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Abstract--The diamine, putrescine and the polyamines spermidine and spermine have been estimated quanti- 
tatively in the leaves of a number of higher plants. In six species grown in potassium-deticient conditions, by 
comparison with normal plants, the mean increase in the concentration of putrescine was 16.6fold, for 
spermidine 1.9-fold and for spermine 1.2-fold. This is compatible with a metabolic pathway in which spermid- 
ine and spermine are derived consecutively from putrescine. 

INTRODUCTION 

THE DIAMINE putrescine (I) is closely related structurally to the two polyamines spermidine 
(II) and spermine (III). 

(I) Putrescine NH,CH2CH2CH,CH,NH, 

(II) Spermidine NH,CH,CH,CH,NHCH,CH,CH,CH,NH, 

(III) Spermine NH2CH,CH,CH2NHCH2CH2CH2CH2NHCH2CH2CH2NH2 

In micro-organisms’ and animals2 these three substances are synthesized by a metabolic 
pathway in which either one or both of the terminal amine groups of putrescine are substi- 
tuted by propylamine residues derived from methionine, to form spermidine and spermine, 
respectively. Although all these amines are well-established as constituents of micro- 
organisms and animals, in plants most work has centred on putrescine and relatively little is 
known about the distribution of spermidine and spermine. Spermidine has been found in 
Chlorella,’ tomato and Chinese cabbage leaves,4 and together with spermine in Petunia 
pollen.5 Moruzzi and Caldarera6 have demonstrated the presence of a high concentration of 
spermidine and spermine in the embryo of cereals, and, with Bagni,7 they have found these 
polyamines in all parts of the wheat plant except the roots and the anthers. Bagni also detected 
these substances in tomato juice,s Jerusalem artichoke (Hefiunthus) tubers9 and seeds from 
a large variety of higher plants. lo These polyamines were found in the alkaloids lunarine from 
Lunaria annua L. and L. rediviva L.,i’ palustrine from Equisetum sp.,i2 and pithecolobine 

’ H. TABOR, S. M. ROSENTHAL and C. W. TABOR, J. Biol. Chem. 233,907 (1958). 
* A. RAINA, Actu Chem. Scund. 18,2188 (1964). 
’ T. KANAZAWA, T. YANAGISAWA and H. TAMIYA, 2. P~unzenphysiol. 54,57 (1966). 
* H. TAL~OR and C. W. TABOR, Phurmucol. Rev. 16,245 (1964). 
5 H. F. LINSKENS, A. S. L. KOCHIJYT and A. So, Planta 82,111 (1968). 
6 G. MORUZZI and C. M. CALDARERA, Arch. Biochem. Biophys. 105,209 (1964). 
‘I N. BAGNI, C. M. CALDARERA and G. MORUZZI, Experientiu 23,139 (1967). 
* N. BAGNI, Giorn. Bot. Ital. 101,81 (1967). 
9 S. Cocuccx and N. BAGNI, Life Sci. 7, 113 (1968). 

lo N. BAGNI, Giorn. Bot. Ztul. 102,67 (1968). 
“C.T AMURA, G. A. SIM, J. A. D. JEFFEREYS, P. BLADON and G. FERGUSON, Chem. Comma. 20,485 (1965). 
‘* W. DIETSCHE and C. H. EUGSTER, Chimiu AUJ-uu, 14,353 (1960). 
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from Sumaneu sumun Merr.’ 3 A structurally related polyamine (diaminodipropylamine) has 
been demonstrated in certain plant viruses, but this substance could not be detected in the 
virus-free host plants.14 

Spermine promotes the growth of Heliunthus tuber explants in vitroI and polyamines 
activate protein synthesis in ribosomes extracted from this tissue.” It therefore appears that 
polyamines are of considerable importance in higher plants, as has also been shown in micro- 
organisms and animals.4 

Since free polyamines had previously only been found in the leaves of three species of 
higher plants, it was of interest to investigate the occurrence of these substances in the leaves 
and other organs of a wider range of plants. Also, since the level of putrescine is greatly 
increased in potassium-deficient plants,‘6~‘7 and as it is likely that putrescine is a precursor 
of spermidine and spermine in higher plants the effect of potassium deficiency on the poly- 
amine content of leaves was also investigated. 

