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Solvent identity reshapes the conformational
ensemble of a group-3 LEA model peptide

Itzel Pérez-Trejo and Laura Dominguez *

Group-3 late embryogenesis abundant (LEA) proteins are intrinsically disordered proteins (IDPs) that protect

cellular components during desiccation. Their transition from disordered to ordered conformations is driven

by reduced water availability. Here, we characterize and compare the conformational ensembles of the

P1LEA-22 model peptide in TFE–water and glycerol–water mixtures that mimic distinct dehydration environ-

ments. Using Gaussian accelerated molecular dynamics (GaMD), we sampled the structural landscape of

P1LEA-22 at 20%, 40%, 60%, and 80% cosolvent concentrations. The simulations provide an atomistic

description of how solvent composition and water availability reshape peptide folding. We show that the

conformational ensemble depends strongly on solvent identity and concentration. TFE acts as a helix-

inducing cosolvent; at 80%, it stabilizes a compact helix–turn–helix motif through enhanced intrahelical

electrostatic interactions, driven by hydrophobic shielding from TFE fluorine atoms. In contrast, glycerol pro-

motes compaction through steric restriction and competitive solvation, leading to structurally heterogeneous

ensembles that include b-sheet-like conformations and centrally localized helices. Although both solvents

mimic dehydration, they modulate the peptide’s energy landscape through distinct mechanisms: TFE

couples hydrophobic association and electrostatic reinforcement to cooperative helix stabilization, whereas

glycerol drives global compaction via excluded volume and hydrogen-bond redistribution. These findings

provide molecular-level insight into how LEA proteins adapt structurally under water-deprived conditions.

1 Introduction

In recent years, late embryogenesis abundant (LEA) proteins
have attracted increasing attention due to their intrinsically
disordered nature and their essential role in cellular tolerance
to extreme dehydration. First identified in cotton seeds,1 LEA
proteins are highly expressed during late embryogenesis and in
vegetative tissues under water stress conditions.2–4 These pro-
teins are typically highly hydrophilic, characterized by a high
glycine content and a low abundance of hydrophobic residues,5

features that are closely linked to their conformational plasti-
city and functional adaptability. In aqueous environments, LEA
proteins generally remain structurally disordered. However,
reduced water availability promotes the formation of ordered
secondary-structure elements, highlighting their strong sensi-
tivity to solvent conditions.6

LEA proteins are classified into seven groups based on seq-
uence similarity and conserved motifs.7 Among them, Group-3
LEA proteins are particularly notable for their ability to protect
enzymes such as lactate dehydrogenase (LDH),8 citrate
synthase, and phosphofructokinase9 under dehydration stress
by preventing irreversible aggregation. A defining feature of

Group-3 LEA proteins is the presence of conserved 11-residue
repeat motifs, in which several positions are preferentially
occupied by charged amino acids.10 To isolate the functional
role of these motifs, short model peptides derived from the 11-
mer repeats have been synthesized and extensively character-
ized. These peptides reversibly adopt a-helical conformations
under dehydrating conditions and return to disordered states
upon rehydration, supporting the hypothesis that structural
responsiveness is central to their protective function.11 More-
over, physicochemical parameters such as peptide length,
composition, concentration, and protonation state critically
modulate their ability to suppress aggregation of proteins,12

lipid assemblies,13 and enzymes14 during desiccation. In some
cases, these model peptides protect protein function more
effectively than classical protectants such as trehalose.15

Experimentally, dehydration is often mimicked using cosol-
vents that reduce water accessibility or activity and alter the
dielectric properties of the solvent environment. Among these,
2,2,2-trifluoroethanol (TFE) is widely employed due to its strong
propensity to stabilize a-helical structures by promoting intra-
molecular hydrogen bonds.16 Beyond its helix-inducing effect,
TFE has been shown to act as a nanocrowder, with local
clustering influencing peptide conformational equilibria.
Fourier-transform infrared spectroscopy studies have demon-
strated that while certain intrinsically disordered peptides,
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such as phosphorylated kinase-inducible domain (pKID), exhibit
great TFE-dependent conformational changes, LEA-derived pep-
tides display a remarkable insensitivity to TFE concentration.17

