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DETERMINATION OF THE SPECIFIC HEAT CAPACITY OF HEMOGLOBIN-
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ABSTRACT -

The speaﬁc heat mpacxty of bovine hemoglobm—, methemoglobm— and therm-
ally denatured hcmoglobm—water mixtures were measured in the temperature range
from 10 to 80°C. The partial specific heat capacities for mass fractions of the protein
between 0 and 1 were computed. Significant differences of the partial quantities were
obtained for the native, respectively denatured state of protein and for the protein in
the native state in fluid mixtures, respectively in rather dry mixtures. For mixtures
with protein mass fractions up to 0.45, exceeding the value in living human red cells,
partial specific heat capacities of cither componeats are found to be constant. The
acu.xracy of the used adiabatic calorimeter will be dtscnbed bneﬂy. ‘

I INTRODUCTION -

In thls laboratory a precise adiabatic mxcro—czlonmeter has been dcvelo 1-s
for measuring contmuously the specific heat capacity of small liquid or solid samples
in the temperature range from 10 to 80°C subject to an instrumential uncertainty of
less than 6 mJ K™ ! or about 0.3% for a typical sample mass of 0.6 g water. The
precision and accuracy achieved are required in order to evaluate partial specific heat
capacities of the components in a mixture of water with proteins and other components -

- of biological interest. The values of the partial quantities should give some information
about the interactions of proiein with water, especially at high protein concentrations
in the range of 20 to 40 wt. 7, resembling the mass fraction of proteins in the cytoplasm
of living cells. From the partial specific heat capacity of water in such simple model
stems, we hope to obtain information about the state of water in living cells®- 6.

- Micro-calorimeters for the same purpose but of somewhat dxﬂ'erent d&nm were

d&cn‘bed by analov’ and by Suurkunsk and “fadso8 i : -

S prestuted at ihe 7ad Ul Calotimetry Confereace held at the University of Ul froc 24-36 March
1977, e o e A T
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II THE CALORIMETER ASSEMBLY®

The calorimeter—defined as that part of the apparatus in which heat is accurate-
Iy accounted for—is a copper tube of 10 mm outer diameter and of 50 mm length. In
the calorimeter a small glass ampoule with the sample was placcd-"l‘he sample mass
ranged between 0.3 2nd 1 g

The temperature difference between the calorimeter and the adiabatic jackct
was measured by an 8-junction thermopile. The adiabatic jacket tcmperature was
measured by a quartz thermometer 2801 A of Hewlett-Packard using a Hewlett-
Packard quariz probe 2850 A. The resolution of the digital thermometer amounied to
1 - 10~ ° K with a sample time of 100 s. Due to the presence of a second and third
temperature-controlled jacket, it was possible to keep the amplitude of the temperature
oscillations between calorimeter and adiabatic jacket below 3 - 10~ * K. The difference
between time and average temperature was smaller because of the rather symmetric
temperature oscillations. The relative accuracy when determining a temperature
interval of typical 0.2 K in 100 s, corresponding to a rate of temperature increase of
8 K per hour, was about 5- 10™%.

The potential difference at the heater and the heater current was measured by a
classical potentiometer assembly of high precision instrtuments obtained from Leeds
and Northrup. The relative determination accuracy of the electric power in the
calorimeter heater was better than 2 - 10~%.

The relative overall determination accuracy of the specnﬁc hmt duc to the
determination uncertainty of electric power and temperature increase with time was
better than 1 - 10 >. The corrections of systematic errors introduced an urcertainty
of the same order of magnitude. The experimentally determined overall accuracy of
about 0.39 with a typical liquid sample of about 0.6 g is based on the known small
irreproducibility of the charging and discharging procedure. All €rTors are conserva-
tively stated. Details will be described in ref. 4.

In order to demonstrate the reproducibility and the accuracy of the m.lonmeter
two measurements from the specific heat capacity of about 0.6 g water samples in the
temperature range between about 17 and 80°C are shown. The values deviate from the
standard values® by about 0.1% (Fig. l)

Il RESULTS

. Bovine oxyhemoglobin (BHb) was prepared from fresh blood and purified as-
described in ref. 10. Bovine methemoglobin (BMctHb) was prepared by lyophilizing
BHDb. Samples with different protein mass fraction w were filled into the glass ampoules
mentioned abeve and introduced into the calerimeter. The protein mass fraction v.as
determined by dry mass determination with a relative uncertainty of a few pcnmll.«

Figure 2 shows the computer plot of a calorimeter scan of a-19.12 wt. % Hb—
water mixture. In the temperature range of i interest: between 10 and 50°C ‘the data.’
pomts were fitted bythefuncnon Cp = Ao 1 a1 o a_s- T‘ whcrc T:sthc
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TEMPERATURE IN CELSIUS
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Fig. 1. Specific heat of water in J g-1K-1 vs. temperature in °C. Data points of two scans of the
same sample are shown on the original computer plot after processing (Teletype output, punch tape, |
~ CPDC 3300). The data points of the two scans deviate relatively less than 5-10-3. They were fitted with
the function as + a1T + a-2T-2, where ap = 2.0656 J g3K1, a: = 44346 -.10-3 J g XK 2, g-» =
10743Jg‘lx.nmsacondsnmthmgwesthepm!smndardvﬂmsforc,ofpmemta,
accurdingtolznddt—BﬁmswnTahks’ Thclamdxﬂ’uunebamthetwom(atﬂ‘()s
,{0.2% 'lhemandevnanonxskstmo:lﬁ,. s Y
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Fig. 2. Specific heat capacityinJ g 1K1 ofa l9.12wt.°° bovmehcmoglobm—watetmxxtmemzs.
the temperature in “C. The smooth curve corresponds to the function ¢p = ae +mT-ra-gT"
rﬁmngthcdamwmsbammandSWCAboveSPCdemnnaBmMMm’bh -
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Wofprotem mtheprotan—watcrmnd:um. Rt

