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Summary 

Dopamine synthesis from 3,4-dihydroxy-L-phenylalanine in rat striatal 
synaptosomes was inhibited by  a number  of  amino acids with aromatic or large 
aliphatic side chains. Inhibition was no t  seen when aromatic amino acid decar- 
boxylase activity was measured in disrupted synaptosomes. Similarly, inhibi- 
tion of  dopamine synthesis from tyrosine was seen in the presence of leucine. 
The inhibition most  likely results from interactions of  the amino acids with 
substrate transport  across the synaptosome plasma membrane,  rather than 
directly with the catalytic enzymes. The kinetic data obtained are used to infer 
information about  the relevant transport process; they suggest the potential  
importance of  amino acid efflux as a regulatory step. 

Int roduct ion 

The properties of  an enzyme located within a membrane-bound compar tment  
will, in general, be dependent  upon the permeabili ty properties of  the mem- 
brane. Modulation of, for example, the availability of  substrate through 
changes in its t ransport  is a possible mode  of  enzyme regulation. This is appar- 
ently one of  the factors controlling serotonin biosynthesis in isolated nerve 
terminals [1]. The extent  to which catecholamine biosynthesis in synapto- 
somes can be regulated through modulat ion of  substrate transport  has not, as 
yet,  been adequately explored. Several groups have compared the rate of 

Abbreviation: DOPA, 3,4-dihydroxy-L-phenylalanine. 
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tyrosine uptake into a crude rat striatal synaptosome suspension with that  of 
tyrosine hydroxylase activity [2,3]. They have used the fact that  transport  is 
more rapid than hydroxyla t ion to conclude that transport  is not  rate deter- 
mining. This conclusion can be questioned because transport measured influx 
into the entire heterogeneous populat ion of synaptosomes,  while reaction 
occurs only in a subpopulation.  Furthermore,  it is possible that transport  pro- 
cesses may influence the observed activity by determining not  just  the rate of 
influx bu t  also that  of efflux and through them the steady-state concentrations 
of substrates (and intermediates). 

With this in mind, the present s tudy was performed to explore the extent  to 
which biogenic amine synthesis in dopaminergic synaptosomes is influenced 
by amino acid transport.  The strategy chosen was to examine the effect  on reac- 
tion rates of amino acids that  interact with the substrate transport  system. Initial 
experiments were performed using synaptosomal DOPA decarboxylase (3,4-dihy- 
droxy-L-phenylalanine carboxylase, EC 4.1.1.28) rather than tyrosine hydroxy-  
lase (L-tyrosine 3-monooxygenase;  L-tyrosine,tetrahydropteridine : oxygen 
oxidoreductase (3-hydroxylating), EC 1.14.16.2) as a probe. The decarboxy- 
lase was chosen to avoid the complexi ty inherent in the study of the hydroxy-  
lase, an enzyme of which the kinetic properties have been shown to be subject 
to variability via a number  of regulatory processes [4,5]. Data are also pre- 
sented from direct studies on DOPA transport  in a crude synaptosome prepara- 
tion. Currently," no method is available for the preparation of homogeneous 
dopaminergic synaptosomes.  Studies on the heterogeneous preparation were 
performed no t  for quantitative comparisons, but  to test the physical plausibil- 
ity of the transport  properties inferred from enzyme kinetic measurements. 
Finally, data on amino acid inhibition of  synaptosomal tyrosine hydroxylase 
activity are presented. 

Experimental Procedures 

Male, 225--275 g, F344 rats, obtained from Fisher Microbiological Asso- 
ciates, were killed by decapitation. The corpus striatum was rapidly dissected 
and placed in cold 0.32 M sucrose. The P2 fraction, containing synaptosomes,  
"solated mitochondria  and myelin, was prepared by using the method of Gray 
md Whittaker [6]. It was then washed with 0.32 M sucrose, resedimented at 
20 000 × g for 20 min and resuspended in isotonic sucrose to give the tissue 
suspensions used. The striata weighed 70--90 mg per rat, and the P2 fraction 
contained 1.8--2.2 mg protein, as assayed by using the method of Lowry et al. 
[7]. 