In contrast, glycerol serves as a more physiologically relevant
mimic of intracellular crowding during dehydration, stabilizing
a-helical conformations through excluded-volume effects and
altered solvent viscosity rather than direct helix induction.18,19

From a computational perspective, capturing the full con-
formational landscape of disordered LEA model peptides in
mixed solvent environments poses a significant challenge for
conventional molecular dynamics (MD) simulations due to slow
convergence and the presence of multiple shallow free-energy
minima. Gaussian accelerated molecular dynamics (GaMD)
offers an efficient, unconstrained enhanced-sampling approach
that enables the recovery of the underlying free-energy landscape
without predefined reaction coordinates. In previous work, we
demonstrated that GaMD does not significantly perturb the
physical properties of TFE–water mixtures, supporting its use
for mixed-solvent simulations.20 Here, we adapt this framework
to peptide-containing TFE–water and glycerol–water systems to
determine how solvent identity reshapes the conformational
ensemble of a Group-3 LEA model peptide.

In this work, we employ GaMD simulations to characterize
and compare the conformational ensembles of the P1LEA-22
model peptide in TFE–water and glycerol–water mixtures. By
providing an atomistic description of how solvent composition
and water availability reshape the peptide’s structural land-
scape, we elucidate the distinct roles of helix induction, crowd-
ing, and solvation in modulating disorder-to-order transitions.
This comparative analysis offers fundamental insight into the
biophysical mechanisms that enable Group-3 LEA proteins to
preserve macromolecular integrity under extreme dehydration
conditions.

2 Materials and methods

To investigate how water availability affects the structure of the
P1LEA-22 model peptide, the peptide was simulated in TFE–
water and glycerol–water mixtures at four cosolvent concentra-
tions: 20% v/v, 40% v/v, 60% v/v, and 80% v/v. Additionally,
comprehensive step-by-step description of the operational para-
meters, optimization sequence, and specific role of each com-
putational tool used in this workflow is provided in the SI as a
methodological workflow summary.

2.1 Preparation and equilibration of cosolvent mixtures

Small solvent boxes containing water and the desired molar
fraction of TFE or glycerol were first constructed. These systems
are referred to here as unit boxes. Using Packmol,21 the appro-
priate number of water and cosolvent molecules was placed
inside a cubic simulation cell. Force-field parameters for TFE
and glycerol were generated using the Antechamber module22

and described with the general amber force field 2 (GAFF2).23

Water molecules were modeled using the TIP4P-D four-point
model.24 Each unit box was minimized using 1 000 steps of

steepest descent followed by conjugate gradient minimization.
The systems were then heated from 0 K to 298 K and equili-
brated for 10 ns. After equilibration, 50 ns production simula-
tions were carried out at 298 K and 1 bar. While this setup
follows the construction protocol described in our previous
work,20 all molecular dynamics simulations and resulting
trajectories reported in this study were generated for this work.

All simulations were performed using the AMBER18
package.25 A 2 fs time step was employed, and all bonds
involving hydrogen atoms were constrained using the SHAKE
algorithm.26 Long-range electrostatic interactions were treated
using the particle mesh Ewald (PME) method,27 and an 8 Å
cutoff was applied for nonbonded interactions. Temperature
was controlled using Langevin dynamics28 with a collision
frequency of 2.0 ps�1, and pressure was regulated using the
Berendsen barostat.

2.2 Construction of peptide–solvent systems

After equilibration, twelve unit boxes were assembled in a 2 �
2 � 3 arrangement to construct the final solvent environment.
The initial peptide structure was generated from its sequence
(Fig. 1) using the I-TASSER server.29 The peptide was inserted
into the pre-equilibrated solvent matrix while maintaining a
minimum distance of 6 Å between the peptide and the bound-
aries of the solvent box (Fig. 2). The complete systems were
parameterized using Antechamber,22 and the peptide was
described with the Amber99SB*-ILDN force field.

