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ABSTRACT: We report the changes in the hydration dynamics around a
globular protein, human serum albumin (HSA), in the presence of two
short chain crowding agents, namely poly(ethylene glycol)s (PEG 200
and 400). The change in the network water structure is investigated using
FTIR spectroscopy in the far-infrared (FIR) frequency range. Site specific
changes are obtained by time-resolved fluorescence spectroscopic
technique using the intrinsic fluorophore tryptophan (Trp214) of HSA.
The collective hydration dynamics of HSA in the presence of PEG
molecules are obtained using terahertz (THz) time domain spectroscopy
(TTDS) and high intensity p-Ge THz measurements. Our study affirms a
considerable perturbation of HSA hydration beyond a critical
concentration of PEG.

■ INTRODUCTION

Water, an integral and active component of life, plays both
dynamic and structural roles in most of the biophysical
processes.1 It is an essential component for protein structure,
defining the collapse of the hydrophobic core in maintaining its
structure.2 It is interesting to note that only a small amount of
bulk water is available in the real cellular environment which is
crowded with macromolecules at a concentration of about 300
mg mL−1.3 In order to understand the influence of crowded
environment, biomolecules have been studied in the presence
of different crowding agents.4 A considerable effort has been
put forward on protein−crowder interactions with a major
point devoted to the protein stability and refolding kinetics,4−7

whereas the effect of crowding on the structure and dynamics
of hydration around proteins has rarely been addressed.8−10

A highly crowded environment is expected to alter the
hydration structure of proteins following the “excluded volume”
model as well as significant interactions with nearby macro-
molecules which may result in a reduction of the diffusion
rate11 and can affect various biological processes.12 In an earlier
study crowding-induced alteration in hydration dynamics has
been reported to modify the enzymatic activity of α-
chymotrypsin.10 A recent MD simulation study by Harada et
al.8 has reported that macromolecular crowding at low crowder
concentration moderately affects the hydration structure and
dynamics at the protein surface, whereas a significant change
has been recorded beyond a certain concentration (∼30%) of
the crowders. A 2D IR study by the group of Kurbaryh et al.9

has shown that both PEG and protein themselves induce a

dynamical transition wherein the coupled protein-hydration
dynamics exhibits a sharp retardation beyond a certain
concentration of PEG (∼30−40% v/v) indicative of an
independent-to-collective hydration transition. A more recent
study of our group showed that, in contrast to the prediction of
the excluded volume theory, an enthalpic stabilization and an
entropic destabilization were observed upon addition of PEG.13

In summary we can state that a proper understanding of the
fate of hydration dynamics at the protein surface is still strongly
in demand. In the present contribution we have carried out an
experimental investigation to study the effect of small chain
poly(ethylene glycol)s (PEG 200 and 400) on the hydration
structure and dynamics of a globular serum protein human
serum albumin (HSA).
PEG is a highly water-soluble synthetic polymer which has

extensively been used as a macromolecular crowding
agent.14−16 PEG molecules are associated with a hydration of
20−200 water molecules which are essentially stabilized by
dipole−dipole forces in the form of hydrogen bonding.17 The
extent of hydration increases with increasing molecular weight
of PEG. Large molecular weight PEGs generally induce protein
associations and compaction in accordance to the crowding
theory;18 however, a number of studies have concluded that an
attractive interaction between small chain PEGs and nonpolar
or hydrophobic side chains on protein surface should also be
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taken into consideration.14,19,20 In a previous study,21 we have
reported an unusual stabilization of the thermally unfolded state
of HSA in the presence of short chain PEGs (PEG 200 and
400), the stability being explained on the basis of a direct
interaction of the polymer with the protein surface beyond a
critical PEG concentration (∼30% v/v). Here we want to
address the question how the hydration dynamics, especially in
the collective network structure at the protein surface, is
affected in the presence of the small chain PEG molecules
around the critical concentration. To address this issue, we have
investigated the hydration behavior of HSA in the presence of
short chain PEGs using high precision acoustic measurements,
FIR-FTIR, and fluorescence spectroscopy, while the hydration
dynamics has been explored using terahertz (THz) time
domain spectroscopy. The elusive spectral range of THz has
proven to be an important tool to study hydration dynamics
around biomolecules.22−26 This technique is sensitive to the
subtle changes of these vibrational modes of water which can
extend up to several layers beyond the solute surface.27 In order
to compare the behavior of PEG 200 and 400, we study the
effect of two other otherwise indifferent or moderately protein
stabilizing crowding agents: sucrose and PEG 10000.

