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Abstract-h growing Luth~;rus satiuus seedlings. the levels of DNA, RNA and protein markedly decreased in 
the cotyledons and progressively increased in the embryo-axis. In cotyledons. spermidine and spermine contents 
were substantially reduced while those of agmatine and putrescine were sharply increased. By contrast the 
embryo-axis progressively accumulated relatively larger amounts of agmatine. homoagmatine. putrescine, cada- 
verine, spermidine and spermine in parallel with similar changes in its DNA. RNA and protein content. While 
the cotyledons contained ca 50% of the total agmatine and putrescine present in the plant embryo by day IO. 
the embryo-axis, though representing less than 20”,, of the dry wt. contained 90 and 75”,, of total cadaverine 
and homoagmatine respectively of the seedlings. Spermidine and spermine levels of this tissue were also compara- 
tively higher. being of the order of 80 and SW/,, respectively of the total. The root and shoot portions of the 
embryo-axis also exhibited a similar relationship bctwcen changes in DNA. RNA and protein and all the above 
amines during development. However. the polyamine content of the shoots was relatively higher than those of 
the roots during the growth period 

INTRODUCTION 

In recent years, increasing attention has been given 
to the possibility that the polyamines spermidine 
and spermine play a significant role in the struc- 
ture, function and biosynthesis of macromolecules 
like DNA, RNA and protein in a variety of bio- 
logical systems, especially during growth and devel- 
opment [l-4]. In rapidly proliferating animal sys- 
tems like chick embryo [S] and regenerating rat 
liver [6]. increased accumulation and enhanced 
activity of anabolic enzymes of polyamines pre- 
cede or parallel the changes in RNA levels. The 
observation that spermine or spermidine could 
accelerate RNA synthesis in chick embryo [7] and 
rat prostate [8] supports the suggestion that the 
polyamines are involved in nucleic acid metabo- 
lism. The available, though limited, evidence 
points to an analogous relationship between these 
amines and macromolecular metabolism in plant 
growth and development. Thus, in higher plants, 
polyamines promote protein synthesis in vitro and 
in vivo besides serving as a growth factor for cer- 
tain plant cells in culture [9-l 11. Further, Bagni 

[12] has shown that during the growth of Phu- 
seo1lr.s t’lrlguris seedlings, spermldme and spermine 
decrease in cotyledons and simultaneously in- 
crease in shoots in association with similar alter- 
ations in the levels of RNA and protein. 

We have earlier reported [ 13,141 that during de- 
velopment of L. sativus seedlings, substantial 
amounts of the guanidino amines agmatine and 
homoagmatine, the diamines putrescine and cada- 
verine, and the polyamines spermidine and sper- 
mine progressively accumulate. More recently, we 
have demonstrated [ 151 that agmatine and putres- 
tine, on the one hand, and homoagmatine and 
cadaverine on the other, are connected by precur- 
sor-product relationships in this plant system. Of 
particular interest was the parallel accumulation 
of large amounts of cadaverine and putrescine dur- 
ing growth of the seedling and this raised the ques- 
tion of physiological significance of cadaverine in 
this plant. In this paper, we have investigated the 
distribution and the changes in the levels of all the 
amines in different parts of the plant embryo dur- 
ing development with a view to correlate the same 
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with the concomitant changes in the contents of 
DNA. RNA and protein. 

The data presented were obtained with etiolated 
L. satiuus seedlings growing in the absence of exo- 
genous nutrients and thus represent changes solely 
at the expense of nutrient reserves of the seed 
stored during cmbryogencsis. The changes in 
DNA, RNA and protein contents in the whole seed- 
lings and their distribution patterns in isolated 
parts of plant embryo at various stages of develop- 
ment during an arbitrary period of 10 days are 
shown in Fig. 1. In whole seedlings (la) the protein 
content progressively diminished up to day 7 and 
attained a steady state thereafter, corresponding to 
cu 55yj0 of the initial value. The levels of DNA and 
RNA also markedly declined, but the steep fall 
was followed by a significant increase, particularly 
of RNA, during later stages. By day 10. the net 
reduction in DNA and RNA contents corres- 
ponded to CX~ 40 and 6”,, respectively of the initial 
values. During this period there was a net decrease 
in dry wt of the seedlings by CLI 20”,, as expected, 
due to the metabolic activity of the embryo. 

