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Differential scanning microcalorimetry was used to determine changes in enthalpy, entropy, 
and free energy of melting of purified myocardial fibrillar (F) actin from normal dogs and 
dogs with 2-3-month L-thyroxin-induced and athyreotic cardiomyopathy. Polymerization of 
globular (G) actin stabilizes protomer structure in both pathologies. However, the con- 
formational changes in actin monomer caused by L-thyroxin-induced and, especially, by 
athyreotic cardiomyopathy decrease the free energy of the bonds between protomers in the 
synthesized F-actin. Binding energy between actin protomers modified in athyreotic cardio- 
myopathy (-12 kJ/mol) is 4 times below the control value (.-48.7 kJ/mol), while in L-thyroxin- 
induced cardiomyopathy it little differs from the normal value (-40.8 kJ/mol). 
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Previously we described considerable changes in ther- 
modynamic parameters of melting of purified G-actin 
from the myocardium modified by 2-3-month L-thyro- 
xin-induced (LTC) and athyreotic (ATC) cardiomyo- 
pathy (myocardial dystrophy according to G. F. Lang). 

Pronounced conformational changes in mono- 
mers were revealed in these pathologies. The struc- 
ture of myocardial G- and F-actin in dogs with acute 
and chronic heart failure (in particular, caused by 
ATC) was studied by the method of circular dichro- 
ism [1,4]. 

In this paper we describe the relative changes in 
thermodynamic parameters of melting of F-actin m 
LTC and ATC. 

Research Center of Medical Biophysics Ministry of Health of Georgia, 
Tbilisi 

MATERIALS AND METHODS 

Experiments were carried out with actin isolated and 
purified [6] from the myocardium of healthy dogs 
(n=5), and dogs with LTC (n=6) and ATC (n=5). The 
monomeric form of this actin was studied in the pre- 
vious work, the methods and procedures were also 
described in detail [2]. Polymerization of monomeric 
actin was initiated by addition of a polymerizing solu- 
tion to purified G-actin [6] (final concentrations in 
mM): 125 KC1. 1 MgCI:, 0.2 Na-ATP, 0.2 CaCI 2, 
0.5 dithiothreitol. 1 NaN 3, and 2 Tris HC1 (pH 8.0 
at 25~ 

The standard free energy of protomer binding 
(AG~ was calculated according to the equation: 

AG~176176176 

where AGORA and AG~GA are changes in free energy of 
stabilization of F- and G-actin structure, respectively, 

0007 -4888/99/0008-0814522.00 �9 Kluwer Academic/Plenum Publishers 



A. P. Kitaeva, Z. D. Tedeeva ,  and N. 1/. K a r s a n o v  815 

and,DG~ is change in standard free energy of ATP 
hydrolysis. 

The melting cooperativity index was calculated as 
the ratio of van't Hoff enthalpy and calorimetric en- 
thalpy. 

R E S U L T S  

Visual evaluation of  experimental melting thermogram 
of F-actin in ATC (Fig. 1) attests to pronounced devia- 
tion of its form and value from normal. The peak 
approximates the ideal form characteristic of extre- 
mely cooperative melting, which goes on in a narrow 
temperature range by almost "all-or-nothing" mech- 
anism. The thermogram has no low-temperature peak 
observed during melting of G-actin in ATC [2]. 

Despite the drastic decrease in melting coope- 
rativity index for G-actin from 0.8 to 0.5 compared in 
ATC, this parameter in the case of  F-actin only little 
differs from the normal value (Table 1) [2]. Corre- 
spondingly, the experimental calorimetric enthalpy 
little differs from van't Hoff enthalpy calculated from 
maximum heat capacity, although in normal actin this 
difference is evident (Table 1). Judging from these 
parameters, polymerization stabilizes the protomer 
structure in F-actin, in particular in the small domain 
region [2]. In LTC, the melting cooperativity index 
increased due to an increase in calorimetric enthalpy, 
while van't Hoff enthalpy remained unchanged, which 
indicates protomer stabilization in the filament due to 
a decrease in basic heat capacity after denaturation 
(Table 1). 