■ MATERIALS AND METHODS
Lyophilized powder of human serum albumin (HSA) (Mw 66 kDa),
poly(ethylene glycol)s (PEG 200, PEG 400, and PEG 10000), sucrose,
and L-tryptophan were purchased from Sigma. All the experiments
were performed in phosphate-buffered saline (PBS) buffer at pH ∼
7.4. FTIR spectra were recorded using a VERTEX 80v FTIR
spectrometer (Bruker Optics) under nitrogen gas flow in the sample
compartment. The data were collected and processed using OPUS
software. For spectra acquisition in the FIR region (30−450 cm−1), a
mercury lamp served as an FIR source, and a liquid-helium-cooled
silicon bolometer was used as a detector. All the measurements were
performed using a liquid cell (model A145, Bruker Optics, diamond
windows) with a thickness of 28.5 ± 0.3 μm. Steady-state emission was
measured using a quartz cell with 1 cm path length in Fluorolog
fluorometer (Horiba Jobin Yvon), and the time-resolved fluorescence
spectra were measured using a commercially available spectropho-
tometer (LifeSpec-ps) from Edinburgh Instruments, U.K. (excitation
wavelength 299 nm, 480 ps instrument response function (IRF)) and
fitted using F900 software provided by Edinburgh Instruments. THz
time domain spectroscopy (TTDS) measurements were carried out in
a commercial THz spectrophotometer (TERA K8, Menlo Sys-
tems).28,29 The details of the spectrometer as well as details of the
analysis can be found in the Supporting Information. We employed a
Debye model29−31 to describe the dynamics of water molecules in
PEG solutions. The details of the Debye fitting model are described in
the Supporting Information. In the p-Ge (p-germanium) difference

spectrometer measurements the THz radiation source used is a high-
power (1 W) p-Ge laser.32 This setup has been described in detail
previously.24 The p-Ge crystal emits THz radiation in the range of 1−4
THz, accessing the intermolecular collective modes of the hydrogen-
bonding network of water. The THz radiation emitted from the p-Ge
laser is split by a chopper into a probe and a reference beam,
propagating through the sample cell containing the solvated protein
and the reference cell containing the buffer solution, respectively. Both
beams are focused to the detector (bolometer) by a polyethylene lens.
We used the p-Ge difference spectrometer to record the integrated
absorption of the protein solution relative to that of the buffer in the
frequency range of 2.1−2.8 THz. For each measurement, 30 000
pulses each for the sample and for the reference were recorded and
averaged. The change of THz absorption of the samples compared to
that of the reference was deduced. In order to obtain the hydration
dynamics of PEG, we measure the difference absorbance of PEG 200
and 400 solutions at different concentrations (Δα = α(buffer+PEG) −
αbuffer). The net change in the absorption coefficient of the protein
solutions compared to the respective buffers is obtained as ΔΔα =
Δα(buffer+PEG+HSA) − Δα, where Δα(buffer+PEG+HSA) = α(buffer+HSA+PEG) −
αbuffer. Far-UV circular dichroism (CD) measurements were performed
on a JASCO J-815 spectrometer (Jasco International Co., Japan) using
quartz cuvettes of 0.1 cm path length with HSA concentration 2 μM.
The secondary structural analysis of the CD spectra was done using
CDNN software.

■ RESULTS AND DISCUSSION

FIR-FTIR Measurements. In order to understand whether
the interaction of PEG with the protein surface modifies its
collective hydration network, we measure the FIR (30−450
cm−1) FTIR spectra of hydrated HSA in the presence of PEGs.
The results are depicted in Figure 1. In this frequency window
water produces two characteristic peaks: one in the ∼200 cm−1

region which is distinctly collective in nature and corresponds
to the hindered longitudinal motion of water molecules along
hydrogen bonds, while the other one appears at a higher
frequency ∼600 cm−1 which emanates from their librational
(hindered rotational) modes.27,33−35 When we plot the FIR
spectra of buffer and HSA at different concentrations in Figure
S1a (Supporting Information), we observe a marginal decrease
of absorption with increasing HSA concentration. Thus, we
conclude that the changes upon addition of HSA are below the
detection limit of the FTIR spectrometer. In contrast, upon
addition of PEG 400, we find a substantial change in the
absorption, i.e., a considerable decrease in the intensity and a
blue-shift of the 200 cm−1 peak (Figure S1b). PEG is found to
have lower absorbance than water and produces an absorption
band at ∼225 cm−1. The progressive blue-shift of the 200 cm−1

