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Summary. Tyrosine transamination has been investigated in vitro with a prepa-
ration of rat liver tyrosine aminotransferase in the presence of several structural
derivatives of the substrate, including the phosphonic analogue. The transami-
nation by tyrosine aminotransferase (TAT) needs the presence in the substrate
molecule of free amino and carboxylic groups, a three-carbon aliphatic chain, a
para-phenolic hydroxylic function and a L-configuration. Some tyrosine ana-
logues can markedly disturb the Tyr-TAT association: the chief structural modi-
fications are (i) the removal of the free amine function in a compound still
possessing a para-hydroxylic and a carboxylic group, (ii) the change of the
carboxylic function by another acidic group, especially a phosphonic one, (iii) a
disubstitution in positions 3 and 5. In every situation, the presence of a para-
hydroxylic group is compulsory to observe an inhibitory effect.
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Introduction

The elimination of the amino group of tyrosine is catalyzed by L-tyrosine:
2-oxoglutarate aminotransferase (TAT; EC.2.6.1.5), a pyridoxal phosphate
(PLP) dependent and inducible phosphoprotein enzyme, chiefly localized in the
liver (Cannelakis and Cohen, 1956a).

The human enzyme is of particular interest since tyrosine aminotransferase
deficiency is often implicated in congenital hypertyrosinemia, either isolated
(Lemonnier et al., 1979; Kida et al., 1982) or associated with the lack of other
enzymes (Lindblad et al., 1977). '

In this paper, we study the specificity of the aminoacid substrate of TAT us-
ing several tyrosine analogues, among which DL-1-amino-2-(p-hydroxyphenyl)-
ethylphosphonic acid (Tyr-P); this phosphonic analogue of tyrosine already
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appeared to be a useful investigation tool in the field of tyrosine metabolism
(Iron et al., 1981)

Material and methods

Liver tyrosine aminotransferase was prepared from male Wistar rats according to Valeriote
et al. (1969), after induction by intraperitoneal injection of triamcinolone. An enzyme
preparation from four livers was obtained, by going through the different steps of ammonium
sulphate fractionation and heat treatement, described by Valeriote et al. (1969).

The activity of the enzyme preparation was determined using an incubation mixture
containing: L-Tyr, 0-5.4 mM; a-ketoglutarate, 20 mM; PLP, 0.4 mM; phosphate buffer 0.05
M, pH 7.6. After a preincubation at 37°C (15 min), the reaction was initiated by adding the
enzyme preparation containing bovine serum albumin (5 mg/ml). The reaction was stopped
after 10 min with 10N KOH. After 30 min, a time interval necessary to decarboxylate
p-hydroxyphenylpyruvate in an alkaline medium, the resulting p-hydroxybenzaldehyde was
then determined by a spectrophotometric assay (Diamondstone, 1966). The activity of the
enzyme preparation was expressed in units per mg of liver proteins, a unit corresponding to
the formation of one micromole of p-hydroxyphenylpyruvate per min at 37°C. The Michaelis
constant of the enzyme was 1.8 mM, a value close to published data (Hayashi et al., 1967,
Voigt and Sekeris, 1978).

Experiments performed to determine the structural specificity of tyrosine analogues as
substrates were carried out using similar conditions, with a 10 mM substrate concentration,
except for the less soluble compounds which were assayed at a final concentration of 2.5
mM (D-Tyr, bL-0-Tyr, DL-m-Tyr, L-Phe, APB, AMT). Aliquots were taken after 10 min and
4 h and the occurrence of glutamate formed from a-ketoglutarate checked by paper chroma-
tography (Smith, 1969); positive results were followed by new assays in which the reaction
was stopped with HCI and the amount of glutamate quantitatively determined by ion-
exchange chromatography (Beckman Analyzer).

Determination of TAT activity, when tyrosine was used as a substrate (1 mM) in the
presence of a putative inhibitor (10 mM; I/S = 10), was performed by the spectrophotometric
determination of p-hydroxybenzaldehyde, except in some cases where the spectral character-
istics of the compound tested interfered with a measurement at 331 nm: the enzyme activity
was then evaluated by determining the amount of the unreacted tyrosine by ion exchange
chromatography.

