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SEZIONE III
(Botanica, zoologia, fisiologia e patologia)

Fisiologia vegetale. — Fusicoccin as a tool fo r  the analysis of 
auxin action n . Nota di Erasmo M arrè, P iera Lado, Franca R asi 
C aldogno e R oberta  Colombo, presentata dal Corrisp. E. M arrè.

R i a s s u n t o .  — La fusicoccina, una tossina vegetale, stimola la crescita per distensione 
in modo simile all’auxina, ed inoltre induce variazioni a livello metabolico qualitativamente 
simili a quelle osservate con auxina, ma quantitativamente assai superiori. Ciò ha consentito 
di riesaminare alcune componenti dell’effetto auxinico e di formulare alcune ipotesi per quanto 
riguarda almeno una parte del meccanismo di azione dell’ormone.

Two of the m ore conspicuous effects of auxin at cellular level are the 
increase of the plasticity of the cell wall (resulting in the well known effect 
of cell enlargem ent) and the stim ulation of respiration. No satisfactory theory 
is as yet available as far as the biochemical m echanism  of either of these 
effects is concerned. M ost of the work in this field is centered along the 
following lines: a) the attem pt to elucidate the prim ary  step of the horm one 
action (presum ably the binding to some macrom olecular species [i, 2, 3, 4, 5]; 
b) the understanding of the nature of the changes of cell wall structure, leading 
to the increase of deform ability [6, 7, 8, 9, 10, n ,  12]; c) the analysis of the 
m etabolic changes involved in the chain of interrelated steps running from 
the response of the prim ary  acceptor to the final responses at cell wall as 
well as at respiration level.

A n advantage of the th ird  type of approach is that although it m ay be 
of little help in solving the auxin  problem, it should usefully contribute to 
our understanding of the basic relationship between energetic and biosyn
thetic m etabolism, growth and differentiation. W orking along this line, a 
series of investigations carried on in this laboratory led to the following con
clusions:

I. Gas exchanges. -  A uxin  increases Qoa and Qco2> this effect being 
suppressed by low concentrations of CO [13]; auxin decreases the ratio 
between the ra te  of dissimilation of r-C  and th a t of 6-C  of 14C labeled glu
cose (Ci/C6 ratio) [14, 15, 16,

■ (*) Laboratorio di Fisiologia Vegetale, Istituto di Scienze Botaniche, Università di 
Milano -  Centro di Studio del C.N.R. per la Biologia Cellulare e Molecolare delle Piante. 
Milano (Italia).

(**) Nella seduta del 12 dicembre 1970.
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II. Metabolite and cofactor levels. — A uxin increases the level of gly
colytic interm ediates, from  g lucose-6-P  to pyruvate [18]. No decrease of A TP, 
but ra ther an increase of its level is observed under the conditions of growth 
stim ulation by  the horm one [19, 20].

III . Oxidation-reduction systems. — A  shift in favour of the reduced 
form of the NAD P, glutathione and ascorbate systems has been reported 
[21, 22, 23, 24]. Treatm ents inducing a shift of the same systems in the 
opposite direction have been shown to inhibit both cell enlargem ent and 
respiration.

The m agnitude of most of these responses is relatively modest, ranging 
from a + 2 0  % in the case of the effect on Qo2 to + 3 0  % in th a t on the N A D PH  
level. It is clear th a t any  amplification of the above m entioned m etabolic 
effects would be of great value for any  attem pt to understand their m utual 
relationship and their significance as far as the final effects on growth and 
respiration are concerned.

Recent work carried out in this and other laboratories seems to open 
some new experim ental possibilities in this direction. Fusicoccin, the active 
agent produced by Fusicoccum amygdali [25, 26], has been shown to induce 
on the excised pea internode test (a well known m aterial for studies on the 
m echanism  of auxin action) a series of responses of both m etabolism  and cell 
enlargem ent qualitatively very similar, but quantitatively  m uch larger than  
those induced by the natu ral or by the synthetic auxins so far investigated.

In  fact, with F.C., instead of IAA, used as a growth prom oting agent at 
optim al concentration and in short time (2 h) experim ents, the effects on cell 
enlargem ent, Qo2, Qco2, the Ci /Cq ratio and glucose-6-P  concentration are 
amplified by ca. 80-120 % and the effect on pyruvate concentration even m uch 
more (by ca. 250% ). F.C.-induced cell enlargem ent (just as th a t induced by 
the natu ral auxin IAA), is accom panied by unreversible stretching of the cell 
wall; moreover, at concentrations of the two compounds inducing the same 
effect on longitudinal growth, also the effects on transverse growth are iden
tical [27, 28, 29, 30, 31, 15]. Finally, experim ents on the interaction between 
F.C. and IAA showed th a t the effects of the two substances on cell enlargem ent 
are strictly additive when they  are fed at very low, suboptim al concentrations, 
while at optim al concentrations of F.C. IAA becomes ineffective [31].

