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ABSTRACT

The interactions of various components of the plant cell walls
and several essential (Cu, Fe) and toxic (Al, Cd, Hg, Pb) metals
were investigated using a model system simulating natural con-
ditions. The system consists of ascending paper chromatography
of the metals on paper impregnated with different components
of plant cell walls like pectin, galacturonic acid, and model com-
pounds of lignin. The tap water was used as developer. The
chromatographic results, compared with those on the free paper,
show acceleration or retardation of metals and demonstrate the
influence of considered ligands on their mobilities.

INTRODUCTION

The plant cell walls (primary and secondary) are made of cellulose
microfibrils, hemicelluloses, pectins, proteins, and lignin.!'™* Cellulose is a
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straight-chain polymeric glucan with f-(1 — 4) O-glucosidic linkages. Hydrogen
bonds hold these glucan chains together to form a cellulose microfibril.
Hemicellulose and pectin are also polymeric saccharides. The most abundant
component of the pectin polysaccharides are polyuronic acids like o-D-
galacturonic acid. Lignin is an amorphous cementing material that binds
cellulose fibres, and its chemical structure is not quite clear yet. It is a high-
molecular-weight polymer. The type of lignin is characterised by different ratios
of the basic units such as cinnamic, p-coumaric, syringic, sinapic, ferulic, p-
hydroxybenzoic, etc., acids. The functional groups of these basic units (COOH,
OH) are important factors in the process of complexation, which has influence on
the metals mobilities through the plant. In the previous chromatographic
investigations, the interaction of Fe- oxy/hydroxide (included in the sorbent) with
carboxy and hydroxy groups of humic acids and their precursors and degradation
products of lignin were investigated.”” ™ The effect of pure cellulose, lignin,
some model compounds related to lignin structure, and slices of different woods
species on the mobilities of metals was also tested.[”!”! In the present work, a
similar system was applied for the investigation of metals reactions with carboxy
and hydroxy groups in the surface of the plant cell walls. The chromatographic
behaviour of copper, iron, aluminium, cadmium, lead, and mercury on the paper
representing cellulose and on the paper impregnated with calcium pectinate,
galacturonic acid, and some other compounds related to the lignin structure, was
investigated in tap water as the developer.

EXPERIMENTAL

The compounds used for the impregnation were from: pectin (Demexico,
BA, Mexico), a-D-galacturonic acid (Serva, Germany); model compounds of
lignin (BDH, England; Fluka, Switzerland; Kemika, Croatia). All other chemicals
were of analytical reagent grade. Whatman No 1 paper non-impregnated or
impregnated was used as the stationary phase. The impregnation was performed
by dipping the paper into 0.6% water solution of pectin and, after drying, into a
water solution of Ca(NO;), 0.5 moldm™2 forming Ca-pectinate, into 6% water
solution of a-D-galacturonic acid and into ethanolic solutions of vanillin (5%), 4-
hydroxybenzoic (2.5%), p-coumaric (1%), salicylic (5%), 4-hydroxyphenylacetic
(1%), and cinnamic (5%) acids. The metals were detected by dipping the
developed chromatograms into a solution of 0.05% dithizone in carbon
tetrachloride for Pb, Hg, and Cd, into 0.25% solution of 1-(2-pyridyazo-2-
napthol) (PAN) in ethanol for Cu, and into a saturated ethanolic solution of
alizarine for Al and Fe, and placing the chromatograms into a chamber with
ammonia vapour. The chromatograms were developed by an acsending technique
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with tap water as the mobile phase. The ascent of the water was about 8 cm. R,
values were determined using the arithmetic means of four to eight runs.