2.3 Molecular dynamics simulations

The peptide–solvent systems were first equilibrated for 10 ns
using Gaussian accelerated molecular dynamics (GaMD) at con-
stant temperature. A short conventional molecular dynamics
(cMD) simulation of 0.4 ns was subsequently performed at con-
stant pressure and temperature to stabilize the system volume.
Production simulations were then carried out using GaMD for 1
ms at 298 K and 1 bar, employing the same simulation parameters
described for the unit boxes. GaMD simulations used a dual-boost
potential in which acceleration potentials were applied to both the
dihedral and total potential energy terms. The threshold energy
was set to the lower bound for both boost potentials, and the
GaMD parameters were updated every 0.4 ns to ensure accurate
estimates of the potential statistics.

Free-energy profiles were obtained through energetic
reweighting using the PyReweighting toolkit.30 The reweighting
procedure employed a Maclaurin series expansion up to the
10th order to account for the large energy fluctuations of the

Fig. 1 Sequence of the P1LEA-22 model peptide.
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system. Structural stability and equilibration were evaluated by
analyzing the time evolution of the radius of gyration (Rg) for all
trajectories. Stabilization of Rg fluctuations and the absence of
long-term drift indicate that the systems reached steady con-
formational regimes prior to analysis. Representative Rg time
traces are provided in the SI (Fig. S1 and S2).

2.4 Molecular dynamics validation

To assess whether the structural trends observed in GaMD
simulations arise from enhanced sampling rather than artifacts
of the boost potential, additional conventional molecular
dynamics (cMD) simulation were performed. One representative
solvent condition (80% TFE) was simulated for 5 ms at 298 K and
1 bar using the same force-field parameters and simulation
settings described above, but without applying the GaMD boost
potential. To evaluate the robustness of our findings across all
conditions, the remaining systems were validated using cMD
trajectories of 2 ms (Fig. S4 in the SI).

The radius of gyration (Rg) and N–C terminal distance (dee)
distributions obtained from the cMD trajectory were compared
with those obtained from GaMD simulations. The agreement
between the Rg and dee distributions indicates that the
enhanced sampling protocol does not introduce artificial struc-
tural bias and accurately captures the underlying conforma-
tional landscape (Fig. S3 in the SI).

3 Results
3.1 Effect of the cosolvent in the free-energy surfaces

The free-energy surfaces, expressed as a function of the radius of
gyration (Rg) and the N–C terminal distance, define the domi-
nant low-energy conformational states of the peptide. As illu-
strated in Fig. 3, these surfaces evolve with increasing cosolvent
concentration from left to right (20%, 40%, 60%, and 80%),

where the top row represents TFE–water mixtures and the
bottom row depicts glycerol–water.

3.1.1 TFE–water mixtures. Concentration-dependent confor-
mational evolution. At 20% TFE–water (Fig. 3, top left), the free-
energy surface shows minima at N–C terminal distances between
30 and 35 Å and radii of gyration between 11 and 13 Å. The global
minimum corresponds to a largely disordered structure. At 40%
TFE–water (top row, second column), the landscape shifts toward
slightly more compact states, with minima characterized by N–C
terminal distances of 20–35 Å and radii of gyration between 10 and
12 Å. Structured fragments begin to emerge at this concentration
and predominantly adopt a-helical conformations. At 60% TFE–
water (top row, third column), the surface displays multiple minima
with terminal distances ranging from 15 Å to 30 Å. At 80% TFE–
water (top row, far right), the landscape becomes dominated by
compact conformations. A prominent minimum occurs at N–C
distances below 10 Å and approximately 9 Å in Rg, corresponding to
a stabilized type of helix–turn–helix structure. As TFE concentration
increases, the ensemble progressively enriches in compact, a-
helical states.

