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Summary 

The tyrosine hydroxylase activity of sheep brain caudate nuclei homogenates 
was solubilized by treatment with 0.2~o Triton X-100 and concentrated by ultra- 
filtration. Although the enzyme shows an absolute requirement for a reduced 
tetrahydropteridine (DMPH4) as cofactor, concentrations > 2 mM are inhibitory. 
The maximal reaction velocity is stimulated two-fold by the inclusion of 0. S mM 
Fe 2+ in the assay. However, the apparent Michaelis constants, Kin, for L-tyrosine 
and DMPH 4 are  not affected by Fe 2+ and values of 0.1 and 0.33 mM were obtained 
for these parameters.  A five-fold purification of the enzyme concentrate was 
achieved by affinity chromatography on iodotyrosine-substituted agarose. Active 
eluate fractions were distinctly turbid, suggesting that intermolecular aggregation 
of the tyrosine hydroxylase protein occurs as a concomitant of the purification 
procedure. 

Tyrosine hydroxylase (EC 1.14.3.1), a monooxygenase which catalyzes the 

initial step in the biosynthesis of norepinephrine, has been demonstrated in the 

adrenal medulla, brain and sympathetically innervated tissues (1, 2). The enzyme 

requires a tetrahydropteridine as cofactor (1, 3, 4) and the activity of the soluble 

adrenal enzyme, partially purified by ammonium sulfate fractionation (5, 5), is 

stimulated by Fe 2+ and inhibited by a wide variety of iron chelating agents (4-7). 

This behavior suggests an iron requirement for the hydroxylation reaction in which 

tyrosine is converted to 3, 4-dihydroxyphenylalanine (DOPA). 

Although tyrostne hydroxylase from bovine adrenal glands has been thoroughly 

*This work was supported by the Clinical Research Center for Parkinson's and 
Allied Diseases, USPHS Grant NS-05184. 
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c h a r a c t e r i z e d  with r e s p e c t  to i ts  k inet ic  p r o p e r t i e s  (1-7), the b r a i n  enzyme has  been 

l e s s  ex tens ive ly  inves t iga ted  and the kinet ic  p a r a m e t e r s  r e p o r t e d  for  i t  by  va r ious  

au thors  (8-10) a r e  somewhat  d i s c r epan t .  F r o m  the work  of Cote and Fahn (11) and 

o thers ,  i t  i s  evident  that  a cons ide r ab l e  en r i chmen t  of b r a i n  ty ros ine  hyd roxy la se  

ac t iv i ty  m a y  be ach ieved  by  d i s sec t i on  of the caudate  nucleus p r i o r  to homogeniza t ion .  

F o r  this  r e a son ,  the caudate  nucle i  of sheep b r a i n s  we re  used  as  the enzyme source  

for  the s tudies  r e p o r t e d  h e r e .  Ce r t a in  kinet ic  p a r a m e t e r s  of b r a i n  t y ros ine  hyd roxy-  

l a s e  have been de t e rmined  and a pro tocol  dev i sed  by which the c rude  enzyme m a y  be 

p a r t i a l l y  pur i f ied ,  us ing  the technique of aff ini ty  ch roma tog raphy .  

Ma te r i a l s  and Methods 

~-14C~ L - t y r o s i n e  (446 pC/~mole)  was obtained f rom New England Nuclear  Corp.  

and used  without  fu r the r  pur i f ica t ion;  2 - a m i n o - 4 - h y d r o x y - 6 ,  7 -d ime thy l -5 ,  6, 7, 8- 

t e t r a h y d r o p t e r i d i n e  (DMPH4) was suppl ied  by Calb iochem and NSD-1055 ( p - b r o m o -  

m-hydroxybenzy loxyamine)  by Smith-Nephews Ltd.  

