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Abstract--The biosynthesis of certain amines in Lathyrus satiuus seedlings was studied in isolated shoots and 
cotyledons. In shoots, arginine was about 14 times more efficient than ornithine for the synthesis of agmatine, 
putrescine, spermidine and spermine. Isotope dilution experiments, and the changes in specific activities of the 
4 amines with time when 14C-arginine served as the precursor, indicated that putrescine and the polyamines were 
formed mainly from arginine. via agmatine. Similar experiments showed that cadaverine was formed at least 
in part from homoarginine, though lysine was ca 4 times more effective as a precursor. The pattern of changes 
in specific activity of homoagmatine and cadaverine with time when “C-homoarginine served as the precursor 
support the conclusion that homoarginine and arginine follow analogous metabolic routes in the biosynthesis 
of putrescine and cadaverine respectively. 

INTRODUCTION 

BIOGENESIS of the polyamines, spermidine and spermine has been extensively investigated 
in microbial and animal systems.’ In rat liver2,3 and ventral prostrate,3 ornithine decar- 
boxylation gives rise to putrescine which in turn condenses with the propylamino moiety 
of decarboxylated S-adenosylmethionine to form spermidine and spermine. In Escherichia 
coli, agmatine formed from arginine is converted in one step to putrescine and urea by 
agmatine ureohydrolase.4 However, detailed investigations on poly and diamine biosyn- 
thesis are comparatively few with plant systems. Studies with potassium deficient barley 
leaves have shown that arginine is decarboxylated to form agmatine, which undergoes a 
two step enzymatic conversion to putrescine, with N-carbamyl putrescine as the interme- 
diate.’ 

Lathyrus satiuus seeds contain high concentrations of L-homoarginine.6 In a recent 
study, we isolated and characterized homoagmatine from the L. sutiuus seedlings and 
demonstrated that this amine is a major metabolite of homoarginine during seedling devel- 
opment.’ We have now found that cadaverine also accumulates during seedling growth, 
together with substantial quantities of agmatine, putrescine and spermidine, the postulated 
intermediates of polyamine synthesis in higher plants. ’ As two sets of homologous meta- 
bolites, viz agmatine-homoagmatine and putrescine-cadaverine are elaborated by the 

1 TABOR. H. and TABOR. C. W. (1964) Pharmacol. Rev. 16,245. 
’ PEGG, A. E. and WILLIAMS-ASHMAN. H. G. (1969) Biochem. J. 115,241. 
3 PEGG, A. E. and WILLIAMS-ASHMAN, H. G. (1968) Biochem. J. 108, 533. 
4 MORRIS, D. R. and PARDEF., A. B. (1966) J. Biol. Chem. 241, 3129. 
’ SMITH, T. A. (1970) Ann. N.Y. Acad. Sci. 171,988. 
’ RAO, S. L. N.. RAMACHANDRAN, L. K. and ADIGA, P. R. (1963) Biochemistry 2,298. 
’ RAMAKRISHNA. S. and ADIGA, P. R. (1973) Phytochemistry 12, 269 1. 
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seedling, it was considered that arginine and homoarginine may undergo similar metabolic 
conversions. To test this hypothesis we have studied the conversion of labelled guanidino 
amino acids into the respective amine mctabolites in seedlings. 

RESI:LTS AND DISCL’SSION 

The possibility that in L. ,srrtizus. the two guanidino amino acids undergo similar meta- 
bolic conversions to give rise to the respective guanidino-. di- and possibly polyamincs 
(at least in the case of arginine), \vas explored in short term infiltration cxpcrimcnts using 
14C-labelled amino acids. The cut shoots of 4day-old ctiolatcd seedlings were fed with 
‘“C-ornithine and “C-arginine and allowed to metnboli/e the amino acids for a further 
period of 6 hr. The data prcsentcd in Table 1 show that both arginine and ornithine served 
as efficient precursors of agmatinc. putrescine. spermidinc and spcrminc. The sum total 
of the label incorporated into these four amines at 6 hr was 7.5j’,, with ornithine. and 1649,j 
with arginine, on the basis of 14C-amino acids supplied initial]!. These cstimatcs were 
made after correcting for the loss of “CO, during metabolism. The determination of the 
pool sizes of amino acids in the shoot extracts gave: the follo\ving values: argininc. 
586 nmol/g fr. wt. ornithine 91 nmolig fr. wt. Using these values. the calculated amount of 
arginine metabolized to agmatine. putrescinc. spermidine and spcrmine per g fr. wt of 
shoots was 96.0 nmol. This was in comparison to 6.X nmol obtained u ith ornithine as pre- 

