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Subcellular Distribution of Tyrosine Hydroxylase and Monoamine Oxidase in the Bovine Caudate 
Nucleus 

Tyros ine  h y d r o x y l a s e  1, which  ca ta lyzes  t h e  h y d r o x y l a -  
t ion  of t y ros ine  to D O P A ,  was shown  to be  t he  ra te -  
l imi t ing  s tep  in t he  b iosyn thes i s  of c a t echo l amines  2. T h e  
b iosyn thes i s  of ca t echo lamines  in s y m p a t h e t i c a l l y  in- 
n e r v a t e d  t i ssues  such  as t he  b ra in ,  hear t ,  spleen,  vas  
deference and  ad rena l  medul la ,  was  found  to  be  r egu la ted  
b y  t he  f eed-back  i n h i b i t i o n  of ty ros ine  h y d r o x y l a s e  b y  
ca t echo lamines  3 ~. Ca techo lamines  are m o s t l y  localized 
in g r anu l a r  s t r u c t u r e s  in  t he  ad r ena l  medul la~ a n d  in t h e  
s y m p a t h e t i c  ne rve  end ings  7. Since t he re  are  ind ica t ions  
t h a t  newly  syn thes ized  n o r e p i n e p h r i n e  inh ib i t s  ty ros ine  
hydroxy lase ,  t he  in t r ace l lu la r  loca l iza t ions  of b o t h  ty ro -  
sine h y d r o x y l a s e  a n d  t he  end  p r o d u c t  c a t e c h o l a m i n e  are 
expec t ed  to  be  in close con tac t s .  Ty ros ine  h y d r o x y l a s e  
was r epo r t ed  to  be  p a r t i c l e - b o u n d  ~, s. On t he  o t h e r  h a n d ,  
t he re  are some repor t s  i nd i ca t i ng  t h a t  ty ros ine  h y d r o x y l -  
ase is exc lus ive ly  localized in t h e  soluble f r ac t ion  in t h e  
ad rena l  medu l l a  9,10 and  b o v i n e  splenic ne rve  n.  

P r e sen t  c o m m u n i c a t i o n  descr ibes  t he  subce l lu la r  dis- 
t r i b u t i o n  of t y ros ine  h y d r o x y l a s e  in  t he  b o v i n e  c a u d a t e  
nucleus.  A n o t h e r  i m p o r t a n t  ca tabo l i c  e n z y m e  for  ca te-  
cholamines ,  m o n o a m i n e  oxidase,  was  also examined .  

The  b o v i n e  b r a i n  was  o b t a i n e d  fresh,  packed  in ice, 
f rom the  s laughte rhouse .  The  c a u d a t e  nuc leus  was dis- 
sected and  homogen ized  in 10 vol. of 0 . 3 2 M  sucrose w i t h  
a n  U l t r a - T u r r a x  homogenizer .  All f r a c t i o n a t i o n  proce-  
dures  were car r ied  ou t  a t  0 -4~  b y  t h e  m e t h o d  of 
W~IT~AKER ~2. The  h o m o g e n a t e  was  cen t r i fuged  a t  low 
speed (1000 g) for 10 min.  The  prec ip i ta te ,  wh ich  consis ts  
of nuclei,  m y e l i n  f r a g m e n t s  a n d  cell debris ,  was discarded.  
The  s u p e r n a t a n t  was  cen t r i fuged  a t  18,500 g for 60 rain.  
The  prec ip i ta te ,  c rude  m i t o c h o n d r i a l  f ract ion,  c o n t a i n i n g  
myel in ,  ne rve  end ing  par t ic les  a n d  mi tochondr i a ,  was 
f u r t h e r  s e p a r a t e d  a t  55,500 g for 120 ra in  on  a den s i t y  
g r a d i e n t  cons i s t ing  of equa l  vo lumes  of 0.8 a n d  1 . 2 M  
sucrose ~. Th ree  f ract ions ,  i.e. mye l in  a n d  m e m b r a n e  frag-  
m e n t s  (A), n e r v e  end ings  ( synap tosomes)  (B) a n d  mi to -  
c h o n d r i a  (C), were s epa ra t ed  as s h o w n  in t he  Figure .  

t T. NAGATSU, M. LEVITT and S. UDENFRIEND, J. biol. Chem. 239, 
2910 (1964). 

2 ~.  LEVITT, S. SPECTOR, A. SJOERDSMA and S. IJDENFRIEND, J. 
Pharmac. exp. Ther. 148, 1 (1965). 

