
Solvent-Induced α- to 310-Helix Transition of an Amphiphilic Peptide
Ricky B. Nellas,†,‡ Quentin R. Johnson,‡,§ and Tongye Shen*,†,‡

†Department of Biochemistry and Cellular and Molecular Biology, The University of Tennessee, Knoxville, Tennessee 37996, United
States
‡The University of Tennessee-Oak Ridge National Laboratory Center for Molecular Biophysics, Oak Ridge National Laboratory, Oak
Ridge, Tennessee 37830, United States
§The University of Tennessee-Oak Ridge National Laboratory Graduate School of Genome Science and Technology, The University
of Tennessee, Knoxville, Tennessee 37996, United States

*S Supporting Information

ABSTRACT: The amphiphilic peptide of the triacylglycerol
lipase derived from Pseudomonas aeruginosa plays a critical role
in guarding the gate for ligand access. Conformations of this
peptide at several water−oil interfaces and in protein
environments were compared using atomistic simulations
with explicit solvents. In oil-containing solvents, this peptide is
able to retain a folded structure. Interestingly, when the
peptide is immersed in a low-polarity solvent environment, it
exhibits a “coalesced” helix structure, which has both α- and 310-helix components. The observation that the 310-helical
conformation is populated in a highly nonpolar environment is consistent with a previous report on polymethylalanine. Frequent
interconversions of the secondary structure (between α-helix and 310-helix) of the peptide are also observed. We further studied
how this solvent-induced structural transition may be connected to the trigger mechanism of lipase gating and how the lipase
senses the hydrophobic−hydrophilic interface.

Amphiphilic (also known as amphipathic) peptides are
surprisingly abundant in nature’s design of biomole-

cules.1,2 Although hidden from the plain view of sequence
information, a distinct helix containing a hydrophilic face and a
hydrophobic face is revealed when the peptide is properly
folded.1,3−5 Because of this unique amphiphilic pattern, these
peptides can act as a barrier between polar and nonpolar
components of a protein and can also have unique roles for
proteins that function at interfaces.1 In fact, several important
peptides, from hormones to cytolytic toxins to neuro-
transmitters, are amphiphiles.1,6,7 Also, many of the amphiphilic
helices are the critical components of proteins,1 from lung
surfactant protein (water−air interface)8,9 to channel proteins
(multihelix packing)10,11 to antifreeze proteins (ice structur-
ing).12,13

Canonical helices such as 310-, α-, and π-helices are stabilized
by backbone hydrogen bonding between the carbonyl group
(CO) of residue i and the amine group (N−H) of
downstream residues i + 3, i + 4, and i + 5, respectively.14,15

A typical α-helix has 3.6 residues per turn (100° rotation per
residue) and a 5.4 Å pitch (1.5 Å per residue). The sequence
information of an α-helix can be displayed in an extended wheel
diagram, as shown in Figure 1a. Each complete layer of the
wheel has 18 residues. The N-terminus belongs to the
innermost layer. In contrast, a 310-helix has three residues per
turn (120° rotation per residue) and a longer pitch of 5.8−6 Å
(2 Å per residue).16 Thus, a 310-helix displayed in an extended
wheel diagram has three residues per layer. Other noncanonical

helix structures have also been suggested, such as the 11-mer
repeat α11/3-helix.17,18

Because the H-bonding of an α-helix needs five residues for
initiation, extremely short segments are more likely to be found
in the 310-helical conformation while longer helical structures
are assumed to be predominantly α-helical.19 Of the peptides
that are known to adopt a helical conformation, 10% are 310-
helical.20,21 A pioneering study of the interconversion between
the α- and 310-helix using a capped decamer of α-methylalanine
(a nonproteinogenic amino acid) examined the thermody-
namics of these two conformations in vacuum and in explicit
solvents such as water, acetonitrile, and dichloromethane.22 In
the crystal structures of artificial peptides that contain
nonproteinogenic amino acids α-monoalkyl and α,α-dialkyl,
both α- and 310-helices are commonly observed.22 In a
crystallographic examination, a section of the apo form of
lactate dehydrogenase exhibits an α-helical conformation.23

Upon binding to lactate and nicotinamide adenine dinucleotide
(NAD), it forms a “coalesced” helix: a part of it becomes a 310-
helix, and the rest remains α-helical.23 Also, the emergence of a
molten helix has been observed in the open to closed
transformation of aspartate aminotransferase.24

The general preference of α- versus 310-helix as well as the
dynamics of the transition between these two states are still not
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well understood, especially in the context of a naturally
occurring amphiphilic helix. Crystallographic data suggest that
peptide length and capping residues influence the resulting
conformation of the helix in general.25−28 Overall, longer
peptides can manifest a mixture of α- and 310-helical
conformations, while short peptides may favor the 310-helix.