Tyms ine  hyd roxy la se  ac t iv i ty  was m e a s u r e d  by a modi f ica t ion  of the method of 

Nagatsu  e t  a l  (5). Reagent  por t ions  we re  s ca l ed  down to give a final  incubation volume 

of 220 pl. In the ca lcu la t ions ,  a 55% r e c o v e r y  of DOPA was a s s u m e d  and v e r i f i e d  

p e r i o d i c a l l y  with 14C-DOPA. Each a s s a y  contained 0 .2  M sodium ace ta te ,  pH 6.2 ,  

1 mM DMPH4, 0.1 mM NSD-10S5, 0.1 M mercap toe thano l  and 45 pM L - t y r o s i n e  

containing 1.6 x 105 counts / ra in .  F o r  those  a s s a y s  r equ i r i ng  Fe  2+, f r e sh ly  p r e p a r e d  

f e r r ous  ammonium sulfa te  solut ion was added as  wel l .  Incubations w e r e  c a r r i e d  out 

a t  37 ° for 15 min  in a metabo l i c  shake r .  The r e a c t i o n  was s topped by the addi t ion of 

2 ml  5% TCA containing 20 pg of L-DOPA as c a r r i e r .  

Candate  nuclei  (12-14 g) w e r e  d i s s e c t e d  f rom I0 sheep  b r a i n s  and e i the r  kept  

f r o z e n  a t  -70 ° o r  homogenized  i m m e d i a t e l y  in 9 vo lumes  of i c e - c o l d  0.25 M s u c r o s e  

o 
in an a l l - g l a s s  homogen ize r .  All  subsequent  s teps  we re  c a r r i e d  out a t  0-4 . The  
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homogenate  was cen t r i fuged  a t  2.000 g for  15 min,  the sed imen t  suspended  in 1/2 the 

or ig ina l  vo lume of s u c r o s e  and r ecen t r i fuged .  The superna tan t s  w e r e  combined and 

the enzyme was so lub i l i zed  by  t r e a t m e n t  with 0.2% Tr i ton  X-100, followed by 

cent r i fugat ion  a t  105,600 g for  1 h r .  The superna tan t  was concen t ra t ed  10 to 1S-fold 

by vacuum u l t r a f i l t r a t i on  and s t o r e d  a n a e r o b i c a l l y  a t  -20 °.  Under  these  condit ions 

the ac t iv i ty  of  the concen t ra te  was s tab le  for  a t  l e a s t  t h r ee  months .  

Sepharose  4 B ( P h a r m a c i a )  was ac t iva t ed  with cyanogen b r o m i d e  accord ing  to 

the p r o c e d u r e  of C u a t r e c a s a s  (12). Coupling of the inhibi tor  3 - i odo ty ros ine  to the 

ac t iva t ed  a g a r o s e  was accompl i shed  at  pH 11 by adding 90 pmoles  pe r  ml  r e s i n  and 

s t i r r i n g  the s l u r r y  for  18 h r s .  a t  4 ° .  The degree  of modif ica t ion ,  e s t i m a t e d  by a 

method for  de te rmin ing  p ro te in  bound iodide (13), was 2-4 pmoles  of 3 - iodo ty ros ine  

bound pe r  ml  r e s i n .  Column ch roma tog raphy  of the enzyme concen t ra te  was 

p e r f o r m e d  as  noted in the l egend  to Fig .  3. Eluate  f rac t ions  we re  mon i to r ed  for  

ac t iv i ty  and p ro te in  content ,  which was e s t ima ted  by  the F o l i n - L o w r y  p r o c e d u r e  

(14), us ing bovine s e r u m  a lbumin  as  s t anda rd .  

Resul ts  and Discuss ion  

It was o b s e r v e d  cons i s t en t ly  that  t y ros ine  hydroxy la se  ac t iv i ty  was enhanced 

two to fou r - fo ld  by Fe  2+ in the de te rgen t=so lub i l i zed  enzyme f rac t ions ,  while l i t t l e  

or  no s t imula t ion  by  Fe  2+ was o b s e r v e d  for  the homogenate  o r  the s u c r o s e  ex t r ac t .  