The 25 molecules screened as substrate and/or inhibitor on the TAT preparation
were: L-Tyr, p-hydroxyphenylacetic acid (pHPA), DL-p-hydroxyphenylglycine from
Fluka, Switzerland; DIL-1-amino-2-phenyl-ethylphosphonic acid (Phe-P), DL-1-amino-2-
(p-hydroxyphenyl)-ethylphosphonic acid (Tyr-P), L-Phe, DL-1-amino-4-phenylbutyric acid
(APB), D-Tyr, L-3-iodo-Tyr (MIT), 1-3,5 diiodo-Tyr, 2 H,O (DIT), pL-3,4 dihydroxyphe-
nylalanine (DOPA) from Calbiochem, USA; L-tyrosinamide from Mann, USA; tyramine
hydrochloride from Prolabo, France; 1-N-acetyl-Tyr from California Corp., USA; DL-u-
methyl-Tyr (AMT) from Aldrich, USA; L-3-fluoro-Tyr (MFT) from Bayer, Germany; DL-
phenyl-Gly, pL-p-fluoro-Phe, DL-B-phenyl-f-Ala, DL-p-amino-phenylglycine from Califor-
nia Foundation, USA; DL-0-Tyr, DL-m-Tyr, DL-p-bromo-Tyr from Cyclo, USA; L-O-methyl-
Tyr from Hoescht, Germany; DL-p-tolylalanine was from the laboratory collection.

Results and discussion

Only two tyrosine derivatives, out of the 24 tested, could be readily transami-
nated (Table 1): MIT and MFT both possess, as tyrosine itself, a free amino and
a free carboxylic groups on the three-carbon atoms side-chain, as well as an
unsubstituted p-phenolic group on the benzene ring. The relatively broad speci-
ficity of TAT versus m-halogenated tyrosine confirms previous results (Mason
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Table 1. Transamination by TAT of L-tyrosine and some

substitution products. Final concentration of the substrate,

2.5 mM; the transamination level is given as percentage of
the tyrosine value

Compound Transamination yield
L-Tyrosine 100
L-3-lodo-tyrosine (MIT) 67
L-3-Fluoro-tyrosine (MFT) 45
L-3,5-Diiodo-tyrosine (DIT) 4
DpL-3-Hydroxy-tyrosine (DOPA) 2
L-O-Methyl-tyrosine traces

and Deshmukh, 1985); however, 3,5-diiodotyrosine appeared to be a weak
substrate. DIT and furthermore DOPA, which shows a transamination rate of
only 29, still possess the three above mentioned structural features. The faint
glutamate ninhydrin positive spot observed with O-methyl-L-Tyr may be related
to a partial hydrolysis of the methoxy group.

The transamination yields obtained with mixtures of L-Tyr and the different
derivatives are given in Table 2.

The racemic phosphonic analogue exhibited a particular interest since it ap-
peared to be one of the most potent competitive inhibitors of tyrosine trans-
amination with a K; of 0.5 mM for a K, (L-Tyr) of 1.8 mM.

The effect of tyrosine aminotransferase upon several structural analogues of
tyrosine has only been studied by Cannelakis and Cohen (1956b) and by Jacoby
and La Du (1964). Our discussion takes those previous results and our own
findings into account to emphasize the interference of the functional groups of
tyrosine analogs in their interaction with tyrosine aminotransferase.

p-Hydroxyphenylacetate, a deaminated compound produced in the cata-
bolic pathway of Tyr, showed a ca. 509 inhibition, a value comparable to the
data reported by Jacoby and La Du (1964), who observed a more marked
inhibition with p-hydroxyphenyllactate. N-acetyl-Tyr, which still possesses a
nitrogenous group on the side chain was not transaminated by TAT, but
inhibited slightly the interaction between Tyr and the enzyme, probably by
means of a steric disturbance.

