
Introduction

Tryptophan may be metabolized by several different
pathways. The major quantitative breakdown route via
kynurenine leads to nicotinic acid and to the synthesis of
the NAD coenzyme, other pathways involve indolic com-
pounds. The hydroxyindole pathway of tryptophan meta-
bolism via decarboxylation of 5-hydroxytryptophan pro-
vides the neurotransmitter serotonin, and the hormone
melatonin in the pineal gland. The other pathways partly
participate in the indolylacetic acid and the speculative
indolylacrylic acid formation (1,2).

As for the decarboxylation step in aromatic amino acid
metabolism, it is catalyzed by aromatic amino acid decar-
boxylase (EC. 4.1.1.28, AAD), an enzyme with broad sub-
strate specificity. Many years ago, catalyzed decarboxylati-
on of L-3,4-dihydroxyphenylalanine (dopa) and 5-hydroxy-
tryptophan was found out in mammalian kidney and liver
extracts (3,4). Lovenberg et al. (5) found AAD to have
affinity also to other aromatic amino acids. Among them,
decarboxylation of tryptophan is considered to be a quanti-
tatively significant route of metabolism of this amino acid
and decarboxylation of tryptophan increases according to
its intake (6). Owing to the high substrate affinity of L-3,4-
dihydroxyphenylalanine and 5-hydroxytryptophan to AAD,
an important role of this enzyme in the synthesis of cate-

cholamines including dopamine, noradrenaline and adre-
naline, and in the creation of serotonin is evident. Affinity
of the other aromatic amino acids to AAD is comparatively
much lower. In fact, neither L-3,4-dihydroxyphenylalanine
nor 5-hydroxytryptophan are the compounds that are offe-
red to the liver at higher concentrations, in comparison to
more common amino acids as phenylalanine, tyrosine, and
tryptophan (7,8). For this reason it is rather surprising that
the enzyme is particularly abundant in the liver, where crea-
tion of its main products under physiological conditions is
low, and the significance of the enzyme is not apparent so
far.

Since the same enzyme catalyzes decarboxylation of
a group of amino acids with similar but not identical struc-
tures, the effect of various analogues of these compounds
have been studied for years. The aim of those studies was to
affect the synthesis of biologically active decarboxylation
products of aromatic amino acids. We have investigated
mammalian AAD activity with the substrate L-3,4-dihydro-
xyphenylalanine under various conditions (9,10). Other
authors (11) studied the in vitro effect of analogues of phe-
nylalanine and tryptophan on the rat brain enzyme kinetics
with the same substrate. Bosin et al. (12) examined the
influence of tryptophan analogues on dopa decarboxylation
by hog kidney enzyme. They found no inhibition of dopa
decarboxylation by tryptophan itself. 
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Fig. 1: Influence of tryptophan (5.5x10-3 M) on decarbo-
xylation of tyrosine by rat liver (supernatant 20.000xg of
cell homogenate). The Michaelis-Menten plot is presented
in the main graph; the insert shows the Lineweaver-Burk
plot based on the same data. The assay was carried out at
pH 6.8 (0.02 M sodium phosphate buffer). 

Fig. 2: Influence of tryptophan (1.5x10-2M) on decarboxy-
lation of phenylalanine by rat liver (supernatant 20.000xg
of cell homogenate). The Michaelis-Menten plot is presen-
ted in the main graph; the insert shows the Lineweaver-
Burk plot based on the same data. The assay was carried
out at pH 6.8 (0.02 M sodium phosphate buffer). 

Tab. 1: Rat liver AAD activity with substrate DOPA in pre-
sence of tryptophan.

As far as we know, a competition of alternative substra-
tes for hepatic AAD has not yet been described. In the pre-
sent paper we therefore tried to check, if decarboxylation of
phenylalanine, tyrosine or dopa in the liver may be influen-
ced by tryptophan.

Materials and methods

Supernatant 20 000 x g of liver homogenate (1:10 in wa-
ter) of Wistar male rats (VÚFB Konárovice) was used as
the source of enzyme. The law on the keeping and care of
laboratory animals was followed during treating the rats. The
protein content was determined according to the method of
Lowry (13).

Chemicals used in AAD assay: 1-14C-labelled substrates:
D,L-3-(3,4-dihydroxyphenyl)alanine-1-14C (specific radio-
activity 53.2 µCi.mmol-1, DuPont NEN, Germany), L-1-
14C-tyrosine (specific radioactivity 113.6 µCi.mmol-1,
Radiochemical Centre Amersham), and L-phenylalanine-1-
14C (specific radioactivity 16.7 µCi.mmol-1, Radiochemical
Centre Amersham), L-tryptophan (LOBA Feinchemie,
Austria), coenzyme: pyridoxal-5’-phosphate (Koch-Light
Labs.), dioxane scintillation cocktail (Spolana, Nerato-
vice). All chemicals used in AAD assays were at least of
analytical grade.

