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An Assay for Dopamine- f l -Hydroxy lase  Activity 

A l t h o u g h  dopamine - f l -hyd roxy la se  (DflH) a c t i v i t y  was  
d e m o n s t r a t e d  in v i v o  in v a r i o u s  s y m p a t h e t i c  i n n e r v a t e d  
t issues ,  t h e  e n z y m e  a c t i v i t y  could  n o t  b e  m e a s u r e d  in  
h o m o g e n a t e s  o b t a i n e d  f r o m  these  t issues.  E v i d e n c e  ha s  
been  p r e s e n t e d  t h a t  e n d o g e n o u s  i n h i b i t o r s  in te r fe re  w i t h  
t h e  assays  of DflH a c t i v i t y  in  v i t r o  1, 2. 

Th i s  p a p e r  descr ibes  a s ens i t i ve  a n d  specific e n z y m a t i c  
a s say  for  d e t e r m i n a t i o n  of DflH a c t i v i t y .  T h e  e n z y m a t i c  
a c t i v i t y  c an  be  d e t e r m i n e d  b y  t h i s  p r o c e d u r e  in  v a r i o u s  
t i s sues  as wel l  as  in  se rum.  T h e  p r inc ip le  of t he  a s say  is 
ou t l i ned  in  t h e  fo l lowing r e a c t i o n  scheme.  

DflH 
RCHzCH2NH 2 + O2 + X H ~ -  ~- RCHOHCHzNH z 

+ H20 + X 
PNMT 

RCHOHCHeNH 2 + C14Ha-S-AM 1, RCHOHCH~NHC14Ha 
+ SAHCys. 

XH~ = ascorbate;  X = dehydroascorbate;  
Ct*Ha-S-AM = S-adenosylmethionine;  
S-AHCys = S-adenosylhomocysteine; -R = pheuyI 

I t  c an  be  seen  f rom t h i s  s c h e m e  t h a t  t h e  a s say  d e p e n d s  
on  2 e n z y m a t i c  reac t ions .  I n  t h e  f i r s t  r e ac t i on  t y r a m i n e  
is a d d e d  to  t h e  h o m o g e n a t e  a n d  is cof lver ted  b y  DflH to  
oc topamine .  I n  t h e  s u b s e q u e n t  second r e a c t i o n '  t h e  
e n z y m a t i c a l l y  fo rmed  o c t o p a m i n e  is f u r t h e r  c o n v e r t e d  
b y  t h e  a d d e d  P N M T  to  N - m e t h y l  o c t o p a m i n e .  CI~Ha - 
S--AM serves  as a m e t h y l  d o n o r  a n d  t h e  a m o u n t  of 
C~a-N-methyl  o c t o p a m i n e  is p r o p o r t i o n a l  to  DflH ac t i v i t y .  
A n  a c c o u n t  of t h i  s p rocedu re  was  p r e v i o u s l y  p r e s e n t e d  z,,. 

Determination o/dopamine-fl-hydroxylase activity in the 
serum. S e r u m  o b t a i n e d  f rom h u m a n s  was  d i lu t ed  50-100 
fold a n d  used  for  e n z y m e  a c t i v i t y  assay,  T h e  i n c u b a t i o n s  
were  ca r r i ed  o u t  in  2 s epa ra t e  s teps .  

S t ep  1. To a n  a l i quo t  of d i lu t ed  s e r u m  (0.05-0.1 ml)  
10 ~xmoles of a c e t a t e  bu f f e r  p H  5.5 a n d  0.1 ~xmole of 
N - e t h y l - m a l e i m i d e  (EMI) were  a d d e d  in a v o l u m e  of 
0.2 ml .  The  m i x t u r e  was  p r e i n c u b a t e d  a t  r o o m  t e m p e r a -  
t u r e  for 10 ra in  a n d  t h e n  t h e  fo l lowing c o m p o n e n t s  in  
a t o t a l  v o l u m e  of  0.3 m l  were  a d d e d  (in nmoles)  : f u m a r a t e ,  
10; a scorba te ,  6; pa rgy l ine ,  0.7; t y r a m i n e ,  0.4; a n d  1000 
u n i t s  of  ca t a l a se  (Sigma) .  T he  m i x t u r e  was i n c u b a t e d  
for  20 m i n  a t  37°C. 