The synthesis of  dopamine from DOPA and tyrosine was assayed by fol- 
lowing release of  14CO2 from the (1-~4C)-labelled amino acid. With DOPA as 
a substrate this is a direct assay of DOPA decarboxylase activity. With tyrosine, 
product  formation requires the coupled activities of  tyrosine hydroxylase and 
DOPA decarboxylase.  For  assays 100-//1 of  the P2 suspension were added to 
400 /al of  a medium such that the final incubation mixture contained 64 mM 
sucrose, 120 mM NaC1, 5 mM KC1, 30 mM sodium phosphate buffer (final pH 
6.7), 10 mM D-glucose, 1 mM Na2EDTA, and 2 mM sodium ascorbate as well 
as either L-[1-~4C]tyrosine, or L-[1-~4C]DOPA, and other substances of  which 
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the effects on reaction rates were being examined. 
Samples were incubated at 37°C with constant  agitation in stoppered tubes 

containing a plastic cup with a paper wick wetted with 150 #1 NCS solubilizer 
(Amersham-Searle). Enzyme activity was assayed by following production of 
'4CO2 as described by Kuczenski and Segal [3]. Blanks for assay of DOPA 
decarboxylase were tubes containing no P2 suspension, or only the soluble 
supernatant from resedimentation of the P2 suspension, or tissue plus saturat- 
ing quantities of the DOPA decarboxylase inhibitor, 3-hydroxybenzylhydra- 
zine. Dopamine synthesis from tyrosine was measured without  supplementa- 
tion with exogeneous decarboxylase. Blanks were tubes containing no P2 
suspension, or with tissue and 1% Triton X-100, or saturating quantities of 
L-3-iodotyrosine, or saturating quantities of 3-hydroxybenzylhydrazine.  In 
each case, there was good consistency between the blanks. Product formation, 
for each reaction, was linear with time and protein concentration both in the 
presence and absence of  inhibitors. 

Kinetic experiments were routinely performed in duplicate or triplicate. The 
range of values obtained from multiple samples was, at most, 8% of the experi- 
mental value, and in most  cases, under 5%. For studies of DOPA uptake tissue, 
prepared in a similar manner, was incubated in the above medium containing, 
in addition 1 • 10 -4 M 3-hydroxybenzylhydrazine to quantitatively inhibit the 
decarboxylase. Incubations were started by addition of the synaptosome 
suspension to medium equilibrated to 37°C. 0.5 ml aliquots were withdrawn at 
various times and were immediately added to 3 ml cold 0.32 M sucrose. The 
quenched mixture was rapidly filtered using Schleicher and Schuell No. 25, 24- 
mm glass fiber filters and a Millipore vacuum manifold and was washed once 
with 3 ml of cold sucrose. The trapped radioactivity was dissolved by addition 
of 1 ml 10% trichloroacetic acid. Samples were counted in 10 ml of New Eng- 
land Nuclear Formula 950A. Data shown are corrected for blanks in which 
samples were incubated at 0°C or in the presence of a large excess of unlabelled 
leucine. 

For studies of DOPA efflux, synaptosomes equivalent t o  2 mg P2 protein 
were preincubated for 5 min at 37°C in the above medium in the presence of 
10 mM L-[1-'4C]DOPA and 1 • 10 -4 M 3-hydroxybenzylhydrazine.  At 5 min, 
25 ml cold 0.32 M sucrose were added. Tissue was sedimented by centrifuga- 
tion at 39 000 × g for 6 min, washed once and resedimented. Efflux was fol- 
lowed by measuring the decrease with time of tissue levels of DOPA using tech- 
niques analagous to those for uptake. 