Figure 1. (a) FIR-FTIR absorbance spectra of the buffer, 30% and 50% PEG 400 in absence and in the presence of 0.5 mM HSA. (b) Difference
absorbance between the solution with 0.5 mM HSA and without HSA.
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band in the water−PEG mixture clearly indicates an influence
on the hydrogen bond network in water.
In Figure 1a, we plot the absorbance of 0.5 mM HSA−buffer

solution in absence and in the presence of 30% and 50% PEG
400. It can clearly be noticed that the change is small in 30%
PEG solution while it is significant in 50% PEG. To exclude the
contribution of the PEG hydration from the observed spectra,
we calculate the difference absorbance (Figure 1b) in which the
spectrum of PEG solution is subtracted from that of HSA in the
presence of PEG (Diff Abs = absorbance of solution with HSA
− absorbance of solution without HSA). This gives a precise
idea of the changes in the absorbance of HSA hydration layer
caused by the presence of PEG. It is distinctly evident from the
figure that the change is nominal in the case of 30% PEG,
whereas considerable change is obtained in the case of 50%
PEG, especially in the 200 cm−1 region. This observation
supports the conclusion derived from earlier acoustic measure-
ments21 that a substantial modification of hydration structure at
the HSA surface takes place at a high PEG concentration. The
decrease in the intensity in the 200 cm−1 range indicates that
the collective vibrational modes of the hydrogen bonded
network of water associated at the HSA surface are affected,
which is a manifestation of a direct interaction and/or overlap
of PEG and protein hydration layers. A rough estimate of the
dehydration at the HSA surface in the presence of 30% PEG
can be made from the densimetric data reported in our
previous study.21 The change in Δϕv (apparent specific
volume) can be written as36

ϕΔ = Δ ̅ − ̅⎛
⎝⎜

⎞
⎠⎟n

V V
Mv h

h 0

(1)

where Δnh is the change in hydration number at the protein
surface, M is the molecular weight of the protein, and V̅h and V̅0

are the partial molar volumes of water in the hydration shell
and in the bulk, respectively. Considering V̅h ∼ 11 cm3 mol−1,37

we estimate a loss of ∼950 and 1100 water molecules from the
protein surface upon addition of the critical amount (30%) of
PEG 200 and 400, respectively. Assuming a monolayer of
closely packed hydration around the protein surface, this
number accounts for ∼25% of the hydration shell.

Fluorescence Measurements. The intrinsic fluorophore
Trp214 has extensively been used to extract site specific
information on domain IIA of HSA.38,39 We have measured the
steady state fluorescence of HSA in the presence of different
concentrations of PEG (Figure S2). HSA is excited at 299 nm
in order to exclude the emission of other intrinsic fluorophores.
HSA produces an emission peak at ∼350 nm, while Trp in
buffer produces emission peak at ∼360 nm.40 This blue-shift is
due to the nonpolar hydrophobic environment experienced by
the Trp moiety inside domain IIA of HSA.41 With the addition
of PEG the emission of HSA gets progressively blue-shifted,
and at 50% PEG the peak appears at ∼340 nm coupled with an
increase in the emission intensity. The observed blue-shift and
increased emission intensity are a consequence of Trp214 to
experience a more hydrophobic environment owing to the
protein’s structural compaction.

Figure 2. (a) Steady state anisotropy (r) of Trp in bulk and in HSA is shown as a function of PEG concentration. (b) Average time constant of
temporal decay of Trp in buffer and Trp214 in HSA as a function of PEG 400 concentrations. The time constant τ3 of HSA has been plotted as a
function of PEG 400 concentration in the inset.