The  e n d o g e n o u s  i n h i b i t o r s  of DflH were  i n a c t i v a t e d  
w i t h  E M I  a k n o w n  s u l f h y d r y l  r e a c t i v e  r eagen t .  E M I  
i n h i b i t s  P N M T  a c t i v i t y  a n d  the re fo re  a t  t he  b e g i n n i n g  
of t h e  second s tep  of t h e  r e a c t i o n  D T T  was  a d d e d  to  
r e a c t  w i t h  t h e  excess  of t h i s  r eagen t .  T h e  a d d i t i o n  of 
c o p p e r  also i n a c t i v a t e s  t h e  e n d o g e n o u s  i nh i b i t o r s 4 ;  how-  
ever ,  excess ive  coppe r  i n h i b i t s  DflH a c t i v i t y  a n d  t h e  
c o n c e n t r a t i o n  of c o p p e r  in  each  a s say  is cr i t ical .  I t  seems  
t he r e fo re  t h a t  t h e  a d d i t i o n  of E~{I  is p r e f e r ab l e  to  t h e  
a d d i t i o n  of copper .  

S t ep  2. A t  t h e  e n d  0f t h e  i n c u b a t i o n  0.1 [xmole of 
d i t h i o t h r e i t o l  (Cle land ' s  r eagen t )  (DTT)  in  0.1 m l  was  
a d d c d  a n d  a f t e r  5 ra in  t h e  fo l lowing c o m p o n e n t s  were  
a d d e d :  tris buf fe r  p H  7.5, 100 ~moles ;  C14H3-S-AlV[, 
2 n m o l e s  a n d  0.1 m l  of pur i f i ed  P N M T ,  (A P N M T  
p r e p a r a t i o n  pur i f i ed  b y  c h r o m a t o g r a p h y  on  S e p h a d e x  
G-100 c o l u m n  was  usedS.) T h e  r e a c t i o n  m i x t u r e  was  
i n c u b a t e d  for 3 0 m i n  a t  37~C. T h e  i n c u b a t i o n  was  
s topped  b y  t h e  a d d i t i o n  of b o r a t e  bu f f e r  p H  10.5 (500 
~moles).  The  C l t N - m e t h y l a t e d  o c t o p a m i n e  was e x t r a c t e d  
i n to  a m i x t u r e  of t o luene  i s oam y l  a lcohol  (3:2) as pre-  
v ious ly  d e s c r i b e d t  A n  a l iquo t  of t h e  o rgan ic  p h a s e  was  
t r an s f e r r ed  in to  a c o u n t i n g  v ia l  a n d  t h e  r a d i o a c t i v i t y  
was de t e rmined .  A s a m p l e  of boi led  e n z y m e  p r e p a r a t i o n  
se rved  as b lank .  

in Tissues  and Serum 

Determination o/dopamine-fl-hydroxylase activity in tis- 
sues. T h e  same  p rocedu re  as desc r ibed  for  s e r m n  was  
used  for t h e  d e t e r m i n a t i o n  of DflH a c t i v i t y  in  t issues.  
Tissues  were  homogen i zed  in 30 vo lumes  of 0 . 0 5 M  tris 
buf fe r  p H  6.8, c o n t a i n i n g  0.1% t r i t o n  X-100. The  h o m o -  
g e n a t e  was  cen t r i fuged  a t  27,000 Xg for  20 ra in  a t  0°C. 
A l iquo t s  of t h e  s u p e r n a t a n t  were  used for e n z y m e  
a c t i v i t y  a n d  for p r o t e i n  d e t e r m i n a t i o n .  W h e n  t h e  DflH 
a c t i v i t y  in  t h e  h o m o g e n a t e s  of some  t i ssues  was  too  low 
t h e  e n z y m e  in t h e  s u p e r n a t a n t  was  c o n c e n t r a t e d  b y  
p r e c i p i t a t i o n  w i t h  80% (NH4)2SO 4. T h e  p r e c i p i t a n t  was  
col lec ted  on  mi t l ipore  f i l te r  a n d  d isso lved  in  a m i n i m u m  
v o l u m e  of 0 . 0 5 3 f  tris buf fe r  p H  6.8 (20-30 m g  of p r o t e i n  
pe r  ml).  The  d isso lved  p r o t e i n  was  d i a lyzed  a g a i n s t  

Table I. Dopamine-/~-Hydroxylase activity in the serum of control 
subjects and in patients with neurological disorders 

No. of Disorder Physical Range 
subjects and treatment activity of DflH 
(age rmlge of aetivity~ 
subjects) 

6 (22--46) Controls Active 50-90 
2 (70-72) Controls Inactive 36--45 
2 (70-75) Parkinson's disease, Inactive 22-28 

treated with L-Dopa 
2 (70-72) Parkinson's disease, Inactive 2.8-5,5 

treated with L-Dopa 
2 (70-75) Parkinsou's disease Inactive 4.9-6.0 

(no treatment) 
1 ( 7 0 )  Amyotrophic lateral Inactive 11.0 

sclerosis, treated 
with L-Dopa 

1 ( 7 2 )  Amyotrophic lateral Inactive 12.5 
sclerosis (no treatment) 

The activity is expressed per nmole of formed product/20 min/ml 
serum. 