29

There is a critical length of the peptide indicating the shift of
the preference. On the basis of extensive oligo-α-methylalanine
studies, the critical length at which α- and 310-helical
conformers have nearly equal potential energy can be
computed. The results are slightly dependent on force field,
which give critical lengths of 12, 8, and <7 amino acids for the
parameters of AMBER all-atom,30 AMBER united-atom,31 and
OPLS force fields,32 respectively.
Previous experimental16,33,34 and computational22 studies

demonstrated that the polarity of the solvent can affect the
preferred conformation, α- or 310-helix. For poly-α-methyl-
alanine, changing the solvent from dichloromethane to water
increases the chance to form α-helix over 310-helix.

22 In
addition, decamethylalanine in water or deuterated dimethyl
sulfoxide favors α-helix over 310-helix, while in a nonpolar
environment such as dichloromethane or deuterated chloro-
form, the 310-helical conformation is more stable.35 There is a
consensus that, for these simple artificial peptides, α-helix
dominates in a polar environment while 310-helix can be more
populated in anhydrous solvents.22,26,27,33,35 Still, few studies of
how complex solvent environments (including low-polarity

solvents and interfaces) affect the conformations of a natural
peptide that is amphiphilic in nature have been reported.

■ SYSTEMS AND METHOD

In this study, atomistic simulations were performed on
amphiphilic peptides from Pseudomonas aeruginosa lipase
PAO1 and from human apolipoprotein in various explicit
solvents and interfacial systems. The initial conformation of the
26-residue peptide was obtained from a lipase PAO1 [Protein
Data Bank (PDB) entry 1EX9, residues 124−149, GSAGE
AVLSG LVNSL GALIS FLSSG S].36 We also examined a 26-
residue peptide from a human apolipoprotein (PDB entry
1AV1, residues 90−115, LEEVK AKVQP YLDDF QKKWQ
EEMEL Y)37 for comparison. The AMBER 99sb force field was
used for the peptide.38 The TIP3P model39 was used for the
parameter of water, while hexane and benzene were para-
metrized using the antechamber module of AMBER 10.40 A
sodium ion was added to neutralize each α5 system.
Various systems were created by solvating the 26-residue α5

peptide of PAO1 (hereafter termed “A”) in water (A100W), in
a minute amount of hexane in water (A5H), at a planar
hexane−water interface (A50H), in a minute amount of water
in hexane (A95H), and in hexane (A100H). The initial
solvation procedure using multiple solvents is similar to that of
ref 41. A complete list of the systems investigated is shown in
Table S1 of the Supporting Information. Representative
snapshots of the initial and evolved configurations of interfacial
systems (A5H, A50H, and A95H) are shown in Figure S1 of

Figure 1. (a) α-Helical and (b) 310-helical wheel representations of the 26-residue peptide from Pseudomonas aeruginosa lipase. For the α-helical
wheel, each layer of the wheel has 18 residues. For the 310-helical wheel, each layer has three residues with the first few residues labeled. This
visualization shows that this naturally occurring peptide has an amphiphilic character, wherein the hydrophilic residues (green) are on one side of the
wheel and the hydrophobic residues (orange) are on the other side of the wheel. (c) Representative snapshot of the 26-residue peptide exhibiting
both α-helical (i−i + 4) and 310-helical (i−i + 3) conformations. Circles in the ribbon represent Cα atoms.
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the Supporting Information. The setups for the 26-residue
peptide from the human apolipoprotein in water (L100W) and
in hexane (L100H) were performed in a manner similar to that
of peptide α5.
Minimization, heating, NPT (p = 1 bar) equilibration, and

production runs were performed using the sander module of
AMBER 10.40 All simulation production runs were performed
at 300 K and a constant volume (NVT ensemble). The
temperature was regulated using the Langevin thermostat. The
long-range interactions were treated using the particle mesh
Ewald method. A nonbonded cutoff of 8 Å and a time step of 2
fs are used. Frames are collected at 1 ps intervals. Data collected
from the 50 ns equilibration run were discarded, and statistical
analyses were performed on the last 150 ns of the simulations.
Additionally, data about the conformations of the peptide

section from the previous simulation of the whole 285-residue
enzyme41 (hereafter termed “E”) will be used for comparison.
As an example, the notation “E100H” refers to the system of
the enzyme (E) placed in pure hexane (100H).

