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Abstract-The distribution of the diamines cadaverine and putrescine and of the polyamines spermi- 
dine and spermine has been determined in pea seedlings at various developmental stages. In the 
axes cadaverine and putrescine increase on germination (x 9.5 and 5.7 resp.) while spermidine and 
spermine decline (x 0.19 and 0.12 resp.) on a fr. wt basis. The cadaverine declines from the 6th 
to the 18th day in the light-grown shoots. In the roots this decline is not significant and in the 
roots of 42-day-old light-grown plants the cadaverine level is 70-fold greater than in the leaves. 
The highest level of cadaverine occurred in the axes of dark-grown 6-day-old seedlings (2 pmol/g 
fr. wt) and the highest level of putrescine occurred in the roots of 6-day-old light-grown seedlings 
(2 ,umol/g fr. wt). Addition of calcium carbonate to the sand, using an ammonium medium, reduced 
the putrescine level of the roots ( x 0.12) and potassium deficiency increased the putrescine level 
of the shoots (x 6). There was no significant effect on the cadaverine content in either treatment. 
Cadaverine was detected in Trifoliwn suhterraneum seedlings though not in seedlings of Phaseolus 
aureus, P. vulgaris, Lupinus regalis or Vicia fuba. An additional compound found on dansylation 
of pea amine fractions was identified as the lactone of homoserine. 

INTRODUCTION 

The diamine cadaverine, NH,(CH,),NH*, has 
been found in the genera Pisum, Glycine, Lathyrus 
and Kcia, all in the family Leguminosae [l-5]. 
Moreover, cadaverine acts as a precursor of the 
quinolizidine alkaloids formed in the legumes Lu- 
pinus, Sarothamnus [63 and Goebelia [7]. Cada- 
verine has been found only sporadically in other 
families of higher plants. Free cadaverine has 
been characterized in Se&m (Crassulaceae) [S] in 
which it is the precursor of the piperidine alka- 
loids. Cadaverine also occurs* in members of the 
Araceae [9], in tomato and tobacco plants [lo], 

* For earlier references, see Guggenheim, M. (1958) Die bio- 
genen Amine in der Pflanzenwelt, in Hand&h der Pfanzen- 
physiologic (Ruhland, W., ed.). Vol. 8, p. 889. Springer, Berlin: 
Karrer, W. (1958) in Konstitution und Vorkommen der 
organischen Pjlanzenstoffe Birkhauser, Bawl. 

in the grains of rice [ll] and of other cereals 
[12] and has been tentatively identified in the 
leaves of mature barley plants [ 133. 

Although it has been suggested that the pea 
amine oxidase is concerned with the formation 
of indol-3-yl-acetic acid, this is now considered 
to be unlikely [14]. Anderson and Martin [l] 
have recently proposed that the reason for the 
high activity of this enzyme may lie in the occur- 
rence of cadaverine in pea tissue. In the present 
work, the change in the concentration of cadaver- 
ine, of its lower homologue putrescine, and of the 
closely related polyamines spermidine and sper- 
mine has been determined in germinating pea 
(Pisum sativum L. cv. Meteor) seedlings in relation 
to the activity of the diamine oxidase, and the 
occurrence of these amines in other plants has 
been investigated. 
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During the first 6 days germination there was 
an increase in cadaverine ( x 9.5, P < 1”~:) and 
putrescine (x 5.7. P < X;,) in the axes, expressed 
011 a fr. wt basis. The two polyamines spermidine 
( x 0 19, Y < SSJ and spermine ( x 0.12. P < 10,) 
declined over this period. In the cotyledons 
putrescine increased significantly ( x 7.2, P < T;,), 
but changes in the levels of the other amines over 
the 6-day period in the cotyledons were not sig- 
nificant (Table 1). 