Fig. 3 shows a clear concentration-dependent shift in TFE–
water mixtures from disordered and extended conformations
toward compact states with stabilized a-helical architecture.

3.1.2 Glycerol–water mixtures. Compaction and structural
heterogeneity. Fig. 3 reveals a distinct progression in glycerol–
water mixtures. At 20% glycerol–water (bottom left), the low-
energy conformations shift toward more compact states relative
to 20% TFE–water, with radii of gyration between 8 and 11 Å
and N–C terminal distances between 20 and 35 Å. Both
extended and compact conformations coexist within the ener-
getically favorable ensemble. At 40% glycerol–water (bottom
row, second column), the landscape shows minima similar in
overall dimensions to those in TFE; however, an additional
compact minimum appears with an N–C terminal distance

Fig. 2 System setup from the unit box to the full assembly and subsequent molecular dynamics simulations. Glycerol-based systems were constructed
following the same workflow.
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below 10 Å and a radius of gyration near 8 Å. This structure
contains a well-defined a-helical segment. At the same time, b-
sheet-like conformations become favorable at N–C distances
near 30 Å, indicating increased structural heterogeneity. At 60%
glycerol–water (bottom row, third column), the energy land-
scape becomes dominated by a single compact minimum
characterized by an N–C terminal distance of approximately
5 Å and a radius of gyration near 8 Å. This conformation
resembles the compact state observed at 40% glycerol and
involves partial encapsulation of the peptide by glycerol mole-
cules. At 80% glycerol–water (bottom row, far right), compact
conformations remain energetically favorable. However, the
radii of gyration are slightly larger than those in TFE–water at
the same concentration, and the ensemble retains structural
heterogeneity with mixed secondary-structure features.

Overall, Fig. 3 shows that increasing glycerol concentration
promotes peptide compaction and partial encapsulation, but
does not produce the same progressive stabilization of uniform
a-helical motifs observed in TFE.

3.2 Effect of the cosolvent on structure and interactions

3.2.1 Solvation differences govern secondary structure for-
mation. In TFE–water mixtures, helicity increases systemati-
cally with increasing TFE content, consistent with the known

helix-stabilizing effect of TFE.16 This behavior is consistent
with reduced backbone hydration and enhanced intra-
molecular hydrogen bonding. In glycerol–water mixtures, an
increase in helical content is also observed with increasing
glycerol concentration; however, the resulting conformational
ensembles differ substantially (Fig. 3). TFE-rich environments
favor helix–turn–helix motifs indicative of cooperative helix
stabilization, whereas glycerol promotes helical segments pri-
marily in the central region of the chain, accompanied by a
significant population of b-sheet-like structures.

In general, as the concentration of cosolvent increases,
creating a more dehydrating environment, the helicity of the
conformational assemblies increases. This trend aligns with
observations previously reported for P1LEA-22 under condi-
tions of increasing salinity.31 The helicity contribution per
residue and the flexibility of the backbone were calculated for
each composition of cosolvent (Fig. 4). Across both cosolvents
and all concentrations, the terminal residues and their immedi-
ate neighbors exhibited high flexibility and low helicity. A
distinct pattern emerged in the middle of the sequence, where
residue 11 showed high flexibility while its helicity increased in
proportion to the cosolvent ratio. Furthermore, while helicity
generally increased with cosolvent concentration, the trends
differed between mixtures: in the TFE–water system, higher

Fig. 3 Free-energy surfaces of the peptide projected onto the radius of gyration (Rg) and the N–C terminal distance for TFE–water (top row) and
glycerol–water (bottom row) mixtures at increasing cosolvent concentrations (20%, 40%, 60%, and 80%). Color contours represent DG (kcal mol�1) using
a common energy scale across all panels.
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ratios promoted helicity in specific residues (Fig. 4, bottom). In
contrast, the glycerol–water mixture at 60% cosolvent showed a
different set of residues contributing to the overall helicity
(Fig. 4 top). Peptide conformational assembly is highly sensitive
to both cosolvent concentration and chemical identity.

