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b r e a k d o w n  p roduc t ,  n o r  h a v e  a n y  s tud ies  ye t  been  m a d e  
to  ass ign s t r u c t u r a l  cha rac t e r i s t i c s  to  t h e m .  

The  p rocedu re  ha s  ensu red  a s u p p l y  of r ad i ochem i ca l l y  
p u r e  t r i t i a t e d  n o r a d r e n a l i n e  for  t i s sue  u p t a k e  a n d  s imi la r  
inves t iga t ions .  W h e n  t h e  so lu t ions  are  k e p t  a t  5 °C sub-  
s e q u e n t  p u r i f i c a t i o n  ha s  genera l ly  b e e n  found  u n n e c e s s a r y  
unless  t h e y  are  s to red  for  longer  t h a n  3 m o n t h s ,  b u t  as a 
p r e c a u t i o n a r y  m e a s u r e  t he  so lu t ions  were  a n a l y s e d  b y  a 
specific f l uo r ime t r i c  m e t h o d  before  use  7. 

ches  n i c h t  n u r  s tabi l ,  s o n d e r n  a u c h  ffir k r i t i s che  Stoff-  
w e c h s e l u n t e r s u c h u n g e n  gee igne t  ist,  w i rd  beschr i eben .  
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Zusammen/assung. E i n e  e infache  c h r o m a t o g r a p h i s c h e  
M e t h o d e  zur  A b t r e n n u n g  yon  r e i n e m  N o r a d r e n a l i n ,  wel- v R . J .  MERRILl*S, Analyt. Biochem. 6, 272 (1963). 

Fluorescence Assay of Tyrosine Hydroxylase Activity in Tissue Homogenate 

The  e n z y m e  a c t i v i t y  of t y ro s ine  h y d r o x y l a s e  f o u n d  in  
t i ssues  is so low t h a t  r ad ioas say  is requi red .  I n  a rad io-  
a s say  us ing  L- tyros ine-C 14, D O P A - C  14 fo rmed  b y  t h e  
e n z y m e  r eac t i on  was i so la ted  b y  a n  a l u m i n a  c o l u m n  a n d  
m e a s u r e d  1. T h e  o t h e r  s imple r  r ad ioas say  is to  use L-tyro-  
sine-3, 5-H 3 as  a s u b s t r a t e  2. T h e  u n u s e d  s u b s t r a t e  p lus  t h e  
D O P A  fo rmed  a f t e r  t h e  e n z y m e  r e a c t i o n  were  t r a p p e d  on  
a dowex-50-H+ co lumn.  T he  t r i t i a t e d  water ,  wh ich  is also 
a p r o d u c t  of t h e  reac t ion ,  was  col lec ted  in t h e  e f f luen t  
a n d  t he  r a d i o a c t i v i t y  measu red .  

I t  was  shown  t h a t ,  w h e n  t h e  a c t i v i t y  of pur i f ied  t y ro s ine  
h y d r o x y l a s e  was a s sayed  b y  t h e  a p p e a r a n c e  of D O P A  f rom 
L- tyros ine  w i t h  t h e  f l uo rome t r i c  p rocedure ,  t h e  va lues  
were  essent ia l ly  t he  s ame  as ca lcu la ted  f rom r a d i o a s s a y  1. 
I n  t h e  f luoromet ry ,  D O P A  was i so la ted  b y  a n  a l u m i n a  
co lumn,  a n d  m e a s u r e d  spec t ro f luo rome t r i ca l l y  a f t e r  t h e  
t r i h y d r o x y i n d o l e  p rocedure .  W e  t r i ed  to  a p p l y  th i s  f luores-  
cence as say  to  t h e  m e a s u r e m e n t  of t y ro s ine  h y d r o x y l a s e  
a c t i v i t y  in  c rude  t i s sue  p r e p a r a t i o n s  such  as h o m o g e n a t e .  
W h e n  t h e  h o m o g e n a t e  of a d r e n a l  g l ands  or b r a i n  was used 
as a n  e n z y m e  p r e p a r a t i o n ,  a large  b l a n k  va lue  in t h e  
e n z y m e  assay  was obse rved .  I n  t he  case of a d r e n a l  g lands ,  
a large  a m o u n t  of c a t echo l am i nes  in  t h e  h o m o g e n a t e  was  
also a d s o r b e d  on  t h e  a l u m i n a  co lumn,  a n d  in t e r f e r r ed  w i t h  
t h e  spec t ro f luo rome t r i c  a s say  of D O P A  a f t e r  t h e  t r i -  
h y d r o x y i n d o l e  p rocedure .  Therefore ,  in  o rde r  to  m easu re  
t y ros ine  h y d r o x y l a s e  a c t i v i t y  in  c rude  t i s sue  p r e p a r a t i o n s  
f luoromet r ica l ly ,  i t  is necessa ry  to  r e m o v e  i n t e r f e r r i ng  
subs tances .  A m e t h o d  of f l uo rome t r i c  a s say  of t y ro s ine  
h y d r o x y l a s e  a c t i v i t y  in  t h e  h o m o g e n a t e  of ad r ena l  g l ands  
a n d  b r a i n  is r epo r t ed  in  th i s  c o m m u n i c a t i o n .  

