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ABSTRACT: Hydration is a key determinant of the folding, dynamics, and
function of proteins. In this study, temperature-dependent Fourier transform
infrared (FTIR) spectroscopy combined with singular value decomposition (SVD)
and global fitting were used to investigate both the interaction of water with a-
helical proteins and the cooperative thermal unfolding of these proteins. This

methodology has been applied to an isolated a-helix (Fs peptide) and to globular
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a-helical proteins including the helical subdomain and full-length villin headpiece

(HP36 and HP67). The results suggest a unique IR signature for the interaction of water with the helical amide carbonyl groups
of the peptide backbone. The IR spectra indicate a weakening of the net hydrogen bond strength of water to the backbone
carbonyls with increasing temperature. This weakening of the backbone solvation occurs as a discrete transition near the
maximum of the temperature-dependent hydrophobic effect, not a continuous change with increasing temperature. Possible
molecular origins of this effect are discussed with respect to previous molecular dynamics simulations of the temperature-

dependent solvation of the helix backbone.

Protein folding, stability, and function depend on the

properties of water in complex ways that are not
completely understood. The influence of solvent arises from
the interplay between the water and protein structures and their
dynamics, including entropic effects, disruption of water
structure, solvation of hydrophobic groups, and hydrogen
bonding interactions."”> The hydrophobic effect is thought to
be a key driving force of protein folding, because it favors the
folded structure in which hydrophobic residues are sequestered
from solvent within the hydrophobic core of the protein.
Consequently, understanding the interactions between aqueous
solvent and proteins, including hydrophobic hydration, has
been the subject of numerous experimental and theoretical
studies.>'® Several general principles have emerged from this
work. The free energy change associated with the hydration of
hydrophobic molecules is governed primarily by the associated
changes in water structure.'” The temperature dependence of
the hydrophobic effect parallels the temperature-dependent
solubility of hydrophobic or nonpolar molecules. The solubility
of hydrophobic molecules in water initially decreases with
increasing temperature, followed by an increase in solubility
with increasing temperature, resulting in a minimum in
solubility, usually above room temperature." More insight
into the nature of the interaction of water with proteins has
come from theoretical studies, including density functional
theory (DFT) calculations® ® and molecular dynamics (MD)

simulations.””>""'® Such studies provide a wealth of molecular
detail about the interaction of water with proteins, but the

conclusions have been difficult to validate experimentally.
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Infrared spectroscopy is an established method for the study
of protein conformation,>*'>7'*!?72% but it also has the
potential to elucidate protein—solvent interactions. The amide I
band in particular is sensitive to hydrogen bonding within the
protein and between the protein and the aqueous sol-
vent.'>719?*72% Ap important example is the distinct vibrational
frequencies observed for “solvated” versus “buried” helices:
amide carbonyl groups involved in H-bonding within the helix
and with the solvent occur at a lower frequency (~1632 cm™)
than helical amide carbonyl groups that are sequestered from
solvent (~1652 cm™) in the hydrophobic core of proteins or
within a lipid bilayer.'****” The direct effect of hydrogen-
bonding on the amide I band is that it reduces the force
constant of the individual amide oscillators relative to the non-
hydrogen-bonded case. The solvent also indirectly affects the
amide I band by changing conformational preferences, which in
turn, results in different coupling strengths. Several theoretical
studies have attempted to quantify these effects.>*****° An
MD simulation of a solvated helical peptide found the
calculated amide I band to be near 1630 cm™' at low
temperature, shifted by ~12 cm™ toward the lower frequency
compared with the buried one at room temperature.”® The
simulation suggests that the major contribution to the observed
frequency shift of the amide I band arises from the strong
tendency for carbonyls to form additional hydrogen bonds with
water even though they are internally hydrogen bonded. In the
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present study, we use temperature-dependent FTIR spectros-
copy combined with singular value decomposition (SVD)*"**
and global fitting to probe the temperature-dependent
hydration of unlabeled helical peptides and proteins in aqueous
solutions. Although the IR spectral signature for solvated helical
carbonyl groups is well-known, the difficulty in probing protein
hydration arises in part from separating temperature-dependent
protein solvation from the global thermal melt or unfolding of
the peptide or protein. Our approach utilizes SVD and global
fitting to separate these two processes, allowing the temper-
ature dependence of the hydration of peptides and proteins to
be investigated. Specifically, we studied the temperature
dependence of a monomeric a-helix, the F, peptide.”® This
peptide serves as a model for the study of two helical proteins,
the villin headpiece subdomain (HP36)'***77 and the villin
headpiece (HP67).%*3° The data indicate a decrease in solvent
interaction with the peptide backbone as the temperature is
increased over the temperature range from low temperature to
the start of the unfolding transition. This weakening of the
backbone solvation occurs as a discrete transition, not a
continuous change with increasing temperature. Furthermore, it
occurs near the maximum of the temperature-dependent
hydrophobic effect. Possible molecular origins of this effect
are discussed with respect to previous MD simulations of the
temperature-dependent solvation of the polypeptide backbone.

