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The inhibition of protein synthesis and myocardial 
hypertrophy by oxythiamine may  be caused by disturb- 
ance of the synthesis of nucleic acids as a result of the 
inhibition of the transketolase and pentose-phosphate 
pathway, as well as by inhibition of the energy production 
due to the depression of ferments associated with vi tamin 
Bx, e.g. pyruvate-  and ketoglutarate dehydrogenase 
which catalyse the oxidating decarboxylation of keto 
acids. However, this lat ter  explanation seems to be less 
plausible since, in disturbance of utilization of the carbo- 
hydrates, the myocardium may largely use, as a source 
of energy, fa t ty  acids, the oxidation of which avoids the 
reaction of the oxidative decarboxylation of the keto 
a c i d s  l ~ , x a  

On the whole the present results support the suggestion 
of the important  role of the pentose-phosphate pathway 
in act ivation of nucleic acids and protein synthesis which 
underlies the hypertrophy and the adjustment  of the 
heart  to a sustained load. 
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T h e  Effect  of  H i g h  P h e n y l a l a n i n e  C o n c e n t r a t i o n  
on  t h e  F o r m a t i o n  of  D O P A  f r o m  P h e n y l a l a n i n e  

a n d  T y r o s i n e  by  T y r o s i n e  H y d r o x y l a s e  

IKEDA, LEVITT and UDENFRIEND 1 reported tha t  the 
hydroxylat ion of phenylManine to tyrosine is also 
catalysed by tyrosine hydroxylase ~, which catalyses the 
conversion of tyrosine to DOPA, the initial step of bio- 
synthesis of norepinephrine, in brain and sympathetically 
innervated tissues. They found tha t  phenylalanine and 
tyrosine are competi t ive inhibitors of the enzyme ~. I t  
has been suggested that  in phenylketonuria huge amounts 
of phenylalanine may inhibit  norepinephrine formation 
by competing with tyrosine on tyrosine hydroxylase 2. 
However, it is not clear since phenylalanine also produces 
DOPA ~. A theoretical and experimental  s tudy as to the 
effect of large amounts of phenylalanine on the formation 
of DOPA from both phenylalanine and tyrosine by 
tyrosine hydroxylase is reported in tilts communication. 

In the theoretical kinetic treatment,  the following 
values were used from the report of IKEDA, LEVITT and 
UDENFRIENDI: Km for phenylalanine, 3 . 1 0 - 4 M ;  Km 
for tyrosine, 5 . IO-~M; Vma x for tyrosine/Vma x for phenyl- 
alanine, 20/1. Blood concentration of tyrosine and 
phenylalanine in health and that  of tyrosine in phenyl- 
ketonuria is about 1- 10-4M, whereas that  of phenyl- 
atanine in phenylketonuria is as high as 3 - 10-SM. There- 
fore, these values were used for substrate concentrations. 

Tyrosine hydroxylase 

Phenylatanine 1~ Tyrosine -~ DOPA 

Tyrosine Phenylalanine 
(competitive inhibitor) (competitive inhibitor) 

To calculate the amount  of DOPA formed through 
the above-mentioned process 3, following symbols are 

used : P, concentration of phenylalanine; T, concentration 
of tyrosine; D, concentration of DOPA;  t,2p, Michaelis 
constant for phenylalanine; I t  T, Michaelis constant for 
tyrosine; Vp, Vroax for phenylalanine ; VT, V,n ~ for 
tyrosine ; t, time. 

