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Abstract—L-Alanine decarboxylase, extracted from the cotyledon and root of tea seedling, had a pH optimum of 6.25.
Pyridoxal-5-phosphate did not activate the enzyme. The enzyme was partially stabilized by L-alanine. Enzyme
activity in green seedlings was higher than in etiolated seedlings.

INTRODUCTION

The author has earlier suggested that the ethylamine
moiety in theanine (N >-ethyl-L-glutamine), which is the
major amide in the tea plant, might be produced from
L-alanine by decarboxylation [1]. The amino acid de-
carboxylase which forms ethylamine has been recognized
in cucumber seedlings [2] and Ecballium elaterium [3].
Also decarboxylation and transamination systems for-
ming ethylamine have been reported in Zea mays [4].

This paper deals with L-alanine decarboxylase activity
in the cotyledon and root of tea seedlings.

RESULTS AND DISCUSSION

Properties of the enzyme

The enzyme produced ethylamine and CO, from
L-alanine. The amounts of ethylamine-{**C] released
from L-alanine-{U-'*C] was linear for the first hour
in the reaction period and was related to the amount
of the enzyme. The same results were obtained on estimat-
ing the **CO, formed from L-alanine-[U-*C].

The pH optimum of the enzyme was ca 6.25 and activity
was half maximal at pH 5.5 and 6.5.

L-Alanine decarboxylase activity in tea seedlings was
not accelerated by adding pyridoxal-5-phosphate in the
reaction mixture and the amounts of ethylamine-[ **C]
released from L-alanine-[U-'*C] gave about the same
values with and without pyridoxal-5-phosphate. Pyri-
doxal-5-phosphate, if present, might therefore be strongly
bound to the enzyme.

Stability of enzyme activity

When the acetone powder was kept at 0°, its activity
was maintained for at least one month with little loss.
The enzyme activity in the extract was very labile even
when stored at 0° and went down to about 309 of the
initial level after standing for 24 hr at 0°.

The stability of the enzyme was not preserved in the
buffer solution on adding 20 mM mercaptoethanol or
other reducing reagents, such as dithiothreitol or cysteine.
However, the enzyme was partially stabilized in the pre-
sence of L-alanine and maintained the same activity for
24 hr and about 709 of the initial value after 48 hr. In
the reaction mixture, inactivation of the enzyme was
detected after 3 hr incubation.

Enzyme activity in tea seedlings

Enzyme activity in cotyledons of tea seedlings cultured
for 5 days after germination (110000 cpm/g of Me,CO
powder) was about 3 times higher than that of seedlings
cultured for 60 days (40 200 cpm/g).

The enzyme activity in roots of tea seedlings, based on
the weight of acetone powder, was rather lower than that
in the cotyledons. However, it was noted that the enzyme
activity in the developed roots of green seedlings
(6300 cpm/g of Me,CO powder) was about 4 times higher
than that in the white and undeveloped roots of etiolated
seedlings (1500 cpm/g). This result coincided with the
previous result that the incorporation of *C into the
ethylamine moiety in theanine from L-alanine-[U-1*C]
fed to roots of cotyledon-free seedlings was higher in green
seedlings than in etiolated seedlings [1].

EXPERIMENTAL

Labelled amino acid. L-Alanine-[ U-'*C] (130 mCt/pmol) was
obtained from New England Nuclear.

Tea seedlings. Tea seeds sterilized in 0.05 9 soln of mercury
ethiphosphate were washed in H,O, soaked for 18 hr and ger-
minated in a moist sand bed for 30 days in the dark at 26-28°.
30-day-old seedlings were grown ina greenhouse (green seedlings)
or in the dark (etiolated seedlings) for 30 days.

Enzyme preparation. Cotyledons and roots of green and etio-
lated seedlings were separated and homogenized incold Me,CO.
The Me,CO powder was kept in a freezer. The enzyme was
extracted from the Me,CO powder by using 0.05M K,HPO,
and 0.025M citrate buffer, pH 6.1.

Enzyme assays. Ethylamine assay was carried out in duplicate
using a Conway apparatus. The total vol. of reaction mixture
was 1.5ml including 10ug pyridoxal-5-phosphate, 100 pg
L-alanine containing 0.2 pCi L-alanine-[U-'*C] and enzyme
extract in above mentioned buffer. The mixtures were incubated
for 60 min at 35° and the reactions were terminated by adding
I ml of M-NaOH to release ethylamine from the mixtures.
Ethylamine-[ *4C] derived from L-alanine-[U-'“C] was trapped
in 1 ml of M-HCl in the center well. The HCl soln was transferred
to a vial and counted by liquid scintillation using 10 ml of a
dioxan based scintillator soln (4 g PPO, 0.2 g POPOP, 60¢g
naphthalene, 100 m] MeOH, and 20 ml ethylene glycol in 11.
dioxan). CO, assay was carried out using a Warburg apparatus
but using the above reaction mixture. After incubation for 60 min
at 35°, the reaction stopped by adding 1 ml of M-HCland *CO,
derived from the carboxyl moiety of L-alanine was trapped in
0.2 ml of M-KOH in the center well. The KOH soln was trans-
ferred to a vial and *CO, activity was counted.
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DIE CYANOGENEN VERBINDUNGEN VON HETERODENDRON OLEAE-
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2-f-p-glucopyranosyloxy-3-methyl-butyronitrile.