III the sand culture experiment (Tables 2 and 
3) no significant difference could be found 
between the amine levels of the roots of plants 
growing in the light or dark. by contrast to the 
diffcrcnce found between the light- and dark- 
grown shoots. No significant trend in amine level 
could be found for any amine in the roots in dark 
or light conditions for the periods under investi- 
gation. In the light- or dark-grown shoots no sig- 
nificant trend with time was found for the poly- 

‘rabl~ 2. DI- and poly-amines in pea plants grown m the dark 
with an ammonium based nutrient in sand 

Table 3. Di- and poly-amines in pea plants grown in the hght 
with an ammonium-based nutrient in sand 

amines, nor for the cadaverine or putrescine in the 
dark-grown shoots. However, for the light-grown 
shoots there was a significant decline in cadaver- 
ine ( x 0412, P < O.l:,,,) and putrescine ( x 0.1, 
P < SY>/,). None of the amines showed significant 
trends in the cotyledons for 6-i X day’s growth 
in light or dark. Expressing the results in terms 
of seedling units. a considerable increase was 
found over the initial 6-daq period in cadaverine 
( x 8 1) and putrescine ( x 48). By contrast, spermi- 
dine and spermine expressed on this basis 
remained roughly constant (Table 1). A continua- 
tion of these trends was found up to tlx 12th 
day in the sand-grown plants (Table 2). These 
results are similar to those found for .!,LS/IJI.U,S 
sativus seedlings [4]. 

On the 6th day, the plants grown in the sand 
were about twice the size of those grown in the 
Petri dishes of the same age, probably due to the 
more favourable growth conditions in sand. The 
6-day-old plants grown in the Petri dishes would 
probably correspond to 3- to 4-day-old plants 
grown in sand. 

Table 3. Amine content of 70-day-old light-gratin pea seed- 
lings grown in an ammonium medium with and without 30 

g cakiwn carbonate per pot 
___- 



Cadaverine distribution 2343 

Table 5. Effect of potassium deficiency on amine levels in 27- 
day-old plants 

nmol/g fr. wt 
Cadaverine PUtreSCiIle Spermidine Spermine 

ROOfS 
Control 505 1130 60 cl 
-K 519 I260 49 <I 

Shoots 

Control <I 79 142 57 
OK <I 447 185 34 

Each value is the mean of two independent estimates. 

Since putrescine formation may be influenced 
by the pH of the medium, it was of interest to 
modify the sand medium by incorporation of cal- 
cium carbonate to raise the pH. Using an 
ammonium-based nutrient solution, improved 
growth was found in these circumstances, as 
already demonstrated in other plants [15]. The 
putrescine content of the roots decreased signifi- 
cantly ( x 0.12, P < 01%) on addition of 40 g of 
powdered calcium carbonate per 10 kg pot of 
sand, but the other amines were not significantly 
affected (Table 4). 

The effect of potassium deficiency on cadaver- 
ine level was also studied, since putrescine is 
known to increase in these conditions. In the -K 
shoots the following changes were significant 
(Table 5): putrescine (x 5.7, P < 0.1x), spermi- 
dine (x 1.3, P < 5%) and spermine (x 06, 
P < 01%). No significant effect of K deficiency 
could be found on the cadaverine level in shoots, 
and there was no significant effect on any of these 
amines in the roots. 

In the present work the cadaverine content of 
the pea seedlings ranged up to 2 pmol/g fr. wt 
(6-day-old dark-grown seedlings). Anderson and 
Martin [I] found 70 nmol/g fr. wt in the entire 
axes of 13-day-old light-grown seedlings. This is 
lower than in the lZday-old light-grown tissues 
in the present study (0.3-l pmol/g fr. wt). The 
explanation for this may be found in the higher 
growth-room temperature (up to 32”) and resul- 
tant greater physiological age of their seedlings. 
In soya bean seedlings Rudulier and Goas [2] 
found the highest concentration of cadaverine (9 
pmol/g dry wt) in the roots of 15-day-old seed- 
lings grown in the dark in ammonium based 
nutrient solution. In their work, highest levels of 
the diamines were found in the roots in both 
light- and dark-grown tissues, and in the present 
study this relationship was observed in the light- 
grown plants up to 42 days old. 