RESULTS AND DISCUSSION 

Development of the Procedure for the Estimation of Putrescine, Spermidine and Spermine 

A method based on that proposed by Hammond and Herbst18 was used for the analysis 
of the spermidine and spermine. In the present method, the trichloroacetic acid is allowed to 
remain after extraction and serves to reduce the affinity of the resin for the acidic and neutral 
amino acids. Using the cation exchange resin Dowex-50, the initial purification was effected 
by a batch process in place of the column method of Hammond and Herbst. Adsorption of 
the amines to the resin is rapid and is virtually complete in 30 min. Desorption with concen- 
trated HCl is a slower process, probably because of the high cross-linking of the resin, and 
2 hr were needed for the establishment of equilibrium, Since heavy metals catalyse the oxida- 

tion of amines,19 the chelating agent ethylenediaminetetraacetic acid (EDTA) was incorpor- 
ated in the plates, the standards and the HCl eluates prior to concentration, as recommended 
by Hammond and Herbst. 

On the thin-layer chromatograms used for determining spermidine and spermine, the 
putrescine spot coincided with the spots due to arginine and lysine, and putrescine could not 
be estimated by this procedure, and although putrescine can be isolated and quantitatively 
estimated by gas chromatography,20 it is not possible to determine the polyamines by this 
method. A combination of thin-layer and gas chromatography was therefore used for estimat- 
ing the three amines quantitatively. 

Known quantities (2.5 pmoles) of spermidine and spermine were subjected to the estima- 
tion procedure (see Experimental). In the absence of plant material the recovery of spermidine 
was 98 per cent (S.E. 2 per cent) and of spermine 92 per cent (S.E. 6 per cent). In the presence 

of an extract of 10 g of Cox’s Orange apple leaves, the recovery for spermidine was 100 per 
cent (S.E. 2 per cent) and for spermine 81 per cent (S.E. 2 per cent). In the results presented 
for spermidine and spermine concentrations in leaves (Tables 1 and 2) no correction has been 

I3 K. WIESNER and D. E. ORR, Ten&e&on Letters 16 (1960). 
I4 M. W. JOHNSON and R. MARKHAM, Virology 17,276 (1962). 
I5 F. BERTOSSI. N. BAGNI. G. MORLJZZI and C. M. CALDARERA. Exoerientiu 21.80 (1965). 
I6 R. G. COLEMAN and F: J. RICHARDS, Ann. Botany London, i0 393 (1956). ’ 
” T. A. SMITH, Recent Aspects of Nitrogen Metabolism in Plants (edited by E. J. HEWITT and C. V. CUITING), 

p. 139, Academic Press, London (1968). 
‘* J. E. HAMMOND and E. J. HERBST, Anal. &o&em. 22,474 (1968). 
19 J. NYILASI, Magy. Kern. Folyoirat. 66, 313 (1960). 
20 T. A. SMITH, Anal. Biochem. 33, IO (1970). 
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Putrescine, spermidine and spermine in higher plants 1483 

made for experimental losses. Even in the presence of amounts of putrescine greater than 
those encountered in the extracts (4 pmoles/g fresh weight), no interference was caused in 
estimating the spermidine or spermine. 

Using this procedure the mean recovery of known quantities of putrescine (6.25 pmoles) 
was 93 per cent and of ethanolamine (6.25 pmoles) 7.2 per cent. Although ethanolamine has 
a retention time on gas chromatography which is not much greater than that of putrescine, 
it seems that interference from ethanolamine in putrescine estimation is unlikely to be great. 