Kurzlich berichteten wir iiber das Vorkommen eines
neuen cyanogenen Glykosides (2-f-D-glucopyranosyl-
oxy-3-methylbutyronitril, 1) in den vegetativen Teilen
der Sapindacee Heterodendron oleaefolium Desf. [1];
eine Verbindung gleicher Struktur wurde in der Mimo-
sacee Acacia sieberiana gefunden [2]. Die Konfiguration
am Asymmetriezentrum C-2 im Aglykon von 1 blieb
offen. Dariiberhinaus enthédlt H. oleaefolium in den
Samen der reifen Friichte in Ubereinstimmung mit
vielen anderen Sapindaceen [3] ein cyanogenes ()R
dessen Zusammensetzung unbekannt war. Uber die
Klarung der Konfiguration von 1 sowie die cyanogenen
Sameninhaltsstoffe von H. oleaefolium wird im folgenden
berichtet.

1 laBt sich in rauchender HC! unter Erhalt der
Konfiguration am C-2 [4] zu 2-Hydroxy-isovalerian-
sdure (2) hydrolysieren. Veresterung von 2 mit (—)
Menthol und anschhieBender GLC des (~) Menthyl-
esters von 2 an FFAP im Vergleich zu (—) Menthyl-
estern emes kduflichen Enantiomerengemisches von 2-
Hydroxysiovaleriansidure zeigte, daB 2 optisch rein
vorlag. 2-(—) Menthylester war mit demjenigen Dia-
stereomeren mit kiirzerer Retentionszeit des veresterten
Enantiomerengemisches identisch. (S)2-Hydroxy-iso-
valeriansiure ist aus L-Valin unter Erhalt der Kon-
figuration am C-2 iiber Diazotierung und anschlieBende
Verkochung in guter Ausbeute zugénglich [5, 6]. Der (—)
Menthylester derartig dargestellter (S)2-Hydroxy-iso-
valeriansiure 1st GLC identisch mit demjenigen aus 2,
dem damit ebenfalils (S)-Konfiguration am C-2 zukommt.
Daraus folgert, daB auch 1 (S)-Konfiguration am C-2
besitzt. 1istdemnach 2- 8-p-glucopyranosyloxy-3-methyl-
(29)-butyronitril. Im Gegensatz zu der bei [ 7] auf Grund
vergleichender ' H-NMR-Daten geduBerten Ansicht neh-
men wir aus biogenetischen Griinden an, daB auch dem
zweiten aus H. oleaefolium isolierten [1], ebenfalls
biogenetisch aus Leucin ableitbaren Cyanglucosid 2-8-D-
glucopyranosyloxy-3-methylen-4- hydroxy butyronitril
(Cardiospermin) [8] (S)-Konfiguration im Aglykon
zukommt. Uber die Konfigurationskldrung von Acaci-
petalin [9] und Dihydroacacipetalin [2] aus Mimo-
saceen berichten wir an anderer Stelle.

Tabelle 1 Prozentualer Anteil der Fettsdauren in den Frak-
tionen A-C sowie der Gesamtcyanolipid-Fraktion

°, Aatell im
Fraktion Gesamtcyanohmd C,ho C,s o le CIE Cioo Cao
Gesamtcyanolipide 3 6 1 4217 1 15 (l 18 s
A 509 40 1 182 17 13 441
B 436 29 1 353 1 294 324
C 55 57 38 415 -~ 208 283

Die reifen Samen von H. oleaefolium enthalten ca
429 eines fetten Oles, das nach saurer und alkalischer
Hydrolyse HCN freisetzt; das entfettete Samenschrot
ist dagegen nicht cyanogen. Das durch Petrolaether-
Extraktion gewonnene Ol wurde im wesentlichen nach
[10, 11] analytisch bearbeitet. Das Fehlen einer Nitril-
bande im IR-Spektrum des Gesamtéles belegt die
Abwesenheit acyanoger Cyanolipid-Typen [11]. Die
quantitative Auswertung des 'H-NMR-Spektrums des
Gesamtéles ergab einen Anteil von 30°, Cyanolipiden
im Samendl. Die Cyanolipidfraktion wurde durch
praeparative DC an Kieselgel sowie HPLC an einer
C-18-Siule von den Glyceriden abgetrennt Das 'H-
NMR-Spektrum dieser Fraktion ist mit demjenigen
einer Allophyllus spec. [12] dargestelit in [10] identisch
und belegt als einzigen Cyanolipid-Typ den Fett-
sdurediester eines 24-Dihydroxy-3-methylenbutyroni-
trils (Typ II nach 11), Die Gesamtcyanolipide wurden
durch HPLC an einer C-18-Siule mit Acetontrii-MeOH-
Gemischen in drei Fraktionen zerlegt (A, B, C). Alkalische
Hydrolyse der Gesamtcyanolipide als auch der Cyano-
lipidfraktionen A-C und GLC der erhaltenen Fett-
sduren als Methylester an FFAP fiihrten zu den in
Tabelle 1 dargestellten Ergebnissen. Sie zeigen, daB
auch nach Auftrennung in dem verwendeten HPLC-
System keine einheitlichen Cyanolipide vorliegen. Es
lassen sich vornehmlich drei Diester-Typen mit C,; ,/
Ci0.1- Ci5.1/Ci009- und C,4 /C,q - Fettsiureresten
konstruieren, deren Substitutionsverteilung am C-2-
bezw. C-4-Hydroxy! der Alkoholkomponente jedoch
offen bleibt. Mit den vorgelegten Daten befindet sich H.
oleaefolium im Ubereinstimmung mit etlichen weiteren