Figure 3. (a) Real (inset) and imaginary dielectric constant of buffer and PEG 400 solutions of concentration 10−50% (v/v) in THz frequency
range. The arrow denotes increasing PEG concentration. The solid lines are multiple Debye relaxation fitting curves. (b) Debye relaxation time scales
of PEG 400 and PEG 10000 solutions as a function of concentration. For PEG 10000, the concentration is given in term of w/v.
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We record steady state anisotropy (r) (see the Supporting
Information for details), which is a measure of the average
angular displacement of a fluorophore in a solvent following the
excitation, of HSA and free Trp in different PEG solutions.
Figure 2a shows that the anisotropy of free Trp increases
linearly with increasing PEG concentration. Anisotropy
depends on the viscosity of the solvent as experienced by a
fluorophore,42 and the observed linear increase in Trp
anisotropy in PEG-buffer solutions is in accordance with the
increasing viscosity of the solutions.43 The anisotropy of
Trp214 in HSA is increased by a factor of 5 compared to the
anisotropy of bare Trp in the buffer. This increase is related to
the location in a hydrophobic core where the free rotation of
Trp214 is considerably restricted by surrounding amino acid
residues. On the contrary to the water−PEG solution, the
anisotropy of Trp214 in HSA does not increase linearly with
increasing PEG concentration; rather, it suffers a marginal
decrease which infers that the solvent viscosity does not affect
the rotational dynamics of Trp214 as it is not exposed to PEG.
We measure the lifetime of Trp in buffer and in HSA; the

results are depicted in Figure 2b. Some representative emission
transients are presented in Figure S3. The emission decay of
Trp in buffer could be fitted biexponentially with time
constants of 0.5 ns (17%) and 3.2 ns (83%) and with an
average time constant ⟨τ⟩ (= ∑iaiτi) of 2.73 ns. This result is in
excellent agreement with that reported in earlier studies,44 and
the two observed time scales originate from the two
substructures formed by the tryptophan backbone in the
excited state.45 In PEG solutions, both time constants increase
with increasing PEG content; cf. in 50% PEG the time
constants obtained are 1.6 ns (27%) and 4.9 ns (73%) with ⟨τ⟩
of 4.0 ns (Figure 3b). We conclude that the interaction of Trp
with PEG stabilizes the excited state substructures. In HSA, Trp
emission decays more slowly and the transient could be fitted
with time constants of 0.5 ns (28%), 2 ns (36%), and 6.4 ns
(36%). The first two time scales are inherent to bare Trp
emission while the longer time scale of ∼6 ns is intrinsic for
Trp in proteins and is associated with the interaction of the Trp
residue and the surrounding amino acid residues present in the
folded protein.44,46 It is interesting to observe that the average
emission lifetime of Trp in HSA remains almost unchanged
(⟨τ⟩ changes from 3.1 to 3.4 ns) in the presence of PEG, in
contrast to the lifetime of Trp in buffer. When we plot τ3 (the
time constant of Trp intrinsic to protein) as a function of PEG
concentration (see the inset of Figure 2b), it is evident that it
remains almost independent of the concentration of PEG. The
time-resolved fluorescence study thus excludes a direct
interaction of the embedded amino acid residues with PEG.
THz Time Domain Measurements. We study the

hydration dynamics of the PEG−water system using THz
time domain (TTDS) measurements. As discussed earlier,
TTDS probes the picoseconds hydration dynamics around
biomolecules.29 We record the frequency-dependent absorption
coefficient, α(ν), and refractive index, n(ν), of PEG−water
systems at different PEG concentrations (Figure S4), and the
deduced real and imaginary dielectric constants (εre and εim)
are plotted in Figure 3a.
In accordance with our previous studies,29,47,48 we deploy a

triple Debye dielectric relaxation model to fit the curves (Figure
3a); the fitted data are presented in Table S1. In water, the
Debye dielectric time constants are found to be τ1 = 8.9 ps, τ2 =
222 fs, and τ3 = 84 fs; these time scales are in excellent
agreement with those reported in earlier studies.29,47 τ1 and τ2

are attributed to the cooperative rearrangement of the
hydrogen-bonded network and the rotational modes of
individual polar water molecules, respectively,30,49 and τ3 is
related to the 60 cm−1 vibrational band which is found to be
associated with a concerted motion of the water molecules
involving the second hydration shell.50 As PEG is gradually
added to water, τ1 increases linearly while τ2 changes within the
experimental error limit (Figure 3b). We reported a similar
increase in τ1 with another crowding agent, sucrose in aqueous
solutions.48 The increase in the τ1 clearly indicates that the
cooperative rearrangement of the hydrogen-bonded water
molecules gets restrained compared to that in bulk water as a
result of the formation of structured hydration layer around
PEG.

