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The hydrogen-bond properties (WBI index), water retention 

and water release from the protein-water systems gluten- 

-water, soya protein-water and casein-water, have been in- 

vestigated using differential scanning calorimetry in the 

temperature range 223-423 K. The proteins were character- 

ized by their isoelectric point, contents of carboxyl groups 

and sulfur-containing groups, and readiness of undergo 

chloromethylation. It was concluded that the marked dif- 

ference in water-release behaviour is chiefly explained 

by conformational differences and charge effects. 

The steric structures and general physical properties of 

protein-water systems are largely determined by the water mole- 

cules present and the hydrogen-bond network formed by them. 

Owing to the theoretical and practical importance of these pro- 

perties for protein-water systems in vivo and in vitro, a great 

amount of work has been done to characterize thenature of the 

bonding of water in proteins [13. Despite these investigations, 

our knowledge regarding the above questions is still very un- 

satisfactory. 

The methods used to investigate the hydrogen-bond proper- 

ties of protein-water systems may be divided into four groups: 

thermodynamic methods, kinetic methods, spectroscopic methods 

and diffraction methods. 

Owing to the strong influence of hydrogen-bonds on thermo- 

dynamic properties, especially convincing results have been ob- 
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tained using calorimetry in wide temperature intervals. With 

the advent of differential scanning calorimetry /DSC/, the mea- 

surements have become rapid and easy to perform [23. 

On the basis of experimental evidence, the water present in 

protein-water systems is generally divided into three classes: 

/a/ Constitutional water is strongly bound to the amino 

acids of the protein structure and shows anomalous physical be- 

havior. 

/b/ Interfacial water contains hydrogen-bonds which are 

directed either to the interior of the macromolecule or to its 

outer parts. Interfacial water is intermediate in behavior be- 

tween constitutional water and 

/c/ bulk water, which seems to be quite weakly influenced 

by the protein system. 

It is often very difficult to distinguish between the vari- 

ous types of water bonding in protein systems. Therefore, for 

practical purposes a simple division into two types, weakly and 

strongly protein-bonded water may be preferred [3]. 

In a study concerning the bonding properties of gluten, 

soya protein and milk casein in composites, it was found that 

exact and comparable data concerning water retention and water 

release from these proteins were lacking. We have therefore 

carried out an investigation of this subject using scanning ca- 

lorimetry. Owing to experimental difficulties the approach was 

purely thermodynamic, but a kinetic treatment of the phenomena 

is under development [43. 

EXPERIMENTAL 

Mate~als 

Wheat gluten /vital wheat gluten manufactured by Raisio 

Factories, Finland/, soya protein /Purina Protein Europe/ and 

milk casein /Bulgarian origin/ of technical quality were used 

after purification with water and/or modification by carboxy- 

methylation. The proteins and their derivatives were character- 

ized by their isoelectric point, content of nitrogen, content of 

carboxyl groups, content of sulfur-containing groups and infra- 

red spectra. Cystine was used as reference compound. 
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The modification of the proteins was performed by carbo- 

methylation, using monochloroacetic acid as reagent. A suspen- 

sion of 150 g protein in 600 ml distilled water, was made basic 

/pH ii/ with 7.5 g sodium hydroxide and digested at 313 K for 

4 h with 7.5 g monochloroacetic acid. The reaction was stopped 

by lowering the pH to 8 and the reaction product was precipitat- 

ed at pH 5. The precipitate was purified by repeated treatment 

with distilled water and centrifugation. 

Methods 

The carboxyl contents of the unmodified and modified pro- 

teins were determined with the calcium acetate method [53. The 

isoelectric point was determined by weighing the amount of dry 

matter precipitated as a function of pH and taking the deriva- 

tive of the precipitate vs. pH curve [63. 

The thermodynamic measurements on the protein-water systems 

were performed with a Perkin-Elmer DSC-2 scanning calorimeter 

in the temperature range 223-423 K. The proteins were carefully 

mixed with distilled water and the mixtures were stored for 24 h 

in sealed ampoules in an ice-box before use. 

The calorimetric measurements were made in pans with per- 

forated lids. The rate of heating was 5 degree min -I and the 

sensitivity of the instrument was adjusted to 20 mJ.s -I. The 

enthalpy of vaporization of water, AH, was calculated from the 

integrated area of the deflection from the base line. All data 

were referred to the vaporization of pure water under similar 

experimental conditions. 