AAD assay and evaluation of the influence of tryptophan:
The enzyme activity was determined radiometrically: The
incubation mixture contained the liver preparation, pyrido-
xal-5’-phosphate (1x10-6 mol.l-1 in most experiments), L-
tryptophan (1.0-3.0x10-2 mol.l-1) and an appropriate
substrate: either 1-14C-dihydroxyphenylalanine (final con-
centrations 1.0-9.0x10-4 mol.l-1), or 1-14C-tyrosine (final
concentrations 1.1x10-4-1.0x10-3 mol.l-1) or 1-14C-phenyl-
alanine (final concentrations 1.5x10-4-1.35x10-3 mol.l-1), in
0.02 M Na-phosphate buffer, pH 6.8. Concentration of
tryptophan used in the incubation mixture was set with
regard to solubility of the amino acid and participation of
other components of the mixture. Control samples were
without tryptophan. The samples were then incubated un-
der nitrogen at 37 °C for 30 min and the radioactivity of
14CO2 (liberated from the mixture by means of sulfuric acid
and absorbed in 0.1 ml 30% KOH) was measured in the
scintillation cocktail using 1219 Rackbeta scintillation
counter LKB Wallac. Four samples were measured at indi-
vidual concentrations of substrates. AAD activities were
calculated on the basis of known amount and specific
radioactivity of 14CO2 produced in catalyzed reaction with
individual substrates and expressed in nkat or pkat per g of
protein as the means ±S.D.

Results and discussion

The investigation of the influence of tryptophan on
AAD showed that L-tryptophan is able to decrease decar-
boxylation of L-tyrosine, when concentration of tryptophan
is by one order higher than that of tyrosine (Fig. 1). Line-
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DOPA AAD activity in nkat/g prot
concentration Control + Tryptophan

(x10-4M) (100%) 5x10-3M

1.0 10.26±0.06 10.15±0.20 (98.9 %)
2.0 19.12±0.64 18.98±0.27 (99.2 %)
3.0 29.31±1.01 28.50±0.34 (97.2 %)
5.0 46.80±0.29 43.97±0.01 (94.0 %)
9.0 59.75±0.13 53.50±0.35 (89.5 %)



weaver-Burk double-reciprocal plot suggests a competition
between both amino acids. If the effect of tryptophan is
viewed in terms of inhibition, the constant of inhibition Ki
(determined graphically from the Lineweaver-Burk plot on
the basis of the change of the slope, see the insert in Fig. 1)
is close to 9.2 x 10-3 M. The competitive character of inhi-
bition of tyrosine decarboxylation by tryptophan is suppor-
ted by the fact that no relevant influence was found, when
we used lower concentrations of tryptophan (the results are
not presented here). Our observation together with the fin-
dings of other authors, assessing the normal concentrations
of tryptophan and tyrosine in blood plasma to be similar,
i. e. about 50 µM for tryptophan and 30 µM for tyrosine (8)
suggest that the decarboxylation of tyrosine in the liver is
not influenced by tryptophan under physiological condi-
tions.

In case phenylalanine was used as the AAD substrate,
tryptophan inhibited decarboxylation as illustrated by
Fig. 2. Lineweaver-Burk plot suggested formally non-com-
petitive inhibition of phenylalanine decarboxylation caused
by tryptophan, Ki being about 2.75 x 102 M. In comparison,
Km for L-phenylalanine decarboxylation, estimated from
the same figure, is close to 1.2 x 103 M. Since the normal
concentration of tryptophan in plasma is the same or even
slightly lower than that of phenylalanine (8), it seems that
high loads of tryptophan injected or given orally would be
necessary to influence decarboxylation of phenylalanine in
the liver. 

As it was supposed, the influence of tryptophan on
dopa decarboxylation was even much lower than on the de-
carboxylation of tyrosine and phenylalanine (for results see
Table 1). Except high doses of L-DOPA (14), as in treat-
ment of patients with parkinsonism, decarboxylation of 3,
4-dihydroxyphenylalanine in the liver seems to be of negli-
gible importance. Nevertheless, it is surprising that we have
found some mild effect of tryptophan on dopa decarboxy-
lation at all. The effect, expressed in % of control AAD acti-
vity, was more pronounced with increasing concentration
of dopa. We have no explanation for this apparent paradox.
As the effect of tryptophan on decarboxylation of dopa was
small, we have not succeeded to quantify it in terms of inhi-
bition kinetics and inhibition constant.

Conclusions

1. Decarboxylation of phenylalanine and tyrosine in the
liver is not influenced by tryptophan at a normal plasma
concentration (about 50 µM) of this amino acid. The
influence of large loads of tryptophan, which would

increase the concentration of tryptophan by orders, is
possible.

2. The effect of tryptophan on decarboxylation of 3, 4-di-
hydroxyphenylalanine is negligible and even large loads
of tryptophan could not affect dopa decarboxylation
efficiently.
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