B MATERIALS AND METHODS

Sample Preparation. The 21-residue helical F; peptide
(succinyl-AAAAA-(AAARA);A-NH,) was synthesized by
standard Fmoc peptide synthesis. A coil reference peptide
with the sequence GKAVAAK was synthesized in the same
manner. The 36-residue three-helix bundle villin headpiece
subdomain (HP36) was also synthesized using standard Fmoc
protocols. HP36 is the C-terminal subdomain of the villin
headpiece domain: MLSDEDFKAVEGMTRSAFANLPLW
KQQNLKKEKGLF. The C-terminus is amidated for synthetic
convenience. We use the numbering system corresponding to
the full-length villin headpiece (the first leucine is designated
Leu-42). The first residue Met41 is included because prior
studies of recombinant versions of the headpiece helical
subdomain included an additional N-terminal Met, although
this residue is not found in the native intact headpiece. The 67-
residue helical villin headpiece (HP67) was prepared
recombinantly and has the following sequence:
PTKLETFPLDVLV NTAAEDLPRGVDPSRKENHLSDEDEF-
KAVFGMTRSAFANLPLWKQQNLKKEKGLEF. The samples
were purified via reverse phase HPLC and lyophilized from
D,0 (Cambridge Isotopes) to exchange the amide protons
with deuterium. The peptide and protein samples were
dissolved in D,0 at a pH* of 4.1 (F, peptide) or in a buffer
containing 10 mM sodium phosphate and 150 mM sodium
chloride at a pH* of 5.3 in D,0 (HP36) or 10 mM sodium
phosphate at a pH* of 6.9 in D,0 (HP67). pH* refers to the
uncorrected (for D,0) pH-meter reading at 25 °C. The protein
solutions were filtered to remove any aggregates present and
used without any further purification. Samples used for the IR
experiments had concentrations of ~0.2—2 mM.

Temperature-Dependent FTIR Measurements. Tem-
perature-dependent FTIR spectra were recorded on a Bio-Rad
FTS 60A FTIR spectrometer equipped with a liquid-nitrogen
cooled mercury cadmium telluride (MCT) detector. Typical
spectra were signal averaged for 128—512 scans at a resolution
of 2 cm™". A split IR cell composed of CaF, windows was
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utilized with a path length of ~100 ym to record the spectrum
of both the reference (buffer in D,0) and the sample (protein
in the D,O buffer) side of the IR transmission cell under
identical conditions at each temperature. The temperature of
the IR cell was controlled by a water bath, and the sample
temperature was measured by a thermocouple attached to the
cell. The absorbance spectra of the protein were determined
from the negative logarithm of the ratio of the single beam
spectra of the sample to the reference side of the IR split cell at
each temperature. The thermal unfolding of the peptide/
proteins was found to be reversible by comparing the spectrum
at the starting temperature to the spectrum after thermal
cycling.

Singular Value Decomposition and Global Fitting.
Singular value decomposition (SVD)*' was utilized to
determine the number of spectral components required to
describe the temperature dependence of the protein difference
FTIR spectra. These temperature-dependent difference FTIR
spectra were used to construct the data matrix, A(Z,T), where
each column represents the difference FTIR spectrum at a
specific temperature. The SVD analysis of this data matrix
results in three matrices, A = USVT where the U, S, and VT
matrices contain the basis spectra, the singular values and the
temperature-evolution of the basis spectra, respectively. These
matrices were truncated retaining the components containing
signal, while removing components containing only noise.
Multiple basis spectra were found to describe the original data
matrix for each protein. A global fitting protocol was employed
to determine the individual spectral components and the
temperature dependence of these basis spectra. The A(Z,T)
matrix is equal to both USV" and DF', where the D and F'
matrices contain the individual spectral components and their
temperature dependence, respectively. Consequently, the D
matrix is equal to USV'E™ where F'* is the pseudoinverse of
F'. This equation can be rewritten as D = USH, where H =
VTE™. The H matrix can be determined from globally fitting
the V' matrix with the appropriate mathematical model
consisting of one function for each component. The model
used here consists of two sigmoid functions to determine the H
matrix as shown in eq 1:
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where h;;, hy,, h,;, and h,, are the elements of the H matrix and
T, and O represent the midpoint and width of the thermal
transition, respectively (one for each sigmoid function). Two
sigmoid functions were used because this represents the
simplest model to globally fit the spectral components found
for the temperature dependence of the proteins studied. On the
basis of this global fitting protocol, the F' matrix can be
determined from the equation, F* = H™'V". The SVD analysis
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and global fitting were performed in IGOR Pro (WaveMetrics,
Inc.).

