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Fisiologia. — Metabolic stability of fusicoccin in plant tissues (*). 
Nota di A l e s s a n d r o  B a l l i o , R o d o l f o  F e d e r i c o  e D a n i e l a  

S c a l o r b i , presentata <**> dal Corrisp. E. M a r r e .

R iassunto. — L’incubazione di fusicoccina con coleottili di mais, segmenti di inter­
nodio di piselli, foglie di spinacio, apici radicali di mais, in condizioni usate precedentemente 
per studiarne gli effetti fisiologici, non provoca modificazioni rilevanti del composto, tranne 
per una lieve idrolisi dei gruppi O-acetilici che è più marcata nel tessuto fogliare.

I n t r o d u c t io n

In recent years fusicoccin (FO , a carbotricyclic diterpenoid glucoside 
produced by Fusicoccum amygdali Del. [1, 2, 3] has become a useful tool for 
the study in higher plants of several physiological processes [4]. Experiments 
with FC have been performed in a number of materials, such as sections of 
stem, coleoptile and root, leaf discs, isolated cotyledons and whole seeds. 
According to the material used and the type of response sought, incubation 
with FC lasts long enough (from 30' to several hours) to suggest that the com­
pound might be modified by enzymes of the plant tissues, or of microbial 
contaminants, with a concomitant change in its activity.

The present paper reports the results of experiments performed to provide 
this type of information.

M a t e r ia l s  a n d  m e t h o d s

Chemicals. FC, monodeacetyl-FC and dideacetyl-FC were prepared
according to published procedures [5, 6]. Solvents and salts were purchased 
from E. Merck, Darmstadt.

Radiochemicals. [3H]-Dihydro-FC (1 mCi/p.mole) was prepared by cata­
lytic hydrogenation of FC [2] with 3H2. All of the label was present in the 
/-pentyl moiety. The radioactivity was measured with a Packard scintillation 
counter in Bray’s solution.

Preparation of plant material and incubation conditions. Pea (Pisum  
sativum L., cv. Alaska) seeds were grown on sawdust for 6-8 days in the dark 
at 25 °C. Segments 10 mm long were cut from the apical part of the distal 
internode.

(*) Istituto di Chimica Biologica, Università di Roma. Lavoro eseguito nell’ambito 
del progetto Finalizzato C.N.R. « Fitofarmaci e Fitoregolatori ».

(**) Nella seduta del io  dicembre 1977.
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Maize (Zea mays L., cv. Dekalb XL 342) coleoptiles and roots were ob­
tained from seedlings grown on sawdust for 5-6 days at 28° C; maize root 
segments 3 cm long were excised from the subapical part of the main root.

Spinach (Spinacia oleraced) leaf fragments were prepared from com­
mercial plants.

Tissues (400 mg) were preincubated for 2 h at 25° C in io~3 M phosphate 
buffer, pH 7.0 (10 ml), then washed with distilled water and incubated at 
25°C in io_3M KC1 until the pH became constant (approximately 1 h). After 
addition of FC (io -5 M final concentration) and [3H]-dihydro-FC (o. 1 [i,Ci 
in 10 ml final volume) the samples were kept 3 h at 25° C.

Measurements of pH (Radiometer pH-meter 28) were performed imme­
diately after addition of FC and at the end of the 3 hour incubation period. 
The difference between initial and final values is indicated as A pH.

Extraction of radioactive compounds after incubation with plant tissues. 
A t the end of incubation each sample was filtered and thoroughly washed 
with water. After blotting on filter paper, the tissue was homogenized in Potter 
at 40 C with 2 ml of 1 M perchloric acid, the homogenate was centrifuged 
and the pellet was twice extracted with the same amount of perchloric acid. 
All radioactivity was removed by this treatment, as shown by the measurement 
of radioactivity of the pellet solubilized in Soluene-350 (Packard Instruments 
Co., U.S.A.). The pooled perchloric supernatants were extracted three times 
with 3 ml of chloroform and the pooled chloroform solutions washed with 
3 ml of 0.1M  citrate buffer, pH 5.5. The washed chloroform solution was 
concentrated at reduced pressure and quantitatively transferred to a silica 
gel plate (DC-Fertigplatten Kieselgel 60, E. Merck, Darmstadt) to which 
reference samples of [3H]-dihydro-FC, FC and its mono- and di-deacetyl 
derivatives were also applied. The plate was developed with chloroform/ 
2-propanol (9 : 1, v/v), dried and the whole area corresponding to the path 
run by the extract of the incubated samples was sectioned in one cm long 
zones, each being then separately scraped away and counted in Bray's solution. 
Results are expressed as the percentage of total radioactivity recovered after 
chromatography, which was always more than 95 %. Finally the plate was 
sprayed with 5 % sulphuric acid in methanol and heated at 11 o° C in order 
to locate the reference compounds. The same overall procedure was used for 
the analysis of samples of [3H]-dihydro-FC incubated without tissue or with 
boiled (5') tissues.

