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A kinetic study of particulate bovine adrenal tyrosine hydroxylase 

The enzyme tyrosine hydroxylase which catalyzes the tetrahydropteridine(2- 
anfino-4-hydroxy-6,7-dimethyltetrahydropter idine)-dependent  hydroxylat ion of ty- 
rosine to DOPA was first partially purified from the supernatant  solution of adrenal 
homogenates  ~. More recently the enzyme was solubilized by  incubation with trypsin 
and partially purified from the adrenal particles". Kinetic studies were previously 
carried out with enzyme preparat ions obtained from the supernatant  fractions of the 
adrenal homogenates.  

In the present s tudy  we have investigated the kinetic properties of the enzymat ic  
tyrosine hydroxyla t ion with a more purified enzymatic  preparat ion obtained from 
the adrenal particles. The results to be reported below suggest tha t  the kinetic mecha- 
nism of action of particulate tyrosine hydroxylase differs from the mechanism reported 
for the soluble enzyme a. 

The purification and the solubilization of the particulate enzyme was carried 
out as previously described 2. An additional 4-5-fold purification was achieved by 
adsorption of the enzyme on alumina Cy gel. The (NH4)eSO 4 fraction was diluted with 
4 w)l. of ice-cold water, and 3.o ml of alumina Cy gel were added to Ioo ml of the diluted 
enzyme preparat ion (Ioo mg of protein per 3 ml of alumina C:j gel). The mixture was 
stirred for 5 rain and centrifuged at o °. The supernatant  fluid was discarded and the 
gel eluted successively with Io  ml ofo.o2- o.I M phosphate  buffer (pH 6.5). The highest 
act ivi ty was obtained in the fraction eluted with o.o5 M phosphate buffer. The enzyme 
at this stage was stable only for a few days at --  2o °. The enzyme act ivi ty  was measured 
as described previously by deterlnining the release of aH from L3,5-aH.,]tyrosine into 
water 4. 

Reciprocal velocities were plotted graphically against the reciprocals of sub- 
strafe concentration.  When these plots were linear, the data  were fitted using the least- 
square method of WILKINSON 5. These calculations were performed on an Olivetti 
Underwood Programma Io I .  

Tkc effect of d{ffi'rent 02 conccJ#ratioT~s on the enz~'matic bvrosine kydro:o'lation 
at different concentrations q f tetrakydropteridinc. Fig. I shows double-reciprocal plots 
of velocity against 09 concentration for different concentrat ions of te t rahydropter idine 
at a constant  concentrat ion of tyrosine. The lines intersect at a point left of the vertical 
axis. I t  is evident tha t  O2 affects the affinity of te t rahydropter idine for the enzyine 
and vicc w'rsa. The intersection point is above the horizontal axis, which indicates tha t  
the presence of one substrate enhances the binding of the other. The apparent  K~, 
value for 02 at te t rahydropter idine concentrat ion of o.o 5 mM is 26.4%, while at a 
concentrat ion of o.i  mM it is 8.8°.i). At high te t rahydropter idine  concentration O 2 
has only a marginal effect on the enzymatic  tyrosine hydroxylat ion,  while at a low 
concentrat ion increased O,, concentrat ion results in a considerable increase in the 
enzyme activity.  

The @~cts of &fferent tyrosine col~cei#ratious on the enzymatic t3'rosine hydrox3~- 
lation at different tetrahydropteridine concentrations. Fig. 2 shows double-reciprocal 
plots of velocity against tyrosine concentrat ion for different concentrat ions of tetra- 
hydropteridine at a constant  concentrat ion of 0,2. I t can be seen tha t  the results consist 
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Fig .  I .  Double -rec iproca l  plots of  v e l o c i t y  aga ins t  O~ c o n c e n t r a t i o n  in the  presence  of  different 
concentra t ions  of  t e trahydropter id ine .  The  incubat ions  were  carried out  in a m i x t u r e  t h a t  con- 
ta ined  the  fo l lowing  c o m p o n e n t s :  s o d i u m  ace ta te  ( p H  6), 2oo  r a M ;  p o t a s s i u m  p h o s p h a t e  ( p H  6), 
i o  m M ;  2 - m e r c a p t o e t h a n o l ,  5 ° m M ;  FeSO.~, o.5 m M ;  [3 ,5 - aH21 ty ros ine ,  o . I  m M ;  t e t rahydropter i -  
dine, as ind icated  in the  figure. The  final v o l u m e  was  i ml ,  and the  incubat ions  were  carried out  
at  3 o°. After  the  addi t ion  of  e n z y m e  and ace ta t e  buffer, different concentra t ions  of  O 2 gas were  
de l ivered  for 5 min  prior to the  addi t ion  of  the  other  components ,  and the  incubat ions  were  
carried ou t  for 4 ra in .  The  reac t ion  was  t e r m i n a t e d  by  the  addi t ion  of  o.o  5 m l  of  glacial  acet ic  acid 