B RESULTS AND DISCUSSION

F; Peptide. Figure 1A shows the temperature-dependent
difference FTIR spectra for the F, peptide in the amide I’ region
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Figure 1. Temperature-dependent FTIR difference spectra of the Fs
peptide (A) measured from 11 to 68 °C in ~10 °C increments and the
D-spectral components (B) with the corresponding F-temperature
profiles (shown as an inset) determined from an SVD and global
fitting analysis of the temperature-dependent FTIR difference spectra.
The difference spectra are produced by subtracting the lowest
temperature absorbance spectrum from the higher temperature
spectra.

(amide I after H/D exchange in D,0). This broad band arises
from all of the carbonyl stretching vibrations of the backbone
amide groups. The difference spectra show a region (~1604
cm™' to 1640 cm™') of decreasing intensity with increasing
temperature indicative of both the thermal melt of the peptide
in addition to changes in peptide hydration. The region (~1640
ecm™" to 1708 cm™') of increasing intensity with increasing
temperature is due to the formation of disordered regions of
the peptide, while the negative feature at ~1668 cm™" is due to
a TFA impurity in the sample (from the HPLC purification of
the peptide). The difference spectra do not contain an
isosbestic point, which usually means that more than two
states and more than a single transition are present over this
temperature range.

The multiple transitions present in the difference FTIR
spectra of Figure 1A were resolved by a combined SVD and
global fitting protocol. Figure 1B shows the first two D-matrix
spectral components and the inset shows the corresponding
temperature dependence of these spectral components. The
two D-matrix spectral components are effectively the temper-
ature-dependent difference spectra of the two transitions. The
first (largest amplitude) D-matrix spectral component has a
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negative band at 1633 cm™" due to the loss of helical structure
with a simultaneous increase of disordered structure at 1659
cm™" and 1680 cm™" (this feature is a single broad band with a
dip in the middle due to the TFA impurity). Thus, the first D-
matrix spectral component represents a transition that involves
the conversion of helical to disordered structure with an
apparent T, of ~54 °C (defined as the temperature at which
half the total signal change has occurred) as determined from
the corresponding F' thermal profile. This spectral component
represents the dominant process in the melt since it is the
largest amplitude component. The transition is broad as
expected because of the low cooperativity and extensive end-
fraying characteristic of the melting transition of isolated
helices.

The second D-matrix spectral component shown in Figure
1B is composed of difference features at 1621 and 1649 cm™".
Because these difference features are more closely spaced, the
minima and maxima do not correspond directly to the
absorbance maxima (they are lower and higher, respectively).
These features are within the characteristic range of the
solvated and buried helix bands. On the basis of the
temperature-profile of this spectral component, the solvated
helical signature decreases while the buried or partially
desolvated component increases as the temperature is increased
prior to the thermal melt of the peptide. This second spectral
component has an apparent T, of 28 °C determined from the
corresponding F” thermal profile. On the basis of these specific
spectral features, we assign the first D-matrix spectral
component to the helix—coil transition and the second
component to the temperature-dependence of the hydration
of the peptide backbone, prior to the thermal melt. The
observation of the second component is clear evidence for a
discrete, cooperative pretransition as the temperature is raised
from the lowest temperature probed (11 °C) up to the global
melt of the helical peptide. This pretransition is characterized
by a weakening of the effective hydrogen bonding strength to
the helical carbonyl groups, consistent with a loss of solvent
interaction with the backbone, or at least a weakening of that
interaction. It is analogous to the temperature-dependent
changes previously observed for the solvated helix band of
GCN-4 and a;D using isotope labeling."*'* By extending the
temperature range of our measurements to higher temperature
than the previous work, and using the SVD approach, we are
able to observe the weakening of solvent hydrogen bonding to
the peptide as a discrete transition, rather than a continuous
change with temperature.