Figure lb shows that the changes taking place 
in the cotyledons account for the diminution in the 
macromolecular contents in the whole seedling. 
This is to be expected from the fact that this tissue 
accounts for more than 75”,; of the embryo in 

terms of fr. wt. dry wt and protein nitrogen cvcn 
at the end of the IO-day period. Thus the steep fall 
in the protein content of cotyledons throughout 
the growth period (by CIZ 63”,, by da> IO), presum- 
ably due to intense protcolytic dcgrad;~tion of glo- 
bulins stored in this tissue [ 161. is in agreement 
with the ohscrvation of Bagni with P. c~/g~~.i.\ 1 131. 
Moreover, a sharp decrease (bq 5YC1) of DNh con- 
tent up to day 3 roaching :I steady state thcreaftcr. 
could probably be attributed to the lack of cell- 
division in cotyledons [17]. ,Agnin, RNA chnngcs 
in this portion of the embryo reflcctcd the corrc- 
sponding pattern observed with the \vhole sccd- 
lings (Fig. la). Thus. it is clear that RNA content 
was reduced up to day 5 (by CYI 55”,,) and then 
showed an upward trend. indicative of sJ,nt hesis of 
RNA at later stages of development. HowcLcr. 
even on day 10 there was a net dccrense of RN,A 
(by 30”,,) compared to that at the beginning of the 
experiment. in agreement with carlicr obscrcations 
with several other higher plant skstcms [I 7. I7 191. 
The only discrepancy between the present data 
and those of Bagni \vith light-grown I’. ~~rl~qtrr.i.~ is 
that a continuous decrease in RNA content 01 
cotyledons of P. rui(qari.~ Lvith cnl~anccmcn~ 01 

growth has hccn noted [I 2:]. On the contrar!. there 
is now substantial Gdencc to show that cotllc- 
dons or cndosperm arc capable of RN.4 shnthc- 
sis 120. ?I]. In fact, a more recent stud\ \vith P. r.l//- 
p.is germinated in it nutrient medium rc\ealed 
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Fig. I. Quantitative changes in protein, RNA and DNA contents of Lathrru.\ sufi~u~ seedlings with growth. L 1111 

represents a whole seedhng in (a), a pair of cotyledons in (b) and an embryo-axis in (c). Data represent mean 
value of 6 independent determinations and SO. was less than 6”,‘, of the values indicated. 
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Fig. 2. Changes in the concentrations of agmatine, putrescine, spermidine and spermine in I,. .satiuus seedlings 
with growth. For details see the legend to Fig. I. 

that during growth, a net accumulation of RNA oc- 
curred in the cotyledons[21]. Conditions of ger- 
mination and seedling growth such as the presence 
of light. nitrate and sugar in the growth medium 
could influence macromolecular metabolism in 
cotyledons. as shown by studies with radish [20]. 
Another conceivable explanation for the apparent 
difference in RNA changes between cotyledons of 
L. satiuusand those ofP. vulgaris, apart from the in- 
fluence of light, may lie in the fact that L. sativus 
seedlings undergo hypogeal growth, whereas P. 
vz41gari.s undergo epigeal growth. In contrast, there 
occurred a large and progressive increase in the 
levels of DNA (x 6) RNA (x 6) and protein (x 5) 
in the embryo-axis (Fig. lc) throughout the growth 
period as expected of a tissue undergoing intense 
cell-division. The dry wt also was enhanced in par- 
allel during this time from 1.0 mg/axis on day 1 to 
16.2 mg/axis on day 10, but represented only 200/g 
of the seedlings, even on day 10. 

The data pertaining to the variations of amine 
levels during seedling growth reveal both the qua- 
litative and quantitative changes in the pattern of 
amine distribution among different parts of the 
plant embryo (Figs. 2 and 3). The amines which are 
connected by precursor-product relationship [ 153 
have been examined in separate groups. In the 
whole seedlings agmatine and putrescine con- 
centrations rose dramatically with growth reach- 
ing by day 10 levels which were ca 100 and 200- 
fold higher than the initial values (Fig. 2a). How- 