In the present investigation cadaverine was 
found at ca 2OOnmol/g in the embryo of barley 
(Table 6). This level is lower than that found in 
earlier work (2 pmol/g) [ 121. After 2 days ger- 
mination in the dark, the cadaverine was not de- 
tectable. In previous studies on the amines of the 
leaves of mature barley plants a peak was found 
on GLC with R, corresponding to cadaverine at 
a maximal level of 5 nmol/g fr. wt [13]. 

Neither diamine oxidase activity nor cadaver- 
ine is widely distributed in the plant kingdom, 
but both occur together in pea seedlings. In view 
of this apparent correlation it would be of interest 
to determine whether the natural substrate of the 

Table 6. Occurrence of di- and poly-amines in legumes and barley 

Phaseolus ouwus 
(mung bean) 

Lupmis regalis 
(Russell lupm) 

Pisum wwmY 
(Maple pea) 

Hordrurn uulgore 
(barley) 

Age and 
conditions 
of growth 

IS days, light 

8 days, light 

14 days. light 

3 days, dark 

3 dajs, dark 

6 days, dark 

Ungerminated grain 

2 days, dark 

TiSSW 

Entire seedling 

RWXS 
Shoots 

Cotyledons 
Roots 
Shoots 

Cotyledons 

A%S 
Cotyledons 

Entire seedling 

AXS 
Cotyledons 

Embryo 
Endosperm 

AXIS 
Endosoerm 

Cadaverine Putrescine Spermldine Spermme 

553 768 170 50 

<I 87 46 I 
<I 30 22 <I 
<I 82 loo 16 
il 40 60 <I 
<I 70 135 17 
<I 74 84 4 
Cl 40 366 101 
<I 69 284 124 
<I 106 375 23 

2650 1264 48 3 
IO 244 208 I4 

I87 276 726 209 
50 57 88 47 

<I 462 323 32 
<I 206 67 27 

Concentrations expressed as nmol/g fr. wt were determined by the dansylation method (see Experimental). 
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diamine oxidase is cadaverine as suggested by 
Anderson and Martin Cl]. In previous work cada- 
verine and putrescine were found to be oxidized 
at simiiar rates by the diamine oxidase of pea 
seedlings [16-191 while for soya bean amine oxi- 
dase the oxidation of cadaverine is 1.X x faster 
than the oxidation of putrescine [20]. For the dia- 
mine oxidase of Lupirzus lutrus putrescine is oxi- 
dized 1.7 x faster than cadaverine [21]. Kenten 
and Mann [16] showed that maximum activity 
of the amine oxidase in intact pea seedlings 
occurred after 8-12 day’s growth, and Werle et 
al. [22] found maximum activity after 3 day’s 
growth in the axes. On the basis of fr. wt Min% 
et al. [23,24] found that the activity declined in 
pea roots and shoots from the 5th day of ger- 
mination, while increasing in cotyledons. In all 
tissues greater activity was found in dark-grown 
than in the light-grown seedlings [23]. In soya 
bean seedlings maximum activity occurred after 
1 day in the roots and after 3 days in the hypoco- 
tyl, while none could be detected in the cotyle- 
dons up to the 6th day of germination [20]. In 
entire clover seedlings maximum activity occurred 
five days from germination [25]. 

The diamine oxidase activities found in the 
present work for up to 6 days from germination 
are shown in Table 7. Overall, the activity with 
cadaverine was 1.25 x that with putrescine. With 
both substrates the initial rate of increase of acti- 
vity was greater in the axes than in the cotyle- 
dons, though after the 3rd day the activity in the 
axes was less than in the cotyledons. Combining 
these results with those of Min$ rt al. [23,24] 
it appears that the activity in the axes reaches 
a peak between the 4th and 6th days from ger- 
mination and then declines. Amine oxidase acti- 
vity in the axis therefore roughly parallels the in- 
crease in cadaverine and putrescine which both 
reach a peak at about the same time. It was not 

