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Summary: Evernia prunastri thaiIi are able to accumulate exo
genous putrescine from the media. This accumulation is optimal 
at pH 9.15 although the highest uptake rate is achieved at pH 
5.0 in parallel to the highest production of endogenous diami
ne. The lowest values of RNase activity seems to be related to 
alkaline pH values rather than accumulation of free putrescine. 

INTRODUCTION 

Many lichen species accumulate polyamines, including putrescine 

(1), although their function and synthesis in these plants are 

poorly known (2,3). It has been observed that Evernia prunastri 

thalli floated on putrescine are progressively bleached and a 

loss of tissue consistence occurs in parallel to the loss of dry 

weight. This decrease represent about 50% of the initial value 

when incubations are carried out at nearly neutral pH values but 

only 20% at pH 9.15 (4). In addition to that, putrescine enhan

ces the light-stimulated secretion of ribitol whereas it decrea

ses the amount of endogenous mannitol which is not recovered in 

the incubation medium (5). 

This is in agreement with the fact that putrescine causes letha

lity of the cyanobacterium Anacystis nidulans at extracellular 

pH values which stimulate a rapid diffusion of nonprotonated di

amine and accumulate as the charged form (6). Lethality is cau

sed by a depletion in the ability to fix carbon dioxide as well 

as by a decrease in the amounts of cellular DNA and RNA, a loss 

in the ability to synthesize protein and, also, a breaking-up 

of ribosomes (7). However, E. prunastri contains a green alga, 
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Trebouxia, as photobiont and the accumulation of putrescine in 

free-living green algae, as Chlorella emersonii does, produces 

an increase in the amount of both DNA and RNA in parallel to a 

rise in the production of dry matter (8). 

This specific effect of polyamines on DNA and RNA has not as yet 

been explained (9) although some studies have been reported. 

Spermidine increases activity of chromatin-bound RNA polymerase 

from soybean hypocotyls (10). Moreover, spermidine or spermine 

is required for the maintenance and replication of double-strand 

RNA plasmids of Saccharomyces cerevisiae that code for a killer 

toxin (11). However, because of the many steps involved in the 

biosynthesis of these killer plasmids, it is not possible to at

tribute this effect to any specific synthetic step (12). 

The rise in the level of RNA in plant cells can also be due to 

an inhibition of RNase activity. Potato tuber discs evidence a 

dramatic rise in RNase activity after 24 h excision and this in

crease is completely blocked by the polyamines, spermidine and 

spermine. This effect is dependent upon concentration, and se

veral precursors of polyamines, such as L-ornithine and L-argi-

nine, are also effective in inhibiting the rise of RNase activi

ty (13). A similar action has been invoked as an explanation to 

the stabilization of oat leaf protoplasts (14). 

Thus, in this work we attempted to study the effect of putresci

ne on RNA level and RNase activity in E. prunastri thai Ii to ex

plain the action of the diamine in lichen growth and metabolism. 

MATERIAL AND METHODS 

Evernia prunastri (L.) Ach. growing on Quercus pyrenaica Lam and 
collected in Valsain (Segovia, Spain) was used throughout this 
work. Air-dried thalli were stored, in the dark at 7 C, in poly
ethylene bags until required, but no longer than a month. Samples 
of 1.0 g of air-dried thallus were floated on 0.1 M sodium ace
tate, pH 5.0, 75 mM phosphate, pH 6.9 or 0.1 M Tris-HCl, pH 9.15 
buffers for up to 8 h in the dark at 26 C or on 40 mM putrescine 
in the same buffers and conditions. To estimate the amount of 
putrescine in the thalli, as well as that remaining in the media, 
samples were macerated (media were mixed) with diethyl ether to 
remove lichen phenols. Both cellular debris and media were then 
dried in vacuo and macerated again with 15 ml of 5% perchloric 
acid to precipitata proteins. Homogenates were centrifuged at 
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48000 χ g for 20 min at 2 C. The supernatants were neutralized 
with 0.1 M NaOH and filtered through Millipore GS filters (0.22 
urn pore diameter). Finally, supernatants were lyophilized and 
then redissolved in 2.0 ml distilled water. 
Once extracted the polyamines, these were tosylated according to 
the method of Sugiura et al. (15) modified by us. To pure aceto
ne and 30 mg of TsCl were added and then maintained for 1 h at 
70 C. After this period, samples were cooled on ice and supplied 
with 5 ml 2 N NaOH and twice washed with 5 ml n-hexane, which 
was after discarded by removing it. Then, 7.5 ml of 2 N HCl and 
5 ml of chloroform were added to the aqueous phase. The organic 
phase was removed and dried on anhydrous sodium sulphate by vi
gorous shaking. This phase was recovered and evaporated. Dry 
residue was redissolved in 0.2 ml methanol for HPLC (Scharlau, 
Spain) and 10 ul of this last one were injected onto the chroma
tographic column. Putrescine was quantified by reverse phase HPLC 
using a Varian 5000 liquid Chromatograph equiped with a Vista CDS 
401 computer. Conditions were as follows: column, 400 mm χ 3 mm 
i.d. packed with Micro-Pak MCH-10; mobile phase, methanol¡water 
(65:35 v/v); flow rate, 1.0 ml/min; temperature, 25 C; pressure, 
130 atm; detector, UV set at 254 nm; internal standard, 1,5 mM 
ethylamine. Standards were treated in the same way as above. 