A d r e n a l  g lands  a n d  b r a i n  ( cauda te  nuc leus  a n d  b r a i n  
s tem)  were f resh ly  r e m o v e d  f r o m  r abb i t s .  T issue  h o m o -  
g e n a t e  was p r e p a r e d  in 0 . 2 5 M  sucrose  w i t h  glass, m o t o r -  
d r i v e n  homogenizers .  Pur i f i ed  t y r o s i n e  h y d r o x y l a s e  was  
p r e p a r e d  f rom b o v i n e  ad r ena l  m e d u l l a L  I n c u b a t i o n  mix-  
t u r e  c o n t a i n e d :  200 ~moles  a c e t a t e  buf fe r  (pH 6.0), 
400 m ~ m o l e s  L-tyrosine,  100 ~moles  m e r c a p t o e t h a n o l ,  
1 tLmole 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 - te t ra -  
h y d r o - p t e r i d i n e  3, a n  a p p r o p r i a t e  a m o u n t  of t h e  e n z y m e  
p r e p a r a t i o n  ( h o m o g e n a t e  or pur i f ied  enzyme) ,  a n d  w a t e r  
to  1.0 ml.  The  i n c u b a t i o n  was ca r r ied  o u t  a t  30°C * for  
15 mil l  in  a m e t a b o l i c  shaker .  For  t h e  b l a n k  i n c u b a t i o n ,  
D- tyros ine  was  used as s u b s t r a t e  i n s t e a d  of L-tyrosine.  
10 m~mole s  of D O P A  were  a d d e d  to  a n o t h e r  b l a n k  i ncuba -  
t i on  as i n t e r n a l  s t a n d a r d .  R e a c t i o n  was  s t o p p e d  b y  t he  
a d d i t i o n  of 50 bd of glacial  acet ic  acid.  T h e  i n c u b a t i o n  
m i x t u r e  was  cen t r i fuged  to  r e m o v e  p ro te in .  T he  p r e c i p i t a t e  
was  w a s h e d  w i t h  1 ml  of 2 %  ace t ic  ac id  a n d  cen t r i fuged .  
T h e  c o m b i n e d  s u p e r n a t a n t  was  passed  t h r o u g h  2 c o l u m n s  