3 G. GORDON, S. SPECTOR, A. SJOERDSMA and S. UDENFRIEND, J. 
Pharmac. exp. Ther. 753, 440 (1966). 

4 A. ALOlJSI and N. WEINER, Proc. natn. Aead. Set., USA 56, 1491 
{1966). 

5 R. H. ROTH, L. STJARNE and U. S. yon ]~ULER, Life Sci. 5, 1971 
(1966). 

6 JyI. ]~LASCHKO and A. D. WELCh, Arch. exp. Path. Pharmak. 279, 
17 (1953). 
U. S. YON EUI, ER and N.-A. HILLARP, Nature 777, 44 (1956). 

s B. PETRACK, F. SNEPPY and V. FETZER, J. biol. Chem. 2d3, 743 
(1968). 
P. LADURON and F. BELPAIRE, Bioehem. Pharmac. 17, 1127 (1968). 

10 j .  M. MusAccmo, Bioehem. Pharmac. 17, 1470 (1968). 
11 L. STJKRNE and F. LISHAJKO, Biochem. Pharmac. 16, 1719 

(1967). 
12 V. P. "VVHITTAKER, in Methods o] Separation o] Subcellular Struc- 

tural Components (Biochem. Soc. Symposium, No. 23, Cambridge; 
University Press, Cambridge, 1963), p. 109. 

13 ]E. W. ~/[AYNERT, R. LEVI and A. J. D. DE LORENZO, J, Pharmac. 
exp. Ther. 14d, 385 (1964). 

14 H. WEISSBACH, T. E. SMITH, J. W. DALY, B. WITKOP and S. 
UnENFRIXND, J. biol. Chem. 235, 1160-(1960). 

15 O. H. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 

S e p a r a t i o n  of g r a n u l a t e d  vesicles in  t h e  n e r v e  e n d i n g  
f r ac t ion  were t r i ed  b y  d i f fe ren t ia l  een t r i fuga t ion  m e t h o d  
of IV~AYNERT et  al. 1~ a f t e r  h y p o t o n i c  t r e a t m e n t  of t h e  c rude  
m i t o c h o n d r i a l  f ract ion.  Microsomes a n d  t h e  soluble frac- 
t ion  were f u r t h e r  s epa ra t ed  f rom t h e  18,500 g s u p e r n a t a n t  
b y  cen t r i f u g a t i o n  a t  107,000 g for 60 rain.  A p a r t  of each  
fraction was centrifuged at 107,000 g for 60 rain, and the 
pel lets  of t i ssue  f rac t ions  were e x a m i n e d  in a n  e lec t ron  
microscope.  T h e  e lec t ron-microscopic  p h o t o g r a p h s  showed  
t h a t  t h e  p u r i t y  of each  f r ac t ion  was fa i r ly  high.  De ta i l s  
of t h e  morpho log ica l  d a t a  will be  pub l i shed  elsewhere.  

]Enzyme ac t iv i t i es  were d e t e r m i n e d  s imu l t aneous ly  on  
t h e  var ious  f ract ions .  Tyros ine  h y d r o x y l a s e  ac t i v i t y  was  
m e a s u r e d  b y  us ing  L-tyrosine-l~C as subs t r a t e .  DOPA-14C 
formed  b y  t h e  e n z y m e  r eac t ion  was i so la ted  b y  a n  
a l u m i n a  co lumn  an d  m e a s u r e d  1. T h e  i n c u b a t i o n  m i x t u r e  
con ta ined  200 ~moles of a c e t a t e  buf fe r  (pH 6.0), 0.1 ~zmole 
of L- tyrosine c o n t a i n i n g  1.1 X 105 c p m  of L-tyrosine-14C, 
100 ~zmoles of m e r c a p t o e t h a n o l ,  i ~zmole of 2-amino-4-  
hydroxy-6 ,  7 - d i m e t h y l - t e t r a h y d r o p t e r i d i n e ,  an d  0.5 ml  of 
t h e  va r ious  f r ac t ions  as e n z y m e  in  a t o t a l  v o l u m e  of 1.0 
ml.  lVfonoamine ox idase  a c t i v i t y  was m e a s u r e d  b y  t h e  dis- 
a p p e a r a n c e  of k y n u r a m i n e  14. T h e  i n c u b a t i o n  m i x t u r e  
c o n t a i n e d  75 ~zmoles of p h o s p h a t e  buf fe r  (pH 7.4), 0.25 
amole  of k y n u r a m i n e  an d  0.5 ml  of t h e  va r ious  f r ac t ions  
as e n z y m e  in a t o t a l  v o l u m e  of 1.5 ml.  P r o t e i n  was 
measu red  b y  t h e  m e t h o d  of LOWRY et  al.~K 