Samples were counted on an Intertechnique SL-30 Liquid Scintillation Spec- 
trometer.  Counting was to a standard deviation of, at most, 2%. Counting effi- 
ciency for '4C was 95%. 

Materials. L-[1-'4C]DOPA, specific activity 9.1 Ci/mol, was obtained from 
Amersham; L-[l- '4C]tyrosine,  specific activity 51.1 Ci/mol, from New England 
Nuclear. D L-2-Aminobicyclo-2,2,1-heptane-2-carboxylic acid (unlabel led)was 
from New England Nuclear. 3-Hydroxybenzylhydrazine was from Sigma Chem- 
ical Company.  All other chemicals were of reagent quality and obtained com- 
mercially. 
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Results 

Data on inhibition of  DOPA decarboxylase activity in a rat striatal P2 frac- 
tion by phenylalanine are shown in Fig. 1. Similar data were obtained for tyro- 
sine. Significant inhibition of  activity was observed with amino acids only when 
the synaptosomes were intact, not  when they were disrupted by detergent (Fig. 
1) or by osmotic lysis (data not  shown). Experiments exploring the generality 
of this observation are summarized in Table I. Of the compounds  tested, sig- 
nificant inhibition at 100 pM concentrat ion was seen for leucine, methionine, 
p-chlorophenylalanin e, and D L-2-aminobicyclo-2,2,1-heptane-2-carboxylic 
acid. The specificity of  the effect  seems confined to amino acids with aromatic 
or large aliphatic side chains, i.e., the specificity reflects that of the L transport 
system as described by Christensen [8]. 

The hypothesis  guiding these experiments was that  inhibition reflected inter- 
action of the inhibiting amino acids with the carrier responsible for DOPA 
transport  across the synaptosomal plasma membrane.  Evidence in support  of 
this comes from the requirement  for synaptosome integrity. Typical transport 
data are shown in Fig. 2a. DOPA accumulated increases rapidly to steady-state 
levels that  depend upon the concentrations of other amino acids present. Tis- 
sue levels are decreased by 37, 50, 68 and 74% in the presence of  10, 25, 50, 
and 100 p~4 L-leucine, respectively. An, at least qualitatively, similar decrease 
in the steady-state concentrations of  DOPA in dopaminergic synaptosomes is 
most  likely responsible for the inhibition of their decarboxylase activity. A 
similar effect  of  leucine on steady-state levels of DOPA was observed in a rat 
cerebellar P2 suspension; the interaction is, therefore, not  specific to dop- 
aminergic terminals. Evidence that  the leucine-dependent decrease in DOPA 
level is, at least in part, due to stimulation of efflux will be presented below. 

More detailed data are presented for leucine, a representative amino acid 
inhibitor of  DOPA decarboxylase activity. As seen in Fig. 3, the extent  of 

T A B L E  I 

I N H I B I T I O N  O F  S Y N A P T O S O M A L  D O P A  D E C A R B O X Y L A S E  BY A M I N O  A C I D S  

0.1 m g  ra t  s t r ia ta l  P2 f r a c t i o n  p r o t e i n  was  i n c u b a t e d  w i t h  2.2 gM L - [ 1 - 1 4 C ] D O P A ,  spec i f ic  a c t i v i t y  9.1 

C i /mol ,  fo r  10 ra in  a t  3 7 ° C  in s t a n d a r d  m e d i u m  s u p p l e m e n t e d  w i t h  a m i n o  acids  as above .  Of  the  a m i n o  
ac ids  t e s t ed ,  lys ine  a t  1 m M  i n h i b i t e d  ac t i v i t y  in  t he  p r e s e n c e  of  0 .1% T r i t o n  X-100  b y  40%. N o n e  of  the  

o t h e r  a m i n o  ac ids  a t  1 m M  gave i n h i b i t i o n  in  d i s r u p t e d  s y n a p t o s o m e s ,  

A m i n o  ac id  C o n c e n t r a t i o n  R a t e  Re la t ive  
(pM) ( p m o l / r a i n  per  r a t e  

m g  P2 p r o t e i n )  