R e su l t s  a n d  d is c u s s io n

In this paper the fate of FC in a number of plant tissues has been investi­
gated by using dihydro-FC labelled with tritium  in the ^-pentyl moiety. This 
FC derivative is slightly more phytotoxic than FC [7], but otherwise is as 
active as the parent compound in influencing various*physiological processes 
[8, 9, 10]. In order to check that such processes were properly functioning
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in the tissues chosen for this investigation, proton secretion was measured in 
each experiment. All results reported in the Table were obtained from experi­
ments giving A pH values not less than 0.8.

The procedure used to extract the labelled compounds from tissues incu­
bated with [3H]-dihydro-FC is quite effective, as shown by the negligible 
radioactivity left in the material after perchloric acid treatment. The extracted 
radioactive compounds must still contain the ^-pentyl moiety, as the label 
of [3H]-dihydro-FC is confined to that part of the molecule. Thin-layer chro­
m atography of the extracts consistently showed, besides the starting compound,

Fig. I. -  Distribution of radioactivity in a thin-layer chromatogram run with an extract of 
boiled pea stem segments incubated 3 h with [3H]-dihydro-FC.

more polar radioactive substances running like the deacetylated derivatives 
of FC (these have Rp values identical to those of the corresponding derivatives 
of dihydro-FC). In fact, the extracts always gave a qualitative pattern iden­
tical to that of [3H]-dihydro-FC incubated either without tissue or with boiled 
tissues (fig. 1). This was characterized by a 30-35 % content of deacetylated
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derivatives which arise through chemical hydrolysis of the O-acetyl groups 
at the pH used for incubation. The lability of these groups is well documented 
[5, 6, i i ,  12, 13]. Labelled compounds less polar than dihydro-FC were never 
observed.

The results of the experiments performed with pea stems, maize coleop- 
tiles and roots, and with spinach leaves are reported in the Table. The 
figures are averages of at least two separate experiments. Hydrolysis of the 
O-acetyl groups, to give the monodeacetyl and/or the diacetylderivative of 
dihydro-FC, is slight when compared to the controls with boiled tissues, except 
for spinach leaves which apparently display a marked esterase activity. In 
any case this finding is of negligible relevance to the purpose of the present 
investigation since the effects of the partially or totally deacetylated derivatives 
of FC are still very high [8, 9, 10].

In conclusion, the results reported in this paper demonstrate that FC 
has a remarkable metabolic stability in plant tissues commonly used for the 
study of its effect on physiological processes, the only change observed being 
a partial hydrolysis of O-acetyl groups, which are known to represent struc­
tural features irrelevant to the display of biological activity.

R e f e r e n c e s

[1] A. B a llio , E. B. Chain, P. De Leo, B. F. E rlan ger, M. Mauri and A. Tonolo  
(1964) -  «Nature», 203, 297.

[2] A. Ballio, M. Brufani, C. G. Casinovi, S. Cerrini, W. Fedeli, R. Pellicciari,
B. Santurbano and A. Vaciago (1968) -  « Experientia », 24, 631.

[3] K. D. Barrow, D. H. R. Barton, E. Chain , U. F. W. Ohnsorge and R. Thomas 
(1971) -  « J. Chem. Soc. », (C), 1259.

[4] E. Marre (1977) -  In: Regulation of Cell Membrane Activities in Plants (E. Marré and 
O. Ciferri, eds.), Elsevier/North-Holland, Amsterdam, p. 185.

[5] A. Ballio, A. Carilli, B. Santurbano and L. Tuttobello (1968) -  «Ann. 1st. Sup. 
Sanità », 4, 317.

[6] A. Ballio, C. G. Casinovi, G. Randazzo and C. Rossi (1970) -  «Experientia», 26, 
349-

[7] A. Ballio, A. Bottalico, M. Framondino, A. Graniti and G. Randazzo (1971) -  
« Phytopath, medit. », jo, 26.

[8] M. I. De Michelis (1973) -  « Rend. Accad. Naz. Lincei», 55, 555.
[9] P. Lado, M. I. De Michelis and A. Ballio (1975) -  «Giorn. Bot. Ital. », J09, 168.

[10] A. Ballio (1977) -  In: Regulation of Cell Membrane Activities in Plants (E. Marré and 
O. Ciferri, eds) Elsevier/North-Holland, Amsterdam, p. 217.

[11] A. B a llio , C. G. Casinovi, M. Framondino, G. G randolini, F. M enichini, G. Ran­
dazzo and C. Rossi (1972) -  « Experientia », 28, 126.

[12] A. Ballio, C. G Casinovi, M. Framondino, C. Grandolini, G. Randazzo and
C. ROSSI (1972) -  «Experientia», 28, 1150.

[13] A. B a llio , C. G. Casinovi, G. G randolin i, G. Randazzo, C. Rossi and M. S orren ­
tin o  (1974) -  « Experientia », 30, 1108.


