

Phe~zylalanine hydroxylase activity as a function of protein concentration for both 
activated and "activating" enzyme 

Phenylalanine hydroxylation activity is a linear function of protein concentra- 
tion for both the fully activated and the "activating" enzyme as evidenced by the 
data of Fig. 4. Thus activation of phenylalanine hydroxylase is not dependent on 
enzyme concentration. 
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Fig. 4. Phenylalanine hydroxylase  act ivi ty as a function of enzyme concentrat ion for both  
act ivated and "ac t iva t ing"  enzyme. The complete incubat ion sys tem contained in #moles:  
po tass imn phosphate  buffer, p H  7.2, ioo; dithiothreitol,  i o; phenylalanine, i; and the approp-  
riate concentrat ion of enzyme. The activated group was first incubated with the complete 
system except te t rahydropter idine  for io min at  25 °. The "ac t iva t ing"  enzyme was likewise 
first incubated wi th  the complete sys tem except phenylalanine and te t rahydropter idine  for 
io min at 25 °. Tet rahydropter id ine  was the penul t imate  addition. The second incubation was 
initiated by  phenylalanine for i min at  25 °. 
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The operational separation by kinetic analysis of the "activating" effect of phenylalanine 
from its effect on fully activated phenylalanine hydroxylase 

From the activation experiments it became obvious that  the effect of phenyl- 
alanine concentration on phenylalanine hydroxylase can be determined under two 
separate sets of conditions: (a) When the enzyme is fully activated; (b) when the 
enzyme is "act ivat ing".  The conditions for the fully activated enzyme are obtained 
easily by first incubation of the enzyme with the appropriate concentrations of 
phenylalanine for the required time for full activation followed by initial rate 
measurements. The conditions for the "act ivat ing" enzyme are more difficult to meet 
since during this period of measurement there may  be fully activated molecules of 
enzyme which result in a mixture of "act ivat ing" and "act ivated"  rates. From the 
activation data, it can be observed that  this period is limited to the first minute of 
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Fig. 5- The  effect o f  pheny la l an ine  concen t ra t ion  on t he  ra te  o f  t he  h y d r o x y l a t i o n  reac t ion  of  
p h e n y l a l a n i n e  ac t i va t ed  and  " a c t i v a t i n g "  e n z y m e  by  t he  double reciprocal  plot  o f  L i n e w e a v e r -  
Burk.  The  comple te  i ncuba t i on  s y s t e m  con ta ined  in /*moles :  p o t a s s i u m  p h o s p h a t e  buffer, p H  7.2, 
IOO; t e t r ahydrop te r id ine ,  I ;  d i thiothrei tol ,  IO; phenyla lan ine ,  o.I to 2; and  o.69 m g  enzyme.  For  
t he  ac t i va t ed  group,  t he  e n z y m e  was  first i ncuba t ed  wi th  t he  comple te  s y s t e m  excep t  t e t r a -  
hyd rop te r id ine  for 15 mi n  a t  25 °. T he  second incuba t ion  was in i t ia ted  wi th  t e t r ahyd rop t e r i d ine  
for I min  a t  25 °. For  the  " a c t i v a t i n g "  group,  the  e n z y m e  was first i ncuba t ed  wi th  the  comple te  
s y s t e m  excep t  pheny la l an ine  a n d  t e t r a h y d r o p t e r i d i n e  for 15 rain. T e t r a h y d r o p t e r i d i n e  was t he  
p e n u l t i m a t e  add i t ion  and  t he  second incuba t ion  was in i t ia ted  wi th  e n z y m e  for I m in  a t  25 °. 
The  double  reciprocal  plot  of  t he  ful ly  ac t i va t ed  enzyme  ( [~ - - [~ )  is a s t r a igh t  line, and  t he  
non -ac t i va t ed  b u t  " a c t i v a t i n g "  e n z y m e  ( O - - O )  is a parabola .  W h e n  t he  reciprocal  of  ve loc i ty  
of  the  " a c t i v a t i n g "  e n z y m e  ( O - - O )  is p lo t t ed  aga ins t  the  square  of  t he  reciprocal  of  subs t r a t e  
concen t ra t ion ,  a s t r a i g h t  line ensues .  

Fig. 6. Sucrose g r ad i en t  cen t r i fuga t ion  p a t t e r n  of  pheny la l an ine  ac t i va t ed  and  non -ac t i va t ed  
pheny la l an ine  hydroxy lase .  5 -20% con t i nuous  sucrose  g rad ien t s  were placed in each of  the  th ree  
bucke t s  of  t h e  SW-39 rotor.  Grad ien t  I also con ta ined  I .  lO -8 or 8. lO -8 M pheny la lan ine ,  which  
was layered  b y  I mg,  250 F1 of  i . l O  -3 or 8. io -8 M pheny la l an ine  ac t i va t ed  pheny la l an ine  
hyd roxy la se .  Grad ien t  2 was  layered  wi th  t he  s ame  a m o u n t  of  non -ac t i va t ed  pheny la l an ine  
hyd roxy la se .  Alcohol  dehydrogenase ,  o. 5 m g  in 25o/~1, was  layered on Grad ien t  3. The  ro tor  
was  r u n  for 22 h a t  38 ooo r ev . / m i n  in a B e c k m a n  L2-65 Ul t racen t r i fuge  a t  2 °. 5-drop f rac t ions  
were a s sayed  for p h e n y l a l a n i n e  h y d r o x y l a s e  f rom Grad ien t s  i and  2 af ter  ac t i va t i ng  t he  e n z y m e  
f rom the  l a t t e r  tube.  T he  s t a n d a r d  i ncuba t ion  m i x t u r e  con ta ined  8/~moles pheny la l an ine  and  was 
a s sayed  for 3 m in  a t  25 °. Alcohol dehydrogenase  f rom T u b e  3 was  as sayed  accord ing  to the  
m e t h o d  of  MARTIN AND AMES 18. 
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the reaction for the lower regions of phenylalanine concentration, i.e.o.I-I/~mole/ml. 
The effect of phenylalanine concentration was determined on the fully activated and 
"activating" enzyme at pH 7.2 (since this is the opt imum pH under the present 
conditions of the assay with phosphate buffer). The stimulating effect of the 
phosphate buffer on phenylalanine hydroxylase, which interferes with the kinetic 
analysis, was cancelled out by preincubation of both the fully activated and non- 
activated enzyme. Thus when the reaction was initiated by phenylalanine it was 
possible to measure the sole effect of phenylalanine concentration on initial rates 
of the hydroxylation reaction. The fully activated enzyme gives a classical Michaelis- 
Menten rectangular hyperbola and the double reciprocal plot of I/V vs. I/[S] is a 
straight line for an 8o-fold change in phenylalanine concentration (o.I-8 #moles). 
The double reciprocal plot for the "act ivat ing" enzyme approaches a parabola. When 
the reciprocal of velocity I/v is plotted against the reciprocal of the square of substrate 
concentration (o.i i ~mole phenylalanine), I/Ii.~] 2, a straight line ensues (Fig. 5). 
Such curves seem to be characteristic of certain regulatory proteins, like aspartate 
transcarbamylase '4, threoninc deaminase 'a, acetyl-CoA-carboxylase'" and NAD- 
specific isocitrate dehydrogenase'L 