Occurrence of Putrescine, Spermidine and Spermine in Higher Plants 

Two spots obtained on TLC of the amine fraction corresponded exactly with spermidine 
and spermine in R, and ninhydrin colour and usually no other major ninhydrin positive spot 
was found near them. In some extracts of the pea leaves, however, a brown spot was found 
immediately above spermidine and overlapping it slightly. This spot, which was probably 
due to histidine, may have resulted in an over-estimation of spermidine in these extracts, 
though this error is unlikely to have been very great. Chromatography of the apple leaf amine 
fraction by quadruple displacement in the methyl cellosolve solvent indicated that the spermid- 
ine and spermine spots were homogeneous. The R, values of these two compounds were 
then 0.56 and O-33, respectively. Further confirmation of the identity of spermidine and 
spermine spots on thin-layer chromatograms of the amine fractions run in the methyl cello- 
solve solvent was obtained by applying the naphthalene black spray of Raina,*’ which is 
highly specific for these polyamines. 

The spermidine and spermine content of the leaves of a number of species is given in 
Tables 1 and 2. Table 2, which includes data on putrescine, gives the results of estimations 
made on tissue taken from normal and potassium-deficient plants. Spermidine and spermine 
occurred in all the tissues investigated. The levels found for wheat leaves are about twice as 
high as those given for this tissue by Bagni et aZ.’ (calculated as O-062 and O-027 pmoles/g 
fresh weight, respectively). 

Combining the results for the leaves of all plants investigated (Tables 1 and 2), the mean 
concentrations of spermidine and spermine were respectively O-198 (S.E. O-093) and 0.062 
(S.E. 0.044) pmoles/g fresh weight. The spermidine and spermine contents of the pea roots 
and apple fruit pulp were lower than in the leaves. The greatest putrescine accumulations 
with potassium deficiency were found in the monocotyledonous plants, maize and barley, 
while the greatest spermidine and spermine contents were found in the pea plants. The data 
presented in Table 2 were subjected to a logarithmic transformation before statistical analysis, 
since they were not normally distributed. 

The relative changes in putrescine, spermidine and spermine content with potassium 
deficiency are consistent with a hypothesis that these three amines are linked in a metabolic 
sequence. The putrescine accumulated in the potassium-deficient plants presumably causes 
an increase in spermidine and a lesser increase in spermine by a mass-action effect. Additional 
evidence for this pathway has been obtained by feeding putrescine to the cut shoots of pea 
and barley seedlings. In each case the polyamine content was increased, the spermidine most, 
the spermine less so. 

Occurrence of Diaminopropane in Wheat 

After thin-layer electrophoresis of the amine fraction of wheat leaf extracts, the plates 
were dried thoroughly and sprayed with ninhydrin. On heating, a brown spot was found with 

21 A. RAINA, Acru Physid. Scund. 60, 1 (1963). 



1484 T.A. SMITH 

a mobility identical to that of diaminopropane. If water was present before spraying, this 
spot was pink and could not be distinguished from putrescine. This behaviour was also found 
with authentic diaminopropane. Gas chromatography of these extracts with the same 
column parameters as those used for putrescine estimation, showed a peak (retention time 
3.5 min) with a mobility corresponding to that of diaminopropane. This substance has been 
detected previously in extracts of pea seeds,*l bovine brain2* and on oxidation of poly- 
amines by Mycobacterium smegmatis23 and Serratia marcescens.24 

Other Peaks found by Gas Chromatography 

In addition to putrescine with a retention time (r.t.) of 5.2 min, the extracts of the plants 
shown in Table 2 contained several unknown peaks. One peak (r.t. 4.7 min) occurred in all 
leaf extracts and, in barley and maize extracts, peaks occurred with retention times of 3.5 and 
4.2 min, the first probably being due to diaminopropane. A further unknown (r.t. 6.8 min) 
was found in maize, barley, pea and black-currant extracts. None of these peaks could be 
identified with cadaverine or d’-pyrroline. 

The size of one peak (r.t. 9.6 min) ,which was also described previously in maize extracts,25 
was correlated with the size of the putrescine peak. The origin of this peak was eventually 
traced to a reaction between putrescine and a substance diffusing from a polythene bottle 
used for storing the methanolic KOH. In some extracts, this peak occupied an area equal to 
25 per cent of the putrescine peak and for this reason some of the putrescine levels are slightly 
under-estimated. 

Plant Material 

EXPERIMENTAL 

This was grown as described previously. 25 All samples were taken during the summer of 1969. K was 
supplied to the deficient plants at l/10 of the normal concentration. 

