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Abstract—Cadaverine has been identified in normal young peas and in saline grown (necrotic) peas by
GLC and MS. Its concentration was at least of 5 ug/g fresh plant in both cases. Analysis of the alkaloidal
extracts failed to reveal any lupinine, anabasine or other pyridine alkaloids in normal or necrotic, salt
grown, peas.

INTRODUCTION

CADAVERINE, NH,(CH,)sNH,, the decarboxylation product of lysine has long been impli-
cated in the biosynthesis of the quinolizidine, piperidine and other types of alkaloids.!—*
However, the only reported occurrences of cadaverine in plants has been as a minor com-
ponent among many amines and diamines produced by certain Arum lilies during anthesis®
in the germ of grains® in old (necrotic) peas’ and young necrotic peas grown in saline con-
ditions.® In all cases, direct chemical evidence has been lacking, with identification being
based on behaviour in one or several PC systems at the most.

On the other hand, peas, not normally considered to be alkaloid forming plants, con-
tain lysine decarboxylase activity® as well as diamine oxidase which oxidizes cadaverine to
the corresponding amino aldehyde which spontaneously cyclizes to Al-piperideine.’® The
latter is a highly reactive enimine which can undergo autocondensation to the dimeric
tetrahydroanabasine and further polymeric products.!! Finally on the basis of their behav-
iour in a single PC system, the alkaloids lupinine, anabasine, trigonelline and other
‘pyridine condensates’ have been reported in this plant grown under saline conditions.®

In the present study peas were examined for cadaverine and lupinine preparatory to
examination of the role of cadaverine in the formation of such alkaloids in several Lupinus
species.!?

* Supported by grants from the National and Medical Research Councils of Canada.
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Freshly cut shoots of 13-day-old peas grown on either water or 1%, NaCl were im-
mediately extracted for polyamines. Electrophoresis of an aliquot of this extract revealed
a major component with electrophoretic mobility and ninhydrin color indistinguishable
from authentic cadaverine (Table 1). GLC of both salt- and water-grown samples showed
that the R, of the major component was identical to that of authentic cadaverine. The MS

of samples (50 ng) collected from GLC and of authentic cadaverine were identical, confirm-
ing the presence of cadaverine in normal and necrotic peas. This is the first unequivocal

report of this diamine as a natural constituent in the vegetative parts of a normal plant.
The level of cadaverine was 7 ug/g fresh wt in water-grown pea shoots and 5-5 pg/g fresh

wt in the shoots of salt-grown peas.

TABLE 1. GLC AND ELECTROPHORETIC BEHAVIOUR OF POLYAMINES

GLC Electrophoretic GLC Electrophoretic
Polyamine retention* mobilityt Polyamine retention* mobilityt
Putrescine 25 -89 Hexamethylenediamine 8-0 —6'5
Cadaverine 4-5 —7'5 Spermidine 1i-0% —

* Carbowax 20 M column at 100° isothermal.
1 Cm from center of 20 c¢m plate after 90 min.
T At 150° isothermal.

These studies do not prove that cadaverine is produced in the shoots and it is possible
that it is synthesized in the cotyledons which contain the majority of the lysine decarboxylase
d.l'l(.l UldmlHC OXlUdbC dLLlVl[y" d.Il(.l lb Lnen I.rd.IlprI I.CU to LIlC b[lOOtS lllngll ll]e age LuUbCll
here is close to that when diamine oxidase activity is reported to be maximal!? it would
be of interest to determine whether there is any correlation between its appearance and the
concentration of cadaverine.

Four minor components were observed in the polyamine extract but were not further
examined. One had a GLC R, close to that of putrescine, one between cadaverine and hexa-
methylene diamine, and two longer than hexamethylene diamine. Extraction of cadaverine
by the procedure described here does not appear to have been previously reported and
offered certain advantages over that of steam distillation, principally that of lower losses
permitting recoveries of amounts less than 100 pg. Unfortunately, the requirement for
super heated steam, though predictable!* is not indicated in the reievant literature.*® This
procedure overcomes the interference from polyphenols encountered during attempted
ion-exchange separation of the diamines from the aqueous extract.

TLC of the alkaloid extract of normal peas (whole plants) revealed no alkaloidal mater-
ial prior to 5 or 6 days of growth. Separate analysis of the roots, shoots and cotyledons of
600 g of 12-day-oid plants showed that the cotyledons contained >90%, of the alkaloidal
material with the roots and shoots containing very small amounts of only four constituents
(R,s 0-82, 0-10, 0-07, 0-03). The major alkaloid (R, 0-22) of the cotyledons, absent in the

roots and shoots was very volatile. Comparison with lupinine, anabasine, nicotine and

CenTEN and P. J. G. MANN, Biochem. J. 50, 360 (1932).
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isotripiperideine (a polymer of Al-piperideine) revealed no such components to be present
in the pea extracts. Konig’s reaction using cyanogen bromide for the presence of pyridines'®
was also negative. The alkaloid levels were very low, such that the total extract from a
minimum of 10 g of fresh peas was required for minimal visualization of the alkaloids by
iodoplatinate reagent after TLC.