3.2.2 Solvation patterns and residue-specific interactions
depend on cosolvent identity. To quantify differences in solva-
tion, the average number of water oxygen atoms within 2.8 Å of
each residue and cosolvent oxygen atoms (from TFE or glycerol)
was calculated for the 80% TFE–water and 80% glycerol–water
systems. Additionally, the average number of fluorine atoms
(TFE) and carbon atoms (glycerol) within 5 Å of each residue
was determined (Fig. 5). We observe that charged residues are
surrounded by a larger number of water oxygen atoms in the
TFE–water mixture, whereas direct interactions with TFE oxy-
gen atoms are minimal. In glycerol–water, comparable num-
bers of oxygen atoms from both water and glycerol are observed
around the peptide, indicating competition between glycerol
and water for polar interactions. In addition, the hydrophobic
moiety of TFE, represented by fluorine atoms, exhibits more
extensive interactions with peptide residues than the carbon
atoms of glycerol. Together, these results indicate that TFE is

preferentially excluded from polar solvation sites and instead
associates through hydrophobic interactions, whereas glycerol
directly reshapes the local hydration shell by replacing water
around charged residues.

To quantify electrostatic interactions, the distance between
O–N atoms of charged residues pairs was calculated for each
cosolvent and its ratio. In the TFE–water systems (Fig. 6 top),
increasing TFE concentration leads to decrease the distance
between the charged couple residues. Importantly, the distances
between four characteristic couples of charged residues were
identified to be close enough to attribute an electrostatic inter-
action: ASP3–LYS6, GLU11–LYS8, ASP14–LYS17, and GLU22–
LYS19. Notably, these interactions occur in regions that retain
helical secondary structure, predominantly near the chain ter-
mini. The separation between interacting residues is approxi-
mately three amino acids, consistent with the 3.6-residue
periodicity of an a-helix. These observations suggest that increas-
ing TFE concentration enhances electrostatic interactions that
contribute to the stabilization of terminal helical segments in
the P1LEA-22 peptide.

In glycerol–water, the distance between charged residues are
close in the couples ASP3–LYS6, ASP14–LYS17, and GLU22–
LYS19 (Fig. 6 bottom). These interactions also occur near the
termini; however, no clear correlation is observed between the
couples of residues and regions of high helical content. Impor-
tantly, the identities of the dominant electrostatic interaction
largely overlap with those found in TFE–water, suggesting that
their formation is primarily driven by reduced water availability
rather than by helix stabilization itself.

Collectively, these findings indicate that while both cosolvents
enhance electrostatic interactions under limited water availability,
only TFE effectively couples these interactions to cooperative
helix stabilization. To support this mechanism, we evaluated the
free-energy landscape projected in LYS6-ASP3 donor–acceptor
distances at low and high cosolvent concentrations. At 20%

Fig. 4 Helicity and backbone flexibility across the peptide sequence at
different solvent compositions. Residue-resolved helicity (color map) and
RMSF (marker size) as a function of solvent composition.

Fig. 5 Solvent coordination for each residue in 80% TFE–water and 80%
glycerol–water mixtures. The three panels show cosolvent oxygen inter-
actions, water oxygen interactions, and hydrophobic contacts from TFE
fluorine and glycerol carbon atoms. Bars represent average coordination
numbers with standard deviation.

Fig. 6 Average distance between nitrogen and oxygen atoms of the
charged residues couples at different cosolvent concentration.
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cosolvent, the donor acceptor distances remain fluctuating within
a non-structured state. At 80% concentration, both landscapes
present minimums at short distances, dO–N around 4–6 Å), and
low helicity, suggesting that desolvation drives the electrostatic
interactions independently of folding. Furthermore, the land-
scapes clarify the behavior observed under limited water condi-
tions where in glycerol the peptide presents low helical content
while maintaining short distances. In contrast, 80% TFE land-
scape exhibits a continuous low energy pathway connecting short
donor–acceptor distances with highly helical conformations, indi-
cating that electrostatic interactions and helix formation are more
strongly coupled in TFE-rich environments.