Extraction and Preliminary Purification of Amines 

Plant material (10 g) was macerated in 5 % trichloroacetic acid (80 ml) in a Vertis homogenizer. The 
extract was left for 18 hr at 2” and then centrifuged. After measuring the volume, the supematant recovered 
was added to 1 g of Dowex-50 x 8 2&50 mesh, ion-exchange resin (H+ form) in a 250 ml glass-stoppered 
narrow-necked bottle. This was shaken for 1 hr, and the solution was then removed by suction. The resin 
was then briefly washed in water (20 ml) and, after removing the water by suction, 36% HCl (10 ml) was 
added to the resin. Shaking was then continued for a further 2 hr. This eluate was removed and the resin was 
washed in about 3 ml of distilled water, the washings being combined with the acid eluate. EDTA (1 ml of 
0.1%) was then added and the solution (the amine fraction) was concentrated to dryness at 60” under vacuum. 

Estimation of Spermidine and Spermine 

After cooling, the amine fraction was dissolved in 1 ml of 0.1 N HCl. Samples (normally 5 ~1) of this solu- 
tion were applied to an air-dried 20 x 20 cm CC41 cellulose plate, together with spermidine and spermine 
standards (normally 12.5 mpmoles of each). This plate was run in methyl cellosolve-propionic acid-water 
(70: 15: 15, by vol.) saturated with NaCl (the methyl cellosolve solvent). I8 -When the solvent had reached the 
top of the plate (24 hr), the solvent was dried at 100” for 15 min and the plate allowed to cool to room temo. 
The lower half was then sprayed with 10 ml of ninhydrin reagent (1% ninhydrin and 1% collidine in absolute 
ethanol). After drying under a cold air stream, a further 10 ml was sprayed on the lower half of the plate and 
the colour was developed at 60” for 15 min. The R,s are given in Table 3. The areas of cellulose containing 
the coloured ninhydrin spots of spermidine and spermine were removed, and eluted with 70% ethanol (2 ml). 
The cellulose powder was dispersed with a Rotamixer and the solutions were centrifuged. After decanting, 
the solutions were centrifuged again. The absorbance was then read at 575 nm using 4-cm micro-cells. Re- 
sponse was almost linear for up to 50 mpmoles of spermidine or spermine applied. 

"T. NAKAJIMA,F. WOLFGRAM~~~ W.G.CLARK, J. Neurochem.14, 1113(1967). 
23 U. BACHRACH,S.PERSKY~~~ S. RAZIN, Bi0chem.J. 76,306(1960). 
l4 U. BACHRACH, J. Biol. Chem. 237, 3443 (1962). 
25 T. A. SMITH, Phytochem. 8,211l (1969). 
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A number of amines and related compounds were also chromatographed on MN 300 cellulose plates in 
n-BuOH-MeCOEt-NH40H-Hz0 (5: 3: 1: 1, by vol.) (the butanol-ketone solvent). The R,s are given in 
Table 3. 

Estimation of Putrescine 

After determining the spermidine and spermine, the amine fraction was evaporated to dryness at 60” 
under vacuum and subjected to gas chromatography following the method of Smith.20 The methanolic-KOH 
amine solvent used in gas chromatography was modified since it was found that absolute methanol tails; this 
was inhibited by addition of 5 ‘A water. The nitrogen flow rate was decreased in the present study, the retention 
time of the putrescine at 150” being 5.2 min. 

Occasionally, after injecting the extracts of the K-deficient plants containing large quantities of putrescine, 
“ghosting” was found in a subsequent blank injection. *6 Normally therefore a blank injection was made to 
confirm clearance of the column before further samples were applied. 

Electrophoresis 

MN 300 cellulose plates (300 p thick) were spotted with the amine fractions of the plant extracts dissolved 
in 0.1 N HCI and the plates were sprayed with 2.5 ml of0.05 M pH 3.5 citrate buffer. The plates were immersed 
in petroleum ether (SO-100’ boiling fraction) during electrophoresis for cooling. Separation was effected in 
20 min at 25 V/cm. Relative mobilities are given in Table 3. 
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