Centrifugation of crude mitochondrial fraction of the bovine caudate 
nucleus through discontinuous density-gradient solution of sucrose 
(WHITTAKERI~). 1,0 ml of the crude mitochondrial fraction was over- 
laid with two 1.5 ml sucrose layers 0.2 and 0.8M). The tube was 
photographed after it had been centrifuged at 55,500 g for 120 rain. 
The subcellular components present in the crude mitochondrial 
fraction separated into 3 fractions: A, myelin fraction; B, nerve 
endings; and C, mitochondria in the bottom of the tube. 
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The  resu l t s  are  shown  in t he  Table .  H i g h  ty ros ine  
hydro ly lase  ac t iv i t i e s  were seen in t he  s u p e r n a t a n t  a n d  
in n e r v e  end ings  ( synap tosomes)  a n d  microsomes.  The  
e n z y m e  a c t i v i t y  in m i t o c h o n d r i a  was  s ign i f i can t ly  lower 
t h a n  t h a t  in  n e r v e  end ings  or microsomes.  I n  con t ras t ,  
m o n o a m i n e  oxidase  a c t i v i t y  was  seen p r e d o m i n a n t l y  in  
m i t o c h o n d r i a .  The  low a c t i v i t y  of m o n o a m i n e  oxidase  in 
ne rve  end ings  m a y  be  a t t r i b u t e d  to t he  m i t o c h o n d r i a  
w h i c h  are c o n t a i n e d  in t he  f ract ion.  G r a n u l a t e d  vesicles, 
wh ich  were  i so la ted  a f t e r  h y p o t o n i c  t r e a t m e n t  of t h e  
n e r v e - e n d i n g  f ract ion,  c o n t a i n e d  re l a t ive ly  h igh  ty ros ine  
h y d r o x y l a s e  a c t i v i t y  a n d  low m o n o a m i n e  oxidase  
ac t iv i ty .  

These  resu l t s  showed  t h a t  t he re  exis t  2 fo rms  of t y ros ine  
h y d r o x y l a s e  in t he  h o m o g e n a t e  of t he  bov ine  c a u d a t e  

nuc leus ;  soluble  a n d  p a r t i c l e - b o u n d  enzymes .  The  
p a r t i c l e - b o u n d  e n z y m e  appea r s  to  be  localized in ne rve  
endings,  a n d  p r o b a b l y  in g r a n u l a t e d  vesicles which  s tores  
ca techo lamines .  These  resul t s  agree w i t h  UDENFRIEND'S 
scheme  :~ t h a t  t he  enzymes  necessa ry  for c a t e c h o l a m i n e  
syn thes i s  m a y  ac tua l ly  be  o rgan ized  in to  a single par t i c le  
wh ich  s tores  ca techolamines :7 .  

Zusammen/assung. Die subzel lu lgre  Loka l i s a t i on  v o n  
T y r o s i n - H y d r o x y l a s e  und  M o n o a m i n o x y d a s e  im Nucleus  
c a u d a t u s  des R i n d e r g e h i r n s  wurde  u n t e r s u c h t .  Tyros in -  
H y d r o x y l a s e  f and  sich gr6ss tente i l s  in  den  S y n a p t o s o m e n ,  
den  Mikrosomen  u n d  d e m  Zy top la sma .  E ine  b e d e u t e n d e  
Ak t iv i t / i t  yon  M o n o a m i n o x y d a s e  war  in  den  Mito-  
c h o n d r i e n  v o r h a n d e n .  

Subcellular distribution of tyrosine hydroxylase and monoamine 
oxidase in the bovine eaudate nucleus 

Subcellular fractions Tyrosine Monoamine 
hydroxylase oxidase 
pmoles/mg protein/rain (37 ~ 
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Homogenate 12 755 
Myelin (A) ~ 3 320 
Nerve endings (B)�9 17 1300 
Mitochondria (C) ~ 9 3030 
Microsomes 20 800 
Soluble fraction 17 0 
Granulated vesicles ~ 18 390 

These subceIlular fractions were isolated from crude mitochondrial 
fraction by the method of WmTTA~ER TM. b Granulated vesicles were 
isolated from crude mitochondrial fraction by the method of 
MAYNERT 13, 
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3,5-Dihydroxyphenylpropionic Acid, a Further Metabolite of Sinapic Acid 