Accord ing ly ,  the T r i t o n - t r e a t e d  enzyme concen t ra t e  was used  to de t e rmine  the 

appa ren t  Michael t s  cons tants  (Kin) for  L - t y r o s i n e  and DMPH4, in the p r e s e n c e  and 

absence  of Fe  2+. L inweaver -Burk  d o u b l e - r e c i p r o c a l  p lots  of the data obtained for 

t y r o s i n e  a r e  shown in Fig .  1. It is  evident  that  only the m a x i m a l  r e a c t i o n  ve loc i ty  is  

a f fec ted  by supplement ing  the a s s a y  with Fe  2+ and that  the ac t iv i ty  is enhanced by a 

fac tor  of 2 .2  (the r a t i o  of the two s lopes) .  Both plots  ex t r apo la t e  to a p p r o x i m a t e l y  

the s a m e  in t e rcep t  on the a b s c i s s a .  The appa ren t  Krn obtained for  L - t y r o s i n e  is 

0.1 mM in e i ther  c a s e .  
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Figure  1.  Linweaver-Burk plots of sheep b ra in  tyros ine  hydroxylase act ivi ty  ve r sus  
L=tyros ine  • .2+ concentra t ion,  in the absence ( ) and p resence  (A) of 0.5 rnM Fe . 
Incubation mix tu res  consis ted  of 80 pl of enzyme concentra te  (0.25 rag), 20 pl of 
e i ther  water  or fer rous  ammonium sulfate solution and 40 gl of a buffered DMPH 4 
solution. The reac t ion  was ini t ia ted by the addition of 80 pl of a sui table  ty ros ine  
mix ture  and incubations were  ca r r i ed  out at 37 ° for 15 rain.  Each a s say  was 
per formed in duplicate with an appropr ia te  blank heated to 80 ° for 10 min  pr ior  to 
incubation.  The final concentra t ion  of DMPH 4 was 1 mM and the tyros ine  concent ra t ion  
was va r i ed  from 3.9 to 125 NM. 
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Figure  2 .  Linweaver-Burk plots of tyros ine  hydroxylase act ivi ty ve rsus  DMPH 4 
concentra t ion,  in the absence (o) and p resence  (Ik) of 0.5 mM Fe 2+. Assays  were 
per formed with 1 mg of enzyme concentra te ,  under  the conditions descr ibed  in the 
legend to Figure  1. The final concent ra t ion  of tyros ine  was 44.6 FM and the 
DMPH 4 concent ra t ion  was var ied  from 0.125 to 4 raM. 

Although the enzymat ic  act ivi ty showed an absolute r e q u i r e m e n t  for DMPH4, 

both in  the p resence  and absence  of Fe 2 +  concentra t ions  > 2 mM were  inhibitory.  
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Consequendy, the Linweaver -Burk  plots  shown in Fig .  2 a r e  nonl inear .  Never the les s ,  

the l i n e a r  por t ions  of each  curve  ex t rapo la te  to the s ame  in t e rcep t  on the a b s c i s s a  and 

the apparen t  K m for  DMPH 4 is  0.33 mM in e i the r  ca se .  The appa ren t  K m va lues  of 

0.1 and 0.33 mM found for  L - t y r o s i n e  and DMPH 4 with the b r a i n  enzyme a r e  c ompa ra b l e  

to the va lues  of 0.1 and 0 .5  mM obtained by Ikeda et  a1(15) for  the ad rena l  enzyme.  

A wide v a r i e t y  of t y r o s i n e  analogues  and catechol  de r iva t ives  a r e  known to 

inhibi t  ad rena l  t y r o s i n e  hyd roxy la se  in v i t ro  (5, 6). Such findings have been  used,  

in conjunct ion with in vivo s tud ies ,  to fo rmula te  a model  of feedback regu la t ion  of  

ca techo lamine  b iosyn thes i s  in the nervous  s y s t e m .  Accord ing ly ,  c e r t a i n  r e p r e s e n t a t i v e  

examples  of such compounds we re  a s s e s s e d  for  the i r  ab i l i t y  to inh ib i t  b r a i n  t y ros ine  

hyd roxy la se .  It was found that  the me tabo l i t e s  dopa, dopamine and norep inephr ine  

we re  m o d e r a t e l y  ef fec t ive  inh ib i to rs  a t  a concent ra t ion  of  1 raM. 