■ RESULTS AND DISCUSSION
We will discuss below how complex solvent interfaces
perturbed the structural integrity of peptide α5 of P. aeruginosa
lipase. To the best of our knowledge, this is a first report of the
solvent-induced conformational switch of a functional and
naturally occurring amphiphilic peptide.
A Coalesced Helical Structure. We first report the

coexistence of the α- and 310-helical conformers in peptide α5.
As shown in Figure 1a (the helical wheel representation4), this
26-residue peptide has an amphiphilic characteristic when it is
folded as an α-helix. The corresponding 310-helical arrangement
is depicted in Figure 1b. One of the three branches is mainly
hydrophobic. Another one is mainly hydrophilic, while the third
branch contains all the glycine residues. One can also show the
amphiphilicity in the noncanonical 11-mer repeat helix.17

To quantify the secondary structure of this helical peptide,
we monitored the formation of backbone H-bonds, as
illustrated in Figure 1c. Here, two approaches were used to
determine whether an H-bond is formed for a particular
configuration. Using a set of geometric criteria, an H-bond is
formed when the distance (rO···H) between the carbonyl oxygen
of residue i and the amide hydrogen of residue i + 4 (or i + 3) is
≤3.5 Å, and the angle (θN−H···O) is between 120° and 180°. An
alternative (energetic) criterion implemented in the DSSP
algorithm42 deems an H-bond formed when energy E between
the CO group of residue i and the N−H group of i + 4 or i +
3 is lower than −0.5 kcal/mol. Here E is 27.888 × (1/rON + 1/
rCH − 1/rOH − 1/rCN) kcal Å mol−1. H-Bond formation is
calculated every picosecond, and the mean value over the 150
ns of data is reported here. Some of the hydrogen bonds are
clearly bifurcated15,43 (the CO group of residue i
simultaneously forms H-bonds with the N−H groups of both
i + 3 and i + 4).
As shown in panels a and c of Figure 2, the percentage of α-

helical backbone H-bonds in hexane (A100H) decreases
gradually from the N- to C-terminus, but unfolding was not
observed from visual inspection. To resolve the apparent
conflicting information between the loss of backbone i−i + 4
H-bonding and structural integrity, we examined possible i−i +
3 backbone H-bonds. As shown in panels b and d of Figure 2,
the propensity of 310-helix indeed increases from the N- to C-
terminus. Although it seems that the energetic criterion is more
stringent than the geometric criterion, both give a consistent

trend. Most of our results were reported from the geometric
criterion, but the use of the energetic criterion does not change
the findings.
We further studied the dynamics of backbone H-bond

formation. H-Bonding using the geometric criterion was
calculated, and the mean value from a running nanosecond
window is presented here. The time evolution of the H-bond
(shown in Figure 2e) demonstrates that the peptide contains
both α- and 310-helical conformations. While the total number

Figure 2. Percentages of backbone H-bonds formed between residues
i (CO) and i + 4 (NH) of the α-helical conformation and i (CO) and i
+ 3 (NH) of the 310-helical conformation in A100H. (a and b) For the
geometric criterion, an H-bond is formed when the distance (rO···H)
between the carbonyl oxygen of residue i and the amide hydrogen of
residue i + 4 (or i + 3) is ≤3.5 Å, and the carbonyl oxygen of residue i
and the amide NH group of residue i + 4 (or i + 3) forms an angle
(θN−H···O) of around 120−180°. (c and d) H-Bonding using the DSSP
energetic criterion. H-Bond formation is calculated every picosecond
and averaged over 150 ns of simulation data. (e) Time evolution of the
total number of H-bonds formed (α- and 310-helical conformations) in
the peptide for A100H. H-Bond formation is calculated every
picosecond, and the mean value from a nanosecond window is
presented here.
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of backbone H-bonds is conserved approximately, there is a
switch between the dominant type of H-bonds on the order of
tens of nanoseconds. Because the secondary structural elements
of the peptides interconvert between α- and 310-helical
conformations, we further examined this switch at a more
site-resolved resolution. We performed a similar analysis of the
dynamics of backbone H-bond formation by obtaining separate
statistics for the N- and C-terminal halves of the peptide
(Figure S2 of the Supporting Information). Interestingly, when
the N-terminal half is largely α-helical, the C-terminal half is
310-helical and vice versa. On average, the N-terminus is rich in
α-helical conformers while the C-terminus is mostly 310-helical.
The existence of this dynamic switch at the level of secondary
structure can be corroborated by the dynamics of the root-
mean-square deviations (rmsds) from the initial α-helical
structure (Figure S3 of the Supporting Information). The
dynamic fluctuation of the rmsd strongly correlates with the
dynamics of hydrogen bonding. As a supplement to the
dynamic H-bonding analysis, it seems that the rmsd values of
<4 Å pertain to the α-helix-rich structure while values of >4 Å
suggest a conformation rich in 310-helical secondary structures.
Besides hydrogen bonding and rmsd, the Ramachandran plot