RESULTS AND DISCUSSION

Metals mobilities in the plant, from the roots to upper parts, depend on their
interactions with active functional groups of structural units of cell walls. In the
performed experiments, the influence of these functional groups (carboxy and
hydroxy) was investigated using paper chromatography of metals ions in tap
water as a developer. The compounds used as impregnants are presented in Table
1 and 2. Compound I is the free paper modelling the cellulose, the main
component of plant cell walls. In Table 3, the R, values of examined metals are
shown. To make the differences in mobilities more evident, “factor of
mobilization” was calculated for each support according to the equation:

F= Rﬁmimp - Rﬁmp

Rﬁlnimp
and, results are presented in Table 4. This factor is expressed in a similar manner
as parameter B% by G. Schroeder et al.l''! From Table 3, it can be seen that on
the cellulose (unimpregnated paper) cadmium exhibits the greatest mobility,
while copper the smallest one. On paper impregnated with Ca-pectinate and with
galacturonic acid the mobilities of all examined metals decrease. We can suppose
that the differences in the mobilities of metals exist with respect to the kind of the
functional groups. Cellulose has practically nonreactive hydroxy groups, while
pectin and galacturonic acid have carboxyl groups, which can bind metals. It is

Table 1. Compounds Used in Stationary Phases

Compound Abbreviation Functional Groups

1 Cellulose OH (alcoholic)

I Ca-pectinate COOH, OH (alcoholic)

111 a-D-Galacturonic acid Gal Ac COOH, OH (alcoholic)

v Vanillin Val CHO, OH (phenolic)

A% 4-hydroxybenzoic acid 4-OHBAc COOH, OH (phenolic)

VI p-Coumaric acid p-CAc CH=CH—COOH, OH
(phenolic)

Vil Salicylic acid SAc COOH, OH (phenolic)

VI 4-Hydroxyphenyl acetic acid 4-OHphacAc CH,—COOH,0OH
(phenolic)

IX Cinnamic acid CinAc CH=CH—COOH
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Table 2. Model Compounds of Lignin

1
2
3
4
1 2 3 4
v Vanillin CHO - OCH; OH
\% 4-Hydroxybenzoic COOH - - OH
acid (4-OHBAc)
VI p-Coumaric acid CH=CH—COOH - - OH
(p-CAc)
Vil Salicylic acid (SAc) COOH OH - -
VIIL 4-Hydroxyphenyl CH,COOH - - OH
acetic acid
(4-OHphacAc)
IX Cinamic acid CH=CH—COOH - - -

(CinAc)

also known that pectin, although soluble in water, may form insoluble salts with
some metals, which can influence the metal mobilities. There is no significant
difference between metals mobilities on cellulose impregnated with Ca-pectinate
and with galacturonic acid, which was expected, considering pectin is a polymer
consisting of units of uronic acids like galacturonic. The complexes of copper,
iron, and aluminum, with polygalacturonic and galacturonic acid, pectin, and
pectic acid were isolated and characterized.['* 3],

Comparing Ry and F' values of metals on 4-hydroxybenzoic acid (V) and
salicylic acid (VII) support, it might be concluded that vicinal carboxy and
hydroxy groups are somewhat more efficient than carboxy and hydroxy groups in
1,4 positions in complexing the metals and, consequently, cause a better mobility
in water. 4-hydroxyphenyl acetic acid (VIII) is the most ineffective ligand; it
reacts only with copper and iron. Only lead is retained by cinnamic acid in the
start position. Copper reacts with all ligands; Ca-pectinate and galacturonic acid
make its movement slower on cellulose, while other ligands accelerate it. The
complexes of copper with cinnamic acid and its derivatives were synthesised and
characterised.!'® Besides Ca-pectinate and galacturonic acid, p-coumaric acid
also reacts with all metals and decreases their mobilities (except copper). Salicylic
acid influence the mobilities of aluminium and cadmium very poorly, but other
metals move better in its presence. Not one of the examined ligands does increase
cadmium mobility. Otherwise, the experiments in vivo showed that cadmium was
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easily transported to stems and leaves in plants, and the mobility of cadmium was
better than that of lead."'”"'® The chromatographic behaviour of Cd and Pb is in
good agreement with these findings; showing all supports moved slower than
cadmium.

In all these experiments the tap water was used as a developer, simulating
natural river water, but in distilled water, simulating rainwater, the results were
very similar.

The performed experiments show that mobilities of metals through plants
are dependent on the composition of specific plant cell walls along which the
metals are moving; and offer preliminary information about the binding abilities
of a particular ligand and its effect on the transport of metals through the plant.
The complexes formed during the chromatographic process showed different
stabilities and solubilities in water and, accordingly, moved slower or faster on
cellulose impregnated with complexing agents.
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