The amount of strongly-bound water was calculated as a WBI 

index [7], which indicates in per cent proportion of the heat of 

vaporization due to the strongly hydrogen-bonded molecules: 

WBI = 100 ( I- w/W) (I) 

where WBI indicates the percentage of bound water, w is the 

area corresponding to the pure water, and W is the area for the 

strongly-bound water in the protein-water system. The total a- 

mount of water should be equal for both cases. 
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RESULTS AND DISCUSSION 

The analytical data on the compounds and systems are given 

in Table 1 and the corresponding thermodynamic data, including 

the WBI index, are given in Table 2. 

From Table 1 it is evident that the proteins studied show 

a marked difference in properties with regard to their carboxyl- 

ic group content and especially to the readiness of the amino 

acids to undergo further carboxylation. Within the limits of 

experimental error, the carboxyl content of gluten is much lower 

than those of soya protein and casein. On the other hand, after 

carboxylation the end-products show roughly equal carboxyl con- 

tents (cf. E83). 

A comparison of the infrared spectra of the proteins be- 

fore and after carboxymethylation indicates that in all modified 

proteins marked depolymerization also takes place during the re- 

action. The degradation is likewise evident from the polaro- 

graphic data for sulfur-containing groups in proteins. Initial- 

ly, in gluten and casein the contents of sulfur-containing 

groups are about equal, but after the earboxymethylation the re- 

duction in the amount of the groups is much more marked in 

gluten than in casein. The differences are clearly explained 

by the monomer structure in the proteins, which is well known 

from sequence analyses [9,10]. 

According to Ewart [ii] the three-dimensional character of 

the gluten macromolecule may be caused by the presence of di- 

sulfide bonds, -S-S-, which are easily detected by polarography 

/cf. Table i/. Rheological data do not support the hypothesis 

of Ewart, but rather the view that the three-dimensional macro- 

molecular structure is caused by non-covalent bonds and prin- 

cipally hydrogen-bonds [12]. The small change in the pH of the 

isoelectric point after modification also seems to support the 

latter view. The fibrillar structure proposed for gluten as 

compared to the miscellar structure of casein seems to favor 

water retention. 

A comparison of the thermodynamic data in Table 2 for the 

three protein-water systems reveals several important facts. 

The WBI index of Karmas and DiMarco [7] shows a general trend 
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to decrease with increasing water content. This implies that 

the weak interactions increase more rapidly than the total amount 

of water in the system, which may be explained by a partial un- 

coiling of the macromolecule. This decrease is especially mark- 

ed in the casein-water system for water contents greater than 

50%. The difference in behaviour between casein and the other 

two proteins is not simply related to differences in isoelectric 

point, acidic group content or solubility. It seems likely that 

chiefly conformational changes and charge effects may explain 

the variances observed. This hypothesis is supported by kinetic 

experiments which are still in progress. 
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ZUSAMMENFASSUNG - Wasserstoffbr~ckenbindugseigenschaften (WBI-Index), 

Wasserretention und Wasserabgabe von Protein-Wasser-Systemen - Gluten-Was- 

set, Sojaprotein-Wasser und Casein-Wasser - wurden im Temperaturbereich yon 

233-423 K mit einem Scanning-Kalorimeter untersucht. Die Proteine wurden 

dutch ihren isoelektrischen Punkt, den Gehalt an Carbonylgruppen und Schwe- 

fel enthaltenden Gruppen und durch ihre Reaktivit~t in der Chlormethylierung 

charakterisiert. Es wurde gefolgert, dass der ausgesprochene Unterschied im 

Wasserabgabeverhalten in erster Linie auf strukturelle Unterschiede und La- 

dungseffekte zur~ckzuf~hren ist. 

Pes~Me - MeTO~OM ~epe~Hax~o~ c~aHHpylo~e~ Eaxop~MeTpH~ 6~-- 

a~ Hccxe~oBaH~ ~ oO~aCTH TeMnepaTyp 223-425 E CBO~CTBa Bo~op0-- 

~HO~ CBaS~, y~ep~BaHHe ~ B~eaeHHe Bo~ B C~CTeMax ~poTe~z~ - 

- Bo~a, F~0TeH -- BO~a, COeBH~ NpoTeHH - B0~a H Ease~ - Bo~a. 

Hp0TeHH~ 6~H oxapaKTep~soBa~ Hx NSo~xeETp~qeoEo~ TO~EO~, co- 

~ep~aH~eM EapOo~CH~H~X ~ cepoco~ep~a~r~x rpynn, a Ta~e cnoc0- 

6HOOT~ E peaK~HN xaopMeT~x~poBaH~. C~exaH0 saE~0~eHHe, ~TO 

sa~eTHoe pasxH~He m xapaETepe y~ep~H~aHH~ ~0~ odycao~aeHo 

KOH~OpMa~oHI~LM~ pasx~MH EpoTe~HOB ~ BX~HeM sap~a. 
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