(backbone torsional angles ϕ and ψ) is often used to
characterize secondary structure. The coalesced helical
structure of A100H is also evident from the Ramachandran
plots shown in Figure 3. Though both are at helical regions, the
locations of the free energy minima in A50H (−65°, −40°) and
A100H (−60°, −25°) are dramatically different. An important
ϕ−ψ signature that distinguishes different helical structures is
the value of ϕ + ψ. The population of typical α-helical
structures peaks around ϕ + ψ = −104°, while 310-helix gives a
value of −75°.44 Here, A50H gives ϕ + ψ = −105°, which is
consistent with the typical value of the α-helix, while A100H
gives a value of −85°, which is between the limits of α and 310-
helices. Thus, the population for the A100H system is shifted to
the top right, which signals an enhanced sampling of the 310-
helical conformation. Using these complementary analyses, our
result clearly shows a “coalesced” helix with subregions of
different types of helices that interconvert.
Conformations of Amphiphilic Peptides in Complex

Solvent Milieus. Besides the study of the conformations of α5
in hexane, which is reported in the previous subsection, we also
studied α5 at different hydrophobic−hydrophilic interfaces.
When the α5 peptide is in a significantly nonpolar environment
(A100H, A95H, or A50H), α5 has an α-helical structure, as
shown in Figure 4a−c (using the geometric criterion) and
Figure 3. Meanwhile, the end-to-end distance (the distance
between the backbone nitrogen on both ends, 1N−26N) shows
little fluctuation. As shown in Figure 5, the mean end-to-end

distance is ∼42 Å for A100H and ∼37 Å for A50H. A much
shorter mean end-to-end distance of A95H (∼8 Å) is caused by
a predominant helix−turn−helix conformation. As indicated in
Figure 4b, there is a break in the helix around the midsection.
By visual inspection, it was observed that water molecules
clamp the middle of the peptide, around position 14 (Ser137),
which is a hydrophilic residue located at the center of the
hydrophobic face.
On the other hand, when the α5 peptide is in a significantly

polar environment (A5H and A100W), it is a disordered
peptide with a diverse set of ϕ and ψ values (Figure 3). Under
this polar condition, most of its residues do not participate in

Figure 3. Free energy profiles of Ramachandran space for (a) A100W, (b) A5H, (c) A50H, (d) A95H, and (e) A100H at 300 K. The Ramachandran
plots of all the residues of the peptide (except the ones at the termini) were used to construct each profile. The contour lines are 0.1 (black), 0.5
(red), 1.0 and 2.0 (orange), 3.0 (green), 4.0 and 5.0 (cyan), and 6.8 (blue) kcal/mol above the corresponding global minimum.

Figure 4. Percentage of backbone H-bonds made between residues i
(CO) and i + 4 (NH) constituting the α-helical conformation in
various solvent milieus. In all systems, H-bond formation (geometric
criterion) is calculated every picosecond. Mean values are obtained
from 50 ns of data in E100H and E100W (previous study41) and 150
ns of data in other systems.