RNA was quantified according to Ramakrishma et al. (16) using 
yeast RNA as a standard but, in our work, RNA was firstly subjec
ted to alkaline digestion with 1.5 M KOH to give nucleoside-3'-P 
before spectrophotometric measurements. RNase activity was assay
ed, according to Cherry (17) by incubating 1.0 ml of the extract 
with 1.0 ml of a solution containing, in a final volume of 2 ml, 
0.5 M sucrose, 1.0 mM magnesium sulphate, 10 mM KCl, 2 mg yeast 
RNA and 1.0 mg lichen protein extracted by macerating the thalli 
with 0.1 M sodium acetate buffer, pH 5. Controls were the same, 
but without RNA. Reaction was stopped by adding 5 ml of an ice-
cold solution containing 1.0 M perchloric acid and 25 mM uranyl 
acetate. A unit of specific activity was defined as 1.0 ug hydro-
lyzed RNA per mg protein and per min. Proteins were estimated, 
after both thalli extracts and media were dialyzed overnight, by 
the method of Potty (18) using bovine serum albumin as standard. 

RESULTS 

Tosylated putrescine and ethylamine, as internal standards, are 

separable through reverse phase HPLC. A typical chromatogram run 

at 65% methanol is shown in Fig. IA. Two peaks are fully resol

ved in less than 9 min. Fig. IB shows the calibration lines for 

putrescine and ethylamine and Fig. IC, for putrescine/ethylamine 
2 

ratio. Coefficient of determination (r ) with values not less 
than 0.99 indicates that the "goodness of fit" is almost perfect 
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Fig. 1. Chromatografic identification and calibration of 
lated putrescine. A) HPLC trace of putrescine (p) 
(s) is the solvent and (e) ethylamine as internal 
dard. B) direct calibration of ( · ) ethylamine a 
terna! standard and ( A ) putrescine, where a.c. r 
sent area counts xlO" in relative units and mi, m 
injected in pg. (? ) y = 0.525x + 0.044 ; r =o.99 and 
y= 0.364X+0.05; r =0.99; C) indirect calibration 
trescine as a function of the internal standard, 
a.c.. represent the ratio of relative area counts 
treicine to ethylamine (o ) y = 0 . 543x + 0.447 ; r ¿ = 0 
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Fig. 2. Time-course of remaining putrescine in the media after 
incubation the thai 1 Ί at pH 5 . 0 ( · ) , pH 6.9 ( A ) and pH 
9.15 (•). Values are the mean of three replicates. Ve_r 
tical bars give standard error where larger than the 
symbols. 
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Fig. 3. Time-course of putrescine accumulation in thallus 
pies floated on A) 4OmM buffered putrescine and B 
fer alone at pH 5.0 ( · ) , pH 6.9 ( A ) ann pH 9.15 
Value are the mean of three replicates. Vertical bars 
give standard error where larger than the symbols. 
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Fig. 4. Time-course of RNA content (A), RNase activity (B), pro_ 
tein content in thalli (C), protein secreted to the me 
dia (D) and dry weight (E) of the thallus samples floa_ 
ted on 4OmM putrescine (filled symbols) or buffer alone 
(empty symbols) at pH 5.0 ( · ) , pH 6.9 (A) and pH 9.15 
(•). Regression equations for each treatment are: 
Uo) y = -0.004x + 0.905; r =0.97; („·) y = -0.004x+0.907 ; 
r =0.88; U ) y = -0.007x = 0.906 ; r =0.97; LA) y=-0.007x + 
+ 0.902; r =0.98; (?D) y = -0.014x + 0.903 ; r =0.90; (•) 
y=-0.017x+0.904; r¿=0.92. Values are the mean of three 
replicates. Vertical bars give standard error where lar
ger than the symbols. 
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According to this method, putrescine uptake by lichen thalli mar

kedly depends on external pH. Putrescine is rapidly removed from 

the media at pH 5 since about 60% of the initial amount of put

rescine disappears after 30 min incubation and, from this, the 

remaining 40% seems to be significantly unchanged up to 8 h in

cubation. A similar final value (about 35%) is obtained when in

cubation is carried out at pH 9.15, although, in this case, 2 h 

are needed to achieve the maximal initial uptake. There are no 

significant changes in putrescine concentration with time in me

dia buffered at pH 6.9 (Fig.2). This behaviour is clearly in ag

reement with the accumulation of putrescine in lichen thai lus 

(Fig. 3A), although there is no correspondence, at pH 5, between 

diamine uptake and accumulation, since the analysis of endogenous 

putrescine reveals that this compound does not accumulate at con

centrations higher than 15 umol/g. However, putrescine content, 

estimated as pre-existent (endogenous) diamine before treat

ments, rapidly increases in thalli floated on buffer at pH 5, 

whereas it slightly decreases when incubations are performed at 

pH values of 6.9 and 9.15 (Fig. 3B). 