ever, the corresponding changes in polyamines fol- 
lowed a different pattern. Though there was a sig- 
nificant net enhancement in the contents of sper- 
midine and spermine by day 10, increases were 
marginal, being of the order of 25 and 70% of the 
initial values respectively. Furthermore. both the 
compounds after a significant initial steep increase 
underwent gradual diminution during the later 
stages of embryo development, in agreement with 
previous observation [12]. The changes of amine 
levels in the cotyledon tissue (Fig. 2b). were similar 
to the changes occurring the the whole seedling for 
agmatine and putrescine. Concurrently, there was 
a progressive rise in agmatine content throughout 
the growth period, while the putrescine level in- 
creased steeply up to day 3 and attained a steady 
state thereafter. By day 10. agmatine and putres- 
tine contents were increased by 50 and 1 OO-fold re- 
spectively over the values of ungerminated stage 
accounting for nearly 50% of those accumulating 
in the whole seedlings (Fig. 2a). The significance of 
this enhanced elaboration of agmatine and putres- 
tine in cotyledons, despite its being primarily a 
storage tissue, is unclear. Besides serving in the 
developmental processes of embryo-axis through 
translocation mechanisms, it is conceivable that 
the amines serve an important function in cotyle- 
dons themselves. Our earlier studies have shown 
that &J ~IOVO synthesis of polyamines can be 
demonstrated in this embryonic tissue [I 51. More- 
over, synthesis occurs of metabolically active RNA 
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in cotyledons of legumes and endospcrm of cereals 
during germination and growth [20.31] and the 
data presented in Fig. lb are suggestive of such 
synthesis in L. satir~rs cotyledons at later stages of 
development. It has now been established that 
putrescine in particular. may have an important 
role in the maintenance of intracellular pH such as 
in cxtrcmc K’ deficiency 1223. It is therefore 
tempting to speculate that the large-scale degrada- 
tion of macromolecules (especially RNA and 
DNA) in cotyledons might cause an imhalancc in 
intracellular H ’ concentration and the concomi- 
tant putrcscine accumulation may be a compensa- 
tory mechanism. A different type of polyamine 
change in cotyledons was evident during this 
period in that both spermidine and spermine lcvcls 
(after a lag of 3 days) decreased steeply at first and 
gradually thereafter attained values which corres- 
ponded to 20 and 40”,, (resp.) of the initial values. 
Qualitatively similar profiles have been observed 
with P. ruly~.is [ 131 for the polyamine changes 
during seedling development. 

The concurrent alterations in amine levels in the 
embryo-axis cxhibitcd an entirely difl’erent pattern 
(Fig. 2c) consistent with enhanced elaboration of 
all the three macromolecules examined (Fig. lc) as 
expected of a rapidly growing system. Thus agma- 
tine, putrescine. spermidine and sperminc all in- 
crcascd continuously and at day 10, their levels 
representing 54, 76. 4 and 12-fold increase respect- 
ively over those on day 1. These data support the 

hypothesis that an intimate relationship exists 
between these amine levels and the macromolccu- 
lar metabolism in this plant system also. 

In Fig. 3 arc presented data which reveal a quan- 
titatively different pattern of distribution of cada- 
vcrine between the two parts of the seedlings dur- 
ing the gro\vth. The changes in homoagmalinc 
content (data from 1131) is also included for com- 
parison. The observation that in the whole secd- 
lings (Fig. 3a) the contents of both the amincs 
were markedly increased during seedling growth 
by ~‘(1 19 and 220-fold rcspectivcly is in agreement 
with our earlier findings [ 13.13~1. While the magni- 
tude of increase in the level of cadaverinc ~vas 
similar to that of putrescinc. agmatinc content was 
nearly double that of homoagmatinc on day IO. 
However, the contribution of cotyledons in terms 
of total contents of homoagmatine and cadaverine 
in the whole embryo (Fig. 3b), was relativel\ small. 
being of the order of IO and Y,, respectively. a 
pattern different from that obtained in the cast ol 
agmatine and putrescine (both (‘II 50”,,). An analy- 
sis of the corresponding data for the embryo-axis 
showed that in this tissue. the levels of both these 
amincs was greatly increased during development 
(cadaverine x l40-fold ; homoagmatinc x JO-fold) 
accounting for cu 90 and 75”,, of total contents of 
the respective amines in intact embryo. The signifi- 
cance ofthis quantitative ditference in the distribu- 
tion of agmatine and putrescinc on the one hand. 
homoagmatine and cadaverine on the other. 



