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1. Introduction

Tyrosine phenol lyase is an enzyme which catalyzes
the stoichiometric conversion of L-tyrosine to pyru-
vate, ammonia and phenol, and requires pyridoxal
phosphate as a cofactor [1—-5] . Apparently homo-
geneous preparations of the enzyme were prepared in
our laboratory from cells of Escherichia intermedia
and Erwinia herbicola grown in media supplemented
with L-tyrosine [4,6] . We reported that the crystal-
line preparations of the enzyme catalyze a series of
@, B-elimination [4, 6], 8-replacement [7, 8] and
racemization [9] reactions. The reverse of the a,
B-elimination reaction to synthesize L-tyrosine from
pyruvate, ammonia and phenol was also catalyzed
by crystalline preparations of the enzyme [10]. In
recent studies, we proved that L-tyrosine or 3, 4-di-
hydroxyphenyl-L-alanine (L-dopa) was synthesized
from pyruvate, ammonia and phenol or pyrocatechol
with intact cells directly as enzyme, in significantly
high yields. We herein report an enzymatic method
for the preparation of L-tyrosine and L-dopa.

2. Materials and methods

The cells of E. herbicola (ATCC 21434) were se-
lected as a likely source of tyrosine phenol lyase in
the present investigation. The cells with higher enzyme
activity were prepared by growing them in a medium

* To whom requests for reprints should be addressed.

North-Holland Publishing Company — Amsterdam

containing 0.2% L-tyrosine, 0.2% KH,PO,, 0.1%
MgSO,- 7H,0, 0.0001% FeSO,- 7TH,0, 0.01% pyri-
doxine, 0.6% glycerol, 0.5% succinic acid, 0.1% DL-
methionine, 0.2% DL-alanine, 0.05% glycine, 0.1%
L-phenylalanine and 12 ml/dl hydrolyzed soybean
protein in tap water, with the pH controlled at 7.5
throughout cultivation.

L-tyrosine and L-dopa were determined using a
Yanagimoto model LC-5S automatic amino acid
analyzer. L-tyrosine was also determined by micro-
biological assay with a strain of Leuconostoc mesen-
teroides [11]. Pyruvate was measured by the method
of Friedemann and Haugen [12] . Phenol and pyroca-
techol were measured with a modification of the
method of Porteous and Williams [13].

3. Results and discussion

Since the a, f-elimination reaction catalyzed by
tyrosine phenol lyase is reversible [10] and the solu-
bility of L-tyrosine or L-dopa is slight, the L-tyrosine
or L-dopa synthesized by this enzymatic method pre-
cipitates during incubation. The apparent equilibrium
is thought to tend toward the synthetic state when
large amounts of substrates, i.e. pyruvate, ammonia
and phenol or pyrocatechol, are added to the reaction
mixture. Figs. | and 2 show this apparent tendency
for equilibrium in these experiments.

Conditions for the enzymatic preparation of L-ty-
rosine or L-dopa were investigated on the basis of
this finding. For the synthesis of L-tyrosine, the re-
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Fig. 1. Apparent equilibrium of synthesis and degradation of
L-tyrosine by cells of E. herbicola. The reaction mix ture for
synthesis of L-tyrosine (¢ —o0 —0) contained 270 umoles of
phenol, 270 pmoles of sodium pyruvate and 2.7 mmoles of
ammonium acetate buffer, pH 8.0, in a total vol of 10 ml.
The cells harvested from 10 ml of the cultured broth were
suspended in the reaction mixture, then the mix ture was in-
cubated at 37° for 10 hr. The reaction mixture for degradation
of L-tyrosine (@ —e —e) contained 270 umoles of L-tyrosine
and 2.7 mmoles of ammonium acetate buffer, pH 8.0, ina
total vol of 10 ml. The cells were suspended as in the syn-
thesis of L-tyrosine, then the mixture was incubated at 37°
for 10 hr.

action mixture contained 1.0 g of phenol, 4.0 g of
sodium pyruvate and 5.0 g of ammonium acetate in

a total vol of 100 ml. The cells harvested from 100 ml
of the cultured broth were suspended in the reaction
mixture, then the pH was adjusted to 8.0 by adding
ammonia. The mixture was incubated at 37° for 10 hr
and at hourly intervals during incubation, phenol was
fed to maintain the initial concentration. Under these
conditions, 5.80 g of L-tyrosine was synthesized in
the mixture, as shown in fig. 3.

In the synthesis of L-dopa, the reaction mixture
contained 0.8 g of pyrocatechol, 0.5 g of sodium py-
ruvate, 5 g of ammonium acetate, 0.2 g of sodium
sulfite and 0.1 g of EDTA in a total vol of 100 ml.
The cells were suspended, then the pH was adjusted
as in the synthesis of L-tyrosine. The mixture was in-
cubated at 15° for 48 hr. At 2 hr intervals, pyrocate-
chol and sodium pyruvate were added to maintain the
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Fig. 2. Apparent equilibrium of synthesis and degradation
of L-dopa by cells of E. herbicola. The reaction-mixture for
synthesis of L-dopa (0—o—o0) contained 270 umoles of
pyrocatechol, 270 umoles of sodium pyruvate, 2.7 mmoles
of ammonium acetate buffer, pH 8.0, 80 umoles of sodium
sulfite and 25 umoles of EDTA in a total vol of 10 ml. The
cells harvested from 10 mi of the cultured broth were sus-
pended in the reaction mixture, then the mix ture was in-
cubated at 15° for 10 hr. The reaction mixture for degrada-
tion of L-dopa (e —e —e) contained 270 umoles of L-dopa,
2.7 mmoles of ammonium acetate buffer, pH 8.0, 80 umoles
of sodium sulfite and 25 umoles of EDTA in a total vol of
10 ml. The cells were suspended as in the synthesis of L-dopa,
then the mixture was incubated at 15° for 10 hr.

initial concentrations. To keep the synthesized L-dopa
stable during incubation sodium sulfite and EDTA
were added, and the temperature for incubation was
kept lower than that of L-tyrosine. Under these con-
ditions, 5.85 g of L-dopa was synthesized as shown in
fig. 4.

Enzymatically synthesized L-tyrosine or L-dopa
was isolated from a large-scale reaction mixture of
500 ml. The isolated tyrosine or dopa was identical
in all respects (melting point, IR—, NMR-spectra and
specific optical rotation) with authentic L-tyrosine or
L-dopa. The isolated tyrosine afforded [a] & =—11.9
(c=5in 1 N HCl) and dopa [a] 5 =—11.8 (c=3.7 in
4% HCl).

The enzymatic method described here is simple and
efficient, and is the most economical process to date
for the preparation of L-tyrosine and L-dopa from the
starting materials of sodium pyruvate, phenol and py-
rocatechol.
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Fig. 3. Synthesis of L-tyrosine from phenol, pyruvate and

ammonia by cells of Erwinia herbicola. The reaction con-

ditions were described in the text. In the figure, (0—0—0)

is L-tyrosine synthesized , (4--4--2) phenol consumed, and
(a--a--a) pyruvate consumed.
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Fig. 4. Synthesis of L-dopa from pyrocatechol, pyruvate

and ammonia by cells of E. herbicola. The reaction con-

ditions were described in the text. In the figure, (0—0—0)

is L-dopa synthesized, (#--2--2) pyrocatechol consumed,
and (a--a--a) pyruvate consumed.
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