- -  - -  22.0  1 .00  

L - L e u c i n e  100  11.7  0 .53  

L - M e t h i o n i n e  100  15.0  0 .68  
L-Val ine  100  19.6  0 .89  
L-Alan ine  100  20 .5  0 .93  
Glyc ine  100  20.9  0 .95  
L-Ser ine  100  19.9  0 .90  
L - L y s i n e  100 20.7 0 .94  
D L -p - C h l o r o p h e n y l a l a n i n e  100 9, 2 0 .42  
D L - A m i n o b i c y c l o h e p t a n e  c a r b o x y l i c  acid  100  11 .2  0 .51 
c~-Aminoisobutyr ic  ac id  100  20 .2  0 .92  
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Fig. 1. Inhibition of DOPA decarboxylase activity in a rat striatal P2 fraction by DL-phenylalanine. 0.1 
mg P2 fraction protein was incubated with 2.2 PM L-[1-14ClDOPA in standard medium supplemented 
with DL-phenylalanine as indicated. Incubation was for 10 min at 37’C. Data are shown in the absence 
(e----O), and in the presence (o- 0) of 0.1% Triton X-100. Activity was assayed as the release of 
14C02 as described under Experimental Procedures. (A) The rate and (B) the reciprocal rate as a function 
of phenylalanine concentration. 
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Fig. 2. Uptake of L-[l-14CIDOPA into rat striatal P2 fraction tissue. P2 suspension was added to standard 
medium at 37’C to a concentration of 0.2 mg protein/ml. Incubation mixtures contained 2.2 MM 
L-[1-14ClDOPA and 1. 10 -4 M 3-hydroxybenzylhydrazine. (A) Incubations were in the presence 
(o----O) or absence (e---- 0) of 100 MM L-leucine. 0.5 ml aliquots were withdrawn at various times 
and assayed for tissue radioactivity by rapid filtration. (B) Incubations were for 5 min in the presence of 
various concentrations of L-leucine. 
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Fig. 3. Leuc ine  inh ib i t ion  of  s y n a p t o s o m a l  D O P A  deca rboxy la se  act iv i ty .  (A)  Inh ib i t i on  as a func t i on  of 
L - D O P A  c o n c e n t r a t i o n .  5 pM L - [ 1 - 1 4 C ] D O P A  (specific ac t iv i ty  9.1 Ci/Mol)  was  i n c u b a t e d  in s tandaxd 
m e d i u m  wi th  u n l a b e n e d  L - D O P A  to  give the  c o n c e n t r a t i o n s  ind ica ted  in the p resence  ( A - - A )  or  
a b s e n c e  (~ ~) of  50  #M L-leucine .  The  assay m e d i u m  co n t a in ed  0.2 m g  P2 f r ac t ion  pro te in .  (B) 
Inh ib i t i on  as a f u n c t i o n  of  L-leucine c o n c e n t r a t i o n .  0.1 m g  P2 f r ac t i on  p ro t e in  was  i n c u b a t e d  wi th  2.2 

~M L - j 1 - 1 4 C ] D O P A  in s t anda rd  m e d i u m  s u p p l e m e n t e d  wi th  L- leucine  as indica ted .  I n c u b a t i o n  was for  
1 0 r a i n  a t  37°C.  U n d e r  these condi t ions ,  c o m p l e t e  inh ib i t ion  was  observed  a t  10 mM L-leucine.  

inhibition decreases as the substrate concentration is increased. A plot of rate 
as a funct ion of  inhibitor concentration, however, is not  consistent with strictly 
competitive inhibition; the calculated K i increases with increasing leucine. It is 
the process occurring at low endogenous levels of the competing amino acids 
that  is of the greatest potential physiological interest and was, therefore, 
studied further. 