f i t t ed  t o g e t h e r  in  p i g g y b a c k  fash ion  ; t he  top  c o l u m n  con-  
t a i n i n g  Florisi l  (100/200 mesh,  0.6 X 4.0 cm),  wh ich  h a d  
p rev ious ly  been  w a s h e d  w i t h  2% acet ic  acid u n t i l  t h e  
e f f luen t  was  p H  4.05, a n d  t he  b o t t o m  c o l u m n  c o n t a i n i n g  
A m b e r l i t e  CG-120-Na+ (Type  I, 0.6 X 4.0 cm), wh ich  h a d  
p rev ious ly  been  w a s h e d  w i t h  5 N  N a O H  a n d  wate r .  The  
e f f luen t  t h r o u g h  t h e  2 c o l u m n s  were  d iscarded .  B o t h  
co lumns  were  w a s h e d  w i t h  5 ml  of 2 %  ace t ic  acid succes-  
sively,  a n d  t he  wash ings  were  d iscarded .  D O P A  was  passed  
t h r o u g h  t h e  f i r s t  Floris i l  c o l u m n  a n d  a d s o r b e d  on  t h e  
second A m b e r l i t e  CG-120 co lumn.  The  second A m b e r l i t e -  
CG-120 c o l u m n  was s e p a r a t e d  a n d  w a s h e d  w i t h  5 ml  of 
wa te r .  D O P A  was e lu ted  w i t h  10 ml  of 0 . 1 M  s o d i u m  
ace t a t e  buf fe r  (pH 6.5) in to  a b e a k e r  c o n t a i n i n g  0.5 ml  of 
0.2 M E D T A .  C a t e c h o l a m i n e s  were  r e t a i n e d  on  t he  co lumn.  
400 m g  of a lumina ,  w h i c h  h a d  been  p rev ious ly  t r e a t e d  w i t h  
acid,  was  a d d e d  i n to  t he  b e a k e r  s. The  p H  was a d j u s t e d  to  
8.5 w i t h  t he  glass e lec t rode  b y  t he  d ropwise  a d d i t i o n  of 
3 N  N H 4 O H  w i t h  c o n s t a n t  s t i r r ing ,  t h e  a l u m i n a  was  
a l lowed to  se t t le  a n d  t h e  aqueous  p h a s e  was d e c a n t e d  a n d  
d iscarded .  The  a l u m i n a  was  t r a n s f e r r e d  to  a c o l u m n  
(0.6 cm in d i ame te r )  a n d  w a s h e d  w i t h  10 ml  of wa te r .  Af te r  
wash ing ,  t h e  D O P A  was  e lu ted  w i t h  2 ml  of 0 . 3 N  ace t ic  
acid,  a n d  as sayed  spec t ro f luo rome t r i ca l l y  b y  t r i h y d r o x y -  
indole  p r o c e d u r e  7, s. To 1.0 ml  of t h e  e lua te  were a d d e d  
1.0 ml  of 1 M  s o d i u m  a c e t a t e  a n d  0.1 ml  of 0 .25% 
KaFe(CN)e. Af te r  3 rain,  1.0 ml  of a m i x t u r e  of 2% 
ascorbic  a c i d / 2 0 %  N a O H  (1/9, v /v )  was  added .  As a n  
e x t e r n a l  s t a n d a r d  a n d  a r e a g e n t  b lank ,  5 m ~ m o l e s  of 
D O P A  in  1.0 ml  of 0 . 3 N  acet ic  acid a n d  1.0 ml  of 0 . 3 N  
acet ic  acid were  t r e a t e d  a t  t he  s ame  t ime .  The  f luorescence  
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was  m e a s u r e d  a t  480 n m  w i t h  t h e  e x c i t a t i o n  l igh t  a t  356 n m  
us ing  a n  A m i n c o - B o w m a n  s p e c t r o p h o t o f l u o r o m e t e r  9 T h e  
D O P A  f o r m e d  e n z y m a t i c a l l y  was  ca l cu la t ed  f rom t h e  
v a l u e  of i n t e r n a l  s t a n d a r d  b y  t h e  fo l lowing equa t i on .  
IF(L)  - -  F(D)] / [F(D + IS) -- F(D)] × 10 m~zmoles, w h e r e  
F(L) = r ead ing  of L- tyros ine  i n c u b a t i o n ,  F(D) = r e a d i n g  
of I ) - tyrosine  i n c u b a t i o n ,  a n d  F(D + IS) = r e a d i n g  of 1)- 
t y ros ine  p lus  D O P A  ( in t e rna l  s t a n d a r d ,  10 m~moles )  
i ncuba t i on .  

I n  t h i s  p rocedure ,  D O P A  is i so la ted  specif ical ly.  T h e  
b l a n k  v a l u e  was  less t h a n  1 m[zmole of D O P A ,  w h e n  h o m o -  
g e n a t e  c o n t a i n i n g  33 m g  (wet  weight )  of ad r ena l  g lands  or  
c a u d a t e  nuc leus  was used. Overa l l  r e cove ry  of i n t e r n a l  

Tyrosine hydroxylase activity in homogenates of rabbit organs 
measured by the fluorescence assay 

Organs Activity (mean ~ S.D.) 

ml, moleslg tissue per b 

Adrenal gland (6) 43l i 21 

Brain 

Caudate nucleus (5) 284 :k 97 
Brain stem (1) 68 

No. of organs in brackets. 

15 

Lo  

E 

: : : . -  

5 

Z5 50 10Q 

A~renals(mg wet weight) 

Tyrosine hydroxylase activity as a function oI enzyme amount. 
Sucrose homogenate of rabbit adrenal glands was used as enzyme. 
Incubation was for 15 rain at 30°C. The DOPA formed was isolated 
and assayed speetrofluorometrieatty as described in the text. 

s t a n d a r d  D O P A  was  40 4- 1 (S.D.) % (n = 10), a n d  con-  
s t a n t .  L i m i t  of t h e  s e n s i t i v i t y  was  a b o u t  1 m ~ m o l e  D O P A  
~ormed enzyma t i ca l l y .  

