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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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hibi t s  the  enzymatic fl-hydroxylation which suggests that  a cation is necessary for 
enzyme activity 6. 

In the present study, evidence was obtained that  dopamine-fl-hydroxylase 
contains sulfhydryl groups which are essential for enzymatic activity. 

The enzyme dopamine-fl-hydroxylase was prepared and purified from bovine 
adrenal glands 1, and the incubation was carried out by the previously described 
procedure 3. At the end of the period of incubation, the solution was analyzed for 
enzymatically formed norepinephrine. E14ClDopamine was used as a substrate, and 
after acetylation of the amines, the enzymatically formed ~laCjnorepinephrine was 
separated from [14C]dopamine by paper chromatography. The amount of [14Cldopa- 
mine which disappeared from the incubation mixture, as well as the amount of [14C 1- 

T A B L E  I 

T H E  E F F E C T S  O F  p-CHLOROMERCURIBENZOATE ON DOPAMINE-~-HYDROXYLASE ACTIVITY 

The i n c u b a t i o n  m i x t u r e  con ta ined  the  fol lowing componen t s :  o . i  ml  enzyme,  2/~moles dopa-  
mine,  6 /zmoles  ascorbate ,  i o # m o l e s  fumara te ,  I o # m o l e s  A T P  and  i o o # m o l e s  p h o s p h a t e  
buffer (pH 6.4) in  a t o t a l  vo lume  of I ml. The i ncuba t ion  was  carr ied  out  for 45 min  a t  37 °. 
The  concen t r a t i on  of  p -ch lo romercu r ibenzoa te  (PCMB) was  lO -4 M. The concen t r a t ion  of the  co- 
fac tors  in  the  p r e incuba t ion  m i x t u r e  was  the  same as in the  i ncuba t ion  mix tu re .  A t  the  end of 
t he  p re incuba t ion ,  in the  E x p t s .  4 and  4 a, 2 /zmoles  of dopamine  were added,  and  in  the  E x p t s .  4 b 
and  4 c, i o / , m o l e s  of f u m a r a t e  were added.  In  the  Exp t s .  4 a and  4 c, the  enzyme  was  p r e i n c u b a t e d  

first  w i th  the  l i s ted  componen t s  for 5 rain and  then  wi th  PCMB. 

Preincubation Norepinephrine 
Expl. Preincubatio~ mixture time formed Relative 
No. (min) (l*moles/ml) activity 

I E n z y m e  io  i .2o ioo  
i a  Enzyme ,  PCMB io  i . i o  91 

2 E n z y m e  30 i . i o  ioo  
2a Enzyme ,  PCMB 3 ° 0.55 5 ° 

3 Enzyme ,  o .2/zmoles  
Ascorba te  io  i .20 ioo  

3a Enz ym e ,  o.2/~moles 
Ascorbate ,  PCMB io  0.50 42 

4 Enz ym e ,  all  cofactors  15 0.95 ioo  
4 a Enz ym e ,  all  cofactors,  PCMB 1.5 0.30 31 
4 b Enz ym e ,  dopamine ,  all  co- 

factors,  f u m a r a t e  exc luded  15 0.95 ioo  
4c Enzyme ,  dopamine ,  PCMB, 

all cofactors  f u m a r a t e  ex- 
c luded  15 0.60 63 

norepinephrine formed in the incubation mixture, was calculated from the radio- 
activity of each of these compounds. The amount of enzymatically formed nor- 
epinephrine was also determined by  a modification of the fluorometric method s. The 
results obtained with both methods were in close agreement. The degree of activation 
or inhib i t ion  of dopamine-fl-hydroxylase was determined by comparing the amount 
of norepinephrine formed in an incubation mixture which contained only the sub- 
strate and in an incubation mixture which contained the tested compound and the 
substrate. 
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The effects of p-chloromercuribenzoate  on dopamine-fl-hydroxylase ac t iv i ty  are 
shown in Table I. I t  can be seen tha t  the degree of dopamine-fl-hydroxylase inhibi-  
t ion by  p-chloromercur ibenzoate  is dependent  on the na tu re  and  the t ime of the pre- 
incuba t ion  mixture .  Max imum inhibi t ion  is achieved when the p re incuba t ion  mix- 
ture  contains  catalyt ic  amount s  of ascorbic acid (Table I, Expt .  3)- This f inding sug- 
gests tha t  ascorbic acid reduces some disulfide linkages and  makes thiol groups 
accessible for react ion with p-chloromercuribenzoate.  Thus,  ascorbic acid assumes 
a dual  role in the s t imula t ion  of the enzymat ic  f l-hydroxylat ion,  it  acts as an  electron 
donor 1, and  act ivates  the enzyme by  protect ion of the sulfhydryl  group from oxida- 
tion. Protect ion against  p-chloromercuribenzoate  inhibi t ion  by  prior addi t ion of the 
subst ra te  (Table I, Expt .  4 b, c), and  reversal of the inhibi t ion by  GSH (Table I I ,  
Expt .  I), indicates tha t  dopamine-/5-hydroxylase contains  essential thiol groups 
which are probably  located at  the active center. I t  can also be seen from Table II,  
tha t  the par t ia l ly  purified enzyme preparat ions  are ac t iva ted  by  GSH and  tha t  the 
degree of ac t iva t ion  depends on the t ime which elapsed after the prepara t ion  of the 
enzyme. The ac t iva t ion  by  GSH is more pronounced with aged enzyme preparat ions.  
This suggests tha t  the decrease in the ac t iv i ty  of the aged enzyme is due to the 
oxidat ion of the essential sulfhydryl  groups. 