The sedimentation behavior of phenylalanine hvdroxylase activated by phenylalaninc 
compared to non-activated enzyme 

The sedimentation behavior of phenylalanine activated and non-activated 
phenylalanine hydroxylase was compared in a continuous sucrose gradient by the 
method of MARTIN AND AMES 18. There was complete separation of the activated 
form which sedimented more rapidly, and had an s value of 8.14 compared to the non- 
activated enzyme which had an s value of 6.1 (Fig. 6). An estimate of the molecular 
weights calculated from the sedimentation constants by the method of MARTIN AND 
AMES 18, gives values of IiO ooo and 177 0o0 for each of the forms. KAUFMAN 19 has 
published data demonstrating that  phenylalanine hydroxylase can exist in two major 
forms, a dimer with molecular weight of I IO ooo and a tetramer with molecular weight 
of 21o 00o. Our data would indicate that  the probable mechanism of phenylalanine 
activation of phenylalanine hydroxylase involves the shift of equilibrium from a dimer 
to a tetramer. The present proposal for the direction of shift of equilibrium for the 
more active form of the enzyme is in variance with KAUFMAN'S 2° postulate. 

DISCUSSION 

The analysis of the kinetic data of phenylalanine hydroxylase is characteristic 
of certain regulatory proteins14-1L The criteria of precursor activation are: (I) the 
activating compound should be a precursor; (2) the effect should be specific; (3) the 
activating effect must be brought about by the precursor at low, physiological con- 
centration, and finally, in order to be an effective control mechanism; (4) the catalytic 
step should be irrreversiblelL All these criteria are met  in the case of phenylalanine 
hydroxylase. The activating compound is a precursor for phenyalanine hydroxyla- 
tion. No other small molecules have been found that  activate this enzyme. As has 
already been shown, phosphate does not change the rate constant of activation. 
The phosphate buffer stimulating effect has also been noted by KAUFMAN 19. The 
phenylalanine activating effect is brought about by low, physiological concentra- 
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tions. Mammalian tissue concentrations of  phenylalanine are in the range of o.2 mM 
(ref. 21). And finally, phenylalanine hydroxyla t ion  is an irreversible reaction 2. That  
certain allosteric processes m a y  be time dependent  has already been shown by 
BARBER AND BRIGHT 22. Phenylalanine act ivat ion of  phenylalanine hydroxylase may  
be an impor tan t  control mechanism in the metabolism of aromatic  amino acids. 
This is supported by  the observation tha t  in the human  genetic disease, phenyl- 
ketonuria,  where there is a metabolic block of  phenylalanine hydroxyla t ion 23 tissue 
levels of  phenylalanine rise resulting in a mult i tude of  secondary biochemical 
aberrations 24, and mental  retardation.  I t  could be formulated tha t  when tissue 
phenylalanine levels rise, it is ensured by  the activation mechanism tha t  phenylalanine 
will be rapidly metabolized and put  to use by the cells. 

The presence of  yet  another  site for phenylalanine distinct from its catalytic 
site on phenylalanine hydroxylase would predict genetic variants with modification 
or loss of function of  this "ac t iva t ing"  site. A clinical var iant  of phenylketonuria  
known as "a typica l"  is a candidate for muta t ion  at the "ac t iva t ing"  site. 
JUSTICE et al. 25 have reported phenylalanine hydroxylase levels of around 5% of 
normals in these patients.  

An initial burst  of  act ivi ty  in the time course of  phenylalanine hydroxyla t ion 
has also been noted by  KAUFMAN ~° with a 4Do-fold purified enzyme, utilizing the nat-  
ural cofactor tetrahydrobiopterin.  This initial burst  of act ivi ty is seen only when 
phenylalanine is added to the hydroxylase prior to tetrahydrobiopterin,  and not 
when the order of addition is reversed. This observation makes it unlikely tha t  
phenylalanine act ivat ion of phenylalanine hydroxylase is unique to the system 
where te t rahydropter idine is used instead of  the natural  cofactor te t rahydrobio-  
pterin, or the act ivat ion recorded will disappear when more highly purified fractions 
are used. The interactions of  phenylalanine activation, the binding of  te t rahydro-  
biopterin and oxygen with more highly purified fractions awaits further  investigation. 
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