These results strongly suggest th a t at least several steps of chain of reac
tions leading to final responses of growth and respiration are in common for 
the two substances, IA A  and F.C. This hypothesis is supported by the finding 
th a t the same metabolic inhibitors which repress auxin-induced stim ulation 
of cell enlargem ent are also effective in the case of F.C. treatm ent [27]. This 
has been found true for inhibitors of glycolysis (NaF); of electron transfer- 
linked phosphorylation (2-4 dinitrophenol), of RNA synthesis (actinom ycin D) 
of protein synthesis (cycloheximide, purom ycin).

It seems thus ascertained th a t both the F. C.-induced and the IAA- 
induced effects on cell enlargem ent depend at least at a considerable extent
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on the functionality of the protein synthesis and the oxidative-phosphorylative 
systems.

On the other hand, there are good reasons to believe th a t the prim ary  
site of action of F.C. is not the same as th a t of natural or synthetic auxins. 
In  fact, the molecule of F.G. does not show the well known structural features 
typical of the com pounds of the auxin group [26]. M oreover, the shape of 
the dose/response curve of F.C. is different from th a t of IAA and of the other 
auxins, inasm uch as the typical inhibitory  effect at relatively high concentra
tions (up to io~3M) is lacking [31]. Finally, the organ specificities of the two 
substances (on the basis of the cell enlargem ent effect) are completely diffe
rent. F.C. is almost ineffective in inhibiting root elongation, while it m arkedly 
stim ulates cell enlargem ent in leaf disks; auxins strongly inhibit root elonga
tion while they  do not influence the leaf disks [30].

In  conclusion, the present evidence suggests a working hypothesis, 
according to which only the initial p art of the chain of events m ediating the 
effects of F.C. and respectively of IAA on growth and respiration would be 
specific of each com pound, while the final part of this chain, including a consi
derable num ber of m etabolic steps, would be common, as represented in the 
following scheme

AU X I N

^ I N H I B I T O R Y  EFFECTS -

/
t
t

/

/
FUS ICOCC I N

If  this hypothesis were confirmed, F.C. should be considered as a very 
interesting tool to understand at least a large fraction of the horm one-induced 
m etabolic < and growth responses, inasm uch as these appear amplified by  a 
factor of about 2 fold in the case of F.C.

As an exam ple of application of this view, some prelim inary observations 
on the relation between protein synthesis activity, respiration and cell enlarge
m ent can be m entioned.

Recent work by  Nooden and T him ann [4] and other authors [1, 3] 
led to an in terpretation according to which the effects of auxin are m ediated 
b y  the stim ulation of the synthesis of some protein species. This in terpre
tation is m ainly based on the finding th a t a num ber of inhibitors of RNA
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and protein synthesis inhibit also auxin-stim ulated cell enlargem ent. On 
the other hand, several experim ents carried out in this laboratory  on the effects 
of protein synthesis inhibitors on protein synthesis, respiration and cell enlar
gem ent led to an alternative interpretation, nam ely th a t even if norm al protein 
synthesis activity  (as well as A T P  availability) are required for cell enlarge
ment, however a specific action of the horm one at protein synthesis level 
is not a necessary step in its action mechanism. In  fact, conditions were found 
under which it was possible to obtain a decrease of overall protein synthesis 
together with a still significant increase of auxin-induced respiration and 
cell enlargem ent [32]. H ere again, however, the relatively small size of the 
responses investigated m ade the evidence in favour of this latter view too 
weak for a definite conclusion.

W hen the same problem  was taken up again with F.C., instead of IAA, 
as a grow th prom oting and respiration stim ulating agent, it appeared quite 
clear th a t one can still observe a very m arked effect on respiration (stim u
lation by ca. 30 %) and a still significant effect on cell enlargem ent, even 
under conditions of practically  complete inhibition of labeled leucine incorpo
ration into proteins.

This suggests th a t F.C. influences growth and respiration ra ther through 
changes of activity  of preform ed proteins than  by acting at transcription 
or translation level. If  this interpretation is correct, and if it is true th a t 
the m echanism  of action of F .C . is fundam entally sim ilar to  th a t of auxin, 
then the whole sector of nucleic acid and protein metabolism  would appear 
of m inor relevance for the investigation of the final steps of the m echanism  
of auxin action on resp iratory  m etabolism  and cell wall structure.