Reference Coil Peptide. A control experiment was
performed using a reference coil peptide with the sequence
GKAVAAK that is disordered over the temperature range from
5 to 50 °C. The control peptide allows us to follow any changes
in backbone solvation in the absence of a global conformational
change. The temperature-dependent difference FTIR spectra of
this reference peptide is shown in Figure 2A. The difference
spectra exhibit broad negative (1640 cm™") and positive (above
1660 cm_l) components. These components correspond to
solvent protected and fully solvated disordered structure,
respectively. A sharp negative feature at 1670 cm™ is due to
a TFA impurity in this sample. The data are well modeled by a
single broad sigmoidal transition with a T, of 34 °C as shown
in Figure 2B. Thus, even in the absence of any global
conformational change, we observe a change in the solvation of
the peptide backbone as the temperature is raised. We
emphasize that this change is not continuous with temperature
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Figure 2. (A) Temperature-dependent FTIR difference spectra of coil
peptide Ac-GKAVAAK-NH, from 5 to 45 °C in ~5 °C increments.
(B) Temperature profile obtained from the IR absorbance changes at
1645 cm ™,

but instead exhibits a specific transition with a T, close to that
observed for the helical F, peptide system.

Villin Headpiece Subdomain (HP36). The villin head-
piece subdomain (HP36) is a 36-residue, three-helix bundle
protein. The protein is composed of two short N-terminal
helices (Asp44—Lys48 and ArgSS—PheS8) and a longer C-
terminal helix (Leu63—Glu72). Figure 3A shows the temper-
ature-dependent difference FTIR spectra of this 36-residue
helical protein from 3 to 93 °C in ~5 °C increments. The
difference spectra exhibit negative (1610 cm™ to 1655 cm™)
and positive (1655 cm™ to 1730 cm™') regions that grow in
intensity with increasing temperature, indicating the loss of
secondary and tertiary structure with a simultaneous increase in
disordered regions of the protein, respectively. Two helical
bands appear at 1630 cm™" and 164S cm™" due to solvated and
buried helical components. These components show different
melt profiles as shown in Figure 3A (inset). The 1630 cm™
component shows a broader melt profile with a sloping
pretransition baseline, whereas the 1645 cm™ melt curve shows
a more cooperative melt without a sloping pretransition
baseline and reflects the disruption of the hydrophobic core.
The observation of frequency-dependent melt profiles and the
lack of an isosbestic point in the difference spectra suggest the
presence of more than one temperature-dependent process.

We emphasize that these single frequency melt curves are
less accurate than the curves obtained from the SVD analysis,
because the latter are obtained using the full frequency
dependence of the absorbance spectra. A combined SVD and
global fitting protocol applied to the temperature dependence
of HP36 showed two statistically significant spectral compo-
nents. The two D-matrix spectral components are shown in
Figure 3B with the corresponding temperature dependences
(F'-matrix) shown in the inset. Similar to the F, peptide, the
first D-matrix spectral component resembles the higher
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Figure 3. Temperature-dependent FTIR difference spectra of HP36
(A) measured from 3 to 93 °C in ~§ °C increments. The temperature
profiles at 1630 cm™ and 1645 cm™ are shown in the inset. The D-
spectral components (B) and the corresponding F'-temperature
profiles (inset) determined from an SVD and global fitting analysis of
the temperature-dependent FTIR difference spectra.

temperature difference FTIR spectra. The component has
two prominent characteristic helical bands. The predominant
band at 1644 cm™ is due to desolvated or buried amide
carbonyl groups, while the less intense 1631 cm™" band is due
to solvated amide carbonyl groups. The corresponding
temperature dependence follows the disruption of the hydro-
phobic core signifying the global melt of the protein and an
increase in solvated helical amide carbonyl groups.

