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Differential scanning microcalorimetry showed that calorimetric enthalpy of melting of
purified G-actin from canine myocardium is decreased in L-thyroxin-induced cardiomyopathy.
By contrast, in athyroid cardiomyopathy this parameter increases almost 2-fold mainly due
to the increase in excess heat capacity in a low-temperature region of the thermogram caused
by melting of the small domain in the monomer. The pathological process in both cases is
accompanied by contractility disturbances.
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It was previously established that 2-3-month-long car-
diac insufficiency caused by L-thyroxin-induced (LTC)
and athyroid (ATC) cardiomyopathy (or myocardial
dystrophy according to G. F. Lang) strongly impairs
polymerization of actin in human or animal myocar-
dium [9]. According to circular dichroism data, the
conformation of G- and F-actins changes drastically
[3]; hybrid actomyosin containing actin from the post
mortem myocardium of a patient dead from cardiac
insufficiency [8] superprecipitates (contracts [7]) much
more weaker than actomyosin containing normal actin.

Our aim was to study thermodynamic parameters
of melting of G-actin from canine myocardium in LTC
and ATC.

MATERIALS AND METHODS

Experiments were carried out on 16 male mongrel
dogs: control animals (n=5) and dogs with LTC (n=6)
and ATC (n=5). The dogs were maintained under viva-
rium conditions on a standard ration. The animals
were euthanized under hexenal narcosis.
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LTC was induced by daily treatment with L-thy-
roxin (0.7 mg/kg per os [11]), and ATC was modeled
by thyroidectomy [1]. G-actin was isolated from ace-
tone-dried powder of the septum and left and right
ventricles [13].

Purity of the protein was controlled by electro-
phoresis in 11% SDS PAAG. Protein concentration
was determined by the biuret method.

Actin molecular weight was taken to be 42 kD.
Melting was studied on a DASM-4A differential
adiabatic scanning microcalorimeter (Pushchino) with
computer monitoring and automatic data processing.
The volume of the calorimetric cell was | ml and
scanning rate was 2 K/min. Change in calorimetric
enthalpy (AHAY) during melting of G-actin was de-
termined by the intensity of heat absorption: AH A=
AQ/m, where AQ is the heat corresponding to the
area under the thermogram of excess heat capacity,
and m is protein content in the cell (in moles). Vant
Hoff effective enthalpy (AH *) was calculated by the
formula [5]:

AHVi=2TM RACY,

where T™ is temperature (in K) in the melting peak,
AC?Y is maximum partial heat capacity of protein tran-
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Fig. 1. Melting thermograms of purified myocardial G-actin from control E g <
dog (7) and animals with 2-3-month L-thyroxin-induced (2) or athyroid o s e 8
(3) cardiomyopathy. X 23 «<|2
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Fig. 2. Denaturation increment of changes in enthalpy (a), entropy (b), and free energy (c) of melting of myocardial G-actin from control dog (1)

and animals with L-thyroxin-induced (2) or athyroid (3) cardiomyopathy.

attests to multiplicity of melting of the thermoliable
fragment of G-actin and changes in the conformation
stabilization energy of the small domain.

Both normal and LTC-modified actin are charac-
terized by low excess heat capacity in the correspon-
ding temperature regions.

AH A of G-actin melting (including low- and
high-temperature regions) significantly increased (2-fold)
in ATC. As a result, the index of cooperativity dras-
tically decreased (by 1.54 times). This indicates an
increase in the multiplicity of melting and pronounced
disturbances in G-actin structure. At the same time, an
increase in the enthalpy of stabilization of G-actin
structure was accompanied by a 5-fold increase in the
entropy and 2.5-fold increase in free energy, which
attests to profound conformational rearrangements in-
duced by ATC (Table 1, Fig. 2).

In contrast, AHVH and, to a greater extent, AH AL
decreased in LTC. Correspondingly, the cooperativity
index tended to 1, which attests to a decrease in multi-
plicity of melting.

All other thermodynamic parameters of melting
also decreased in LTC (Table 1, Fig. 2). This tendency
would be significant (p<0.05) after increasing the
number of experiments from 6 to 8.

Analysis of the standard thermodynamic para-
meters showed that structure of G-actin in LTC is
more stable than in normal myocardium. Maximum
structural stability of G-actin (AS=0, AH>0, AG=max)
in LTC can be achieved at a higher temperature than
that of normal actin (4°C). In ATC, AG attains a maxi-
mum at negative temperatures (Fig. 2), which attests
to possible protein denaturation even at room tem-
perature [10,12,14].

The increase in AH“A" and AHYM in ATC can be
interpreted as condensation G-actin molecule in com-
parison with normal. However, this inference contra-
dicts with the decrease in cooperativity index (Table
1). This combination of thermodynamic parameters
rather corresponds to a structure with weakened inter-
domain bonds and additional intradomain bonds re-
sulting in local heterogeneities in the structure density.
Judging from the low-temperature part of the thermo-
gram [6], these changes are related predominantly to
the small domain: translocation of hydrophobic groups
from the surface to the core of the protein. In intact
actin these groups are located in the cleft between
domains and interact with the hydrophobic groups of
the large domain. The ATC-induced redistribution of
chemical bonds (caused by weakening of the inter-
domain bonds) should widen the cleft and change the
conformation of both domains, and to a greater extent
the small domain. Moreover, widening of the cleft
contributes to additional attachment of ions (in particu-
lar, Ca?*), because new charged regions can be exposed
in the widened cleft. In this case, the excess heat capacity
in ATC can be explained by the release of bound Ca**
ions. Complete removal of Ca* from the medium
(EGTA) eliminates all peaks of excess heat capacity
caused by o-f transition during actin melting [6].

Therefore, the excess heat capacity of G-actin
melting in ATC can originate from consolidation of
hydrophobic package of actin domains (predominantly
of the small domain) and the release of Ca’* from
additional binding sites.

Thus, both the increase and decrease in thyroxin
transmitter function modifies the structure of G-actin:
protein stability increased in LTC and decreased in
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ATC, while functional activity of the contractile pro-
tein system is impaired in both cases. These findings
suggest that conformation of intact G-actin is optimal
for interaction with myosin, generation of the contrac-
tion force, and energy conversion. Deviation of this
conformation from the optimum impairs functional
characteristics of actin filaments.
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