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SUMMARY 

Heat capacity measurements by differential scanning calorimetry (DSC); 
performed with anhydrous samples of ovalbumin, yielded a value for C, of 0.267 

to.033 caJ/g/“C at 12°C; and the extrapolation of data from hydrated samples to 

zero water content yielded a similar value for C, of 0.244 f0.01 I cal/g/“C. The heat 

capacity of anhydrous /3-lactoglobulin is 0.273 &-O-O27 Cal/g/C, and the value 

obtained by extrapolation of data for hydrated samples is 0.284 +0.019 cal/g/“C. 
A linear relation between specific heat and moisture content was observed with the 

hydrated samples which contained 0.03-0.21 g sorbed water per gram of protein. 

No temperature dependence of specific heat was observed in the interval scanned 
(Q-25°C). The computed, apparent, partial specific heats of the proteins are 0.245 

+O.OlO caJ/g/“C for ovalbumin and 0.283 5-O-02 caJ/g/“C for fl-Iactoglobulic; and 

the partial specific heat of the sorbate is 1209 -CO.103 cal/g/*C for water sorbed by 
ovalbumin, and 0.947 20.137 cal/g/“C for water sorbed by fl-lactoglobulin. 

IN-lRODUCnON 

The tit published study on the specific heat of a protein was that of Kresheck 

and Benjamin ‘, who reported the specific heat of egg albumin in dilute solutions to 

be O-457 cal/g/“C at 25”C, and 0.47 cal/g/“C for the dry protein at low moisture 

content. Subsequently, Bull and Breese’ measured the specific heat of egg albumin- 

water mixtures over a wider range of composition extending from zero water to zero 

protein content, and reported C, = 0.29 cal/g/“C for the dry protein, a value substan- 

tially lower than that of Kresheck and Benjamin’ _ Most of these data, however, were 

obtained with dilute soIutions and only few values were reported for samples with less 

than 20% water_ 

Further reports on protein heat capacities are limited to those of Hutchens, 

Cole, and Sout3 on insulin and chymotrypsinogen, Jackson and Brandts4 on chymo- 

trypsinogen, and that of Schwartz and Murray’ who presented data on human and 
bovine fibrinogen, and bovine serum albumin and ribonuclease, determined by DSC. 

*Eastern Marketing and Nutrition Research Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture. 
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The present work w-as undertaken to further study the applicability of DSC for 
specific heat measurements of solid proteins, particularIy when containing known 
amounts of sorbed water. Measurements were therefore made of the heat capacities 
atf two crystalline proteins. ovalbumin and bovine p-Iactogiobulin, containing between 
20 and 250 mg of sorbed water per -gram of protein_ 

ESPERIME!‘iTAL 

The crystalline proteins examined in this study were purified preparations 
obtained from chemical supply houses (ovalbumin, crystallized twice, Mann Research 
Laboratories, lot No_ U3465; /I-Iactoglobulin, crystalhzed three times, Nutritional 
Riochemicals Corporation) and were used as received or after adjustment of moisture 
content to vaIues between 0 and 25% water by equi!ibration in humidostats at 
appropriate reIative humidities, controlled with saturated salt so!utions6. 

Caiorirne f ry 

Specific heats were determined using the Perkin-EImer Model DSC-I B differen- 

tia! scanning calorimeter by a technique based on the methods of Wunderiich’ and 
O’KeiIIS. First. empty aluminum sample and references pans were heated in the 
ca!orimeter from 0 to 25 =C at a pro_mmmed rate of 5 ‘C/mm, to establish a baseline 
accounting for the asymmetry of the system as a function cf temperature_ The power 
output of the caIorimeter was then ca!ibrated by heating a 0.03 g sampIe of A1203 
(standard sapphire plate supplied by the Perkin-Elmer Co_) in the sample pan from 
0 to 25’C at 5’Cjmin. A protein sample, weighing approximately 10 mg, was then 
encapsufated in the sample pan and heated in the same manner_ 

The sample pans used in these determinations were hermetica!Iy seaied with 
the Perkin-Eimer vo!ati!e-sample Sealer accessory to prevent the sorption or desorp- 
tion of water vapor untiI after compietion of the specific heat determination. After 
the scan, the moisture content of each sample was determined by puncturing the 
sample container and dryin, = to constant weight under vacuum at ambient temper- 
ature- The dried sample was then scanned again in the DSC apparatus to directly 
cfetermine the specific heat of the anhydrous protein. 

