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Sugar-cation associations could have important 
biological implications because metal complexation 
is likely to occur on the surfaces of polysaccharides, 
especially on cell walls [ 11. 

An extracellular apparatus rich in acid poly- 
saccharides is essential for plants, as it allows the 
roots to remove micronutrients from clay particles 
through contact cation exchange [2]. 

As part of our research effort toward understand- 
ing the interaction of metal ions with polyuronic 
acids, we have recently reported data for some metal 
complexes formed by polygalacturonic acid [3, 41. 
The study has shown that the metal binding is gov- 
erned by selective mechanisms. Indeed, interactions 
of an electrostatic nature allow some ions to retain 
the inner hydration shell, whereas inner-sphere bind- 
ing through carboxylate groups produces immobiliza- 
tion of ions such as Cu2+ and V02+. 

To obtain information about the mechanisms 
governing the iron retention, we prepared iron(I1) 
and (III) polygalacturonates and characterized them 
by means of Miissbauer and ESR spectroscopies [5]. 
Interestingly, Miissbauer spectra of the Fe3+-ex- 
changed samples revealed the presence of both 
Fe(I1) and Fe(II1) ions bound to the polymeric 
matrix [ 51. 

As plant roots reduce Fe(III) to Fe(H) to make 
available this element [6], we have paid attention to 
reduction processes occurring upon interaction of 
polygalacturonic acid with some mineral species. The 
understanding of the pertinent mechanisms could 
contribute to our knowledge of processes of biochem- 
ical significance, particularly in relation to the miner- 
al nutrition and the survival of plants. 

Results and Discussion 

action of polygalacturonic acid with Fe3+ solutions 
(Fig. 1). Unlike the Fe(III)-parameters, which do not 
vary significantly with differing hydration degrees 
of the samples or pH values of the suspensions, the 
Fe(I1) parameters are dependent on the water content 
of the samples, as previously observed for iron poly- 
galacturonates [ 51. 

After suspending the polyacid in aqueous solution 
of NaV03, V(IV) ions are formed, as shown by ESR 
spectroscopy (Fig. 2). The reduction is rather fast, 
but a limiting value is attained by the signal ampli- 
tude even in the presence of excess of VOT. The 
ESR hyperfine pattern indicates a single oxovana- 
dium(IV) species rigidly bound to the polysaccharide 
matrix through carboxylate groups [3], and excludes 
the presence of V(IV) in solution. 

Fig. 1. MGssbauer spectrum of Fe(III)-exchanged polygalac- 

turonate (Hz0 - 15 wt.%, Fe - 2.4 wt.%). 

H 

Fig. 2. Room temperature X-band e.s.r. spectrum of the sus- 

pension of polygalacturonic acid in NaV03 solution. 

To give explanation of such processes, analytical 
tools have been employed. The reaction involving 
VO; was easily investigated because of the absence of 
V(IV) in solution. Thus, the amount of reduced 
vanadium was estimated as difference between the 
amount of V initially added and that remaining in 
solution after removal of the solid phase (see, e.g., 
Table I). The quantitative analysis showed that 
almost four vanadium atoms were reduced per 
reducing end-unit of the polysaccharide. Finally, 
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Both Fe(I1) and Fe(II1) ions are shown by the 
Mijssbauer spectra of samples obtained upon inter- 
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TABLE I. Representative Data Concerning the Interaction of 
PGA (1 .O g) with NaVOa Solutions. 

VOT added VOT remaining V reduced HCOOH 

(mol) in solution (mol) formed 
(mall (mol) 

9.44 x 10-4 1.60 x lo-‘+ 7.84 x 10-4 1.80 x 10-4 
18.94 x 1O-s 11.06 X lo4 7.88 X 1O-4 1.75 x 10-4 

formic acid was detected and determined in solution 
by ion exchange chromatographic analysis (Fig. 3). 
In any case a stoichiometric amount, almost one mol 
of formic acid per reducing end-unit of the poly- 
saccharide, seemed to be formed. 

Based on these results it is suggested that the 
reaction mechanism involves oxidation of the ter- 
minal units of the polymeric chains through a four- 
electron process: 

H H 
I I 

-_c-_c=o + 4vO; t 12H+ - 

AH 

OH 

-;-d=o ,’ 4VO; + HCOOH •t 6HaO 

4 

VO(IV) complex 

Further confirmation of this mechanism is given by 
the absence of reducing properties in the the poly- 
uronate after the reaction. 

Preliminary results indicate that the reduction of 
iron(III) also takes place through the formation of 
formic acid, and the analytical results will be reported 
in a further paper. 

The reduction of Fe(III) at the plant roots is 
believed to be due to the release of specific reduc- 
tants, several inferences having been drawn [6]. Our 
results indicate that polyuronates, which are main 
components of the roots and are responsible for 
root-soil interactions, are also active in these redox 
processes. These mechanisms are likely required in 
order to transform rigidly bound tervalent species 
into faster-moving divalent ions. 

Experimental 

Polygalacturonic acid (PGA), obtained from 
Baker, was purified according to described methods 
171. Reducing terminal units (-2.04 X 10m4 mol/g 
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Fig. 3. Detection of formic acid by chromatographic analysis: 
A: standard solution of formic acid; B: aqueous phase after 
reduction of VO, by polygalacturonic acid; C: sample B 
enriched with formic acid. 

PGA) were determined according to the method 
described by Becher and Englis [8]. 

Reduction experiments were performed by con- 
tacting PGA (-0.5 g) with NaV03 (or Fe(N03)3) 
aqueous solutions (pH ca. 4.5 and 3.0, respectively). 
The final volume was adjusted to ca. 20 cm3. The 
suspensions were allowed to stand overnight at 5-10 
“C and then dialyzed against deionised water in order 
to remove all the soluble products. Vanadium was 
determined in solution using a Spectraspan IV emis- 
sion spectrometer. Formic acid was determined by 
ion exchange liquid chromatography using a Wescan 
260 ion analyser equipped with a Wescan 269-001 
anion column. A 4 mM potassium hydrogen phthalate 
(pH 4.5) solution was used as eluant. The flow rate 
was 2 cm3 min-‘. 

ESR and Mossbauer spectra were obtained as 
previously described [3, 51. 
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