Further experiments studied the simultaneous inhibition of synaptosomal 
DOPA decarboxylase activity by leucine and 3-hydroxybenzylhydrazine,  a 
potent  and specific decarboxylase inhibitor. The interaction between the two 
inhibitors serves as a probe for the mechanism of inhibition. Results were inter- 
preted using the assumption that  the leucine interacted only with the transport 
system, and 3-hydroxybenzylhydrazine,  only with the enzyme itself. The kine- 
tics were simplified by working at subsaturating DOPA. The simplest rate law 
for the uninhibited system at steady state is: 

k i n S o u t  
V - - -  k~ 

kou t + k r 

where kin , kou t and kr are rate constants for influx, efflux and the enzymic 
reaction, respectively. Sou t is the substrate concentration in solution. It is 
assumed that  each step is unsaturated at concentrations where the overall pro- 
cess is unsaturated.  

The effect of  the decarboxylase inhibitor is to decrease kr. The presence of 
leucine can perturb both influx and efflux. Inhibition of influx would be 
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Fig. 4. T h e  i n t e r a c t i o n  b e t w e e n  l e u c i n e  and  3 - h y d r o x y b e n z y l h y d r a z i n e  as inh ib i tor s  o f  P2 f r a c t i o n  D O P A  
d e c a r b o x y l a s e .  Re l ease  o f  1 4 C O 2  f r o m  2 .2  p M  L - [ 1 4 C ] D O P A  w a s  m e a s u r e d  as a f u n c t i o n  o f  c o n c e n t r a -  
t i o n s  o f  L- l euc ine  and  3 - h y d r o x y b e n z y l h y d r a z i n e .  L e u c i n e  c o n c e n t r a t i o n s  are as ind i ca ted .  F o r  3 -hy-  
d r o x y b e n z y l h y d r a z i n e ,  data  are s h o w n  in the  a b s e n c e  (o  o) ,  and  the  p r e s e n c e  o f  1 . 2 5  • 10  -7  M 

(o ©), a n d  5 • 1 0  -7  M (× ×)  inhib i tor .  T h e  rates  o b s e r v e d  are s h o w n  i n  (A).  In  (B)  relat ive  
rates  are i n d i c a t e d  w i t h  n o r m a l i z a t i o n  to 1 . 0 0  o f  the  rate o b s e r v e d  in the  a b s e n c e  of  l e u c i n e  for e a c h  con-  
cent,  ra t ion  o f  3 - h y d r o x y b e n z y l h y d r a z i n e .  

reflected in a decreased kin. Inhibition or stimulation of  efflux would be 
reflected in a decrease, or increase, respectively, in kout. 

Evidence to support the assumption that the system is, in fact, at steady 
state comes from the linearity of  product formation with time in control and 
inhibited reactions, and the lack of  any change in the extent of inhibition ob- 
served when tissue is preincubated in the presence of  either leucine or 3-hy- 
droxybenzylhydrazine prior to assay. 

Typical data are shown in Fig. 4. Leucine inhibition is enhanced in the pres- 
ence of  increasing concentration of  3-hydroxybenzylhydrazine. At 10 pM 
L-leucine, DOPA decarboxylation is inhibited by 18, 32 and 48%, respectively, 
in the presence of  0, 1 . 2 5 . 1 0  -7, and 5 . 1 0 - 7 M  3-hydroxybenzylhydrazine 
relative to the control rate in the absence of  leucine. The differential inhibition 
was significant with P < 0.005.  

These findings are interpreted using the above rate law. Since the term 
(kout + kr) appears in the denominator, the rate is expected t o  be more sensi- 
tive to changes in kou t (and, hence, to leucine concentration) when k r is 
reduced (that is, in the presence of  increasing concentrations of  the hydrazine). 
That is, these data imply that leucine inhibition of  synaptosomal DOPA decar- 
boxylase activity involves stimulation of  DOPA efflux from the synaptosomes. 
Inspection of  the rate law reveals that we can say nothing about the presence 
or absence of  inhibition of  influx. It is not required but cannot be excluded. 