Blocking or removing the carboxylic group, as in tyrosinamide and tyramine
respectively, provokes an almost complete disappearance of interaction. On the
contrary, replacing the carboxylic by a phosphonic group (Tyr-P) highly facili-
tates the fixation as, among the different tyrosines modified on the acidic func-
tion, the phosphonic analogue was the best inhibitor of tyrosine transamination
(K; = 0.5 mM).

Whereas, as a substrate, L-Tyr is stereospecific, the stereospecificity does not
appear so strict in inhibition studies: in the presence of D-Tyr, the TAT activity
for transamination of L-Tyr decreased by one third.

Regarding the side-chain, the suppression of a carbon atom leads to p-
hydroxyphenylglycine, a compound which has lost the ability to be a substrate
for TAT, but which is still a potent inhibitor.
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Table 2. Influence of tyrosine analogues on L-tyrosine by TAT

TAT transamination, %,
(L-tyrosine alone = 100)

Putative inhibitor [1]/{S] = 10 Method A*  Method B**
Phenolic compounds

D-tyrosine 69
L-N-acetyl-tyrosine 73
L-tyrosine amide 88
L-O-methyl-tyrosine 86
L-3-iodo-tyrosine (MIT) 166
L-3-fluoro-tyrosine (MFT) 134
DL-3-hydroxy-tyrosine (DOPA) 0
L-3,5-diiodo-tyrosine (DIT) 0
DL-0-tyrosine 95
DL-m-tyrosine 61
DL-1-amino-2-(p-hydroxyphenyl)-ethylphosphonic acid

(Tyr-P) 0 0
DL--methyl-tyrosine 110

tyramine, HCl 99
DL-p-hydroxyphenylglycine 21
p-hydroxyphenylacetic acid 55

Non phenolic compounds

L-phenylalanine 106
DL-p-fluoro-phenylalanine 102
DL-p-bromo-phenylalanine 106
DL-p-tolyl-alanine 83
DL-1-amino-2-phenyl-ethylphosphonic acid (Phe-P) 102
DL-f-phenyl-f-alanine 55
DL-2-amino-4-phenylbutyric acid 103
DL-phenylglycine 113
DL-p-amino-phenylglycine 52

* Method A: evaluation of p-hydroxybenzaldehyde at 331 nm
** Method B: determination of unreacted L-Tyr by ion exchange chromatography

The importance of the substituents in the benzene ring has been studied with
numerous modified tyrosines. The only ring substituent in Tyr is the para-
phenolic group; its elimination, giving Phe, suppresses any interaction possibi-
lity. The same remark applies to Phe-P where —COOH of Phe is replaced by
—PO;H,, the inhibitory potentiality of which has already been mentioned. A
similar constatation concerns phenylglycine which is absolutely inert, unlike
p-hydroxyphenylglycine; in this latter compound, the replacement of the —OH
group by —NH,, leading to p-aminophenylglycine does not totally suppress the
inhibitory effect. Moving the phenolic hydroxylic group to another place in the
aromatic ring leads either to the conservation of an interaction (m-Tyr) or to its
disapperance (o-Tyr). The replacement of the para-OH group by others substi-
tuents give molecules which show no interference with the enzyme (p-fluoro-Phe,
p-bromo-Phe) or only a weak inhibition (O-methyl-Tyr, p-tolyl Ala). The para-
hydroxylic group thus appears to be essential to obtain the interaction, as
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even molecules with modified side chain (p-hydroxyphenylglycine, dopamine,
norepinephrine, epinephrine) are excellent inhibitors. An additional substitution
in meta-position may in some cases (MIT, MFT) facilitate the transamination
or in other cases (DOPA, 3 amino Tyr) considerably disturb the enzyme-tyrosine
interaction; a double substitution in 3 and 5 positions on the tyrosine ring
suppresses the ability of transamination (DIT) but highly hinders the fixation of
tyrosine on TAT.

Among the four different aromatic non phenolic aminoacids tested, three of
them, Phe, phenylglycine and 2-amino-4-phenylbutyric acid were inert com-
pounds. The inhibitory properties of f-phenyl-f-alanine which possesses the
same side-chain length as Phe and the amino group in juxtanuclear position (as
in phenylglycine), need a further explanation.
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