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Abstract

We have developed a highly sensitive and rapid spectrophotometric assay for tyrosine
decarboxylase that can be applied to determining pyridoxal- 5'-phosphate. In the as-
say, lyramine, a product of tyrosine decarboxylation, reacts with 2.4,6-trinitroben-
zencsulfonic acid to give a product soluble in toluene whereas tyrosine does not. We
determined the amount of tyramine produced enzymatically by reading the absorbance
at 340 nm of a toluene extract of the reaction mixture. This method is capable of de-
tecting as low as 2.9 pg/mL of the enzyme. Using this method, we find the K, for
tyrosine decarboxylase from Streptococcus faecalis to be 3.55 x 10 *M. We have
also developed a specific and extremely sensitive method for determining pyridoxal-
5’-phosphate, a cofactor of the enzyme. by using this spectrophotometric assay with
apotyrosine decarboxylase.

Index Entries: Tyrosinc decarboxylase; decarboxylase, tyrosine; pryidoxal-
5'-phosphate, assay for: spectrophotometric assay, for pyridoxal- 5’-phosphate

Introduction

Tyrosine decarboxylase (L-tyrosine carboxylase, E.C.4.1.1.25), which catalyzes
the decarboxylation of tyrosine to form tyramine and CO,, has been measured

tAbbreviations used: TNBS, 2.4.6-trinitrobenzenesulfonic acid; TNP, N, N'-trinitrophenyl; PLP,
pyridoxal 5'-phosphate.

©Copyright 1983 by The Humana Press Inc.
All nghts of any nawre whatsoever reserved
0273-2289/83:0400-01275802 00 127



128 PHAN, NGO, AND LENHOFF

manometrically (/-5) and by radiochemical methods (6-7). The former method
lacks sensitivity. The radiochemical ones, which use '*C-labeled substrate, are
sensitive, but are time-consuming.

We describe a spectrophotometric assay for tyrosine decarboxylase based on the
principle we used for developing a similar assay for lysine decarboxylase (9). In
brief, tyrosine, the substrate, reacts with trinitrobenzenesulfonic acid (TBNS),
forming a water-soluble yellow product, whereas the enzymatic product,
tyramine, reacts with TNBS to form a water-insoluble yellow product extractable
into an organic solvent. We quantify the amount of tyramine produced
spectrophotometrically by measuring the absorption of TNP-tyramine extracted
into the organic phase. We have also applied this assay using apotyrosine
decarboxylase for selectively measuring trace amounts of pyridoxal- 5’-phosphate
(PLP).

Materials and Methods

Reagents

Toluene (J. T. Baker Co.); tyrosine decarboxylase apoenzyme (1.1 U/mg) from
Streptococcus  faecalis, 1.-tyrosine, PLP. pyridoxine monohydrochloride,
pyridoxamine dihydrochloride, pyridoxal hydrochloride, 4-pyridoxic acid,
pryidoxal ethyl acetyl hydrochloride, picrylsulfonic acid (2,4,6-
trinitrobenzenesulfonic acid), and tyramine (Sigma Chemical Co.).

L-tyrosine, 8 mM, was prepared by dissolving 0.11491 g in 100 mL of 0.5M
sodium acetate buffer. PLP stock solution, 107*M, was prepared by dissolving
2.47 mg in 100 mL of deionized water. L-Tyrosine decarboxylase apoenzyme,
0.05 g, was dissolved in 20 mL of 0.5M acetate butfer, pH 5.5. The enzyme solu-
tions were centrifuged at 2000 rpm for 30 min and the supernatant was used for
assay. Protein was determined by its absorbance at 280 nm. All optical measure-
ments were made using a Beckman Acta C-111 Spectrophotometer.

Formation of Tyrosine and Tyramine Adducts of TNBS, and Extraction of
Chromophore

Tyrosine, tyramine, and the components of the enzyme reaction mixture for tyro-
sine decarboxylase, except for the enzyme, were dissolved in 1.0 mL of 0.5M ace-
tate buffer, pH 5.5 To each sample. 1 mL of 1.0M K,CO; and 1 mL of
1.02 x 1072M TNBS were added. Each sample was immediately mixed with 2
mL of toluene using a Vortex mixer run at top speed for 20 s. The toluene and aque-
ous layers were separated by centrifuging the tubes at about 2000 rpm for 5 min.

Results and Discussion
The reactions involved in the spectrophotometric assay for tyrosine decarboxylase

is outlined in Scheme 1. The assay for PLP involves the same reactions except that
instead of using holotyrosine decarboxylase, we use its apoenzyme.
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Absorption Spectra

The spectra from toluene extracts of TNP—tyramine and the reaction of TNBS with
the components and products of tyrosine decarboxylase reaction (Fig. 1, solid and
dashed lines, respectively) show similar absorption patterns consisting of a small,
broad peak with maximum absorbance at 420 nm and a major peak with maximum
absorbance at 340 nm. The absorbance at 340 nm of a toluene extract of a high
concentration of tyrosine (8 mM) reacted with 2.04 mM TNBS (Fig. 1, dotted line)
was negligible. indicating that TNP-tyrosine is not significantly soluble in toluene.

Standard Curve and Molar Extinction Coefficient for Tvramine

A range of concentrations of tyramine, assayed as under Materials and Methods,
gave a standard curve as shown in Fig. 2. The curve was linear in the range of 3.37
to 84 M with a correlation coefficient of 0.9992. The average operational molar
extinction coefficient was 0.93 x 10* M~! cm™!. Satake et al. (/0) reported the
molar extinction coefficient of TNP-tyramine derivative obtained under different
conditions to be 1.14 X 10* M~ ' ecm™".