I t  was  f o u n d  in  l a t e r  e x p e r i m e n t s  t h a t  t h e  f i rs t  Floris i l  
c o l u m n  could  be  o m i t t e d .  I n  t h i s  case, t h e  r e a c t i o n  was  
s t o p p e d  w i t h  50 ~1 of 50% tr ichloroace; t ic  acid.  T h e  
i n c u b a t i o n  m i x t u r e  was  cen t r i fuged .  T h e  p r e c i p i t a t e  was  
w a s h e d  w i t h  1 ml  of w a t e r  a n d  recen t r i fuged .  T h e  com- 
b i n e d  s u p e r n a t a n t  was  passed  t h r o u g h  a n  A m b e r l i t e  CG- 
120-Na + (Type I, 0.6 × 4.0 cm) co lumn.  T h e  c o l u m n  was  
w a s h e d  w i t h  5 ml  of water .  S u b s e q u e n t  p rocedures  were  
t h e  same  as desc r ibed  above .  Th i s  m e t h o d  gave  h ighe r  
b l a n k  value ,  b u t  t h e  r ecove ry  of D O P A  was  60°/0, w h i c h  
was  reproduc ib le .  

As s h o w n  in t h e  Figure ,  t he  r eac t i on  r a t e  m e a s u r e d  b y  
us ing  sucrose  h o m o g e n a t e  was  l inea r  up  to  50 m g  of r a b b i t  
adrena ls .  Ty ros ine  h y d r o x y l a s e  a c t i v i t y  in  ad r ena l  g l ands  
a n d  b r a i n  were  s h o w n  in  t h e  Table .  Th i s  f luorescence assay  
could easi ly  be  app l ied  to  t h e  m e a s u r e m e n t  of t h e  a c t i v i t y  
of pur i f ied  a d r e n a l  t y ro s ine  hyd roxy l a se .  I n  one  exper i -  
m e n t ,  12.2 m~mole s  D O P A  were f o u n d  b y  t h e  f luo romet ry ,  
a n d  12.3 i n , m o l e s  b y  t he  r a d i o a s s a y  x in w h i c h  D O P A - C  x4 
was m e a s u r e d  f rom L-tyros ine-C ~4. Th i s  showed  t h a t  t h e  
a p p e a r a n c e  of D O P A  w i t h  th i s  f l uo rome t r i c  p r o c e d u r e  is 
essen t ia l ly  t he  same  as ca l cu la t ed  f r o m  the  r ad ioassay .  

A l t h o u g h  f luorescence as say  is less sens i t ive  t h a n  rad io-  
assay,  t h e  e n z y m e  a c t i v i t y  in  h o m o g e n a t e  of such  t i s sues  
as a d r e n a l  g lands  or  b r a i n  can  be  m e a s u r e d  exac t ly .  
F luorescence  as say  ha s  some a d v a n t a g e s .  Bes ides  t h e  con-  
ven ience  t h a t  a labe l led  s u b s t r a t e  a n d  a l iqu id  sc in t i l l a t ion  
s p e c t r o m e t e r  a re  d ispensable ,  s epa ra t e  m e a s u r e m e n t  of 
t y ro s ine  c o n c e n t r a t i o n  in t he  h o m o g e n a t e  is n o t  necessa ry  
for  t h e  ca l cu la t ion  ~0. 

Zusammen/assung. E s  wird  eine F l u o r e s z e n z m e t h o d e  
zu r  B e s t i m m u n g  de r  T y r o s i n - H y d r o x y l a s e - A k t i v i t ~ t  von  
H o m o g e n a t  beschr i eben ,  d ie  au f  der  S p e k t r o f l u o r o m e t r i e  
de r  D O P A - B i l d u n g  b e r u h t .  Die T y r o s i n - H y d r o x y l a s e -  
Aktivit~Lt yon  H o m o g e n a t  de r  N e b e n n i e r e  u n d  des G e h i r n s  
(Nucleus  qauda tu s )  w u r d e  m i t  d ieser  M e t h o d e  gemessen.  

T.  NAGATSU a n d  T.  YAMAMOTO 

Department o/ Biochemistry, School o/Dentistry, Aichi- 
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CON G R E  S SU S 
Swi tzer land  

E U C H E M  Conference  on S t e r e o c h e m i s t r y  

at Biirgenslock d-70 May 1969 

The  f o u r t h  E U C H E M  Conference  on  S t e r e o c h e m i s t r y  
will be  he ld  a t  t he  Bf i rgens tock ,  nea r  L u c e r n e  (Switzer-  

land) .  The  n m n b e r  of p a r t i c i p a n t s  will  be  l imi ted .  In -  
qui r ies  a n d  a p p l i c a t i o n s  (no special  for lns  a re  requi red)  
shou ld  be  addres sed  before  31 D e c e m b e r  1968 to  t h e  
C h a i r m a n ,  Prof .  A. K]aer ,  I n s t i t u t e  of Organ ic  Chemis t ry ,  
Techn ica l  U n i v e r s i t y  of D e n m a r k ,  B y g n i n g  201, L y n g b y  
(Denmark) .  