p-Ge Measurements. We measure the hydration dynamics
of the extended solvation shell of HSA using a high intensity p-
Ge THz laser which measures the absorption coefficient in the
frequency range around 80 cm−1 (2.1−2.8 THz) region. This
technique has previously been explored to determine the
hydration dynamics around proteins and biologically important
solute molecules.22,32,51,52 Figure 4 summarizes the results

obtained from p-Ge measurements. We first investigate the
hydration dynamics around PEG. Figure 4a shows the
difference absorbance of PEG 200 and 400 solutions as a
function of PEG concentration.
As observed from the figure, Δα decreases linearly with

increasing PEG content, which is explained by the replacement
of water molecules with PEG 200 or 400 which have decreased
absorption coefficient compared to that of water (integrated
absorption coefficients at the frequency range 2.1−2.8 THz of
water, PEG 200, and PEG 400: 424, 138, and 113 cm−1,
respectively). However, the slopes obtained from the
experimental linear fits (solid lines) are found to be steeper
than those obtained by considering a simple two-component

Figure 4. (a) Difference absorbance compared to PBS buffer of PEG−
buffer solutions. The solid lines are linear fits. The broken lines
represent a linear fit when neglecting further effects due to hydration
of PEGs. (b) Change in the absorption coefficient of the protein
solutions (0.5 mM HSA) compared to the respective buffers.
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model involving water and PEG only (the broken lines in the
figure). The experimental slopes can only be realized after
considering a three-component model by introducing a
dynamical solvation shell around PEG having an absorption
coefficient different from that of bulk water as has also been
evidence from the TTDS measurements. We now consider the
effect of PEG on the hydration dynamics of HSA. In order to
understand the effects in a more comprehensive manner, we
deduce a net change in the absorption coefficient ΔΔα which
exclusively reflects the changes in the hydration dynamics of the
protein excluding the contribution in the PEG hydration
(Figure 4b). It can be noticed from the figure that at low PEG
concentration ΔΔα increases linearly, suggesting that the
observed changes in the collective dynamics of protein
hydration is related to the depletion of the protein hydration
layer in the presence of PEG with a concomitant increase in the
α-helical content and the consequent compaction of the protein
molecule in accordance with the “exclusion volume principle”.21

This also suggests that at this low PEG concentration the
protein hydration can be treated separately from the PEG
hydration. At the critical PEG concentration, however, the
slope changes drastically, and the simple consideration of
volume exclusion is insufficient to explain the behavior.
To compare the observed perturbation of small PEGs, we

study two additional crowding agents, namely sucrose and a
long chain polymer, PEG 10000. The former one is known to
be an indifferent additive toward proteins and sometimes
stabilizes proteins to a moderate extent,53,54 while the latter one
stabilizes proteins in low concentrations.55 We measure the CD
spectra of HSA in the presence of both the crowding agents
(Figures S5 and S6). It is observed that the CD signal does not
suffer considerable structural changes even in the presence of
45% sucrose, indicating that the protein suffers marginal
perturbation in the presence of sucrose. The corresponding CD
spectra of HSA in the presence of PEG 10000 are depicted in
Figure S6. It is evident that at low concentration PEG 10000
marginally stabilizes the protein; however, at and beyond 30%
PEG, the CD signal decreases drastically, indicating a
considerable perturbation of HSA secondary structure. The
observed loss in CD signal might originate from a PEG induced
protein aggregation followed by precipitation (leading to a
partial loss in the optical transparency of the solution) in the
presence of high concentration PEG 10000.
We study the dielectric relaxation of both these cosolutes

using the TTDS measurements. In comparable agreement with
PEG 400, both sucrose48 and PEG 10000 (Figure 3b) show a
near linear increase in the cooperative H-bond exchange
dynamics (manifested by the time scale τ1 in Figure 3b) which
identifies the formation of structured water around these
solutes. It is now interesting to study how these two crowders
modulate the collective hydration dynamics around HSA in
comparison to that of PEG 400. Figure 5 describes the p-Ge
THz measurements of HSA in the presence of sucrose and
PEG 10000. As evident from the inset of Figure 5a, Δα of
sucrose solution decreases linearly as has also been observed in
the case of PEG 400; however, the change in ΔΔα (protein
hydration) differs significantly from the observed change in the
case of PEG 400. ΔΔα shows a near linear increase as a
function of sucrose concentration without any marked
discontinuity which signifies that even at 50% sucrose
concentration the hydration layers of sucrose and HSA acts
independent of each other.

