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Al&act-The enzymic decarboxylation of alanine has been demonstrated by production of Ykarbon 
dioxide from [1-*‘C]alanineandof ‘*C-ethylaminefrom [U-“qalanineusingextracts fromEcbaCIium 
and cucumber seedl@s. Some properties of the decarboxylase enzymea are described. The same plant 
extracts catalysed the decarboxylation of serine at a slower rate. 

INTRODUCTION 

CERTAIN non-protein amino acids form characteristic constituents of some members of the 
family Cucurbitaceae,’ and previous publications from this laboratory have described 
enzymic work concerned with the synthesis of p-pyrazol-1-ylalanine in cucumber seedling 
extracts2 and of N4-substituted asparagines in extracts of E&a&m elaterium seedlings.’ 
N4-Ethyl- and A”-hydroxyethyl-asparagines appear confined to the two allied genera, 
Ecballium and Bryonia,’ and are formed by an exchange reaction in which the amid&NH2 
group of asparagine is replaced by a residue of ethylamine or ethanolamine, respectively.3 
Although the amines required as substrates in these enzymic syntheses are present in low 
concentrations in E. elaterium plants,’ their origins in Ecballium have remained unknown 
However, ethanolamine was formed by decarboxylation of serine, which occurred inci- 
dentally to the main reaction forming &pyrazol-1-ylalanine from pyrazole and serine in the 
cucumber seedling extracts.2 

The experiments now presented show that a similar decarboxylation of serine is catalysed 
by extracts of EcbaZkm, and that these extracts also produce ethylamine by decarboxylation 
of alanine. 

RESULTS AND DISCUSSION 

The decarboxylation reactions were studied under anaerobic conditions using enzyme 
preparations obtained by adding ammonium sulphate (to 72 per cent saturation) to cell- 
free extracts of either EcbaZZium or cucumber seedlings. 

It was essential initially to establish that ethylamine was produced from alanine. To 
achieve this, [u-14c]-rAanine was used as the substrate for an E&l&m preparation and, 
after appropriate reaction periods, any volatile amine formed was transferred to dilute 
hydrochloric acid using the Conway micro-diffusion technique. After evaporation, the 
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radioactive residue was cochromatographed with authentic ethylamine hydrochloride; 
subsequent radioautography demonstrated an exact coincidence of radioactive and ninhydrin 
positive spots. 

The properties of the enzymes responsible for the decarboxylation of alanine and serine 
were studied using carboxyl-labelled Dr.-racemates, reaction being measured by scintillation 
counting of the 14C-carbon dioxide produced. The rate of 14C02 production from either 
labelled alanine or serine was linear with time over a 2-hr period, irrespective of whether 
Ecballium or cucumber extracts were used as the source of decarboxylases. In these experi- 
ments, the amounts of labelled substrates added to reaction mixtures would produce con- 
centrations of approximately 5 PM alanine and 12 PM serine (based on the L-isomers); 
however, the final concentration of each amino acid was probably somewhat higher because 
some endogenous alanine and serine would be present in the enzyme preparations used. 
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Fro. 1. THB EFl’JET OF ADDED PYRIDOXAL PHOSPHATB UPON THE RATE OF 14c02 PRODUCXION FROM 
[ l-“c]AUNINE IN THE PRESENCB OF Ecbalhm AND CUCUMBER SEEDLJNG EXIRAcTS. 

Reaction mixtures contained: 2 ml enzyme preparation (containing 18 and 62 mg protein per ml for 
Ecbullium and cucumber respectively), 2 ml NaaHPO,-citrate buffer (PH 5-5), and O-5 ml 14Calanine 
0.5 p). Gas phase: nitrogen. Reaction measured for 2 hr at 25”. 

The optimum pH for alanine decarboxylation by Ecballium extracts was about 55. 
The pH-activity curve exhibited a sharp peak at this pH, and activity measured at either pH 
5.0 or 6-O was only about 20 per cent of that at the optimum. An optimum pH of 65 was 
found for the serine decarboxylase from Ecballium seedlings: the decrease of activity at 
pH’s removed from the optimum was less marked than with the alanine decarboxylase. 
The serine decarboxylase from cucumber seedlings was shown earlier 2 to have an optimum 
pH of about 7. 

Addition of pyridoxal phosphate to reaction mixtures (10 pg/ml) produced an approxi- 
mate 14%fold stimulation of alanine decarboxylase activity, irrespective of the source of 
enzyme (see Fig. 1). Higher pyridoxal phosphate concentrations were less effective in 
stimulating decarboxylation. The same conclusion was reached in replicate experiments 
with each type of seedling extract. The reaction rates measured in these experiments suggest 
that Ecballium seedlings contain higher levels of alanine decarboxylase (per mg soluble 
protein) than do cucumber seedlings. The same tentative conclusion was reached in all 
other experiments permitting this type of species comparison. 
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As in previous studies with glutamic decarboxylase,ss 6 the activity of alanine decarboxy- 
lase was inhibited by semicarbazide. This compound caused 59 and 64 per cent inhibition 
of decarboxylation when present at lo-’ and 2.5 x lo-’ M, respectively, in reaction mixtures 
containing Ecballium enzyme. 