Sinapic  acid, a wide ly  d i s t r i b u t e d  phenol ic  c o m p o u n d  
in p l a n t s : , ~  and  a c o n s t i t u e n t  of h u m a n  d i e t a r y  
m a t e r i a l s  a,4 has  r ecen t l y  been  r epo r t ed  5 to  give rise on  
oral  a d m i n i s t r a t i o n  to  t he  r a t  to  a n u m b e r  of phenol ic  
m e t a b o l i t e s  inc lud ing  d ihyd ros inap i c  acid, 3 -hydroxy-5-  
m e t h o x y p h e n y l p r o p i o n i c  acid a n d  3 - h y d r o x y - 5 - m e t h o x y -  
c i n n a m i c  acid. F u r t h e r  i nves t i ga t i on  has  resu l ted  in t he  
iden t i f i ca t ion  oI a n  a d d i t i o n a l  me tabo l i t e ,  excre ted  b y  
s inapic  fed ra ts ,  wh ich  has  been  shown  to  possess iden t ica l  
c h r o m a t o g r a p h i c  a n d  spec t ra l  cha rac te r i s t i c s  (Table) w i t h  
s y n t h e t i c  3 , 5 - d i h y d r o x y p h e n y l p r o p i o n i c  acid. m p  125 ~ 
o b t a i n e d  f rom 3, 5 - d i h y d r o x y c i n n a m i c  acid 5 b y  s o d i m n  
a m a l g a m  reduc t ion .  

The  m e t a b o l i t e  was  i so la ted  f rom t h e  ur ines  of 6 r a t s  
wh ich  h a d  each  rece ived  a single in i t ia l  dose of 20,0 m g  of 
s inapic  acid in a d m i x t u r e  w i t h  t h e  s t a n d a r d  d ie t  s. Af te r  a 
col lect ion per iod  of 7 days,  t he  phenol ic  m e t abo l i t e s  were 
o b t a i n e d  f rom the  seven  24 h ur ine  samples  of each  
a n i m a l  b y  e the rea l  e x t r a c t i o n  5 a n d  t h e  3, 5 -d ihydroxy-  
p h e n y l p r o p i o n i c  acid s epa ra t ed  f rom t h e  o the r  m e t a b o -  
l i tes b y  b a n d  c h r o m a t o g r a p h y  in so lven ts  13 and  D. The  
me tabo l i t e ,  3, 5- d i h y d r o x y p h e n y l p r o p i o n i c  acid was 
s h o w n  to  be  a b s e n t  f rom t h e  ur ines  of a con t ro l  g roup  of 
6 r a t s  rece iv ing  t he  s t a n d a r d  d ie t  only. 

Since earl ier  i nves t iga t ions  h a d  shown  t h a t  o t h e r  
phenol ic  acids are d e h y d r o x y l a t e d  b y  t he  i n t e s t i n a l  micro-  
flora~,s, t h e  effect  of a n  oral  an t ib io t i c  k n o w n  to i n h i b i t  

bac t e r i a l  d e h y d r o x y l a t i o n  ~ was s tudied.  A d m i n i s t r a t i o n  
of 30 m g  c h l o r a m p h e n i c o l  daffy to each  r a t  of an  exper i -  
m e n t a l  a n d  con t ro l  g roup  of 6 an ima l s  resu l ted  in com- 
p le te  suppress ion  of t he  m e t a b o l i t e s  3 ,5 -d ihydroxy-  
pheny lp rop ion i c  acid, 3 - h y d r o x y - 5 - m e t h o x y p h e n y l p r o -  
p ionic  acid a n d  3 - h y d r o x y - 5 - m e t h o x y c i n n a m i c a c i d ;  t h e  
f o r m a t i o n  of d ihyd ros inap i c  acid u n d e r  these  cond i t ions  
was r educed  b u t  no t  abo l i shed  i n d i c a t i n g  t h a t  t h e  
h y d r o g e n a t i o n  of s inapic  acid is effected in p a r t  b y  
t i ssue  enzymes  or a c h l o r a m p h e n i c o l  r e s i s t a n t  s t r a i n  
of i n t e s t i n a l  mic roorgan i sm.  

A d m i n i s t r a t i o n  o~ 200 m g  s inapic  acid to a g roup  of 3 
r a b b i t s  u n d e r  s imi la r  e x p e r i m e n t a l  cond i t ions  has  been  
found  to give rise to  3, 5 - d i h y d r o x y p h e n y l p r o p i o n i c  acid 
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