For PEG 10000 also Δα produces a linear decrease (Figure
5, inset) in the studied concentration regime (30% PEG). For
the protein solution, however, we prefer to keep the
concentration range up to 20% as beyond this concentration
range HSA gets precipitated. The change in protein hydration
dynamics (ΔΔα) shows a near-linear increase (Figure 5),
which is identical to that observed in sucrose. It thus concludes
that the hydration behavior of short chain PEGs beyond the
critical concentration is distinctly different than the otherwise
protein stabilizer cosolutes.
We also measure the temperature-dependent THz response

of HSA in the presence of PEG 400. We increase the
temperature up to 55 °C, wherein the protein shows a
reversible native to extended state transition process.56 Figure 6

shows change in the absorption coefficient of the protein
solutions compared to the respective buffers (ΔΔα) as a
function of temperature. Δα of the aqueous protein solution
(in absence of PEG) decreases as the protein melts; perhaps an
increased hydrophobic interaction of water with the protein
surface brings about the observed decrease. For 10% PEG 400,
the decrease in ΔΔα is moderate, which can be explained from
the fact that at 10% PEG 400 the protein gets slightly stabilized
following the “exclusion volume principle”.21 At 30% PEG,
however, the decrease in ΔΔα is considerably sharp, indicating
an altogether different interaction mechanism between the
polymer and the protein at this PEG concentration.

Figure 5. Change in the absorption coefficient of the protein solutions
(0.5 mM HSA) at different concentration of sucrose and PEG 10000.
Inset: difference absorbance compared to PBS buffer of sucrose and
PEG 10000 solutions.

Figure 6. Temperature-dependent change in the absorption coefficient
of the protein solutions (0.5 mM HSA) compared to the respective
buffers in absence and in the presence of PEG 400.
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It seems reasonable to a priori consider that beyond the
critical PEG concentration protein hydration cannot be treated
independently of the PEG hydration as has previously been
concluded by King et al.9 Since the protein surface has more
complex morphology compared to homogeneous PEG surface,
the hydration structures in these two systems are presumably
different. Near-UV CD measurements had affirmed that the
protein’s tertiary structure does not suffer any noticeable
change in the presence of smaller chain PEG,21 and thus one
can safely exclude the exposure of any embedded hydrophobic
moiety of HSA to PEG. So the observed change in HSA
hydration dynamics cannot be attributed to the change in the
protein structure such as protein denaturation.24 On the basis
of the results of the study with an otherwise indifferent or
protein stabilizing cosolute sucrose and PEG 10000, we
conclude that in the studied concentration range the protein
hydration is not significantly or “all the sudden” modified by
their presence, and it is the volume exclusion principle that
governs the associated hydration dynamics. In this context, it
seems also reasonable to consider the crowder induced protein
aggregation phenomenon.14 In case of PEG 10000, the protein
“depletion layer” is thicker than that of PEG 400, which makes
the polymer assisted diffusion of the protein more feasible in
the former environment allowing multiple collisions between
the protein molecules leading to eventual precipitation as
observed from the CD measurements (Figure S6) and loss of
optical transparency. For the smaller PEG 400, such
aggregation is unfavorable at low crowder concentration. At
high PEG concentration such interaction could lead to a
modest fraction of protein molecules to aggregate and account
for the changes observed in ΔΔα beyond the critical
concentration. However, only a marginal change in the CD
signals21 indicates only a fraction of the protein to undergo any
such aggregation. It thus can be concluded that beyond a
critical PEG concentration the hydration dynamics of HSA is
not very straightforward as several factors may account for the
observed changes and the hydration behavior cannot be treated
independently as the hydration layers of the HSA and short
chain PEG overlap.

■ CONCLUSIONS

In our study we investigate the hydration behavior of HSA in
the presence of a crowding agent, short chain PEG. Combining
acoustic and FIR-FTIR studies, we conclude that the protein
hydration is affected in a distinct way below and above the
critical PEG concentration of 30% (v/v). Site specific
fluorescence study exploiting the intrinsic fluorophore Trp214
of HSA affirms the hydrophobic moiety of domain II of HSA
does not directly interact with PEG. TTDS study unambigu-
ously confirmed a retardation of the solvation dynamics by
PEGs. The THz absorption coefficient measurements of HSA
in PEG solutions confirm the independent behavior of protein
hydration at low PEG concentrations and a noticeable
interaction between protein and PEG hydration beyond the
critical PEG concentration.
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