cursor. Thus arginine appears to be at least 14 x more cfkient as a precursor than ornith- 
ine for amine synthesis. However. the label incorporated from “C-0rnithine into agmatinc 
represented nearly 4O”;, of the total activity in the 4 amincs. Thus it appears that ornithinc 
served as a precursor of putrescinc and hence of the polyamines mainI> b! conversion to 
arginine, probably- in the urea cycle. However. the possibility of ornithinc giving rise to 
putrescine by alternative. albeit minor routes in L. SLI~~IWS cannot be ruled out at present. 
Ornithine decarboxylase has been demonstrated in other plant s>.stems.” Moreover. 
ornithine could give rise to putrcscinc via citrullinc and N-carbamyl putrcscinc as dcmon- 
strated in sesame leaves.‘” Further. the present data (Table 1) showing ;I higher proportion 
of the label in putrescine relative to agmatinc with ‘?I:-ornithinc as the precursor. com- 
pared with ‘“C-arginine. is suggestive of a route ?f putrcscinc formation via citrulline in 
L. suticus. However. drastic reduction in the cffkkncy of conversion of “C‘-ornithinc to 

all the four amines in the prcsencc of exogenous unlabcllcd arginine (Table I) indicates 
that if such alternative pathways of putrescine biosynthesis exist. they are relatively unim- 
portant. 

The conversion of “C‘-arginine to agmatine, putrescine. spermidine and spermine indi- 
cate that quantitatively. the more remote the amine from arginine in the biosynthetic 
sequence. the lower was the eficiency of incorporation of the label. a pattern expected from 
the operation of the proposed biosynthetic pathway. which is also supported by the iso- 
tope dilution experiments (Table I). With arginine as precursor. unlabelled ornithinc 
(5 jlrnol) reduced (by UI W,,) incorporation of label into agmatine and hence propor- 

tionally to subsequent products of the scyuence. It is probable that enhanced arginine for- 
mation resulting from exogenously supplied ornithine and hence dilution of pool sire of 
14C-arginine is responsible for this finding. Altcrnativclq. ornithine might interfere with 
the arginine -+ agmatinc step by inhibiting argininc dccarbos~lasc.’ BJ comparison. 
agmatine. N-carbamylputrcscine and putrcscinc wcrc more cfkctivc in redking incorpor- 

” t+\Wi, k;.. I<,ZI1( I,. o;i- :I1111 S\l\IhO\\. J (iW17l/ Pill! c i!LiIi 34x. 51: 

” c‘lto( I1\10. 0 .[. 13\5\(1. I_ ( :ill~/ HI,\\!, 0 (r ! l’)-(rl /‘!i!,C,, /I, :,il’!* , 0. i-l\- 
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TABLE 1. INCORPORATIONOF RADIOACTIVITY FROM "C-~~~~~~~~~ AND "C-~~~~~~~~ INTO THE AMINES BY Lath- 
J’I’US SdiUUS SHOOTS AND ITS INHIBITION IN THE PRESENCE OF IINLABELLED INTERMEDIATES 

Redmactlve precursor 

Unlabellcd 
lntermediatc 
used (5 pmol) Agmatine Spermine 

NOX 1 I400 (3G4) I3900 (3.70) 2500 (050) I ID0 (0.25) 7.49 
AWlllllW 2400 10.59) 3900 (0.96) l200~0.291 570 10-141 I ,98 

292Wl76ll 1610015-20) 9700 l3.16J I200 IO-401 16.37 
24100(6231 I I ?W I3 60) 56K (I.821 690 (O-22) I I.87 
2030015~101 9700 (3.02) 2200 (0.721 390 IO 13) 8-97 
21 900 15.90) 9500 13.21, I900 (0.66) 5301~18) 9-95 

2x loo 17.431 790012611 I x00 IO-601 41010.14~ 9.7x 

4 x 10’ cpm Of ‘“C-amino acids were used for each experiment. In the competition experiments 5 nmol of 
the presumed intermediate was mixed with the radioactive amino acid and infiltrated as described in the text. 
The weight of the shoots was 0.8@@92 g and the values represented are averages of triplicate experiments. The 
amines were separated from the amino acids by ion-exchange chromatography and the radioactivity in the 
various amines separated by PC was determined. The numbers in parentheses correspond to 7; of conversion 
of labelled precursor amino acid to respective amines. 

