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1. Introduction.

We have previously shown that prior to the process
of thermal dennturation a protein molecule undergoes
some changes accompanicd by an increase of its par-
tial heat capacity (see for example {11). However, the
relativaly low thermostability of the proteins previ
ously investigated — chymotrypsinogen and ribo-
suclease — made it extremely complicated to Jistinct-
ly separate pre-denaturationat and denaturational ef-
fects and obscured the interpretation of the process
observed. In this respect lysozyme Is a significantly
more convenlent object of study, fts high thermosta-
bility permits one to investigate in more deiail the
¢hanges 1t undergoes before the process of denatu-
ration. At the same time, its reversibility to thermal
treatment {s not less than that of such classical exam-
ples used in the investigation of the denaturation pro-
¢ess os chymotrypsinogen and ribonuclease, The abore
feature makes it possible to effectively apply methods
of equilibrium thermedynamices 1o the analysis of
changes oeeurring in lysozyme.

Catorimetsic studics of the thermal denaturation of
;suzyme have already been reporied 12,3], but un-
fortunately they do not giv2 a plcture of the changes
of the partial heat capacity of the protein over a wide
range of temperature, without which the task posed
cannot be solved. The high scositivity of the precision
scanning microcalotimeter Installed in our laboratory
[4] and the great stability of its buseline enabled us tw
chigin an adequate picture of the thennal changes
tiking place in lysozyme during heating.
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2. Methods

A commercial preparation of hen egg white ly-
sozyme (Reanal Company, Hungary) with additional
chromatographic purification on IRC-50 amberlite
was used. The homogeneity of the preparation was
checked by ewcctrophoresis in polyacrylamide gelin
potassium-formate buffer at pH 3.5. The activity of
lysozyme was checked by examining the degree oflysis
in a suspension of Micrecoceus lysodetk ticus cells 151,

The lysozyme solutions were investigated in 0.01
M glyeine and acetic buffrs in which aggregation oi
denaturated molecules, which educes the reversibility,
was very small. The pH roage was 2-5.

The protein concentration in solution Was esti-
ymated spectrophotometrically toking the optical den-
sity of 2 1% solution at 280 nm as 269 iel.

Calotimetric sheasuremenis were made by the
automatic differential scanning mictocalorimeter at
a 1 deg/min heating rate. The operational volume of
a gold measuring eelt was 1.3 ml. The protein con-
centration of the solutions undet investigation varied
feom 0.1% 1o 0.5%. The stability af the bascline ai-
lowed the partial heal capacity of the protein to be
determined with an error of not more than 3%.

Spectrophotometric measuraments weve carried
out on a Hitachi | 24 autematic instrument with dilt
ferential thermostasing of the cells, The temperature
of the heated solution was measured directly by a
tewlett-Packard quartz thermaometer. Recordings of
the melting-point curves and of the difterential spectra
wete made during the heating of one of the ¢ells and
the thermustating of the other. The lysozyme
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Fig. 1. Microcalorimeltric recording ot heatzd tysozyme s0-
fution. The concentration of the so’ution vas 1.6 mg/ml.

differential spectra were registered at 5° intervals
throughout the whole temperature range.

3. Roesulis and discussion

Fig. 1 presents a microcalorimetric recording of
lysozyme thermal denzturation and also the baseline
with the calibration mark obtained for the solvent.
The relative heat capacity of the solution investigated
and its change with the change of temperature can be
estimated {rom the deflecrion of the recorded curve
from the baseline. As is seen from Lig. 1, the heat ca-
pacity of the lysozyme solution is significantly lower
than that of the solvent, The stabilivy of the baseline
zllows one to calculate the vaiue of the [ysozyme pur-
tial heat capucity at any tempercature. The resulis of
such a calculation for lysozyme solution at different
pH values are given in fig. 2.

it is clearly seen thart th* heat capacity of the sol-
ution changes from the very start of neating and at
first increases strictly linearly. At higher temperatures
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Fig. 2. Dependence ot the partial heat capaci 'y of lysczyme
upon temperature at different pH vatues.

58

. FEBS LETTERS

. - February 1973

oD

0 290 S0 310 370
Ainm)

240 250 260 270

Fig. 3. Tempemture effect on the differeniial spectra of
lysuzyme at pH 3.0,

the heat capacity increases rapidly 1o a sharp peak,
resniting in intensive heat absorption, which is ap-
parznily connected with the main process of thermal
deraturation.

The protein heat capacity at 20° is equal to 0.300
cal/g deg and does not depend upon the pH vaiue of
the solution.

As a result of denaturation, the partisf heat capac-
ity undergoes additional changes, in the denaturated
state the heat capacity becomes independent of the
ternperature. .

