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Abstract—In Phaseolus mungo seeds, polyamine content increased during early germination, being maximum after
24 hr; and the arginine decarboxylase showed a peak after 18 hr. During nodule initiation and growth two peaks of
polyamine contents were noted—the first being 2 weeks after nodule initiation and a second one after 5 weeks. Arginine
decarboxylase activity afso followed the same pattern. in the roots the pofyamine concentration as weil as arginine
decarboxylase increased up o week 2 afier sowing followed by a gradual decrease. Estimation of RNA, BNA and
pree cantenes stawed 3 gaclera st ta that af e nalyamues.

INTRODUCTION

The significance of the aliphatic diamines and polyamines,
mainly putrescine, spermidine and spermine, in
phystorogicat ana vrochemicat processes nas veen recog-
nized and studied extensively during the last 30 years.
Polyamines occur in micro-organisms [ 1, 2], higher plants
[3, 4] and animals [5]. In higher plants, polyamines have
been analysed Ouning germinanon. development and n
culture in order to elucidate their functions [6-8].
However, the precise role of polyamines in cell metab-
olism is yet to be determined. It has been reported [9, 10]
thatwartair eierie car atiizetirepuiyaming putraeine
and spermidine as sole nitrogen source. In higher plant
culture, Bagni [ 1] showed that the diamine, putrescine,
can be directly used as the nitrogen source, thereby
substituting for inorganic nitrogen. The empirical useful- I8 (b)
ness of leguminous plants as green fertilizers, in maintain-
ing wond wide agncunural productivity, 1s ‘vased mosity
on their symbiotic nitrogen fixation in the root nodules.
Nodulation and nitrogen fixation have been studied
extensively [12, 13]. However, there is no report except
that of Smith [14] on the levels of polyamines in
developing nodules and roots.

In our present work we report the results of some
primary studies concerning the presence and changes in
the level of polyamines during early germination and
development of nodules and roots in the leguminous i
plant, Phaseolus mungo. Recent reports [15-17] suggest o
that either arginine decarboxylase (ADC) or ornithine 0 3 6 9 12 18 24 48 72 96
decarboxylase (OQDC)canact as the regulatory enzyme for Germination {nrl
polyamine biosynthesis in plants. However, the level of )
ADC, being a common and widely reportéd key enzymein  Fig. 1. (aj Changes in total polyamines (PAS] (O) and arginine
higher plants [18], was estimated to correlate with decarboxylase activity(2). (b) Changes in polyamine contents,
pSyamne HYeves, PurBing (O), sprammiting. (O wmd sprerming, () dasing, sl

germination of P. mungo.

Amount of total polydmines
(pmol /g gry wt of seeds)

Sp. act. of aryjnine decarboxylase
[ pkat /mg’protein)

Amount of polyamineg
(pmol /g dry wt of sepds)

RESULTS AND DISCUSSION

Changes in polyamine contents as well as the activity of  amine contents gradually increase reaching a maximum
ADC have been estimated during early germination of  (three-fold)after 24 hr of germination, and then gradually
Phaseolus mungo. Figure 1(a) shows that the total poly- decline. Similarly, the activity of ADC attains the peak
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value (39.8-fold) after 18 hr germination. It has been
reported previously [19, 20] that enzymes associated with
polyamine biosynthesis increase in activity during growth
together with the increase in polyamine level. From
Fig. 1(b) it is clear that individual polyamines, mainly
putrescine, spermidine and spermine, also show a change
in their level during germination. Initially, i.e. at Ohr
germination, the level of putrescine and spermidine is low
compared to that of spermine. Spermine and spermidine
show a 2.7- and 2.5-fold increase after 24 hr, but putres-
cine attains its peak (by 14.8-fold) after 48 hr germination.
The content of putrescine and spermine increases
significantly in comparison to the spermidine level.

