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Summary

The interaction of Cu2

*ions with dextran sulfate and with
i-carrageenan; respectively, in dilute aqueous solution has been
studied by means of potentiometric, optical rotation, and micro-
calorimetric measurements,

Distinct anomalies are found in the physico-chemical beha-
viour of i-carrageenan as a consequence of Cu2+ binding, which
are ascribed to a conformational transition of the polysacchari-
de chains,

Introduction

The thermally induced conformational transitions of intact
i-carrageenan as well as of segmented i-carraggenan in aqueous
salt solution have already been investigated and the conformatio-
nal stability of the ionic polysaccharides studied as a function
of added NaCl or CaC12 concentrations, (REES, WELSH 1977 ;KARIMAN
1978).

Increasing counterions activity steadely stabilizes an orde-
red state of i-carrageenan chains, as normally evidenced by an
increase in the optical activity of the latters (at around room
temperature) and by a shift toward higher temperatures of the sig-
moidal optical activity-temperature profiles associated with the
order-disorder cooperative transition.

Linear i-carrageenans may therefore be considered to be in a
randomly coiled state in dilute aqueous solution (at around 25°)
allowance being made for the characteristic stiffness of the poly-
saccharide chains, while upon addition of Tess than equivalent
amounts of divalent counterions and consequent extensive binding
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of the latters, they would assume a helical conformation (REES,
WELSH 1977),

We have studied the interaction between i-carrageenans (Na+
salt) and Cu2+
tiometric, calorimetric, and optical activity measurements, For

ions in dilute aqueous solution by means of poten-

comparison purposes similar measurements have also been carried
out using dextran sulfate (Na+ salt) a highly charged, branched
synthetic ionic polysaccharide.

The aim of our study has been primarily that of characteri-
zing from the energetic stand point the salt-inducedcoil —» he-
lix isothermal (28°) conformational change of i-carrageenans.

Potentiometric mesurements

The activity coefficient of Na® counterions in i-carragee-
nan and dextrane sulfate aqueous solutions, respectively, has
been evaluated in function of polymer concentration as well as in
function of added Cu(N03)2
centration) by means of potentiometric measurements using a Na-

concentration (at fixed polymer con-

~glass electrode (see Experimental Part),

The results are reported in Fig.1, From these data it clear-
ly appears that:
a) the Na* activity coefficient ()Na+) is quite low, in particu-
lar in dextran sulfate solutions and, moreover, is nearly inde-
pendent of polyelectrolyte concentration at least in the limited
range of dilutions investigated. mu"JNa+ data are in good agree-
ment with values reported by others in the literature, (KARIMAN
1978).
b) addition of Cu2+ jons initially promotes the release of prati-
cally equivalent amounts of Na* ions from the macroions domains,
for both i-carrageenan and dextran sulfate. In other words, Cu2+
jons are nearly quantitatively bound by the polysaccharidic cha-
ins under the experimental conditions employed. On further in-
creasing the stoichiometric Cu2+ concentration, the activity coef-
ficient of Na+ jons is seen to reach a constant maximum value,
of about 0.8 in the case of i-carrageenan, and near to unity in
the case of dextran sulfate.
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In all cases, however, the XNa+ vs[pu+2]/N plots do not
exhibit any discontinuity or anomaly.

Optical activity measurements

The results of the optical activity measurements are repor-
ted in Fig. 2, From these data it is evident that in the case of
i-carrageenan as opposed to the case of dextran sulfate the[Dd
303 values vary in a discontinuos manner with increasing Cu2+con-
centration. It appears logical to assume that this finding may
be traced back to a "Cu2+ binding"=induced conformational tran-
sition of i-carrageenan, in analogy with evidences reported by
others, (KARIMAN 1978), and collected in this laboratory for the
system Ca%i-i-carrageenan.

Calorimetric measurements

The results of the calorimetric measurements are reported in
Fig, 3 and 4. In Fig. 3 the enthalpy of dilution of segmented
i-carrageenan and of dextran sulfate in water at 28° is given as
a function of 1gN, where N is the polyelectrolyte concentration
in equiv/1.

These data have been useful also for correcting the heat ex-
changes measured on mixing polysaccharide and Cu(N03)2 solutions.

The results of the latter measurements, expressed as calori-
es per equivalent of polymer, are given in Fig.4 as a function of
the [cu®TIn ratio (at 28°).

Interesting enough, it clearly appears that while in the ca-
se of dextran sulfate the enthalpy of Cu2+ binding is always po-
sitive (the limiting differential enthalpy of binding, AH_, in
calories per mole of bound Cu2+ 2
tial slopes of the plot of Fig. 4 results 1 Kcal/mol for NaDS
and 0,7 Kcal/mol for i-carrageenan) in the case of i-carrageenan
it changes sign for‘[Cu+gDN ~ 0,7. This peculiar effect has been

ions, as evaluated from the ini-

found using both segmented and intact i-carrageenan samples.

Discussion

With the exception of the Na* activity coefficient data, our
results clearly point out that the addition of Cu2+ (Cu(NO3)2)ions
to a dilute solution of either segmented or intact i-carrageenan
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in water leads to a marked change in physico-chemical properties
of the polysaccharide,

For our experimental conditions, this change takes place in
a rather abrupt manner for a [Cuzﬁ/N ratio around 0.7. Comparing
the results of the optical activity measurements (Fig. 2) and of
the microcalorimetric ones (Fig. 4) and taking into account spe-
ctroscopic and viscosity data from previous studies, (KARIMAN
1978), one may conclude that the above said results are evidence
of a conformational transition of i-carrageenan brought about by
cu®* - binding.