4 Discussion

Our results demonstrate that solvent identity and concen-
tration profoundly reshape the conformational landscape of
the model peptide through distinct solvation mechanisms. The
interactions between water, TFE, and glycerol modulate both
global structural descriptors—such as N–C terminal distance
and radius of gyration—and residue-level solvation patterns
that ultimately determine secondary structure formation. This
is consistent with the known behavior of disordered model
peptides, which undergo significant structural transitions and
gain secondary structure in response to changes in hydration
and solvent type to mimic dehydration.15

At low cosolvent concentration (20%), both TFE and glycerol
maintain the peptide in largely disordered and relatively
extended conformations. Charged residues remain predomi-
nantly hydrated by water, indicating that neither cosolvent
significantly perturbs backbone hydration or electrostatic
screening at this concentration. Consequently, secondary struc-
ture formation remains limited, and the conformational
ensemble resembles that observed in aqueous solution. This
behavior is consistent with previous observations that demon-
strate how moderate levels of fluorinated alcohols only weakly
perturb the conformational equilibrium of unfolded peptides
before preferential interactions become dominant at higher
concentrations.32,33

At intermediate concentration (40%), structured fragments
are stabilized. Both solvents support conformations within
similar ranges of terminal distance and radius of gyration;
however, their structural preferences diverge. Glycerol facili-
tates b-sheet-like conformations in more extended states (30 Å
terminal distance), whereas TFE promotes early a-helical
stabilization. The helix-promoting effect of TFE has been
extensively documented and is commonly attributed to prefer-
ential solvation and partial dehydrogenation of the peptide
backbone, which favors intramolecular hydrogen bonding and
shifts the helical–coil equilibrium toward the helical state.33,34

Importantly, our observed atomistic helical transitions qualita-
tively match the macroscopic structural shifts reported in
circular dichroism (CD) studies of LEA-derived model peptides
under water limitation.11,17 Notably, the 40% glycerol–water
system also populates a distinct low-energy compact state (N–C

distance o10 Å, Rg 8 Å), suggesting that glycerol can induce
substantial compaction without fully enforcing a specific sec-
ondary motif. This behavior underscores the different physico-
chemical influences of the two cosolvents.

At 60%, the divergence becomes more pronounced. Glycerol
favors a dominant compact state characterized by extensive
solvent encapsulation, consistent with excluded volume effects
and competitive hydrogen bonding that reduce backbone flex-
ibility. That is consistent with previous reports where polyols,
such as glycerol, are known to stabilize compact protein states
by shifting the equilibrium toward conformations with reduced
solvent accessible surface area through preferential exclusion
from the protein surface.35 And the structural compaction
observed at high concentration of glycerol correlates with the
conformational behavior observed experimentally for other
members of the LEA protein family.18 In contrast, TFE supports
multiple conformational states over a broader structural range.
Its amphipathic character enables selective interactions with
hydrophobic residues while allowing the retention of internal
water molecules near charged groups. Such preferential inter-
actions create a locally reduced dielectric environment that
favors intrapeptide hydrogen bonding and promotes helix
formation34,36 This balance allows TFE to promote helix for-
mation without complete solvent exclusion.

At high concentrations (80%), both cosolvents dominate the
peptide solvation shell; however, their structural outcomes
remain distinct. TFE induces compact conformations with
cooperative helix–turn–helix motifs and enhanced stabilization
of electrostatic interactions. The preservation of partial hydra-
tion around charged residues suggests reduced dielectric
screening combined with strengthened intramolecular electro-
static interactions, which can further stabilize helical confor-
mations in fluorinated alcohol environment.33 In contrast,
glycerol produces compact yet structurally heterogeneous
ensembles, characterized by reduced water availability around
charged residues and a broader distribution of secondary
structures. Transition towards more ordered states have been
observed in LEA proteins, where the loss of water acts as
primary driver for reducing the conformational space and
stabilizing specific structural motifs.3

