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7. Highlights of research work:
To find out the effects of alcohols on the low-frequency local motions that controls slow
changes in structural dynamics of native-like compact-states of proteins, the effects of
alcohols on structural fluctuation of M80-containing Ω-loop have been evaluated by
measuring the rate coefficients for slow thermally-driven CO-dissociation reaction of a
natively-folded carbonmonoxycytochrome c (NCO) under varying concentrations of alcohols
(methanol, ethanol, 1-propanol, 2-propanol, 3-butanol, 2,2,2-trifluoroethanol (TFE)) at pH
7.0. As alcohols concentration is increased within the subdenaturing limit of denaturant, the
rate coefficients for CO-dissociation reaction decrease, indicating that subdenaturing
concentrations of alcohols decrease the spatial displacement of thermal motions of Ω-loop.
The spatial displacement of thermal motions of the Ω-loop is decreased most for TFE and 1propanol and least for methanol. This finding indicates that the thermal motion of the protein
in the subdenaturing limit of alcohols is controlled by the hydrophobicity of alcohol as well
as by some specific effects of alcohols. Thermal denaturation studies of ferrocytochrome c
(Ferrocyt c) and myoglobin (Mb) at pH ~7.0 and lysozyme (Lyz) at pH ~2.3 in the presence
of various concentrations of these alcohols suggest that alcohols decrease the thermal
stabilities of native and partially denatured proteins. The stabilization free energy (ΔΔG) of
Ferrocyt c and Lyz in alcohols solution was calculated from the slope of the Wyman-Tanford
(WT) plot and water activity. The m-values obtained from the slope of ΔΔG vs [alcohols]

plots were found more negative for longer and linear chain alcohols, consistent with
destabilization of proteins by alcohols through the disturbance of hydrophobic interactions
and hydrogen-bonding.
Compatible osmolyte such as glycine betaine (GB) and low concentrations of
chaotropic denaturants such guanidine hydrochloride (GdnHCl) and urea decrease the
motional freedom of
native Ferrocyt c at pH 7.0. This deduction is made from the kinetic and thermodynamic
parameters measured for CO-dissociation reaction of NCO under varying concentrations of
GB, GdnHCl and urea at pH 7.0. Measurement of the rate coefficients for CO-replacement
reaction of carbonmonoxymyoglobin (MbCO) by hexacyanoferrate ions under varying
concentrations of GB at pH 7.0 suggests that GB also restrict the internal dynamics of native
Mb. The rate coefficients and activation thermodynamic parameters (activation enthalpy and
activation entropy) measured for CO-dissociation reaction of NCO under varying
concentrations of GdnHCl and urea in the absence and presence of 1.0 M GB at pH 7.0
indicate that (i) within the subdenaturing limit of denaturants, GB and GdnHCl or urea show
a cumulative effect on the constrained dynamics of NCO, and (ii) en route from
subdenaturing to denaturing conditions large-scale subglobal unfolding motions come to
dominate the dynamics and the inclusion of GB opposes the structural fluctuations that cause
unfolding of the protein. Thermal- and chemical denaturation studies of ferricytochrome c
(Ferricyt c), Ferrocyt c and Mb at pH 7.0 in the presence of different concentrations GB and
TMAO at pH 7.0 and at pH 3.8-4.5 suggest that GB and TMAO increase the thermodynamic
stability of these proteins at neutral pH, while decrease it at mildly acidic pH.
Thermodynamic analysis of thermal and urea-induced unfolding transitions of Ferricyt c and
Mb measured at different GdnHCl concentrations in the absence and presence of GB or
TMAO at pH 7.0 and pH 3.8-4.5 suggests that GB and TMAO counter the deleterious effect
of denaturant in native proteins at neutral pH while they show the additive effect on the
destabilizing action of denaturant at mildly acidic pH 3.8-4.5.
To determine the effect of chaotropic and kosmotropic salts on the low frequency local
motions that controls slow changes in structural dynamics of native proteins, the rate
coefficients and activation thermodynamic parameters (activation enthalpy and activation
entropy) for slow thermally driven CO association reaction of native Ferrocyt c have been
measured under varying concentrations of salts (NaCl, NaBr, NaI, Na2SO4, NaNO3, and