The above is based on the assumptions that leucine and 3-hydroxybenzyl- 
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Fig. 5. Ef f lux  of  L - [ 1 - '  4 C ] D O P A  f r o m  ra t  s t r ia ta l  P2 f r ac t ion  tissue. A P2 f r ac t ion  suspens ion  p re loaded  
wi th  L - [ 1 - 1 4 C ] D O P A  as descr ibed  u n d e r  E x p e r i m e n t a l  P r o c e d u r e s  was  ad d ed  to  s t anda rd  m e d i u m  at  
37°C to a c o n c e n t r a t i o n  of  0.2 m g  p r o t e i n / m l .  I n c u b a t i o n s  were  in the presence  of  2.2 pM unlabeUed 
L~DOPA, and  in the  presence  (o - - ~ )  or  absence  (o - -e)  of 100  #M L-leucine.  0 .5 ml  samples  were 
w i t h d r a w n  a t  va r ious  t imes  and  tissue levels of  r ad ioac t iv i ty  were  m e a s u r e d  by  rap id  f i l t ra t ion  as descr ibed 
u n d e r  E x p e r i m e n t a l  Procedures .  All i n c u b a t i o n  m i x t u r e s  inc luded  1 - 10 -4 M 3 - h y d r o x y b e n z y l h y d r a z i n e  
to  quan t i t a t i ve ly  inhib i t  D O P A  deca rboxy la se .  

hydrazine interact directly only with amino acid transport,  and the decar- 
boxylase,  respectively. Evidence for the specificity of leucine's interaction 
comes from the fact that  inhibition is only observed in intact synaptosomes,  as 
described above. The necessity for eliminating metabolism in studies of trans- 
port  rules ou t  the possibility of directly looking for an effect  of 3-hydroxy- 
benzylhydrazine on DOPA transport.  Complementary studies on leucine trans- 
port,  however,  were performed.  In experiments similar to those of Fig. 2, 
3-hydroxybenzylhydrazine at I pM did not  affect uptake of 2 pM DL-[14C] - 
leucine. Further,  in studies of DOPA release from preloaded synaptosomes,  
stimulation of unidirectional efflux is observed in the presence of  100 pM leu- 
cine {Fig. 5). These data directly document  the effect  inferred from the 
enzyme kinetic experiments.  

Amino acids with large non-polar side chains also inhibited dopamine 
synthesis f rom L-tyrosine. Thus, at 2 pM L-[1- '4C]tyrosine, dopamine forma- 
tion was at a rate of  18 pmol/min per mg P2 protein with incubations of 5--20 
min, and with 0.15--0.45 mg added P2 protein. The rate was inhibited by 15, 
21, 33 and 47% at 25, 5 0 , 1 0 0  and 250 pM L-leucine, respectively. At 0.5 pM 
tyrosine, the relative inhibitions were 45 and 62%, respectively, at 100 and 250 
pM leucine. While these experiments were in progress, similar data were 
reported describing inhibition by L-tryptophan of synaptosomal dopamine bio- 
synthesis at subsaturating concentrat ions of  tyrosine [2]. The inhibition could 
result f rom decreases in the steady-state level of intrasynaptosomal tyrosine or 
from efflux of  intermediate DOPA from the synaptosomes before it is decar- 
boxylated.  
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Discussion 