In r e c e n t  y e a r s  the technique of aff ini ty  ch roma tog raphy  (12) has  been exploi ted  

in the  pur i f i ca t ion  of p ro te ins  whose b io logica l  ac t iv i ty  is  l ab i l e  to m o r e  conventional  

ch roma tog raph i c  me thods .  A s u b s t r a t e - a n a l o g  inhibi tor  is covalent ly  a t t ached  to a 

su i tab le  m a t r i x ,  usua l ly  a g a r o s e  or  p o l y a c r y l a m i d e ,  t he reby  obtaining a so l id  suppor t  

capable  of binding spec i f i ca l l y  and r e v e r s i b l y  the p ro t e in  of i n t e r e s t .  The two s u b s t r a t e  

analogues ,  L-phenyla lan tne  and 3 - i o d o - L - t y r o s i n e  we re  both compet i t ive  inhibi tors  

with r e s p e c t  to t y r o s i n e  and f rom the a p p r o p r i a t e  L inweaver -Burk  plots ,  va lues  of 

0 .5  and 100 ~M were  obtained for  the i r  r e s p e c t i v e  inhibi tor  cons tants ,  K i.  Due to 

i ts  m o r e  favorab le  aff ini ty,  3 - iodo ty ros ine  was used  to p r e p a r e  the aff ini ty  

ch roma tog raphy  r e s i n  d e s c r i b e d  in the expe r imen t a l  sec t ion .  

The r e s u l t s  obta ined for  the ch roma tog raphy  of  the enzyme concentrate on 

both unmodif ied and 3 - i o d o t y r o s i n e - s u b s t i t u t e d  a g a r o s e  a r e  shown in Fig .  3. It is  

evident  that  in the f o r m e r  c a s e  (upper  curve)  no r e t en t ion  of t y ros ine  hydroxy la se  

o c c u r r e d  and the a c t i v i t y - p r o t e i n  elut ion p ro f i l e s  w e r e  e s s e n t i a l l y  coincident .  About 

89~o of the app l ied  ac t iv i ty  was r e c o v e r e d  in this peak.  In con t ra s t ,  the elut ion 
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profile for the iodotyrosine-modified resin (lower curve) shows that about 2/3 of 

the total protein applied to the column passed through unretarded and was devoid 

of enzymatic activity. The adsorbed tyrostne hydroxylase protei~ was subsequently 

eluted by dilute alkali (I mM KOH), with recovery of 52% of the applied activity. In 

scaled-up versions of the experiment depicted in Fig. 3, purifications of as much as 

five-fold, relative to the crude enzyme concentrate, have been achieved. It is 

evident, therefore, that sheep brain tyrostne hydroxylase may be at least partially 

purified by means of affinity chromatography. Hence, it should be a useful tool for 

the purification of this enzyme from various sources.  It is noteworthy, however, that 

the enzymatically active fractions eluted from the iodotyrosine resin are  heavily turbid, 

suggesting intermolecular aggregation of the tyrosine hydroxylase protein as a 

I0 

8 

6 

 oII, 
,ot[1 

E 

z 
o " '  a i -  

o 

mMh 
IA,  KOHI \ 

20  40  60  80 

ELUATE VOLUME (ml) 

Figure 3.  Affinity chromatography at 4 ° of brain tyrosine hydroxylase on todo- 
tyrosine-modified (lower) and unmodified (upper) Sepharose 4B. Columns 
(0.7 x 12 cm) were equilibrated with 0.1 M potassium phosphate buffer, pH 6.2, 
and 1 ml (50 rag) of the Triton-solubilized enzyme concentrate was applied. The 
columns were developed with the above buffer and 4 ml fractions were collected. 
For the lower curve, the eluant was changed to 1 mM KOH, pH 10, at the arrow. 
In this case, each collecting tube contained 1 ml of 0.1 M potassium phosphate, 
pH 6.2, to neutralize the effluent. 
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concomitant of the purification procedure.  Fur thermore,  pre l iminary disc gel 

electrophoretic data suggest that the enzyme is already aggregated in the sample 

applied to the column. Hence, it is not possible to prevent this behavior by 

manipulation of column paramete rs .  It is remarkable ,  nonetheless, that such 

aggregates appear to be flflly active and to be s ter ical ly  unhindered in their ability 

to bind revers ib ly  to the res in  (16). 
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