Experimental specific heats were calculated from the amplitudes of the recorder 
tracings using sapphire specific heat data of Ginnings and Furukawa’. Apparent 
partial specific heats were determined using the equation of White and Benson”, as 
employed by Buli and Breed in the form 

where CV, is the weight of water sorbed per gram of protein, C, is the experimental 

*Mention of specific commercial products does not imply cndorscmcnt. 
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specific heat for protein plus water, SrPl is the apparent partial specific heat of the 
sorbed water, and GP2 is the apparent partial specific heat of the protein. 

RESULTS 

Specific heat values for ovaibtlmin and /MactogIobulin at 12°C are presented 
graphicaiiy as a function of water content in Figs. f and 2, respectively. Least-squares 
analysis yielded the linear reiation 

C, = 0.240 + 0.010 (g H,O/g sampie) 

for the ovalbumin data and the relation 

CP = 0.284t0.007 (g H,O/g sample) 

for the /34actogIobuIin data. In these equations C, represents the measured specific 
heat of the protein-sorbed water samples, and the intercept on the C, axis at zero 
water content is the extrapolated value for the specific heat of the anhydrous protein. 
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Fig I. Graph of CD, the measured heat capacity of ovaibumin-tsorbed water at 12% against 
percent moisture_ 
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Fig 2. Graph of C,, the measured heat capacity of J-lacloglobulini-_sxbed water at 12’C against 
percent moisture. 
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to be complicated by unwanted desorption e,4ects, which cause the coverage to be 
temperature dependent and the total heat capacity to increase above the isostericvalue. 

Schwartz and Murray’ used open sampIe pans in their DSC measurements of 
the specific heat of several proteins. and they found water dcsorption to be a signi- 
ficant problem. On repetitive scans with the DSC-I B instrument, they found the heat 
capacity value constantIy decreasing, which they correctly associated with the pre- 

sence of less water in their samples on each succesive scan. 
The data reported in this paper were obtained with ovalbumin samples encap- 

sulated in containers seaIed to specifically avoid desorption interferences during the 

measurements. The samples were encapsulated at ambient temperature (23-27”C), 
then cooIed to 0% in the DSC-1B and then heated to 25°C. Desorption of water 
vapor while heatin g is not likely, since the samples contained less than the equilibrium 
mass of water which wouid be sorbed at any temperature and vapor pressure combina- 
tion during the scan. Furthermore, additiona water sorption during the initia1 cooling 
of the sealed sample would be negligible, as too IittIe water vapor would be available. 
The maximum quantity of water which could be present in an otherwise empty 20 ~1 
capsule at 100% reIative humidity is only four pmoles, and even Iess water would be 
present when a lO-I5-mg protein sample is present, and P/P0 is Iess than unity. 
From the present work it may therefore be concluded that measurements of the heat 
capacities of wet protein crystals made with the differential scanning calorimeter are 
satisfactory only within the indicated error limits. The errors indicated are the standard 
deviations in each case_ Using the DSC apparatus for protein specific heats does, 
however, necessitate determinations with a large number of sampIes. 

The observed isosteric sorbate heat capacity values, cPI, for the water are 
compatibIe with the notion that such water exists in some associated form involving 
multiple hydrogen bondingi3-iJ_ The excess heat capacity of liquid water over that 
of ice or water vapor is sometimes called “structural” heat capacity, and is attributed 
to the thermal breakdown of the associated structure present in the !iqaid’ 5. Water 
moIecuIes bound to isolated specific sites on a protein surface shouId not exhibit such 
a structura1 heat capacity contribution, hence the elevation of cPl for the sorbed 
water over the specific heat of ice or water vapor may be taken as evidence for the 
association of sorbed water into a structured hydration shell. The data indicate a 
possibie higher degree of association in ovalbumin-sorbed water than in j?-lactoglobu- 
lin-sorbed water. The excess heat capacity reported here should be attributed to the 
thermal breakdown of such complex structures, rather than vaporization of the 
sorbed water, as these vaiues are reported as free of desorptive heat capacie contri- 
butions. 

Hutchens, Cole, and Stout3 reported the partial heat capacity of water bound 
by insulin and chyrnotrypsinogen to be temperature dependent. At temperatures 
above OC, the heat capacity of the bound water lies between that of ice and liquid 
water, when 4% of water is present in bovine zinc insulin, and when 10.7% of water 
is present in chymotrypsinogen A. At 25’C the heat capacity of water bound to 
chymotrypsinogen A was the same as that of liquid water. Consideraticn of these 

Thermachim. Ada, 4 (1972) 15 



data and comparison of our results with two different proteins suggest possibIe 
differences in the heat capacity vahxe for water bound by different proteins_ 
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