Table II. Drill activity in various tissues of male Sprague-Dawley 
rats 

Tissues cpm × 10 -2 cpm × 10 -~ 
per g tissue per organ 

Adrenals ~ 18,000 4- 2,000 720 4- 80 (perpair) 
Heart 3,420"4- 390 1,710 4- 190 
Salivary gland 4,050 4- 520 610 ~ 30 
Brain stem 2,900 ~ 260 900 4- 125 

The results are the mean 4- S.E.M. obtained from tissues of 5 rats. 
Aliquots of the whole homogenate (1 : 100 dilution) were used for 

enzyme assay. 
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0.15JVI ace ta te  buffer  p H  5.5 and the  vo tume  ad jus ted  
to  conta in  20 m g  of pro te in  per  ml. At iquots  of these 
p repara t ions  were used for de t e rmina t ion  of enzyme  
a c t i v i t y  and  of  protein.  

The  results  presented  in Table  I show D/gH a c t i v i t y  
in the  serum of var ious  h u m a n  control  subjects  and in 
pa t ien ts  wi th  some neurological  disorders. DflH ac t i v i t y  
varies  wi th in  a cer ta in  range in the  serum of the  control  
subjects.  ;Prel iminary results indicate  t ha t  the  DflH 
a c t i v i t y  depends  on the  age and phys ica l  a c t i v i t y  of the  
h u m a n  subjects .  The  DflH a c t i v i t y  in t he  serum of some 
pa t ien t s  w i th  Park inson ' s  disease and w i t h  amyo t roph i c  
la te ra l  sclerosis was lower  as compared  wi th  t he  a c t i v i t y  
irf the  se rum of the  controls .  However ,  these  pa t ien ts  
have  been phys ica l ly  inac t ive  for a long period of t ime  
and the  low DflH a c t i v i t y  in the  serum m a y  be due to 
the  physical  i nac t i v i t y  and m a y  not  necessari ly be 
associated wi th  the  disease.  Fur the rmore ,  t he  prolonged 
t r e a t m e n t  of some pa t ien ts  wi th  L-Dopa m a y  affect  the  
DflH ac t iv i ty .  Studies are now in progress to  de t e rmine  
the  factors  which  are responsible  for the  low DflH a c t i v i t y  
in the  se rum of these  pa t ien ts .  

The  presence of DflH a c t i v i t y  in h u m a n  se rum was 
also assayed w i t h  i m m u n o c h e m i c a l  techniques .  The  
addi t ion  of pur i f ied  r abb i t  an t i -Df lH an t i se rum ~ to 
h u m a n  serum resul ted in an inhib i t ion  of DflH ac t iv i ty .  
This  an t i se rum exhib i ted  a specific effect  on DflH 
ac t i v i t y  and had no effect on P N M T  ac t iv i ty .  DflH 
ac t iv i ty  was also measured  in t he  se rum of var ious  species. 
I n  rats,  mice and monkeys  the  DflH ac t i v i t y  was m u c h  
lower than  in humans .  I n  C-1300 mice bear ing  neuro-  
b l a s toma  tumors  the  Dr i l l  a c t i v i t y  in t he  serum was 
s ignif icant ly  h igher  t h a n  in the  corresponding serum of 
control  mice.  

The  results presented  in Table  I I  show the  DflH 
a c t i v i t y  in var ious  tissues of rats.  The  adrena l  gland 

shows the  h ighes t  D/ /H ac t iv i ty ,  while in t he  hear t  and 
sa l ivary  glands  t he  DflH ac t i v i t y  is m u c h  lower. DflH 
a c t i v i t y  was  de te rmined  in var ious  regions of the  brain,  
b u t  a t  p resent  reproducib le  results  were ob ta ined  only  
in the  b ra in  stem. I t  is no t ewor thy  t h a t  DflH was also 
localized wi th  immunof luorescence  techniques  in the  cell 
bodies in the  medul la  ob longa ta  and the  pons% s. Thus,  
the  presence of DflH in the  bra in  s tem was conf i rmed 
wi th  2 d i f ferent  procedures.  S tudies  on the  effects of 
stress and  of psychoac t ive  drugs  on D/ /H ac t iv i ty  in 
serum and in t issues are now in progress. 