The second D-matrix spectral component shows difference
features at 1626 and 1658 cm ™. As was the case for F, peptide,
these difference features are close enough that they likely do
not correspond to the actual absorbance maxima (they are
lower and higher, respectively), and they span the range
expected for solvated and buried helix. The temperature
dependence of these bands suggests the loss of solvated
carbonyl groups with a concurrent increase of desolvated
groups as the temperature is increased from lowest temperature
probed (3 °C) until the global unfolding of this three-helix
bundle protein. The apparent T, for this transition is 18 °C,
which is similar to the temperature dependence of the second
component for F; peptide. These results suggest an apparent
desolvation or weakening of water hydrogen bonds to the
helical amide carbonyl groups as the temperature is raised prior
to the global melt (crossing the primary activation barrier to
unfolding). The solvation of the protein starts to increase once
global unfolding starts. The pretransition observed prior to the
global unfolding is likely due to disruption of H-bonds between
the solvent and helical amide carbonyl groups on the surface of
the protein.
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Villin Headpiece (HP67). The villin headpiece (HP67) is
the full-length, 67-residue protein from which HP36 is derived.
The C-terminal subdomain of this construct is HP36, while the
N-terminal subdomain is composed primarily of loop and turn
regions along with a four-residue a-helix and three residues
with ¢ and y dihedral angles consistent with a 3,4-helix. This
larger protein is more stable, has a slightly larger hydrophobic
core and yet little additional helix, and thus serves as an
interesting comparison to the more solvent exposed helices of
HP36. Figure 4A shows the temperature-dependent difference
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Figure 4. Temperature-dependent FTIR difference spectra of HP67
(A) measured from S to 87 °C in ~S °C increments. The D-spectral
components (B) and the corresponding F'-temperature profiles
(inset) determined from an SVD and global fitting analysis of the
temperature-dependent FTIR difference spectra.

FTIR spectra of this 67-residue helical protein from S to 87 °C
in ~5 °C increments. Like HP36, the difference FTIR spectra
have regions of negative (1611 cm™ to 1657 cm™) and
positive (1657 cm™ to 1730 cm™') intensity that increase in
intensity with increasing temperature. The negative bands are
primarily due to the loss of secondary and tertiary structure,
while the positive bands are primarily due to the formation of
disordered regions of the protein.

Unlike HP36, HP67 exhibits a single negative band at 1637
cm™" instead of two distinct bands for solvated and buried
helical carbonyl groups. This difference is due to the melt of
turn regions in the N-terminal subdomain of HP67, which
overlap with bands due to solvated and buried helical amide
carbonyl groups. The temperature-dependent difference FTIR
spectra of HP67 do not show an isosbestic point. This is
consistent with earlier NMR studies that showed the folding of
this protein is not two-state.**** The minimum model needed
to describe the unfolding includes two intermediates, one with
a folded C-terminal subdomain and a partially unfolded N-
terminal subdomain and the second with a folded C-terminal
subdomain but unfolded N-terminal subdomain.
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A combined SVD and global fitting analysis of the
temperature-dependent difference FTIR spectra in Figure 4A
yields two spectral components. The first and second D-matrix
spectral components show similarities to the high and low
temperature difference FTIR spectra, respectively. The F'-
temperature profiles for the first and second D-spectral
components exhibit apparent T,'s of ~69 °C and ~24 °C,
respectively (inset). The first D-matrix spectral component
shows a negative band at 1642 cm™" due to the loss of tertiary
structure and a positive band at 1680 cm™' due to the
formation of disordered regions of the protein upon the global
thermally induced unfolding of HP67 as confirmed by the
corresponding F'-temperature profile. The second D-spectral
component contains one dominant positive band at 1633 cm™
due to solvated helix. The corresponding F'-temperature
profile shows that the amount of solvated carbonyl groups
decreases as the temperature is raised from the lowest
temperature probed (S °C) until the global melt of the protein.
This result is in agreement with the F peptide and HP36 cases,
consistent with a weakening of hydrogen bonding to solvent of
helical amide carbonyl groups that occurs prior to the global
melt of the helical protein.

Comparison to Simulations. All of the proteins examined
in the present study exhibit a pretransition in the temperature-
dependent FTIR spectra that we interpret as a weakening of the
hydrogen bonding between solvent and the peptide backbone.
This change in solvation is even observed for the unstructured
control peptide, and in all cases is manifested as a transition
that occurs independently of any global structural transition
(e.g, unfolding). Some insight into the molecular origin of the
temperature-dependent solvation effects is provided by
previous REMD simulations of a helical peptide (AK) that
considered how temperature effects are manifested in the amide
I spectrum.***® The AK peptide is a reasonable model system
for comparison because it forms a stable helix in aqueous
solution, is well characterized experimentally, and is closely
related structurally to the F, peptide.*'~** The simulations
provide a solid structural basis for interpreting observations
from linear IR by taking into account peptide carbonyl (C=0)
hydrogen-bonding to backbone NH groups (internal) and
water (external) and the coupling between amide I modes as a
function of temperature.