This s tudy demonstrated inhibition of  DOPA decarboxylase and tyrosine 
hydroxylase activities in rat striatal synaptosomes by physiological levels of 
amino acids. The specificity for inhibiting amino acids corresponds to that  of 
the L system of  Christensen [8].  The interaction between inhibition of  synap- 
tosomal decarboxylase by amino acids and the enzyme inhibitor, 3-hydroxy- 
benzylhydrazine,  suggests that  the observed inhibition is mediated by stimula- 
tion of  substrate efflux. It is efflux, then, that appears to be mediated by the L 
system. Trans stimulation of  fluxes is, in fact, expected in transport  systems 
such as this that  are characterized by strong exchange properties [9]. The data 
on which these conclusions are based are derived from enzyme kinetic measure- 
ments. Relevant transport  studies have been performed on synaptosomes [10, 
11] and brain slices [12--14].  Depending upon the experimental conditions, 
interactions between amino acids have given rise to inhibition of  influx of  a 
labelled amino acid, stimulation of  efflux of  a label from preloaded synapto- 
somes, inhibition of  efflux, exchange diffusion, and both increases and 
decreases in the steady-state levels of amino acids. Transport studies reported 
here, performed under condit ions similar to those of  the kinetic experiments, 
demonstrate  an amino acid<lependent decrease in synaptosomal DOPA levels 
at steady state, and an increase in DOPA efflux. As mentioned previously, the 
heterogeneity of  the P2 fraction used for transport  studies does not  allow any 
rigorous conclusions about  reaction kinetics based upon transport  data. The 
results, however,  do demonstrate  the existence of  the postulated interaction 
in the transport  properties of  synaptosomes.  From another point  of view, the 
fact that  similar transport  properties are observed in direct studies on the 
heterogeneous preparation, and inferred from kinetic studies, suggests that 
DOPA transport  in the dopaminergic nerve terminals (those containing the 
decarboxylase) is, at least qualitatively, similar to that  in bulk synaptosomes.  

The inhibition of  DOPA decarboxylase activity observed is presumably a 
reflection of  a decreased steady-state concentrat ion of intrasynaptosomal 
DOPA. Inhibition of  dopamine synthesis from tyrosine is  more complicated. 
Inhibition could result from both a decreased concentrat ion of  tyrosine and a 
leak of  intermediate DOPA, both due to stimulated efflux. To the extent  to 
which stimulation of  DOPA efflux occurs, the rate of  DOPA formation exceeds 
that  of dopamine.  Experiments to examine this possibility are currently in 
progress. 

There is complementary  evidence from another type  of experiment,  that, at 
least in the absence of  other amino acids, the efflux of substrate and inter- 
mediates from dopaminergic synaptosomes is slow (at most,  comparable to the 
rate of  reaction). Several groups [2,15--17] have demonstrated that  following 
conversion of labelled phenylalanine to tyrosine, or tyrosine to DOPA by 
synaptosomal  tyrosine hydroxylase,  newly hydroxyla ted  amino acid does not  
mix with an exogenous pool  of  differentially labelled amino acid before under- 
going further reaction. These data have been discussed in terms of  compart-  
mentation.  In kinetic terms, compar tmenta t ion must  imply slow efflux. Dop- 
amine format ion from tyrosine involves two successive enzymic reactions. The 
first, tyrosine hydroxylase,  is generally considered to be rate determining; 
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changes in the rates of dopamine synthesis in neural tissue have been correlated 
with changes in its kinetic properties. DOPA, the product,  is physically similar 
to tyrosine and shares a transport system with it. This places certain restrictions 
on the properties of  the substrate transport system. If transport were very rapid 
relative to reaction, the intermediate DOPA would leak out  and the nerve ter- 
minal would not  funct ion as an autonomous synthetic unit. If the rate constant 
for transport were very much slower than that  for reaction, the transport 
would become rate limiting, and dopamine synthesis would become indepen- 
dent of the activity of tyrosine hydroxylase.  Clearly, the rate constants for 
efflux and reaction must be balanced. The suggestion, from the data presented 
here, tha t  DOPA efflux can be stimulated by other amino acids is thus of poten- 
tial regulatory importance. 

More pragmatically, the effect described here is likely to be of significance as 
one of the factors regulating the pharmacological availability of dopamine from 
administered DOPA. The intraneuronal concentration of DOPA can be affected 
by interactions of amino acids with the transport system across two permeabil- 
ity barriers; the blood-brain barrier and the neural plasma membrane. 
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