Time-courses of RNA content and RNase activity are shown in Figs. 

4A and 4B, respectively. RNA concentration oscillates around a 

mean value of 75 ug/g dry weight for all the treatments and an 

appreciable effect of putrescine supplied from the media was not 

observed, except at pH 6.9, where RNA content is increased at the 

first 2 h of incubation. Further, exogenous putrescine diminishes 

the amount of RNA for the first 6 h incubation at pH 9.15, when 

the accumulation of diamine is the highest (Fig. 3A), although 

the final values at 8 h, obtained by floating the thalli on buf

fer alone or buffered putrescine at this pH value, are almost 

identical (Fig. 4A). 

On the other hand, there exists a rapid increase in RNase activi

ty of thalli floated on buffer with or without putrescine at pH 

values of 5.0 and 6.9. However, RNase activity is progressively 

nullified when incubations are performed at pH 9.15, although 

this effect cannot be explained on the basis of putrescine accu

mulation (Fig. 4B). 
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In all the cases, the concentration of thalli protein is main

tained along the time of incubation (Fig. 4C). Fig. 4E shows the 

increase of dry weight. In parallel, a secretion of proteins to 

the incubation media at pH 6.9 and 9.15 is observed, whereas it 

does not exist at pH 5.0 (Fig. 4D). 

DISCUSSION 

HPLC quantification of putrescine in lichen thalli seems to be an 

accurate method, since linearity is maintained for a wide range 

of diamine concentrations, as is shown in Fig. 1. By using this 

method, it has been found that putrescine uptake by E. prunastri 

thallus is achieved at pH values near 5 and 9, in agreement with 

that reported by Bagni and Pistocchi (19) for Saintpaulia petals. 

In the range of pH 8.5 - 10.5, Guarino and Cohen (6) also repor

ted an exponential increase of putrescine uptake, a fact that is 

in agreement with the intake of the diamine at pH 9.15, shown in 

Fig. 2. 

Although the disappearance of putrescine from the incubation me

dia is similar to the two pH values, there is not a high accumula

tion of this compound at acidic pH values. This can be due to new 

synthesis or activation of diamine oxidases, which break down the 

excess of putrescine (2). However, this apparent synthesis is not 

achieved at pH 9.15 and thus, free-putrescine accumulates in the 

cells. Another explanation could be the binding of the diamine to 

certain components of the cell wall, as demonstrated by Vallée et 

al.(21) for Nicotiana tabacum and Lycopersicum esculentum. Final

ly, most of the polyamines, which behave as highly-charged cations 

at cellular pH values, might bind to anionic cell constituents, 

such as ribosomes, DNA, and membranes (22, 23) and even to aroma

tic compounds, such as phenols (24). 

The rapid and massive increase in valuable putrescine when incu

bations are performed at pH 5.0 (Fig. 3B) has also been found in 

leaves of Avena sativa (25). There, it is due to an increase in 

the activity of L-arginine decarboxylase, whereas L-ornithine de

carboxylase activity decreases after acidic stress. E. prunastri 
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thallus contains both enzymatic activities (26, 3 ) , but L-orni-

thine decarboxylase necessitated that L-arginine, accumulated in 

lichen thalli, was first hydrolyzed by both inducible (27) and 

constitutive (28) arginases that cannot be synthesized at pH va

lues below 7.0 (29). This indicates that putrescine accumulation 

by low pH values follows identical metabolic pathways in higher 

plants and lichens, namely, the arginine decarboxylase pathway. 

At a physiological level, the loss of dry weight found after in

cubation of lichen thalli at alkaline pH values is not related to 

endogenous content of putrescine. However, a rapid increase in 

the amount of extractable RNA is shown up to 30 min incubation 

on putrescine at pH 9.15, in disagreement to that found in thal

li floated on buffer alone, in which RNA content initially de

creases in parallel to RNA inactivation. Considering the loss of 

dry weight shown in Fig. 4E, the entrance of putrescine into the 

lichen cells gives values of RNA concentration lower than those 

obtained when putrescine accumulation does not take place at pH 

6.9 (Fig. 4A) independent of RNase activity levels. We can hypo

thesize that this effect is primarily due to the relative inacti

vity of RNase at pH 9.15, and putrescine bound to RNA (3) at this 

pH would, therefore, show some increase of RNA content. Moreover, 

the chemical instability of polyamine-bound RNA has not, as yet, 

been reported (12). 
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