The MD simulations capture an initial desolvation of the
helix (measured as a loss of frequency shift due backbone C=
O hydrogen-bonding to solvent) at lower temperature, prior to
the major unfolding transition.’®*’ Interestingly, certain
positions within the helix contribute more to the frequency
shift than others at lower temperature, depending on the degree
of shielding of the backbone by the Lys side chains. The
observed pretransition desolvation is most prominent at
exposed or solvated positions and minimal at shielded or
buried positions. The nature of the observed backbone
desolvation is a decrease in the number of hydrogen bonds
between the backbone carbonyls and water. Deviations in
internal helical hydrogen bonding or in the solvent-hydrogen
bond structure were not observed. The FTIR data analysis is
consistent with the picture that emerges from the MD
simulations. The pretransition exhibits no change in the buried
helix band, indicating that the global structure of the protein
remains intact, whereas the solvated helix band is shifted toward
higher frequency, consistent with a reduction in the effective
hydrogen bond strength with water. We postulate that this
weakening of the backbone solvation is due to a change in the
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number of hydrogen bonds to water, on the basis of the
simulations.

B CONCLUSIONS

The results presented here demonstrate the ability of
temperature-dependent FTIR spectroscopy in conjunction
with a combined SVD and global fitting analysis to elucidate
both the thermal unfolding of proteins and the temperature-
dependent solvation of the peptide backbone. The results
suggest a decrease in the hydration or hydrogen bond strength
between water and the amide carbonyls with increasing
temperature in the low temperature range below the unfolding
transition. We have observed this temperature-dependent
interaction of water with helical carbonyl groups for a range
of a-helical structures and thus it appears to be a general
phenomenon. The pretransition is characterized by similar
spectral features and a similar apparent T, (18, 24, and 28 °C)
regardless of the specific protein sequence.

There are several possible origins of this temperature-
dependent change in backbone solvation, including water
structural rearrangement in response to local protein structural
changes; changes in the water structure induced in the absence
of any protein structural changes; or amino acid side chain
shielding of the peptide backbone. REMD simulations of the
AK helical peptide are most consistent with the last two
possibilities. The simulations show that the temperature-
dependent desolvation is primarily a consequence of the
change in the number of hydrogen bonds between the amide
carbonyls and water molecules. The simulations also show
modulation of the backbone solvation by side chain
interactions. Similarly, MD simulations of the Fs peptide have
suggested that the Arg side chains shield the backbone amide
carbonyl groups in this case.” This type of shielding is likely
responsible, at least in part, for the temperature-dependent
solvation of surface helical amide carbonyl groups.

The observed temperature dependence of the backbone
solvation appears to be correlated to the temperature
dependence of the hydrophobic effect."*'**> The solubility
of hydrophobic side chains is higher at low and high
temperature with a minimum at intermediate temperatures,
usually between 310 and 330 K. Therefore, hydrophobic amino
acid side chains on the surface of the protein could be more
hydrated at low temperatures due to a lower free energy barrier
to hydration. As the temperature is raised, the hydrophobic
effect is expected to increase, potentially leading to the
shielding of peptide backbone amide carbonyl groups as the
side chains interacts more with the backbone to decrease side
chain hydration. In this scenario, there is a delicate balance
between enthalpic and entropic factors affecting protein
stability, structure and solvent interaction.

Further study would be required to determine the generality
of the temperature dependence of protein—solvent interactions,
especially for f-sheets containing peptides and proteins. The
temperature dependence of the hydrophobic effect suggests
that the observed protein hydration trends are indeed general.
Temperature-dependent protein hydration will play a role in
the interpretation of the protein folding dynamics. For instance,
temperature-induced relaxation methods probing the folding
and unfolding kinetics of several helical proteins have shown
biphasic relaxation kinetics.'>'#***® The slower phase is related
to the global folding/unfolding of the protein involving the
formation/disruption of the hydrophobic core, while the faster
kinetic phase (~10” s™') has been assigned to the helix—coil
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transition. The protein structural changes associated with each
of these processes have to be viewed in terms of temperature-
dependent protein hydration prior to, during, and after the
global folding/unfolding of the protein.
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