R e f e r e n c e s

[1] J. L. Key, N. M. B a r n e tt e C. Y. Lin, «Ann. N.Y. Ac. of Sciences», 144, 49 (19^7).
[2] Y. MASUDA, «Ann. N. Y. Ac. of Sciences», 144, 68 (1967).
[3] Y. Masuda, E. TanimotO e S. Wada, «Physioi. Plantarum», 20, 713 (1967).
[4] L. D. NOODEN e K. V. ThimANN, « Papers on Plant growth and Development », Selected 

by W. Laetsch and R. Cleland, 435 ^1967).
[5] A. J. Trewavas, «Arch. Biochem. Biophys. », 123, 324 (1968).
[6] R: E. C leland , «Biochemistry of Plant growth substances», Ed. by F. Wightman 

and G. Setterfield, Runge Press, Ottawa, p. 613 (1968).
[7] E. Davies e G. A. Maclachlan, «Arch. Biochem. Biophys.», 128, 595 (1968).
[ß] A. H. D atko e G. A. MACLACHLAN, «Plant. Physiol.», 43, 735 (1968).
[9] E, Tanimoto e Y. MASUDA, «Physiol. Plantarum», 21, 820 (1968).

[10] P. M. Ray, « J. Cell. Biol. », 35, 659 (1967).
[11 ] P. M. Ray e A. A. A bdul-B aki, « Biochemistry of Plant growth substances », Ed. by 

F. Wightman and G. Setterfield, Runge Press, Ottawa, p. 647 (1968).
[12] M. A. Hall e L. Ordin, « Biochemistry of Plant growth substances », Ed. by F. Wight- 

m^n and G. Setterfield, Runge press, Ottawa, p. 659 (1968).
[13] Ei M arre, G. F orti e B. Gaur, « Plant Physiol. », 35, 45 (i960).
[14] R. Bianchetti, unpublished data.
[15] E. Marre, R. Colombo, P. Lado e F. Rasi Caldogno, « Proceedings of National Meeting 

of Italian Society of Plant Physiology », Milano, Italy (1970).



[ 5] E. M arre ed a lt r i ,  Fusicoccin as a tool fo r  the analysis, ecc. 49

[16] J. B. Bourke, J. S. Butts e S. C. Fang, « Plant Physiol. », 57, 233 (1962).
[17] A. Carlier e C. Van Hove, «Nature», 201, 677 (1964).
[18] E. Marre e R. Bianchetti, «N. Giorn. Bot. Ital. », 68, 285 (1961).
[19] E. Marre e G. Forti, «Physiol. Plantarum», 36, i i  (i960).
[20] R. B ian ch etti, «Ital. J. Biochem. », 15, 420 (1966).
[21] E. Marre, G. Forti e O. ARRIGONI, «Rend. Acc. Naz. Lincei», 21, 460 (1956).
[22] E. M arre e O. A rrigoni, « Physiol. Plantarum», io , 289 (1957).
[23] E. Marre, O. Arrigoni e G. Forti, « Rend. Acc. Naz. Lincei », 22, 85 (1957).
[24] E. Marre e R. Bianchetti, « Biochim. Biophys. Acta», 48, 583 (1961).
[25] A. Ballio, E. B. Chain, P. De Leo, B. F. Erlanger, M. Mauri e A. Tonolo, « Na

ture», 203, 297 (1964).
[26] A. Ballio, M. Brufani, C. G. Casinovi, S. Carrini, W. Fedeli, R. Pellicciare 

B. Santurbano e A. VaciAGO, « Experientia », 24, 631 (1968).
[27] P. Lado, F. Rasi Caldogno e M. C. Cocucci, «Giorn. Bot. Ital.», 103, 617 (1969).
[28] P. Lado, A. Pennacchioni, F. Rasi Caldogno, S. Russi e V. S ilano, « Physiological 

Plant Phathology » (in press) (1970).
[29] A. Ballio, F. Pocchiari, S. Russi e V. S ilano, «Physiological Plant Pathology» 

(in press) (1970).
[30] E. Marre, P. Lado e F. Rasi Caldogno, « Proceeding of the NATO Advanced Study 

Institute on Phytotoxins in Plant Diseases », Pugnochiuso, Italy, June 1970.
[31] F. Rasi Caldogno, A. Pennacchioni e P. Lado, «Giorn. Bot. Ital. », 103, 629 (1969).
[32] E. Marre e R. Bianchetti, unpublished data.