TABLE II 

A C T I V A T I O N  O F  E N Z Y M E  W I T H  GSH 

Reaction mixtures and incubation conditions were as described in Table I. The concentration 
of p-chloromercuribenzoate (PCMB) was lO -4 M and that of GSH was io -a M. In Expt. ib, all 
cofactors and PCMB were preincubated with the enzyme for io rain, then GSH wasadded and the 
preincubation continued for another IO min. The preincubated mixture was then dialyzed for 
3 h against phosphate buffer (pH 6.8) in order to remove the excess GSH. All cofactors and sub- 
strate were then added to the dialyzed enzyme and the mixture was incubated. In all other ex- 
periments listed in Table II, the preincubation, dialysis and incubation was carried out in the 
same manner as in Expt. lb. In Expt. 2, a i-8-day old enzyme preparation was used, in ExpL 3, 

a 3o-6o-day old enzyme preparation was used. 

Norepinephrine Relative 
Expt. Preincubation mixture formed 
No. (#moles /ml ) activity 

I Enzyme, all cofactors 0.95 ioo 
Ia Enzyme, all cofactors, PCMB 0.30 3I 
ib Enzyme, all cofactors, PCMB, GSH i.IO 116 

2 E n z y m e * "  1 .2o  ioo 
za Enzyme, GSH 1.4 ° i i  7 

3 Enzyme** 0.70 ioo 
3a Enzyme, GSH 1.4o zoo 

The studies of in teract ion of substra tes  and  inhibi tors  with thiol groups of the 
enzyme may  elucidate the mechanism of the enzymat ic  f l-hydroxylat ion.  I t  has been 
shown tha t  adrenalone inhibi ts  the enzymat ic  f l -hydroxylat ion 7, and  an a t t rac t ive  
assumpt ion  would be tha t  the carbonyl  group of adrenalone reacts with the essential  
thiol group of the enzyme. The ease with which thiol groups add to carbonyls  to 
give thiohemiacetals  or thiohemiketals ,  has been described for several thiol enzyme 
systems s. Studies are now in progress to explore this hypothesis.  
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P~ xoo65 
Chemical evidence for the presence of subunits in 

glyceraldehyde-3-phosphate dehydrogenase 

The fingerprint of a tryptic hydrolysate of crystalline glyceraldehyde-3-phosphate 
dehydrogenase, (D-glyceraldehyde-3-phosphate: NAD oxydoreductase (phospho- 
rylating), EC 1.2.I.I2), isolated from swine muscle, is shown in Fig. I. I t  is to be 
seen from the tracing that  only 29 components (I6 of them giving an intense colour 
reaction with ninhydrin and 13 a fainter one) could be separated under the experi- 
mental  conditions applied. The basic components appeared to be, in addition to 
free lysine and arginine, mostly small peptides. Among the acidic components the 
one marked with "3o" corresponds to free glutamic acid. The neutral components 
did not fractionate well under the conditions of fingerprinting. A considerable 
amount of material remained at the starting point. 

From the tryptic hydrolysate 2o% of the dissolved material precipitated at 
3,3% end-concentration of trichloroacetic acid. The precipitate contained neutral 
and acidic components, while the basic peptides remained in the supernatant.  

The trichloroacetic acid-insoluble fraction was oxidized with performic acid, 
then gel-filtrated on a Sephadex G-25 column in order to remove components of 
small molecular weight. The high-molecular-weight fraction could be separated into 
at least three chief components by  chromatography on cellulose powder (Fig. 2). 
Fraction A was a peptide, containing 2.2% cysteic acid, and had a minimal molecular 
weight of about 77oo. The analysis of this peptide is in progress. 

Biochim. Biophys. Acta, 77 (1963) I64 166 