As shown in Table | the levels of macromolecules,
namely protein, RNA and DNA are positively correlated
with the changes in polyamine content during germi-
nation. Protein and RNA reach their peak (1.6- and 2.3-
fold, respectively) after 18 hr, but the maximum DNA
content (3.6-fold) is recorded with total polyamines 24 hr
after germination followed by a decline, suggesting that
DNA synthesis is much more related to polyamines,
which supports previous findings [4,7]. The fall in
protein content during the growth of the embryo may be
due to proteolytic degradation [21].

The presence of large amounts of putrescine and
spermidine has been reported in fast growing tumors of
plants and animals [22, 237. Although Bagni [6] detected
only a trace of putrescine in Phaseolus vulgaris, its
presence in considerable amounts has been recorded by
others [4, 24].

Previous reports [25, 26] about the presence of ap-
preciable amounts of growth regulating substances in

Table 1. Changes in the level of protein, RNA and DNA
content during early germination of Phaseolus mungo

Germination time Protein RNA DNA

(hr) (mg/g dry wt)  (mg/g dry wy)
0 31 33 0.3
3 35 4 03
6 36 44 0.3
9 38 5 0.4
12 40 6 0.5
18 48 8 0.6
24 38 6.6 0.9
48 34 6.4 0.8
72 24 6 0.8
96 18 1.2 0.8
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nitrogen fixing root nodules led us to investigate the
polyamine level in the nodules of Phaseolus mungo, as the
polyamines have been recognized to have growth regulat-
ing activity [27]. Sampling of nodules was done as
described in the Experimental (Table 2).

Figure 2(a) shows the level of total polyamines and
ADC activity during growth and development of nodules.
The total polyamine content increases gradually from the
time of nodule initiation, i.e. from week 3 from the time of
sowing the seeds, maximum level (2.2-fold) being recorded
in the 2-week-old nodules followed by a gradual decline. A
second peak, though much smaller than the first one, is
noticed in 5-week-old nodules. The activity of ADC also
follows the same pattern. A similar decrease in enzyme
activity with ageing is also reported [ 28]. Interestingly, the
second peak of polyamines was obtained at the start of
flowering which is similar to the increase in cytokinin
activity in nodules during bud break [26].

Putrescine, spermidine and spermine increased gradu-
ally during growth (Fig. 2b). Putrescine, spermidine and
spermine showed a 4.5-, 1.6- and 2.1-fold increase, respect-
ively, when the nodules were 2-weeks-old. Putrescine and
spermine showed a second peak in 5-week-old nodules,
but the spermidine declined steadily. In the nodules too.
the initial putrescine level was low in comparison to
spermidine and spermine, but the enhancement of the
former was greater (4.5-fold).

Nucleic acids and protein content (Table 2) also gradu-
ally increased during nodule growth, the proteinand RNA
content being maximum in the 2-week-old nodules which
then decreased gradually. The peak of DNA, however, was
obtained in 5-week-old nodules. Bond [29] suggested that
in larger and older nodules the decrease in activity may be
due to the increasing number of infected cells.

To determine the relation between root growth and
nodule development, the former’s polyamine contents
were also measured. Figure 3(a) shows the level of total
polyamines and ADC activity during growth and develop-
ment of roots. The results indicate a gradual increase in
the level of polyamines, reaching a peak (2.7-fold) 2 weeks
after sowing. With the initiation of nodule development
the content of the polyamine in roots gradually declined.
The ADC activity also showed a similar pattern, being
maximum (2.3-fold) after 2 weeks. Another peak of
polyamines as well as ADC activity was also obtained in
the roots in week 4.