Assay of Tyrosine Decarboxylase

Each reaction was initiated by adding 0.5 mL of a solution of L-tyrosine
decarboxylase enzyme or apoenzyme in 0.5M acetate buffer, pH 5.5, to 0.5 mL
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Fig. 1. Absorption spectra obtained from toluene extracts of TNP-tyramine (solid
line), TNP derivative of product of tyrosine decarboxylase action (dashed line), and
TNP-tyrosine (dotted line).
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Fig. 2. Standard curve for tyramine determination. Experimental details described in
Materials and Methods section.
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Fig. 3. Relationship between tyramine produced and enzyme concentration at a fixed
reaction time of 20 min.
tyrosine (from 0.27 to 1.34 mM) acetate buffer, pH 5.5, and containing a total of 3
pM PLP. After the reaction mixture was incubated at 37°C for 20 min, it was
stopped by adding 1 mL of IM K,CO;. Next TNBS was added to each sample,
and the apolar products were extracted and separated as described under Materials
and Methods. The absorbance of the toluene extracts was read at 340 nm against a
toluene extract of the same reaction and color development mixtures differing in
that the K;CO5 was added to the tyrosine solution before the enzyme was. Under
these conditions, we easily detected amounts of tyrosine decarboxylase as low as
2.92 pg/mL. A linear relationship with a correlation coefficient of 0.9996 was ob-
tained between amount of tyramine and enzyme concentration in the range of
2.9-29 pg/mL (Fig. 3).

Kinetics of Tyrosine Decarboxylase

The effect of substrate concentration on the initial rate of tyrosine decarboxylase is
shown in Fig. 4. From a least-square fit of a Lineweaver-Burk plot, we obtained a
K,, of 3.54 X 107*M and a V,,, of 1.30 nmol tyramine/min/ng enzyme. This
K,, is comparable to that of 5 X 107 *M obtained potentiometrically by Hassan
and Rechnitz (117).

Assay of PLP

Various concentrations of PLP in 0.1 mL aliquots, and 0.4 mL of the apoenzyme
(10 mg) in 0.5M acetate buffer, pH 5.5, were incubated at room temperature for 5
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Fig. 4. Effect of tyrosine concentration on rate of tyrosine decarboxylation. All points
were average of three determinations.
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Fig. 5. Standard curve for pyridoxal-5’'-phosphate determination using spectrophoto-
metric assay for tyrosine decarboxylase described in this paper. (For experimental details,
see Assay of PLP.)
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min. The reaction was initiated by adding 0.5 mL of 1.34 mM tyrosine in 0.5M
acetate buffer, pH 5.5. After the reaction mixture was incubated at 37°C for 20
min, it was stopped by adding 1 mL of 1M K,CO,. Next, TNBS was added to each
sample and each was extracted with a 2 mL aliquot of toluene.

The blank solutions for this assay were prepared by adding | mL of IM K,CO;
to a mixture of 0.5 mL tyrosine and 0.5 mL of tyrosine decarboxylase apoenzyme
after they were incubated for 20 min at 37°C.

Under these conditions, we easily detected amounts of PLP as low as 0.11 nM.
A linear relationship with a correlation coefficient of 0.994 was obtained between
absorbance at 340 nm and PLP level in the range of 0.11-1.11 nM (Fig. 5). This
assay is 10 times more sensitive than the potentiometric method of Hassan and
Rechnitz (/1).

Other members of the vitamin B¢ group and their phosphate derivatives,
including pyridoxine monohydrochloride, pyridoxamine dichloride, pyridoxal hy-
drochloride, 4-pyridoxic acid, and pyridoxal ethyl acetal hydrochloride, do not in-
terfere with this assay for PLP.

Other methods for measuring PLP, based on reactions with semicarbamide (/2),
phenylhydrazine (/3), or cyanide (/4), lack sensitivity and convenience.

References

1. Gunsalus, 1., and Smith, R. A. (1957), in Methods in Enzvmology, Colowick, S., and
Kaplan, N., eds., vol. III, Academic Press, New York, pp. 963-967.

Najjar, V. A. (1957), in Methods in Enzvmologv, Colowick, S., and Kaplan, N., eds.,
vol. 3, Academic Press. New York, pp. 462-464.

Neuberger, A., and Sanger, R. (1944), Biochem. J. 38, 119.

Sher, I. H., and Mallette, M. F. (1954), Arch. Biochem. Biophys. 53, 354.
Gale, E. F., and Epps, H. M. R. (1944}, Biochem. J. 38, 232.
Soda, K., and Moriguchi, M. (1969), Biochem. Biophys. Res. Commun. 34, 34.
Hamfelt, A. (1962), Clin. Chim. 7, 746.

Sundaresan, P. R., and Coursin, E. E. (1970), in Methods of Enzymology,
McCormick, D. B., and Wright, L. B., eds., vol. 18, Part A, Academic Press, New
York, pp. 509-513.

9. Phan, A. P. H., Ngo, T. T., and Lenhoff, H. M. (1982), Anal. Biochem. 120, 193.
10. Satake, K., Okuyama, T., Chashi, M., and Shinoda, T. (1960), J. Biochem. (Tokyo)

47, 654.

11. Hassan, S. S. M. and Rechnitz, G. A., (1981), Anal. Chem. 53, 512.

12. Srivastava, S., and Beutler, E. (1973), Biochim. Biophys. Acta 304, 765.
13. Wada, H., and Snell, E. (1961), J. Biol. Chem. 236, 2059.

14. Adams, E. (1969), Anal. Biochem. 31, 118.

N

e NS AW