Day 3 Day 5 Day 7 Day 10 
S R S R S R S R 

Dry wt (mg) 2.40 2.50 4.50 3.20 7.90 4.20 12.60 5.00 
Protein (mg) 0.25 0.29 0.33 0.41 0.43 0.56 0.64 0.97 
RNA kg) 29.10 28.10 34.20 37.40 40.10 40.50 66.40 67.50 
DNA (pg) 2.80 2.70 4.30 4.70 9.00 6.00 12.60 7.90 
Agmatine (nmol) 52.50 41.10 73.10 64.50 93.60 77.60 126.80 101.70 
Putrescine (nmol) 64.00 69.70 I 19.40 101~10 147.10 112.30 204.00 95.80 
Spermidine (nmol) 15.30 4.40 14.80 6.60 12.40 IO.00 14.40 8.70 
Spermine (nmol) 8.40 trace 10.30 trace 13.70 trace 21.80 2.10 
Homoagmatine (nmol) 32.60 32.50 62.90 38.80 71.40 66.00 79.50 53.60 
Cadaverine (nmol) 78.00 69.30 132.60 85.50 204.40 104.60 274.40 98.50 

* Unit is one shoot (S) or one root (R). Values renresented are mean values of six independent experiments. S.e. is less than 
6”“. Day refers to the age of the seedling.’ 

between the two tissues of the growing plant 
embryo is not clear. 

In view of the almost parallel enhancement in 
the contents of the two groups of aliphatic amines 
with similar increases in the macromolecular con- 
tents of the embryo-axis, it was of interest to 
extend these investigations to the two parts of this 
tissue, viz shoot and root with differential growth 
rate during the seedling development. The seed- 
lings were harvested on 3, 5, 7 and 10 days and 
the distribution and contents of the above amines 
and corresponding levels of DNA, RNA and pro- 
tein in roots and shoots were examined. The 
results obtained are summarized in Table 1. On 
day 3, both parts of the embryo-axis attained 
almost equal growth as reflected in dry wt and 
their contents of DNA, RNA and protein. The 
only significant qualitative difference between the 
two parts was in terms of their polyamine contents, 
but the reason for this is not clear. As development 
progressed, the dry wt, DNA and RNA contents of 
the root also increased in parallel by ca 2-fold 
while concomitant increases in agmatine and sper- 
midine were of similar order of magnitude. The in- 
crements in the levels of diamines and homoagma- 
tine (ca x 1.5) were less. Spermine appeared in 
measurable quantity in this tissue only around day 
10. During this period, the epicotyl grew faster, in 
that its dry wt increased 5-fold, DNA level by 3- 
fold while RNA and protein contents increased ca 
2-fold. Corresponding net increases in the levels of 
the various amines were: spermine ( x 2.5), putres- 
tine and cadaverine (x 3). and homoagmatine and 

agmatine ( x 2.5). Only spermidine remained more 
or less constant during this time, presumably due 
to its enhanced continuous conversion to spermine 
which increased significantly during this time. 
Thus it is clear that in general, there is substantial 
parallelism between the levels of these amines and 
the macromolecular contents even of different 
parts of the developing embryo, in complete agree- 
ment with observations made with a variety 
of biological systems [4]. 

A significant feature of the present investigation 
is the intriguing observation that a close relation- 
ship exists between the site and magnitude of cada- 
verine accumulation and the contents of nucleic 
acids and protein in the rapidly growing portion of 
the plant embryo. This suggests that this diamine, 
like putrescine and polyamines, might fulfil some 
important function in the vital processes con- 
cerned with the plant embryo development. The 
fact that even within the growing tissue this dia- 
mine is distributed in different parts and its levels 
altered in association with those of important mac- 
romolecules like DNA, RNA and protein rein- 
forces this postulate. While the ill uiuo function of 
cadaverine in the macromolecular metabolism is 
still unknown, this amine has been shown to effec- 
tively substitute for putrescine and polyamines in 
increasing melting temperature of DNA, in stabi- 
lizing urea-damaged bacteriophage T, and in sti- 
mulating poly-U directed poly-phenylalanine syn- 
thesis in a cell-free protein synthesizing system 141. 
Furthermore, cadaverine or putrescine fed to cars 
of wheat have been shown to increase nucleic acid 

Amines of L. satiuus seedlings 

Table 1. Dry wt, protein. RNA. DNA and amine contents in shoot and root during growth of I,. satitws seedlings 
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contents of se& and enhance subsequent growth 
rate of resultant seedlings [X]. While in develop- 
ing chick embryo, all increase in the levels of cada- 
verine along with those of putrescinc and the 
polyamines during growth has been noticed car- 
lier 1241, to the best of our knowlcdgc L. .SLI~~VIIS 
appears to be the first higher plant system in which 
cada\crinc accumulation has bocn shown to bc 
closely linked to macromolecular contents of a 
rapidly proliferating tissue. during embryonic dc- 
vclopment and growth. 