NaClO4) at pH 7.0. At low to intermediate concentrations, the ions dissociated from both
chaotropic and kosmotropic salts decrease the rates of CO association while they increase the
activation enthalpy and activation entropy for it. This finding suggests that the low
concentrations of chaotropic and kosmotropic ions restrict the internal dynamics of native
Ferrocyt c (i) by electrostatic screening of the protein charges, and (ii) by lowering the
conformational entropy of proteins through binding interactions. At relatively higher
concentrations, the chaotropic ions modulate the internal dynamics of native proteins
according to Hofmeister series (ClO4–> I–> NO3–> Br–). Thermal and chemical denaturation
studies of native Cyt c and Mb at pH 7.0 and acid-denatured Lyz at pH 2.3 in the presence of
various concentrations of these salts suggest that kosmotropic salts increase the
thermodynamic stability of the native proteins at pH 7.0 while the chaotropic salts decrease it
at pH 7.0 but increase it at pH 2.3. Furthermore, the effect of these salts on the
thermodynamic stability of these proteins follow the Hofmeister series (SO 42–> Cl– > Br– >
NO3– > I– > ClO4–). The stabilization free energy (ΔΔG) for Ferrocyt c in salts solution was
calculated from the slope of the WT plot and water activity. The m-values were also
estimated from the slope of ΔΔG versus [salts] plots. The m-value was found to be most
negative for NaClO4 and least for Na2SO4, consistent with stabilization of proteins according
to the Hofmeister series (SO42–> Br– > NO3– > I– > ClO4–).
This thesis also evaluates the effects of chaotropic denaturants (GdnHCl and sodium dodecyl
sulfate (SDS)) on the stability and dynamics of native and base-denatured proteins.
Comprehensive spectroscopic (CD, fluorescence, NMR) studies suggest that the low
concentrations of GdnHCl ( 0.2 M) and SDS ( 0.4 mM) transform the base-denatured
carbonmonoxycytochrome c (Cyt-CO) and Ferricyt c to molten globule (MG) states,
respectively. Single Trp59 fluorescence experiments show that the interactions of GdnH + ions
dissociated from GdnHCl (≤ 0.2 M) or Na+ ions dissociated from SDS (≤ 0.2 mM) cause the
molecular compaction in the base-denatured proteins. The near-UV CD spectra for base
denatured protein in the presence of GdnHCl (≤ 0.2 M) and SDS (≤ 0.4 mM) suggest that the
GdnHCl (≤ 0.2 M) and SDS ( 0.4 mM) induced MG-states of base-denatured protein have
disordered tertiary structures. The far-UV CD spectra for base denatured protein in the
presence of SDS (≤ 0.4 mM) reveal the formation of substantial content of secondary
structures in the SDS-induced MG-state of base-denatured protein. Kinetic experiments
involving the measurement of the CO association reaction with alkaline Ferrocyt c at pH 12.6
and native Ferrocyt c at pH 7.0 in the presence of different concentrations of GdnHCl or SDS

indicate that the low concentrations of GdnHCl (≤ 0.2 M) or SDS (≤ 0.2 mM) restrict the
internal dynamics of the native and base denatured proteins. Thermodynamic analysis of the
thermal denaturation curves of base-denatured Ferricyt c at pH 12.8 (0.2) and native
Ferricyt c at pH 7.0 measured in the presence different concentrations of GdnHCl (near-UV
CD at 282 nm) and SDS (far-UV CD at 222 nm) indicate that the low concentrations of
GdnHCl and SDS increase the thermal stability of base-denatured protein while decrease the
thermal stability of native protein.
This thesis work also analyzes the effects pH on the thermodynamic stability and folding
dynamics of proteins over the pH range from 3.0 to 13.0. Thermodynamic analysis of the
thermal and chemical denaturants (GdnHCl and urea)-induced unfolding transitions of
Ferricyt c, Ferrocyt c and Lyz measured at several different pH values, ranging from pH 3.0
to pH 13.0 reveals that the Ferricyt c and Ferrocyt c have maximum thermodynamic stability
between the pH 8.0 and pH 9.5 while the Lyz has maximum thermodynamic stability at
pH~4.0. Theoretically predicted electrostatic unfolding energies of Ferricyt c and Lyz over
the pH range from pH 0.0 to pH 14.0 also reveal that Ferricyt c and Lyz are maximally stable
at pH 8.0-9.0 and pH 4.0, respectively. Unfolded Ferrocyt c in refolding buffer at pH 7.0 and
pH 12.7 refolds rapidly to native-state. Between pH 7.0 and pH 12.7, the activation free
energy barrier for folding of Ferrocyt c varies by less than 1.0 kcal mol-1 while the folding
free energy for Ferrocyt c which is measured by two-state analysis of GdnHCl-induced
unfolding transitions of Ferrocyt c varies more than 9.0 kcal mol-1. This finding indicates that
the large disparity in thermodynamic, stability of protein between pH 7.0 and pH 12.7 is not
strongly reflected in the refolding rates. The classic Wyman-Tanford linkage relation was
used to calculate the pH-value for folding of Ferrocyt c, which is less than 0.1 between pH
7.0 and pH 12.7, indicating that the electrostatic interactions are weakly formed in the
transition state and exhibit a very small effect on the folding kinetics.
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