P T D 
x =  t t -~ '  y =  l--~r , z - -  K r  , 

x ' =  dx y'  ~ z" dz 
dt ' ' dt ' 

_ _  VT a Vp b =  Vp c =  
K p  ' 1~2 T ' K r " 

The decrease of phenylalanine is expressed by LINE- 
WEAVER-B~RK equation 4 in the presence of a competi t ive 
inhibitor, tyrosine 

dP 
dl 

and is rewritten as 

Vp 
Kp Kp T 

1 + --P-- + - - F -  K r  

a a x  
X p 

1 
1 + + y _ _ x _ ~  

X X 

The variation of tyrosine concentration dT/dt  is ex- 
pressed as the difference of 2 LINEWEAVEt~-B~J~K equa- 
tions in the presence of competi t ive inhibitors 

d T  Vp 
_ _ ~  K p  T 

dt I -}- + T K T 

VT 
_ t i t  P 

The first term in the right side is the one for tyrosine 
formation from phenylalanine and the second term is the 
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one for  t y ro s ine  o x i d a t i o n  to  
r e w r i t t e n  as 

y, - -  b _ _  c 

D O P A .  T h e  e q u a t i o n  is 

b x - c y  

1 +  1 + y 1 +  1 + x 
x x y y 

The  LINEWEAVER-BURK e q u a t i o n  
D O P A  is 

dD VT 
dt = 

l + x + y  

f rom ty ros ine  to  

- - • -  K T  P 
1 + + T K p  

a n d  is r e w r i t t e n  as 

Z" --  C C y 
1 x l + x + y  

l+--+-- 
Y Y 

The IV[ACLAURIN'S series of z(t) for small t is 

z"(O) t~ z(t) ~ z (o)  + z ' (o)  t + - W  + "'" 

= z (0 )  + c y(O) t 
1 + z ( o )  + y(O) 

+ . . . . .  c y ' (0 )  (1 + x(0))  - y(O) x ' ( o )  t~ + 
2 ( i  + :~(o) + y(O))~ 

W h e n  t is v e r y  small ,  t h e  t e r m s  whe re  t h e  i n d e x  of  t is 
la rger  t h a n  2 are  negligible.  T he  a m o u n t  of D O P A  
(Kr~( t ) )  fo rmed  in s h o r t  t i m e  t in  case  of z(0) = 0 is 
ca lcu la ted  as fol lows:  

in  t h e  n o r m a l  s t a t e  

X(0) __-- - -P (0 )  ---- 1 . 1 0 - ' M  _ 1 
Kp 3 • 1 0 - 4 M  3 ' 

T(0) 1 . 1 0 - ~ M  
y ( 0 ) - -  K T  5 . 1 0 - S M  = 2 ,  

Th i s  t h e o r e t i c a l  k ine t i c  r e su l t  was  f u r t h e r  e x a m i n e d  
e x p e r i m e n t a l l y .  Ty ros ine  h y d r o x y l a s e  was  p a r t i a l l y  
pur i f i ed  f rom b o v i n e  a d r e n a l  m e d u l l a  ~. I n c u b a t i o n  
m i x t u r e  c o n t a i n e d :  200 i~moles a c e t a t e  buf fe r  (pH 6.0), 
L - p h e n y l a l a n i n e  a n d  L- tyros ine  c o n t a i n i n g  e - ty ros ine -C  ~4 
a n d  L-pheny la l an ine -C  14 (un i fo rmly  label led)  to  g ive  a 
specific a c t i v i t y  of 800 cpm/m/~mole ,  100/~moles me rcap -  
t o e t h a n o l ,  1 #mole  of 2 - a m i n o - 4 - h y d r o x y - 6 , 7 - d i m e t h y l -  
5, 6, 7, 8 - t e t r a h y d r o - p t e r i d i n e ,  e n z y m e  in  0.2 m l  v o l u m e  
(2 m g  pro te in) ,  a n d  w a t e r  to  1.0 ml .  T h e  i n c u b a t i o n  was  
ca r r i ed  o u t  a t  37 °C for  15 min .  D O P A - C  ~4 was  i so la ted  
b y  a l u m i n a  a n d  c o u n t e d  b y  a sc in t i l l a t i on  s p e c t r o m e t e r  ~. 
Boi led  e n z y m e  was used  for  t h e  b l a n k  i n c u b a t i o n .  