The solvation analysis provides mechanistic insight into
these differences. TFE is preferentially excluded from polar
solvation sites and interacts primarily through hydrophobic
association, thereby promoting backbone hydrogen bonding
and coupling electrostatic interactions to helix stabilization.
Glycerol, in contrast, competes directly with water in the first
solvation shell and exerts a more global compaction effect
through steric restriction and hydrogen bond redistribution
rather than helix-specific stabilization. Such behavior is con-
sistent with the general mechanism of polyol-induced protein
stabilization through preferential hydration and the entropic
crowding effect.35

Overall, the folding behavior of the model peptide is highly
solvent dependent. TFE drives cooperative helix stabilization
through a combination of preferential exclusion, hydrophobic
association, and enhanced intrahelical electrostatics. Glycerol
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promotes compaction via competitive solvation and excluded
volume effects but does not couple electrostatic interactions to
a specific secondary structure. These findings highlight how
different cosolvent properties can differentially modulate pep-
tide conformational landscapes, providing molecular-level
insight into solvent-induced folding mechanisms.

Direct experimental structural characterization of P1LEA-22
under the exact mixture ratios studied here is currently unavail-
able. Therefore, although our simulations reproduce trends
consistent with experimental observations for LEA peptides
under reduced water availability, the lack of direct structural
validation remains a limitation of the present study. Future
targeted experiments will be valuable to further test the struc-
tural assignments proposed here.

The simulations reported here rely on non-polarizable clas-
sical force fields, which approximate weakly polar intra-peptide
and intermolecular noncovalent interactions through fixed
partial charges and Lennard-Jones parameters. Therefore, elec-
tronic polarizability, charge redistribution, and quantum-
mechanical contributions to dispersion are not treated expli-
citly. These approximations may affect the quantitative descrip-
tion of dense mixed-solvent environments. Nevertheless, the
use of classical molecular dynamics enables extensive sampling
of peptide conformational ensembles over microsecond time-
scales, allowing us to compare relative solvent-dependent
trends across the same simulation framework.

5 Conclusion

This study demonstrates that the conformational landscape of the
P1LEA-22 model peptide is highly sensitive to the physicochemical
properties of the surrounding medium. Using Gaussian Acceler-
ated Molecular Dynamics (GaMD), we provide an atomistic
description of how TFE and glycerol, although both mimic
dehydration, drive peptide folding through distinct mechanisms.

TFE acts as a strong helix-inducing cosolvent and nano-
crowding agent. At high concentrations (80%), it stabilizes a
well-defined helix–turn–helix motif, accompanied by increased
frequency of intrahelical electrostatic interactions such as
GLU11–LYS8 and GLU22–LYS19. These results indicate that
TFE promotes cooperative helix stabilization by enhancing
intramolecular electrostatic interactions while associating with
hydrophobic regions of the peptide.

In contrast, glycerol competes directly with charged residues
for hydrogen bonding and induces compaction without enfor-
cing a single dominant secondary structure. The resulting
ensemble includes localized helices and b-sheet-like conforma-
tions, reflecting a distinct mechanism driven by competitive
solvation and excluded volume effects. Importantly, electro-
static interactions in both media primarily arise from reduced
water availability rather than being solely a consequence of
helix formation.

Together, these findings provide molecular-level insight into
how solvent-specific interactions regulate structural transitions
in Group-3 LEA proteins. The different mechanisms uncovered

here help explain how these intrinsically disordered proteins
adapt to extreme dehydration while preserving structural and
functional integrity.
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ple template for the generation of unit box, providing the Packmol
script and necessary PDB files. PILEA-22/COSOLVENT/XX_percen-
tage: Contains the topology files (sis.parm7), initial coordinates
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20 I. Pérez-Trejo and L. Dominguez, J. Mol. Model., 2023,
29, 198.
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