'I'hepartlal speczﬁc hmt wpaaty ofwa~ "c,, was obtame_d 1rom thcfmiétiéh'—f

T e~ P

c,(w T)usmg the equation ¢,; = ¢, — u(acplaw),- where (ac,jaw),- the sl
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Fig.3. Speuﬁclmtmpantyc,o[BHbandBMaﬂbmJg"K“msaswatatcmpu-ahneo[..S'C.
“The smooth curve for w < 0.5 is a linear least square fit using the BHb data points. The straight linc
mtbengbtxmgesthe]nﬂsqmﬁtwngthcfomBMﬁHbda&pom&shownmtheFm .
The partial specific heat capacity of water in the rather dry range (w > 0.8) ¢31® is indicated at the - -

Idtordmmal;thcmrmlspaaﬁchntapaatyofBﬂb(andBMde)a'mﬁmmdﬂnnm
»c,c isindscaxedaltbengbtordinates:ale. B

oftbcfunctxonc,(w T)ata.spwﬁedanﬂconstanttcmpetammandateonstanf ‘
 pressure’ !;- The - partial specific. heat capacity of :the protein (BHb,:-BMetEb or

thumally denatured BHb) c;; was. obtanmd fmm c,(w, I nsmg thc equauon sz =

c,—r Q:=w- (ac,law)r,,(tef. 11).". : il
co- Fgure3tepr&ntsthedatapomts for c,ofBHbandBMetHb—wamrmm

atatempaaluxcofﬁ’Cvususthcmassﬁacnonwofprotanfmmpurewat&(w 0).
~ tonearly dry protein (w= -1):1t can be seen that there are two w-ranges, the “‘solution -
'_ﬂranpruptowNO.Sandtbc“mthetdrypmtunrangc  above w.== 0.8:In the range
w >:0.6, no BHD data points are cxpenmcntaﬂy obtamable, becznse BHb was not
'stzblem‘thtsmthetdrystate.lnthemmdmtcmgcoj <7#. < 0.8 (the range
’betwecnthchqmdxmnmﬂeand thchydmted protanpowdet),thec’ yalmmhcs




TABLE 1 ) T e s "5‘"’""“f’fj_'f‘”*_"*j_f‘;
rmmmrwamoswuncﬂuwmm T : )

"BHb = Bovine hemoglobin; BMetHb = Bovmemcthequlobm,BHbdm. thamallydmmnted‘
BHbD. Tbecrroxsmdiatcdmtwmmdualm" - -

Component Mass - cp1 - cm-

B fraction {Ir’K”) N “(JgKY)
BHDb — w< 05 1420 = 0.01 T - 1531003
BMctHb w< 05 : “4.19 = 0.02 - 147 =008
BHD den. w< 0.5 - 4,19 = 0.01 ‘ 1.82 = 0,03

BMetHb w> 0.8 : 532 +034 » 124 =003

scanning 2 BHb-water mixture up to a temperature of 80°C and repéﬁng the
scanning procedure.

IV DISCUSSION

From the graph in Fig. 3 and the data in Table 1, the following statements can
be made:

(1) The partial specific heat capacity of water in the range 0 < w < 05is
constant and, within the experimental uncertainty, identical with the specific heat
capacity of pure water of4.179 Jg—* K‘ at 25°C. This holds for all tcmpcramm up
to at least 50°C. '

. (2) The value 532 ¥ g‘,1 K~'at 25"C of the partial specxﬁc heat mpacxnes ot'
water in the rather dry BMetHb powder (0.8 < w < 1) exceeds that in the range
0 < w< 05by WV-Tmsﬁnmngsmooodagreementmththehtemmre‘ 13. 14
and reflects a structure change of the water in the wczmty of the protcm surface as a
result of hydrophobic interaction®*. )

- {3) Corresponding to statement 2, the partial specific heat capacity of BMetHb
in the left linear range (0 < w < 0.5) c7;, is larger than the (atrapo!ated)valncc"
of 1.24 J g~ * K™ * of the pure dry mcthcmoglobm by about 19%. .-

(4) There is no significant difference in a, of the BHb and BMctHb solutmns at
the same protein mass fraction w. - o

(5) L for beat denatured hemog!obm sxgmﬁcantly surmounts the valne for -
hcmoglobm in the native state by about 19%. Thxsmcrmscmprobablybcmtcrpmted
asamtﬂtofthcaposmcofnewhydmphobxcprotunsurfacemthcproccsof

depaturation. - - T FE ,
-+ Conclusion: Even very: hlgh conccntmtcd protcm soluuons wnh protcm mass
fractions exceeding the physiological range of the protunconocnttauonm crythrocytcs .
behave like a pscudo-ideal mixture in the sense, thatonlythcparualquantmsofthc: -
solvent are xdenuml thh thc con&spondmgspeaﬁc ptopan&s of the.solvcnt n thc
pure state’-- 7t Dol LSl iDL N IT ST S S
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