Figure 5. Distribution of the end-to-end distances between the
backbone nitrogen on both ends (1N−26N) of 26-residue peptide α5
under different solvent conditions.
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backbone H-bonding (Figure 4d,e), and its structure is highly
perturbed with a broad end-to-end distance distribution
spanning ∼5−40 Å. This shows that the presence of water
molecules plays an important role in the conformational
exploration of peptides.45,46 The α-helix disruption in this
system can be attributed to the presence of a stronger
intermolecular (peptide−water) rather than intramolecular
(intrapeptide) interaction.
So far, we have found that the amphiphilic peptide, α5 of

lipase PAO1, is stable in pure hexane and at a planar hexane−
water interface but not in pure water. It is important to see how
general this conclusion is. Besides peptide α5 of PAO1, we also
studied peptide α5 of an extremophilic strain of P. aeruginosa
(PAL-LST03),47,48 Am100H, which has only one different
residue, V130I. Not surprisingly, the change from valine to
isoleucine did not change the nature of the helical
conformation reported so far. However, not all amphiphilic
helices share the stability of α5 in anhydrous solvents. Our
results for L100H indicate that, unlike α5, the selected peptide
from the human apolipoprotein mostly unfolds in pure hexane.
However, sections of the peptide, residues 3−6 (α-helix) and
13−20 (310-helix), still display a strong secondary structure,
while all the amphiphilic peptides examined in this study are
stable at a planar water−oil interface. Generally, the
amphiphilic peptides examined here are unfolded in water.
Interestingly, residues 3−6 and 9−12 of the human
apolipoprotein participate in α-helix formation, while residues
16−19 are 310-helical in water. This indicates that the peptide
composition and sequence (side chain identity) may be crucial.
Also, it seems that the presence of both α-helical and 310-helical
conformations is ubiquitous in proteinogenic amphiphilic
peptides. Note that the examined section of the apolipoprotein
has a higher percentage of hydrophilic residues than that of α5.
Interfacial Water. To understand the role of interfacial

water on the conformations of the peptide, we applied a solvent
mapping procedure to locate the peptide hydration sites, a
region around the peptide where water molecules preferentially
reside.49 For the systems that remain α-helical, we can further
express the density of water in terms of cylindrical coordinates
(d, ϕ, z) using an ideal α-helical reference state (created by the
LEAP program), where d is the radial coordinate, ϕ is the
azimuth, and h is the height. We set the coordinates by aligning
the direction of the ideal helix as the cylindrical axis z ̂ and set
the Cα atom of the first residue, Gly, at the direction of azimuth
ϕ = 0. After the integration along z, we obtain the water density
ρ(ϕ,d). We applied this analysis to the A50H system. This
integration procedure is appropriate only if the peptide is not
dramatically different from that of the ideal helix reference.
Generally, we can always express the water density in three-
dimensional Cartesian coordinates.
Water densities surrounding peptide α5 in A5H, A50H, and

A95H systems are shown in Figure 6. For A5H, the presence of
water molecules in most regions of the peptide results in a
lower backbone α-helical H-bond formation and an enhanced
conformational exploration (Figure 3b) of the peptide as
compared to that of A50H. For A95H, only the termini and
midsection of the peptide are highly hydrated, which leads to
broken midbackbone and terminal backbone H-bonds and thus
favors a helix−turn−helix conformation. This preferential
hydration in A95H gives rise to a reduction of the
conformational exploration of the peptide (Figure 3b) and
the retention of many of its backbone H-bonds (Figure 4b).

For A50H, the α-helical peptide stays at an almost planar
interface. As shown by ρ(ϕ,d) in Figure 6d, the region (−160°
< ϕ < 60°) has a low water density. This is the region where the
hydrophobic residues are located, as shown in the wheel
diagram (Figure 1a). This solvent structure in the A50H system
thus stabilizes this amphiphilic peptide, which has limited
conformational exploration (Figure 3c) and a high level of α-
helical H-bonding (Figure 4c).

Solvent Specificity. Previous evidence shows the activity
preference in the pairing of specific lipases and organic solvent
types (aromatic vs aliphatic).50,51 For example, the activity of
PAL-LST0350 monotonously increases with the methyl:phenyl
ratio (from benzene to toluene to p-xylene), while Acinetobacter
baylyi51 shows the opposite trend. Motivated by these reports,
we also examined the specificity of the anhydrous solvents on
the conformations of peptide α5. By monitoring the percentage
of backbone H-bonds (α and 310 type) of peptide α5 in hexane
(A100H) and benzene (A100B), we compared the helical
propensity in aliphatic and aromatic solvents. While the peptide
in hexane exhibits both α- and 310-helical conformations, the
peptide in benzene is mostly α-helical, as indicated by H-
bonding (Figure 4f). The end-to-end distance results also
confirmed that the peptide in hexane is more elongated than
when it is in benzene, with mean distances of ∼42 and 35 Å
(Figure 5), respectively. Additional studies of peptide α5 at
water−hexane (A50H) and water−benzene (A50B) interfaces
showed both are rich in α-helical conformers. The terminal H-
bonds are broken in A50H and remain intact in A50B (Figure
4c).
Here we did not observe the transition from the initial α-