Table 7. Diamine oxidase activity (as ktl 02!g fr. wtjhr) in 
the axes and cotyledons of pea seedlings grown for up to 

6 days in the dark 

Suhstrats < adarcrme Putrcscmo 
vajs Awa Cotyledons Axes Cld)kdOllS 

_I___ 

I 17 7 ” <c* 
2 4(H) Xh 3YI) I IO 
3 iv0 535 360 440 
4 432 6% 410 490 
6 560 832 4s.l 520 

* Intact seedlings. n.d. Not determined separately. 

possible to establish a significantly better correla- 
tion for the rise in amine oxidase activity with 
either putrescine or with cadaverine. which are 
the potential diamine substrates. 

Two clovers (F$liur~ pmterw; 7: r~pvts) have 
a high amine oxidase level [ 1625 --271 and a third 
clover (F~fifoliun~ suhtcwur?cw~z) was shown to have 
a high cadaverine level for the first time in the 
present work (Table 6). The same correlation also 
occurs in soya bean seedlings [2,20.25]. Although 
amine oxidase activity has been detected in Lu- 
pjnus [16,2 1,25.28], Phmeolus [ZS] and I&% 
[25,29] in which cadaverine could not be demon- 
strated in the present work. this diamine, if it is 
formed, may be so rapidly oxidized in these spe- 
cies that its level is below the limit set by the 
sensitivity of the method of detection (1 nmol/g 
fr. wt). Certainly there is good evidence that cada- 
verine is utilized by lupin in the biosynthesis of 
alkaloids. Even so. definitive evidence linking 
either putrescine or cadaverine specifically with 
diamine oxidase ir? ciz~~ is at present not available 
for any species. 

Werle ut al. [22] showed that the content of 
amine oxidase substrates (otherwise uncharacter- 
ized) in the pea seedling axes was highest on the 
third day after gemination when it rose to 5 /lmol/ 
g fr. wt. This agrees well with the value given 
in the present study for dark-grown seedlings 
(sum of putrescine, cadaverine. spermidinc and 
spermine = 3.5 /Lmol/g fr. wt). Moreover. by the 
12th day Werle rf ul. found the highest content 
of these substrates in the roots, as also shown 
in the present work. in which the sum of the sub- 
strate amines was ca 2 x greater in the roots than 
in the shoots on a fr. wt basis in both light- and 
dark-grown material. However, RGiEka and 
MI& [24] found only L’LI 0.25 pmol amine oxi- 
dase substrates/g fr. wt and these somewhat lower 
values may be attributed to a difference in the 
method of extraction. 

After germination for 3 days, the dry wts of 
the pea cotyledons and axes were 38 and 9.7:,, 
resp. Dry wts of l&day-old roots, shoots and 
cotyledons were respectively 4.2, 5.4 and 5.29;, in 
the dark, and 6.0, 10.4 and 8.4 in the light. 

In the 12-day-old light-grown seedlings a Saka- 
guchi-positive compound observed in the vicinity 
of agmatine on TLC was high in the roots and 
low in the cotyledons and shoots. Arginine was 
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high in the cotyledons and shoots and low in the 
roots. In 12-day-old dark-grown plants, presumed 
agmatine was high in the roots and shoots and 
low in the cotyledons. Arginine was high in the 
cotyledons and low in the roots and shoots. 
Homoarginine, which is a potential precursor of 
cadaverine [4] could not be detected in any of 
the extracts. Indirect evidence for the formation 
of cadaverine by a lysine decarboxylase in pea 
seedling extracts has been presented by Hasse et 
al. [30]. 

An additional prominent yellow fluorescent 
spot found on TLC of the amine fraction of pea 
tissues proved to be the lactone of homoserine. 
In acid solution homoserine is in equilibrium with 
its lactone [31] which behaves as a basic amino 
compound. For this reason the lactone was pres- 
ent in the amine fraction and separated with the 
amines on dansylation and TLC. Homoserine is 
known to be a major amino acid in the pea plant 

c321. 
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