GLC of the pea alkaloids revealed two groups of peaks, the first and major component
eluting within 3 min at 25° followed by a rather complex group eluting between 180 and
230°, The reference alkaloids, anabasine, lupinine and sparteine eluted between 120 and
160° where none appeared from the pea extract.

Similarly GLC and TLC analysis of the alkaloidal extracts of 400 g of 13-day-old peas
grown in 19 NaCl failed to reveal any lupinine, anabasine, or pyridines. In this case, how-
ever, the concentration of alkaloid in the plant appeared to be approximately 2-3 times that
of the water-grown peas. While no further attempt was made to characterize the com-
ponents of the alkaloidal material from either, it was concluded that lupinine, anabasine
or other pyridine condensates are not found in detectable amounts in normal or necrotic
peas, contrary to the previous report of their occurrence in salt-grown peas® which was
based on a single PC system.

EXPERIMENTAL

Plant material. Pisium sativum L. var. ‘Homoesteader’ were soaked overnight in either tap H,O or 17,
NaCl solution, then planted in vermiculite. The plants were grown in a controlled environment chamber
at 909 relative humidity with a 16-hr light period at 32° and an 8-hr dark period at 25°. Plants were
watered as required using tap H,O or 19 NaCl respectively.

Extraction. Fresh plants were washed, the cotyledons removed, and immediately macerated in 809
MeOH. After filtering under vacuum, the solids were resuspended in EtOH, filtered and the combined fil-
trates acidified (pH < 2) with conc. HCI. The MeOH was evaporated in vacuo, the residue taken up in 0-5
N HClI and filtered under vacuum using Celite to reduce clogging of the filter. This aq. acid extract was then
washed once with CH,Cl,. Pollyamines were recovered by making the acidic extract basic (pH > 11) with
10 N NaOH and extracting with 9 x 1-5 vol. CH,Cl,. This basic extract was subsequently dried over
Na,SO., acidified with HCI gas, and dried ir vacuo. The residue was transferred in MeOH to vials, reduced
to dryness under N, and stored at 5°. Recoveries of 20-100 pg each of putrescine, cadaverine and hexa-
methylenediamine were 33, 60 and 90 % respectively. Attempted recovery of cadaverine by steam distillation
as previously reported!s was poor (< 10%). Only by use of superheated steam (330°) could recoveries ap-
proaching those obtained by the extraction procedure be obtained but only for amounts > 1 mg. Alkaloids
were recovered from the acid extract as described previously.!” Prior to removal of CH,Cl, from the
final extraction, it was acidified with anh. HCI to prevent the loss of any volatile alkaloids.'®

Electrophoresis. Amines were separated by thin-layer electrophoresis, using Silica gel G (500 xm thick),
and pyridine-HOAc-H,O (5:1:95) buffer (pH 6). A voltage gradient of 40 V/cm was applied for 60-90
min. Amines were visualized with 0-2%; ninhydrin in acetone.

TLC. Alkaloid extracts were separated on Silica gel G, using a freshly prepared solvent composed of
CHCl;-MeOH-conc. NH; (85:14:1).1° Alkaloids were revealed with iodoplatinate reagent;2® pyridine
type components were detected by exposing the plates to cyanogen bromide vapour followed by spraying
with 1% p-aminobenzoic acid in MeOH..!¢

GLC. GLC was carried out with a hydrogen flame detector on 0-6 m x 4 mm i.d. U-shaped Pyrex
glass columns. For polyamines the columns were filled with Chromosorb W (AW only) coated first with
20% KOH then 209 carbowax 20 M. Both coatings were dissolved in a minimum amount of MeOH, the
Chromosorb added, and the MeOH removed in vacuo. Columns were conditioned at 180° for 3 hr, then
operated at 100° to resolve cadaverine, putrescine and hexamethylene-diamine. Diamines were collected
from the column effluent in a capillary tube'”1® with the tube bent to allow immersion in ice. The ends of
the capillary tubes, immediately sealed with a flame were stored at 0° until introduction into the MS. Alka-
loid extracts were analyzed using a 10% QF-1 column prepared as previously reported'”-'® and programmed
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at 5°/min from 25 to 230°. Prior to injection, the extracts, stored as their HCI salts, were converted to the
free base form with anh. ammonia after dissolving in 0-5 ml MeOH.!® Though the HCI salts could be in-
jected directly, the useful life of the column was considerably shortened. MS were determined using an
A.E.I. MS12 instrument at 70 eV. Samples contained in capillary tubes were inserted by means of a probe
directly into the ion source.

Reference compounds. Lupinine was a gift from Professor E. Wenkert, Indiana University. Anabasine
was a gift of Professor H. Rapoport, University of California. Isotripiperideine was synthesized from piper-
idine.1!