Comparison of  the ratios of  melting and stabiliza- 
tion parameters of  F-actin in LTC and ATC to these 
parameters in normal actin with the corresponding 
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Fig. 1. Melting thermograms of purified F-actin from dog myocardium 
under normal conditions (1) and in L-thyroxin (2) or athyreotic (3) car- 
diomyopathy. Scanning rate 2 K/min, protein concentration 1 mg/ml. 
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TABLE 2. Ratio of the Changes in Thermodynamic Parameters of Melting and Stabilization of G- and F-Actin in LTC and 
ATC to Changes (A) of These Parameters in Normal Actin 

Group 

Calori- 
metric 

enthalpy 

G F 

LTC 0.8 0.66 

ATC 2.0 1.4 

van't Hoff 
enthalpy 

G F 

0.09 0.09 

0.12 0.12 

Coopera- 
tivity 
index 

G F 

0 ,66  1.0 

0.2 1.4 

Heat 
capacity in 

melting 
peak 

G F 

0.8 0.8 

1.4 1.4 

Postdena- 
turation 

basic heat 
capacity 

G F 

0.8 0.66 

0.66 0.8 

Denatura- 
tion 

entropy 

G F 

0.8 0.6 

2.0 1.2 

Enthalpy 

G F 

0.8 0.8 

5 5 

Entropy 

G F 

0.8 1.0 

5 10 

Free 
energy 

G F 

0.8 0.6 

2.5 1.6 

TABLE 3. Changes in Enthalpy, Entropy, and Free Energy of Stabilization of F- and G-Actin under Normal Conditions and 
in LTC and ATC (M+_m) 

Parameter 

Enthalpy, k J/tool 

Entropy, kJ/(molxK) 

Free energy, kJ/mol 

Normal 

134.4• 0.5 

0.46• 

-0.7• 

LTC 

116.7• 

0.37• 

7.2• 

ATC 

470.5• 

1.66• 

36.0• 

�9 ratios for G-actin allowed us to evaluate the changes 
of  F-actin parameters caused by conformational changes 
o f  G-actin and related to protomer-protomer inter- 
action (Table 2). 

Since the relative changes of  van't Hoff enthalpy, 
melting peak heat capacity, and standard enthalpy for 
normal and pathological F- and G-actin coincide, it 
can be proposed that the formation of  F-actin structure 
in LTC and ATC is primarily affected by conforma- 
tional changes in G-actins. 

The fact that changes in calorimetric enthalpy, 
denaturation entropy, and free energy in normal and 
modified F-actin tended to 1 in contrast to the corre- 
sponding parameters of G-actin in ATC probably at- 

tests to a stabilizing effect of polymerization on pro- 
tomer structure in this pathology (Table 1). 

On the other hand, marked increase in the co- 
operativity index and standard entropy in normal and 
ATC-modified actin attests to considerable local intra- 
molecular conformation changes that are increased 
after polymerization. Therefore, energy stabilization is 
achieved at the expence of  conformational destabili- 
zation (Table 2, Fig. 2). This inference is not applied 
to LTC, because in this case the changes in considered 
ratios are close to normal. 

Analysis of differences in the changes of  enthal- 
py, entropy, and free energy of G- and F-actin sta- 
bilization (Table 3) makes it possible to evaluate the 
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Fig. 2. Denaturation increment 
of changes in enthalpy (a), en- 
tropy (b), and free energy (c) of 
melting of F-actin from dog myo- 
cardium under normal condi- 
tions (1) and in L-thyroxin (2) or 
athyreotic (3) cardiomyopathy. 

80 Protein concentration 1.0-1.2 
mg/ml. 
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thermodynamic parameters characterizing protomer- 
protomer bonds. 

Since melting releases energy of ATP hydrolysis 
stored in F-actin, the resulting free energy should de- 
crease by 48 k J/tool [5]. Therefore, the free energy of 
protomer binding in normal actin is -48.7 kJ/mol, 
while in ATC and LTC it is -12 kJ/mol and -40 kJ/ 
mol, respectively. 

Thus, despite the opposite conformational changes 
in G-actin induced by ATC or LTC, both pathologies 
weaken interaction between the protomers, which pre- 
sumably leads to similar disturbance in the functional 
properties of thin filaments in the myocardium. 
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