,~JuIcJ~;~~. ~,~u~Iw~,s ~rrr~r~ SW& uerc procured from the 
Plant Breeding Section of Indian Agricultural Research Instl- 
tute. New Delhi. Putrcscine. ZHc’l, spermidinc. 3HCl. agmatinc 
SO,. calf thymu” DN.4. )east RNA and cqsralline bovine 
serum albumin %,ere purchased from Sigma. St. Louis. MO. 
U.S.A. Cadaverine. ?HCI and spermine. 3HCI berc obtained 
from C’alifornia Foundation for Biochemical Research. Los 
Angeles. Ion exchange I-chins \vcrc from Bio-Rad LaboratorIes. 
All the amines wcrc purified h!: cl1r(~matogrwpl1~ on ion 
exchange resins and crjctallircd prmr tn use. RhA and DNA 
were also purified hd0~-e LISC. 

C;~i~r~ib~ir~rm ~/ml qrow~h q/ L. sali\.ub .w&\. Hcnlthq seeds 01 
uniform si/c were germinated after surbcc stcrihration with 
05 M NaOCl and the seedlings were grown m dark on moist 
filter papers In sterile Petri-dishes under aseptic conditions in 
an Incubator at 75 3S ii\ descrihcd carhcr [I 31. The cotyledons 
wcrc cuc~scd hg a cut at the pom( ofnttachrncn~ of the cmhr)o- 
a\iF to the tib’;uc and the shooI5 and roots were scparatcd from 
the cmhrlo-axis 1,) cutting at the loint 01 their attachment in 
the axis. IO I5 Whole seedlings or ix)latcd parts &erc harvested 
at spoclfied periods of growth. and uxd lor dry wt and chemical 
determinations of the niacroniolcculcs and the amine>. 

.-lcir/ ~lirhlc frxic ri0rr \\as prepared according to Ihc method 
m ref. 13. Bricfll. I_. .SLIIIIU\ weds or sccdlmgb wet-c homo- 
guliTcd with 3 vol. of cold O-4 M H(‘I0,. cooled overnight al 
0 2 ccntrlfugcd at J and the reslduc was washed x 7 with 1 
col. 01‘ cold 0.3 hl HC‘IO,. The HC‘IO, pptb \\cr< used fool- the 
estimalion of DNA. RNA and pl.otcin. The acid extracts uere 
pooled and adlusted to pH R with W,, KOH. The prccipilaled 
KCIO, WI\ rcmo\cd b! centrifugatmn. The &a~- c\1rxt reprc- 
scntctl acid soluble fraction. 

.Luc~/~~u tic rti\ were estumatcd b! the procedut-c of ref. 16. The 
HC10, ppt. v,as wxhcd b! ccntrll’ugation at room temp. x 2 
with each (4 ml) of the follofiing: Cold EtOH satul-atcd with 
NaOAc, FtOH CHCI, (3:l). EtOH Et?0 (3:l) and EtZO. to 
remove lipids. The dry rcaiduc was then Ircated uith 6ml of 
0.3 2 KOH at 37 for I6 I? hr to Jegradc RNA. then acidified 

with HCIO, (I M) to a final concentration of 0.4 M. cooled 
overnight and centrifuged. The residue was Ihen u ashcd by ccn- 
trifupation twice with 2 ml alicluots of cold 0.4 M HCIO,. The 
supernatants combined and made up to a known vol. and 4:,,,, 
uaa measured. Purified yeast RNA taken through the bam~ 
proccdurc. served as the standard. F’(>1>pc’pttdc contaminants 
contributing to .A,,,, in the: RNA extract of lhc seedlings was 
measured hq the procedure of LOWI) O! rrl. L”] and sultablc 
correction for this was made 111 calculalin$ the RN.4 content 
of the plant embryo. 
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