Fig .  2. Double -rec iproca l  plots  of  ve loc i ty  aga ins t  tyros ine  concentra t ion  in the  presence  of  
different  concentra t ions  of  t e t rahydropter id ine .  The e x p e r i m e n t s  were  performed in the  incuba-  
t ion m i x t u r e s  wi th  the  s a m e  compos i t i ons  as ind icated  in Fig .  T e x c e p t  t h a t  all the  incubat ions  
were  carried out  in the  presence  of  2 o %  O a, and the  tyros ine  and t e t r a h y d r o p t e r i d i n e  concentra-  
t ions  were  var ied  as  indicated  above .  

of a series of straight lines which intersect near the horizontal axis. The apparent 
Km value for tyrosine was found to be almost constant for various tetrahydropteridine 
concentrations and lies within the range of 3.o" zo-5-6.o" IO 5 M. If the concentration 
of tyrosine or tetrahydropteridine is raised, the lines become more parallel and the 
apparent Km for tyrosine changes with the tetrahydropteridine concentration, How- 
ever, at higher substrate concentrations the reciprocal plots become curved, most 
likely as a result of  substrate inhibition. 

The intersecting initial velocity pattern shown in Fig. I implies a sequential 
mechanism in which tetrahydropteridine and 02 add to the enzyme before a product 
is released. The intersecting initial velocity patterns shown in Fig. 2 suggest a sequen- 
tial mechanism in which both substrates, tetrahydropteridine and tyrosine, add to 
the enzyme before a product is released. When tyrosine was the variable substrate at 
different concentrations of O2 and at a constant concentration of tetrahydropteridine 
an intersecting initial velocity pattern was also obtained. Since all three initial velocity 
patterns intersect, our present results suggest the possibility of a mechanism in which 
a quaternary complex is formed, with the rate-limiting step being the conversion of 
the complex into products and enzyme G. The present results differ in certain aspects 
from the previously reported kinetic data which were performed with enzyme prepa- 
rations obtained from the supernatant fractions of the adrenal glands a. In these 
studies the double-reciprocal plots of velocity against tyrosine concentrations for 
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different concentrations of tetrahydropteridine resulted in a series of parallel lines, 
and the formation of a reduced enzyme intermediate via the "ping-pong" mechanisn/ 
was postulated a. Thus, the kinetic mechanism of action of tyrosine hydroxylase fiom 
the solubilized and from the particulate preparation does not appear to be the same. 
However, it is possible that the difference in the initial rate patterns is due to a differ- 
ence in the experimental conditions such as differences in incubation periods or in 
the range of substrate concentrations. A subsequent detailed paper will further 
explore the mechanism of the enzymatic tyrosine hydroxylation based on numerical 
values of the constants obtained from studies with enzyme substrates and inhibitors. 

One of us (M.G.) is a Research Scientist Awardee of the U.S. Public Health 
Service (grant No. 5 Ko5 MH-I4918-o2). This work was supported by the National 
Institutes of Health (grant No. MH-o2717-IO ) and the National Science Foundation 
(grant No. GB 5()41). 

New York University School of Medici~e, 
Dcpartmc~tt of P~ychiatry and Nc~trology, 
Neurochcmistry Laborator% 
New York, N.Y .  (U.S.A.) 

TON(; Hw'B ,IOH 
RICHARD KAPIT 

MENEK GOLDSTE1N 

I T. NAGATSU, --~I. LEVITT AND S. UDENFRIEND, J .  Biol. Chem., 239 (1964) 29Io. 
2 1~. })ETR,X-CK, F. SHEPPY AND V. FETZER, ,]. Bl'ol. Chel~l., 243 (1968) 743. 
3 M. IKEDA, L. A. FAHIEN AND S. UDENFRIEND, ,[. Biol. Chem., 241 (19(70) 4452. 
4 T. NAGATSU, M. LEvrr'r AND S. UDENFRIEND, Anal. Biochem, 9 (1904) i-2. 
5 (;. N. WILKINSON, Biochem. J. ,  8o (1901) 234. 
(, \v. \V. ('LLLA~,'D, A~l~. Rev. Biochem., 36 (J9(i7) 77. 

Received October I4th, 1968 

Biochim. Biophys. 4cta, 171 (I969) 378--380 