As s h o w n  in t h e  Table ,  t h e  p resence  of same  c o n c e n t r a -  
t i on  (1 .  IO-*M) of p h e n y l a l a n i n e  as  t h a t  of t y r o s i n e  
(1 • 10-4~I)  d i d  n o t  a f fec t  t h e  f o r m a t i o n  of  D O P A .  How-  
ever ,  w h e n  inc reas ing  p h e n y l M a n i n e  c o n c e n t r a t i o n  to  
3 • 1 0 - a M  (30 t i m e s  h i g h e r  t h a n  ty.rosine c o n c e n t r a t i o n ) ,  
f o r m a t i o n  of D O P A  decreased  to  a b o u t  30%.  

These  resu l t s  sugges t  t h a t  a n  e n o r m o u s  p r e p o n d e r a n c e  
of p h e n y l a l a n i n e  ove r  t y ro s ine  in blood,  a n d  t he r e fo re  in  
b r a i n  in  p h e n y l k e t o n u r i a ,  c an  i n h i b i t  t h e  f o r m a t i o n  of  
D O P A  b y  t y r o s i n e  h y d r o x y l a s e  in  v ivo ,  c a u s i n g  t h e  de-  
crease of c a t e c h o l a m i n e s  s. 

Effect of high concentration of phenylalanine on the formation of 
DOPA from phenylalanine and tyrosine by tyrosine hydroxylase 

Substrate concentration in M 

Tyrosine Phenylalanine 

Formation 
of DOPA 
in m~moles 

1 • 10 -4 0 5.16 
1 • 10 -4 1 • 10 -4 5.06 
1 • 10 -4 3 ' 1 0  - 8  1 . 5 3  

~ r  z(t) = 

1 + I / 3  + 2 

in p h e n y l k e t o n u r i c  s t a t e  

X(0) = P_ (0__~).~ 3 .  1 0 - 3 M  
K p  3 . 1 0 - 4 M  

y(0) = T ( 0 ) =  1 - 1 0 - ' M  
Kp 5.10-SM 

y(O) K T  C t 
1 + x(0) + y(0) 

2 
K T C t ~7 0.6 I (  T C t 

= 10 ,  

= 2 ,  

y(0)  K r  c t 
1 + x (0 )  + y (0 )  

2 
1 + 1 0 + 2  K T C t - - 0 " 1 5  K T C t "  

The  r a t i o  

the amount of DOPA formed in phenylketonuric state 
the amount of DOPA formed in normal state 

0.15 K T c t 1 
0.6 K T c t 4 " 

Therefore ,  k ine t i c  ana lys i s  showed  t h a t  w h e n  p h e n y l -  
a l an ine  c o n c e n t r a t i o n  increases  f rom 1 • 1 0 - 4 M  to  
3 . 1 0 - ~ M ,  t h e  overa l l  c o n v e r s i o n  of p h e n y l a l a n i n e  a n d  
ty ros ine  to  D O P A  s h o u l d  decrease  f r o m  100% to  a b o u t  
2 s % .  

Zusammen]assung .  Auf  de r  Bas i s  gegense i t iger  H e m -  
m u n g  v o n  P h e n y l a l a n i n  k o n n t e  die e n z y m a t i s c h e  Bil -  
d u n g  des D O P A  fiber  P h e n y l a l a n i n  u n d  Ty ros in  mi t t e l s  
T y r o s i n h y d r o x y l a s e  u n t e r s u c h t  werden .  E i n e  7 0 % i g e  
H e m m u n g  de r  e n z y m a t i s c h e n  D O P A - B i l d u n g  e r g a b  s ich  
i m  Fa l l  de r  d re i s s ig fachen  K o n z e n t r a t i o n  des  P h e n y l -  
a lan in .  Die  M6gl ichke i t  e iner  H e m m u n g  de r  Norep ine -  
p h r i n - B i l d u n g  in  P h e n y l k e t o n u r i e  wi rd  d i sku t i e r t .  
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