The formation of ethylamine by enzymic decarboxylation of alanine seems not to have 
been demonstrated previously, although the amine forms a constituent of many plants. 
In addition to its presence in Ecbalhm plants,4 Tunmann and Linde ‘I reported this amine to 
occur in the roots of the related plant, Bryonia dioica. Ethylamine also occurs in seeds of 
the tea plants,* a species synthesizing NJ-ethylglutamine from ethylamine.g Other plants 
reported to contain ethylamine include Vicia faba and Zea mays,‘O Erodium cicutarium,” 
the fruits of apple I2 and Crataegus,13 and the flowers of Sambucus nigra and Arum italicum.‘4 
Certain of these plants possess decarboxylases active upon other monoamino-mono- 
carboxylic acids, e.g. enzymic decarboxylation of valine has been described by Simon is 
using extracts of A. maculatum spadix, while Richardson I6 found decarboxylase activity for 
both valine and leucine to be present in extracts of flowers of Sorbus aucuparia and Crataegus 
monogyna. 

Amination of acetaldehyde has been suggested as an alternative method of ethylamine 
formation in apple fruits. i7 Increased levels of the amine resulted when apple fruits were 
incubated with acetaldehyde for 48 hr, but amination of acetaldehyde could not be detected 
in homogenates, press-juice or cell-free extracts of apples. Probably in vivo amination is 
catalysed by a transaminase system similar to that described for Mercurialis perennis and 
Nicotiana;‘* extracts of these two plants converted a range of aliphatic aldehydes, including 
acetaldehyde, into their corresponding monoamines provided a suitable amino acid (but not 
ammonia) was present as amino donor. 

Labelled Amino Acti 
EXPERIMENTAL 

[U-*4c]-cAlanine (142 mc/mmole), [l-*4Cj-D~alanine (23.4 mc/mmole) and [3-%I-L-serine (43 
mc/mmole) were obtained from the Radiochemical Centre, Amersham. [I-“C’j-DL-Serine (5 mclmmole) 
was purchased from New England Nuclear Corp. 

Plant Materials 

Ecballium elaterium seeds were soaked in water with aeration for 3 days, freed from the mucillaginous 
layer covering the testa by scouring with sand, and planted in moist vermiculite at 25”. After a further 3 days, 
the seedlings were harvested, washed and extracted. Cucumber seeds (var. Best of All, Carters Tested Seeds 
Ltd., London, S.W.20) were aerated in water overnight and grown at 25” for 3 days. Protein was determined 
calorimetrically by the method of Lowry et al.’ 9 
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Preparalion of Enzyme Extracts 

Washed seedkqs were ground with a little sand and ice-cold water (about 4 ml/g fresh wt. seedlings). 
The macerate was pressed through muslin, and the extract centrifqed at 30,ooO g for 15 min. (NH,),SO, 
(5 g/10 ml) was added to the supernatant and, after standii for 15 min, precipitated protein was sedimented 
by centrifuging at 16,000 g for 15 min. The protein pellet was redissolved in cold distilled water to give the 
6nal enzyme preparations used in the decarboxylation studies, and a portion was boiled to give a control 
value in all enzymic assays. 

Decarboxylase Experime@s 

(a) “C-Ethylamine pnxiaction from [CT-‘TJalanine. Reaction mixtures containing 1 ml m prepara- 
tion (containing about 14 mg protein) from E&Ilium w, Q5 ml citric acid-NhHPG, bulk, pH 55, 
and @5 ml l’U-*4C+alank (2.5 @) were placed in the outer annuh~ of Conway units, which were flushed 
with Nz before sealing. The units were incubated at 25’ for periods up to 24 hr. Then O-1 N-HCl (1 ml) was 
introduced into the centre well, and reaction was stopped by addition of 5 N-NaGH (1.5 ml) to each outer 
an&us. The units were tied and agah~ incubated overnight to ensure the complets diffusion of volatile 
ethylamine released from reaction mixturea into the centre wells. The contents of each centre well were 
removed, evaporated to dryness, and any residual amine hydrochloride was transferred, together with added 
authentic ethylamine hydrochloride, to a paper chromatogram run in butan&ol-acetic acid-water (90: 10: 29, 
v/v). The chromatogram was scanned with a Packard Radiochromatogram Scanner, developed with nin- 
hydrm, and subsequently radioautographs were prepared to ensure exact coincidence of radioactive and 
ninhydrin-positive areas. 

(a) Assays based on 14C-car60n dioxide production. Reaction mixtures containing 2 ml enzyme prepara- 
tion, 2 ml citrate-phosphate butfer of appropriate pH and O-5 ml labelled amino acid (1 p of [1-‘4C&ala&e 
of 0.5 yc of [1-14C+cserine) were shaken at 25” under Na in the main chamber of Katz flasks. After appro- 
priate times, @l ml hyamine hydroxide (M-solution in methanol, Nuclear Enterprises Ltd.) was added to a 
glass-fibre disc (Whatman GF/A, 2.1 cm dia) contained in the centre wells, and 2 N-HISO, (2 ml) was *ted 
into the reaction mixture. Shaking was continued for a further hour to et&t complete absorption of *‘CO1 
by the hyamine- treated glass-fibre discs. The discs were transferred to vials containing 10 ml scintillator 
solution (6 g butyl-PBD, Ciba Ltd., in 800 ml toluene and 200 ml methanol) and, after standing and mixing 
overnight, radioactivity was counted using a Packard Tri-Carb scintillation counter. 

In some experiments, pyridoxal phosphate or semicarbazide were added in 0.1 ml solution to reaction 
mixtures of this type. 
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