Zusammen]assung. Eine  isotopische Methode zur  Be-  
s t immung  der  Df lH-Akt iv i t~ t  wird  beschrieben.  Die 
Methode wurde  ve rwende t  zur  B e s t i m m u n g  der  DflH- 
Akt iv i t~ t  im menschl ichen Serum und in verschiedenen ° 
Organen der  Ra t t e .  Das sympa t i sche  Nervensys t em des 
Menschens kann  m i t  dieser Methode  wel ter  erforscht  
werden. 

M. GOLDSTEIN, L. S. FREEDMAN 
and M. t~ONNAY ~ 

New York University Aledical Center, 
Department o/Psychiatry, Neurochemistry Laboratory, 
550 First Avenue, New York (N.Y.  10016, USA), 
11 January 1971. 

7 K. FuxE, g .  GOLDSTEIN, T. HOKFELT and T. H. JoH, Res. Com- 
mun. Chem. Path. Pharmac. 1,627 (1970). 

8 K. FUxE, M. GOLDST~tN, T. HOKF~LT and T. H. JoH, Internatio- 
nal Symposium on the Histochemistry of Nervous Transmission. 
To be published (1971). 

D This work was supported by USPHS Grant No. 5 R01 MH- 
02717-12. 

T h e  E f f e c t  o f  Pyruvate on Cyanide-Inhibited Respiration in Intact Ascites Tumor Cells 

Cyanide  is known to  inh ib i t  mi tochondr ia l  e lectron 
t r anspor t  by  combin ing  w i t h  cy toch rome  oxidase  ~. The  
cyanide  inhib i t ion  is considered no t  readi ly  reversible.  
Indeed,  even  the  p rev ious ly  accepted revers ib i l i ty  by 
phys ica l  me thods  of this  inh ib i t ion  1-5 has been la ter  
ques t ioned  on the  basis of results  ob ta ined  by  spectro-  
pho tome t r i c  t echn iques  s. 

The  combina t ion  of cyanide  wi th  di f ferent  substances,  
such as fructose, ace ta ldehyde ,  py ruv ic  and oxalace t ic  
acids, resul ts  in t he  fo rmat ion  of cyanhydr ins  which  can 
mask  the  expec ted  poisoning effect  ~-x°. In  th is  respect  
the  on ly  repor ts  in biological  sys tems  were  those  r e l a t ive  
to cyan ide  inh ib i t ion  in long- te rm exper iments .  Acet-  
a ldehyde  and p y r u v i c  acid, employed  as subs t ra tes  for 
bac te r ia  8 and k idney  slices 9, respect ively ,  were added 
f rom the  beginning of the  exper iments  toge ther  wi th  the  
inhibi tor ,  I n  this way, because of the  ear ly  fo rma t ion  
of cyanhydr ins ,  the  inh ib i to ry  effect  of cyanide  was 
obvious ly  no t  feasible.  

In  th is  c o m m u n i c a t i o n  we repor t  how the  effect  of 
cyanide  on t i le  endogenous  resp i ra t ion  of ascites t u m o r  
cells mary" be  read i ly  and a lmos t  comple te ly  r emoved  by  
the  fur ther  'addi t ion of p y r u v a t e  even  when  t h e  b inding  
of cy tochrome  oxidase  to  t he  inh ib i to r  is a l ready  estab- 
lished. I t  has therefore  been of in te res t  to inves t iga te  
under  these  condi t ions  the  real  eff ic iency of the  mi to-  
chondr ia l  resp i ra tory  chain  in these  cells. The  results  
obta ined  show t h a t  the  possibi l i ty  exists  of blocking and 

releasing qu ick ly  the  phosphory la t ing  electron flow 
th rough  the  whole  resp i ra to ry  chain.  

iVIaterial and methods. IZLD (Ehr l ich-Let t r6  hyper -  
diploid) ascites t u m o r  cells were  grown in albino Swiss 
mice by  weekly  t ransfer  of 0.2 ml  of ascites fluid. The  
cells were ha rves ted  7-8 days  af ter  the  inoculat ion,  
washed in an isotonic  phosphate-buffered  m e d i u m  and 
resuspended in the  same m e d i u m  for the  exper iments .  
R a t  l iver  mi tochondr i a  were prepared  by the  m e t h o d  of 
CHANCE and HAGIHARA 11. Oxygen  up take  was  measured  
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