helical conformation to a 310-helix-rich conformation for
A100B; rather, α-helix shows strong stability. It is possible
that there is a kinetic factor that makes benzene a strong
immobilizing medium. The viscosity of benzene (0.59 cP) is
higher than that of hexane (0.29 cP).52 The potential transition

Figure 6. Water densities surrounding peptide α5 in the A5H, A50H,
and A95H systems (a−c, respectively) displayed as iso-density
contours. For each system, the structure of the peptide at the end
of a 200 ns simulation was used as the reference state in calculating the
water density around the peptide. (d) Density of water molecules of
A50H expressed in the cylindrical coordinates, ρ(ϕ,d). The color
orange indicates a high density of water.
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from the initial α-helix to 310-helix-rich structure may still occur,
but in a longer time than the submicrosecond time scale
reported here. The absence of 310-helix in benzene may also
have an equilibrium factor: the larger relative polarity of
benzene (0.111) compared to that of hexane (0.009).53 At the
atomistic level, carbon and hydrogen atoms of benzene have
larger absolute partial charges than their hexane counterparts.
Enzyme environment. Finally, we report the structure of

the α5 section of the lipase from the previous whole protein
simulations (100 ns).41 As shown in Figure 4, regardless of
solvent conditions, the backbone H-bonds tend to be more
stable when the peptide is a part of the enzyme than the stand-
alone peptide. A localization of the ends and a decrease of
solvent exposure due to the presence of the rest of the lipase
may contribute to the enhanced stability. The α5 section of the
enzyme exhibits the coexistence of α- and 310-helix for all four
solvent conditions. Here, the calculated mean number, N of i-i
+ 4 (i-i + 3) H-bond values are N(E100W) = 11.5 (5.3),
N(E5H) = 12.8 (4.9), N(E95H) = 16.0 (6.0), and N(E100H)
= 13.7 (6.4).
It is interesting to speculate the importance of the

coexistence of α- and 310-helical structural elements to the
function of the lipase gating. One possibility is that the
transition from α- to 310-helix is the environmental sensing or
trigger mechanism of gate opening. Another possibility is that
the α-helix and 310-helix are stable and predominant under
different solvent conditions and thus enhance the overall
stability of the folded helical conformation. We performed
further analysis to examine whether there is any simple
correlation between the level of gate opening measured by
gorge radius41 and the conformation of α5 in four solvent
environments: E100W, E5H, E95H, and E100H. The mean
gorge radius values are as follows: r(E100W) = 0.7 Å, r(E5H) =
1.4 Å, r(E95H) = 2.3 Å, and r(E100H) = 1.3 Å. Thus, it seems
that gate opening is promoted when the helix (either α- or 310-
helix) is stable. Thus, a structural buffering mechanism to
stabilize the helical structure might be essential to keep the gate
open.

■ CONCLUSIONS

In summary, this work examines the solvent-induced conforma-
tional preference in a naturally occurring amphiphilic peptide
from P. aeruginosa lipase. Here we have compared the behavior
of the peptide from the perspectives of peptide chemical
identity, solvent interface composition, solvent specificity, and
enzyme environment. We found that the peptide can exhibit an
interesting transition between α- and 310-helix-rich conforma-
tions, which is consistent with previous studies of the stabilizing
effect of the 310-helical conformation by low-polarity solvents.
At water−oil interfaces, the retention or disruption of H-bonds
at a specific site is caused by the preferential distribution of
water molecules around the peptide and, essentially, the specific
interaction of the residues with water.
The peptide behaves differently when it is a part of the

enzyme. Interestingly, the α5 section of the enzyme shows
molten helix characteristics. We further discussed two possible
scenarios (gating trigger mechanism vs conformational
buffering) of how this partial 310-helix feature may be important
for lipase function. We concluded that helical interconversion is
a structural buffering act in a variety of solvent environments to
keep the access channel open.
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