During root development (Fig. 3b) there was only a
small amount of spermidine in the initial stage compared
to that of putrescine and spermine. However, in week 4,
the spermidine content increased by 5.12-fold, whereas
putrescine and spermine showed respective peak values

Table 2. Changes in the level of protein, RNA and DNA content during
growth of nodules in P. mungo

Age of the Average No. of

nodules nodules per Protein RNA DNA

(weeks) 100 mg (mg/g dry wt) (mg/g dry wt)
1 275 94 32 12
2 190 162 36 2
3 85 128 22 10
4 40 119 24 13
5 16 t1s 25 15
6 16 98 1S 8




Changes in polyamine contents of Phaseolus mungo
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Fig. 2. (a) Changes in total polyamines (PAS) (O) and arginine

decarboxylase activity { 4). (b) Changes in polyamine contents

putrescine (G}, spermidine { A }and spermine ( O ) during growth
of nodules in P. mungo.

(1.03- and 4.7-fold) in week 2. With nodule initiation the
levels of all these three amines gradually decreased.
Perhaps these polyamines are utilized in cellular dif-
ferentiation during nodule growth.

DNA, RNA and protein content in roots gradually
increased up to week 2 followed by a decrease in their
contents {Table 3). In brief, our study showing distinct
correlations of polyamines with nucleic acids and protein
in difieren smges ©i toth anb nobike bevdopmerh
supports the formulated fact that polyamines have a
positive role in nucleic acids and protein synthesis.

The presence of appreciable amounts of amines, may be
of considerable physiological significance in the develop-
ment of nodule and root, as well as in the growth of
embryo. However, only Smith [14] has reported the
presence of polyamunes i roots and nodules of pea,
although Bagni et al. [11] have shown that in higher
plarnits. pdivamimes oLy att ¥ 3 tiaopen sourde. Wolides
are the nitrogen fixing apparatus, which have high sink
activity [30].

EXPERIMENTAL

Chemicals. Putrescine, spermidine, spermine and BSA were
purchased from Sigma. vL[U-'*ClArginine (sp. act.
228 mCi/mmol) was from the Bhaba Atomic Research Centre.

Plant material. Seeds of Phaseolus mungo were grown during
the winter in the field at the Bose Institute, Calcutta. Collection of
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Fig. 3. (a) Changes in total polyamines (PAS) (O) and arginine

decarboxylase activity (4 . (b} Changes in polyamine contents,

putrescine (O}, spermidine { A} ard spermine {3} during toot
growth of P. mungo.

Table 3. Changes in the level of protein, RNA and DNA
content during root growth in P. mungo

Age of the roots Protein RNA DNA

(weeks) (mg/g dry wt) (mg/g dry wt)
{ 42 13 4.2
2 52 21 6
> % s 1%
4 20 124 3
5 15 7 2
6 11 8 22
7 18 7.3 3
8 18 5 1

“te wotidres wis Saatah romheen Simec U Bifistiaon, b bvaasss
from the day of seed sowing and continued up to 8 weeks.
Sampling of nodules was made according to their size and
number. Roots were sampled from week 1 and continued up to
week 8 after sowing.

Germination of seeds. The seeds after surface sterilization with
0.19% HgCl, were germinated in the dark at 37°%+1° on
moistened filter paper in Petri dishes. The germinated seeds were
collected at various times for analysis.

Determination of amines. Polyamines extracted with § 9, TCA
were dansylated and separated by Si gel TLC by the procedure of
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ref. [31] using EtOH~-cyclohexane (2:3) as solvent. After removal
from the solvent mixture, the plates were immediately sprayed
with (C,H,OH);N-iso-PrOH (1:4). The spots were marked
under the UV-light with reference to the standard used. The
dansylated polyamines were efuted with Me,CO and the fluores-
cence intensities were measured in a spectrofluorometer, with the
excitation and emission wavelengths at 360 and 506 nm,
respectively.

Enzyme activity. Arginine decarboxylase (arginine carboxy-
lyase, EC 4.1.1.19) in the tissue extract was estimated by
measuring the release of '*CO, from L-['*CJarginine under the
conditions reported in ref. [7].

Protein, RN A and DN A. These were estimated by the method
of ref. [32], the orcinol reaction [33] and the diphenylamine
reaction [34], respectively.
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