ation of label from arginine into subsequent metabolites, in agreement with their being 
true intermediates in the sequence of reactions leading to the polyamines5 

Similar infiltration experiments were also carried out with r4C-homoarginine and r4C- 
lysine in order to determine whether cadaverine biosynthesis follows an analogous meta- 
bolic sequence (Table 2). With 14C-lysine as precursor, cadaverine became radioactive to 
a substantial degree after 6 hr ; accounting for nearly 5.2% of the total labelled amino acid 
fed to the shoots. But, unlike the labelling of agmatine observed with 14C-ornithine (Table 
l), homoagmatine was devoid of radioactivity under these conditions indicating that cada- 
verine arose by direct decarboxylation of lysine and not through prior conversion to 
homoarginine and then to homoagmatine. This is not unexpected in view of the 
demonstration of lysine decarboxylase in other legumes.’ ’ With “C-homoarginine, both 
homoagmatine and cadaverine were radioactive, as expected, accounting for the utilization 
1.78% of the labelled amino acid supplied. The pool sizes of lysine and homoarginine in 
the shoots were respectively 634 and 1580 nmol/g fr. wt. The amount of lysine metabolized 
for amine formation therefore amounted to 33 nmol/g fr. wt. while the amount of homoar- 
ginine was 30 nmol/g fr. wt. However, 14C in cadaverine accounted for only 7.8 nmol of 

‘I AMISI. L. and S~H~NII. K. (1959) J. Sri. Id. Rcs. I&, 135. 

TABLET. INCORP~KATI~NOF RADIOACTIVITYFROM ‘%Z-LWINE AND “C-~~~~~~~I~~~~ INTO THE AMINES BY Lath- 
yrus Satins SHOOTS AND ITS INHIBITION IN THE PRESENCE OF UNLABELLED INTERMEDIATES 

Radioactive precursor 

Unlabelled Total % 
intermediate used cpm/g fr. wt in conversion of 

(5 pmol) Homoagmatine Cadaverine 14C 

L-Lysine-[U-r4C] None 
Homoarginine 

None 
Lysine 

Homoagmatine 
N-Carbamyl 
cadaverine 

Nil 17 500 (522) 5.22 
Nil 15 500 (4.85) 4.85 

2600 (1.31) 900 (047) 1.78 
1000 (0.53) 600 (0.32) 0.85 
1300 (0.69) 700 (0.36) 1.05 
1400 (0.72) 500 (0.29) 1.01 

* L-Homoarginine-[l to 6-14C] is synthesized from L-lysine-[U-‘4C] as given in the text. For details see the 
legend for Table 1.2 x IO5 cpm of r4C-homoarginine and 4 x lo5 cpm of r4C-lysine were taken. 





Biosynthesis of amines in Lathyrus satiuus 2165 

mation progressively increased during this period, levelling off around 6 hr. The relation- 
ship between homoagmatine and cadaverine is therefore clearly that of a precursor and 
product in this plant tissue. 

Thus, on the basis of the isotope conversion data as well as the pattern of specific activity 
changes observed among the proposed intermediates, the major biogenetic pathway of 
putrescine, and hence of polyamines, appears to follow a course identical to that shown 
in potassium deficient barley leaves.5 The demonstration that homoarginine, like arginine 
undergoes similar metabolic conversion to vital products like the diamine, cadaverine, sug- 
gests that the guanidino amino acid is not merely a nitrogen-rich storage constituent in 
the seed. It now appears to have an important function in the developmental biology of 
the seedlings. The relationship between di and polyamines with nucleic acid and protein 
synthesis concerned in growth” establishes the importance of these pathways. 
” B.ACIMACH. (1. (1970) Ann. Rev. Microhid. 24, 109. 
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“‘C-ARGININE AS PRECURSOR IN Lathpus satious TISSUES. 
Data are the means of closely agreeing triplicate values. 
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FIG. 2. CHANGES IN THE SP. ACT. OF HOMOAGMATINE AND CADAVERINE WITH TIME WITH L4C-~~~~~~~~~~~~ 
As PRECURSOR IN Lathyrus satiuus TISSUES. 

Data are the means of closely agreeing triplicate values. 



and spermldme trlhydrochlorlde MUc purchased lrom Sgrna C‘hemul Co.. (St. LOUIS. _ . . kl.0.. I3.A.). I -Homoar- 

pininc was a nroduct of Nutritional Bwchcmicals Cortl. (C‘lcwland. Ohio. 1U.S.A.). Cada\erine (2 HCI) and spcr- 


