
Carbohydrate Research, 105 (1982) 227-236 
Ekevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CALORIMETRICDETERMINATIONOFTHECONFORMATIONALTRANSI- 
TION OF KAPPA CARRAGEENAN 

CYRILLER~CHAS ANDMARGUERITE RINAUDO 

Centre de Recherches sw Ies MacromoIt%des VZg@tales, Laboratoire propre du C.N.R.S., associk ci 
I’ Universitk Scientijique et Mtfdicale de Grenoble. 53 X, 38041 Grenoble ctfdex (France) 

(Received April 3Oth, 1981; accepted for publication in revised form, October !4th, 1981) 

ABSTRACT 

This paper deals with measurements of the heat of the helix-coil transition by 
microcalorimetry for kappa carrageenans; data are given in the absence of gel in 

various solvents (H,O, Me,SO, and formamide) with two counterions (K+, Rbf). 

In water, the influence of gel formation on AH is pointed out and the influence of 
the time of ageing is demonstrated. The AH values measured in the absence of gel 
are interpreted in terms of the electrostatic model proposed by Manning; the agree- 
ment is quite good if a double helix is formed in water, but a monochain, ordered 

conformation is suggested for solutions in Me&50 and formamide. 

INl-FtODUCTION 

The kappa carrageenans are natural polysaccharides well known for their gel- 

forming properl$*2. The mechanism of crosslinking is still under discussion. The 
sol-gel transition is thermoreversible, and has been investigated by optical rotation3, 
13C-n.m.r.4, and by mechanical properties. The crosslinking is proposed to involve 

formation of a double helix or a type of crystallization of helical segments5m6. Some 
calorimetric measurements have been published previously by Snoeren’.’ and by 
Morris et LIZ.’ for kappa carrageenan, but the values show large discrepancies and 

never separate conformational-transition and crosslinking contributions. They”’ 
gave values of 5.5-8.4 and9 9.4-12.6 kJ per dimer unit, determined under various 
experimental conditions. 

This work concerns determination of the heat of melting of the kappa carra- 

geenan conformation in the presence and absence of gel. In the absence of gel, it was 
proposed to investigate separately the conformational helix-coil transition as a 
function of the nature and concentration of the counterions and of the solvent. 
The values are interpreted in terms of the electrostatic treatment proposed by Man- 

ning . lo In the presence of gel, in water solution, the heat corresponding to the 

crosslinking of the gel is to be characterized as a function of the ionic content and 
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way to interpret the calorimetric data is to assume a monohelix-coil transition; under 

such conditions the structural-charge parameter of the helical form is one half’that 

of the double helix. Evidence from this process is deduced from conductimetric data 
(Fig. 1). The conductivities of the helix and the coil forms (;ch and xc) at a given 

temperature may be w&err: 

Xh = Kfh Ap 
and (5) 

XC = Kf, A, 

where K is a constant including the polymer concentration, the properties of the sol- 
vent and units adopted;fis the coefficient of conductivity’7, and nP is the equivalent 
conductivity of the polyelectrolyte. The coefficientfhas been calculated by Manning’s 

relations: 

f= l _ 0.55A2 

E. +- 3.14 
1. < 1 

and 

It follows that (%&h) = (j&) if AP is assumed to be constant. 

In T’abIe V, the values of the ratiof& are computed for both possibilities and 

are compared with experimental values; in formamide and Me,SO, the results are 

in agreement with a coil-monohelix transition. Similarly, the AH values support 
this hypothesis. Furthermore, it should be mentioned that no gel is ever observed in 

either solvent. This new ordered conformation is characterized by a broadening 

of the transition’ and a symmetrical melting-curve. At least it is shown that, in the 
three solvents, the counter-ions Kt and Rbt give nearly the same value of dH in 

the absence of gel; from polyelectrolyte theory, it is clear that no effect from the 
nature of the monovalent counterions would be predicted. 

(i3) Conformational transition ln presence of gel. - Gets are not. obtained4 in 

TABLE V 

COh”DUCTMETRIC AND CALORWEiKiC DATA M GRGANIC S0l.VEN-k-S 

Solvent fdh AH (kJ) 

Cole. Found Calc. FOlUId 

Formamide 111 10000 double heLix 1.17 1.07 27 5.4 to 5.9 
single helix 1.02 4.4 

MezSO 46.7 10 700 double helix 2.43 1.25 23 6.7 
single helix 1.22 6.9 
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salt. At low temperature, there is no coherent geI, but a very viscous solution. The 
melting curve obtained by optical rotation6, calorimetric, or conductimetric deter- 
mination (Fig. 3A) shows a two-step mechanism_ The first one (peak I) decreases 
and the second (peak II) increases with the time of ageing (Fig. 4). We had pro- 
posed6 that the first corresponds to the melting of isolated segments of the helix 
and the second step to the melting of aggregates of helical segments. Recently, 
Morris’ has given the same arguments for iota carrageenans. For this polymer 
concentration, the sol-gel transition implies a hysteresis between the melting and 
cooling curves (Fig. 4). For a 16-g.L-l solution and at higher concentrations, the 
fraction of species [I] is negligible, because of aggregation of all the material (Fig. 3B). 

CONCLUSION 

This report concerns determination of the heat of melting of the ordered con- 
formation of kappa carrageenan in the absence of gel in different solvents (water, 
Me,SO, and formamide) to investigate the influence of the dielectric constant on dH_ 
The values are interpreted by the electrostatic treatment proposed by Manning. In 
water, experimental results agree with the value predicted considering a double 
helix % coil conformational transition_ In Me,SO and formamide, this mechanism 
is not consistent with the experimental data. By use of conductivity measurements, 
it is suggested that a monochain, ordered conformation is stabilized in both solvents. 

According to this hypothesis, the electrostatic model predicts the dH values very 
well. In addition, it is established that there is no dependence of the counterions 
(K’ or Rb’) on the AH values, in agreement with a pure electrostatic model. 

In the presence of gel in water and for large polymer concentration (~8 
g-L_‘), or in the presence of an excess of neutral salt, the AH value increases; the 
increase of 4 kJ/mol of disaccharide must be related to the intermoiecular crosslinks. 
Much data have been obtained with an 8-g.L-’ solution, where the two-step mecha- 
nism is shown by different techniques (calorimetry, conductivity, and optical rotation), 
even if no physical gel exists. The influence of ageing is demonstrated from the 
increase of the content of the species formed in both steps (isolated helix or aggregates 
of helix). 

In conclusion, this work allows the clear separation of both contributions in 
the enthalpy of melting of carrageenans: the conformational contribution (in agree- 
ment with the values predicted by an electrostatic treatment) and the contribution of 
crosslinking in stabilizing the tridimensional, network structure. 
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