Assuming that, were not for the energy change associated
with the conformational transition the enthalpy of Cu2+ binding
by i-carrageenan should be always positive, as it has been found
in the case of dextrane sulfate the enthalpy of transition would
be of the order of -1 Kcal perequivalent of polyelectrolyte, as
a rough estimate (see Fig, 4),

The potentiometric data (Fig. 1) would not be of help in
probing the conformational transition of i-carrageenan because
of the relatively Timited accuracy of the Na+ data and/or becau-
se the transition by itself is of 1ittle consequence for what
concerns the average activity coefficient of Na® counterions.

Regarding the nature of the conformational transition, i.e.
whether it involves single helix or double helix formation, no
definitive conclusion can be drawn from our present data, It may
be supposed, however, from the calorimetric data (Fig., 4) that
the nature of the transition is likely to be the same for segmen-
ted and for intact i-carrageenan chains.

Finally, the heat of dilution data (Fig. 3) deserve a few
comments, The theoretical treatment of polyelectrolyte solutions
due to MANNING (1978), predicts that the enthalpy of dilution of
charged linear chains with monovalent counterions in water should
be given by (ISE, OKUBO, 1978):

@HMUM’W=%%H+% D) 1 (1)

in which N* is a reference polyelectrolyte concentration where
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dilution was carried out from N, D is the dielectric constant,
and where the important parameter §, 8= e2/ DKT b, (2)
depends essentially on the distance b between neighboring char-
ges on the macroion (e is the electronic charge and K is the
Boltzmann's constant),

Evaluating§as 1, 2 and 2,8 for our samples of segmented
j-carrageenan and of dextran sulfate, respectively (see Experi-
mental part), and assuming, as is quite logical, that the °
factor (1 + %-gg) is the same for dilute aqueous solutions of
the two polymers, one concludes that the slopes of theZ}Hdi] Us.
1gN curves for i-carrageenan and dextran sulfate should be in
the ratio of 2,8/1,2 = 2.4 according to equations (1) and (2).

It is easily verified that this is in fair agreement with
our results reported in Fig. 3 (intial slopes ratio: 2,1).More
extensive calorimetric measurements are currently under way
using intact i-carrageenan and K-carrageenan: for the latter,
the least charged among carrageenans, one should find in fact
the largest stdi] onh going from any given N to N (eq. (1)),
at high dilutions, (if §>1)

Experimental

The segmented i-carrageenan sample was a kind gift of Dr,
S. REID, Unilever Research Laboratory (England).

The intact i-carrageenan sample was a SIGMA-4 (USA) product,
purified and characterized in the CERMAV laboratory of the Uni-
versity of Grenoble (France). Dextran sulfate of M 5.105 and
4.104 were PHARMACIA (Sweden) samples, which have been purified
by dialysis.

Elemental analysis of the above said polysaccharides (Na
salts) and potentiometric titrations carried out after conversion
to the free acids by ion exchange have yielded the following e-
quivalent-weight data:

1) i-carrageenan segments, 270; 2) intact i-carrageenan, 270;
3) dextran: sulfate, 219, taking of course into account the dif-
ferent water contents of the samples.

These values correspond to a degree of substitution of 2.0
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Fig. 1 a) Na* counterions acti-
vity coefficient as a function of
polymer concentration (N,equiv/1)
for:

¥ : dextran sulfate; M=4,10
@ : i-carrageenan (intact),

4

b)dependence of the Na* activi-
ty coefficient at 25° in sodium
dextran sulfate (Y) and i-car-
rageenan (@) agueous solutions,
on the stoichiometric, equiva-
lent concentration ratio[CqubN.
Polyelectrolyte concentration:
N= 4.8 x 1075 equiv/1.

Fig, 2 - Dependence of the opti-
cal activity at 303 nm and 25°of
j-carrageenan (intact,®), and of
dextran sulfate (M = 4.104,*) ,
on the stoichiometric, equivalent:
concentration ratio,[puszN.
Polyelectrolyte concentration ;

N =1.8x 1075 equiv/l,



783

Fig. 3 - Enthalpy of dilution of

Ay

e sulfated polysaccharides(sodium)
B _ * u salts) in water at 28°(see text)
200 “leo A : dextran sulfates M=4x104

— O : dextran sulfate; M=5x10°
100 so

@ : i-carrageenan (segments)

35 30 E 20 18 gnt0

Fig. 4 - Enthalpy of interaction
between sulfated polysaccharides
and Cu2+1ons in water at 28°
® : dextran sulfate; M-4.10%
O : dextran sulfate; M=5;10°
® : i-carrageenan (segments)
Y% : i-carrageenan (intact)

Polyelectrolyte concentration:

*—J N=2x1073 equiv/1,
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for dextran sulfate (number of sulfate groups per glucose re-
sidue ) and of 1,7 for i-carrageenan segments (average number
of sulfate groups per two sugar residues in the chain),

Copper nitrate solutions were prepared using a pure Cu
(N03)2 * 3H,0 C, ERBA (Italy) sample: the titre of the solu-
tions was controlled by titration of HNO3 liberated upon passa-
ge through an ion-exchange column.

A11 solutions were prepared using deionized, bidistilled
water,

Optical activity measurements were carried out using a
Perkin-Elmer 141M spectropolarimeter, The temperature of the
cells (28°) was controlled by circulating water through an
ultrathermostat,

Calorimetric measurements were performed using a LKB
10070-batch microcalorimeter at 28°C following a procedure si-
milar to that already described elsewhere, (PAOLETTI, DELBEN,
CRESCENZI, 1976).

Potentiometric measurements for the evaluation of Na©
activity coefficients were carried out using a Orion 801 Ana-
lyser with a Orion Na-electrode in conjunction with a referen-
ce calomel electrode and a water jacketed titration cell.
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