The jump in heat capacity on denaturation, AC,,
may be determined by lincarly extrapolating the
partial heat capacity change of the native [C]? and
denaturated [C)9 protein to the mid-transition tem-
perature Ty. Then:

AC,=[Cl4 - [C1™ .
.~ €1, - [c15.

The AC,; values are the same, within the mea-
surement error, at all pH values of the salution;
either 0.11 £ 0.01 cat g™ deg ™! or 1.6 £ 0.1 keal
mol ™! deg™!.

The linear extrapolation of heat capacities to tie
mid-transition temperature also permits one to de-
terming the value of the thermal effect of transition
from the peak area above the extrapolaiion lines.
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© However, the question arises whether this arca of
the heat absorption curve is indeed a thermal effect of
an independent process or whether it includes the
lineur increase of heat capacity as well.

The answer to this question can be found by inves-
lipatiag the change of the lysozyme differential spec-
rrur: witl change of temperature.

Fig. 3, which presents the differential spectra of
lysovyme at 57 intervals, shows that with the increase
of temperature the protein suffers two qualitatively
diffvient changes: the changes in the differential spec-
wa below the denaturation teinperature (before in-
wense heat absorption begins) differ sharply from
the observed at higher temperatures. The main dif-
ference, which merits particular attentiun, is the pres.
ence of isushestic points in the pre-denaturational
lemperature range and their disappearance in the ter-
perature rar.ge of the denaturation heat absorption
peak. A similar picture to that shown in fig. 3 wus
observed at all pH values investigaied by us.

From the changes in the differential speciriun with
temperature , we can choose wavelengths which are not
sensitive to pre-denaturational protein changes. By
teraperature scanning at these wavelengths we obtain
asimple sigmoid curve (fig. 4b}, the tempearature range
of which compietely corresponds to the temperature
mnge during which intensive ficat absorption occurs.
Treating this sipmoid curve as the curve of an equi-
librium transition from one state into another, the
effective enthalpy of this transition can be calculated
oy using the van "t Hoff plot (fig. 5).
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lig. 4. Temperature dependence of the optical density of
lysozy me solution at differcat wavelznigths.
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Fig. 5. Van "t Hot¥f plots of the optical density change in
fvsozyme selutions al didterent pid vadues: t, pil 2.0,
2, pl$ 2.25:3, pH 3.5.

The effective enthalpy of transition may be also
estimmated from a melting-poini cuive obtained
calorimetrically . In this case. it is suitable to apply
the following approximate fornwla which is easily
deduced from the van "t Hoff equation:

2
RT3

] A -
AHHY = T

where AT is the half-width of the heat ahsorption
pealc -

it is seen tfrom fig. 6 that the etfective protein de-
natugabticn enthalpies calelated botis from optical
and calorimetric data are in gocd agreement. Bug,
even mnore interesting is that in good aceord writh
these cffective enthalpies are the values of the de-
naturation enthalpy determined from the arca of the
heat absorption peak, ic. , the calorimetric or true
enthalpy of the process. Together with the conclusion
that we correctly singled out the process of de-
raturation as a process occurring only in the temper-
ature range of a hieat absorption peak there is a more
essential conclusion implying that this transition is
well expressed by the van t Holt eguation for 1 mono-
molecular reaction and, hence, the denaturation ol
lysazymie may be considered as a transition between
twer states without any intermediate thermodynum-
ically stable forms.
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Fig- 6. Temperaturs depe:u:leuce of the enthaipy of transition:
o. aHF; 0, AHETE x, AHST,

As regards the pre-demtumtiona] process during
which a linéar increase of heat capacity takes place, it
would be lempting to assume that it is a trivial tem-
perature effect. Unfortunately, it is not at all casy to
obiain good apreement between the picfure presented
of changes of differential spectra (fig. 3) with such a
simpie explanation as this. Indeed, the presence of
isosbestic points below pre-denaturational tempera-
tures indicaies that the chromophores which are re-
sponsible for absorption in this region of the spectrum
have two states, and that the population of the second
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statr mcream mth the nse m tempemttire Naturally,
' ‘sucha mtuauon is diﬂ'gull (5 exp!am by assummg
that 1he prote[n Steucture chauges gradually for
ammp.le by a sluw lonumng of its’ globule h is more

. prohable lhat etther a two-state lransiﬂon of | 3 number

of transitions bemreen near s:ates ocCurs ‘Itis not ex-
cluded that these trsnmtnonx may be eonsidered as’.
ﬂuctuauons of ;he natlve stmcture at wcalc polms [7].
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