Distinct and Non-additive Effects of Urea and Guanidinium Chloride on Peptide-Solvation
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Abstract

Using enhanced-sampling replica exchange fully-atomistic molecular dynamics simulations, we show that individually, urea and guanidinium
chloride (GdmCl), denature the Trpcage protein, but that remarkably, the helical segment 'NLYIQWL7 of the protein is stabilized in mixed
denaturant solutions. GdmCl induces protein denaturation via a combination of direct and indirect effects involving dehydration of the protein
and destabilization of stabilizing salt bridges. In contrast, urea denatures the protein through favorable protein-urea preferential interactions, with
peptide-specific indirect effects of urea on the water structure around the protein. In the case of the helical segment of Trpcage, urea “over-
solvates” the peptide backbone by reorganizing water molecules from the peptide side chains to the peptide backbone. An intricate non-additive
thermodynamic balance between GdmCl-induced dehydration of the peptide and the urea-induced changes in solvation structure triggers partial

counteraction to urea-denaturation and stabilization of the helix.
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Guanidinium chloride (GdmCl) and urea are two of the most com-
mon protein denaturants used in in vitro experiments, yet the molecu-
lar mechanisms behind GdmCl ' and urea''*?*~*7 denaturation re-
main a matter of debate in the literature. The thermodynamic prop-
erties of aqueous solutions of urea and GdmCl may not necessarily
be additive when mixed. For example, vapor-pressure osmometry
measurements of urea-GdmCl mixtures show the non-additivity of
the osmotic coefficients of individual urea or GdmCl solutions and
suggest favorable interactions between urea and GdmCl.*® The com-
bined effects of urea and GdmCl on proteins in mixed denaturant
conditions and the underlying molecular mechanisms through which
urea-GdmCl mixtures interact with proteins remain unclear. The non-
additivity of the denaturing effects of these two denaturants have also
been reported in MD simulation studies.*** Hydrophobic collapse
of Lysozyme,* as well as of a hydrophobic polymer,*’ has been re-
ported in mixtures of urea and GdmCl by Zhou and coworkers. It
has been reported earlier that mixtures of GdmCI and urea may po-
tentially be less efficient in denaturing Lysozyme than pure urea or
GdmCl solutions.*® Single-molecule spectroscopy experiments have
indicated increased hydrophobic interactions in cold shock protein
in urea-GdmCl mixture, although a direct collapse has not been
observed.*' In the aforementioned works by Zhou and coworkers,
this so-called cononsolvency of proteins in the mixtures of urea and
GdmCl has been explained in terms of the GdmCl-induced urea de-
pletion from protein surfaces and the crowding effects of the two
denaturants when mixed together. Using scaled particle theory,*
Graziano has proposed an alternative explanation for the cononsol-
vency where the higher densities of the urea-GdmCl solutions along
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with the deficit of the water molecules in the solvation shells of the
solutes and the cosolvents have been taken into account.* In the con-
text of the cononsolvency of proteins in mixed denaturants, we note
that the collapse of polymers in mixtures of “good” solvents has been
widely reported in the literature. 4!

In order to elucidate the molecular mechanisms behind urea
and GdmCl denaturation in pure and mixed denaturant so-
lutions, in this paper, we study two small synthetic pep-
tides, Trpcage (NLYIQWLKDGGPSSGRPPPS)** ™% and Trpzipl
(SWTWEGNKWTWK), #6456 under different denaturant conditions.
Trpcage and Trpzipl have stable and distinct native structures in
aqueous medium at 300 K temperature and the thermal stabilities of
these two peptides are comparable in terms of their melting tempera-
tures (317 K for Trpcage® and 323 K for Trpzip1 ®). The native con-
formation of Trpcage in water>® consists of an -helical segment, a
stable salt bridge between the Asp9 and the Arg16 residues, and a hy-
drophobic core formed by the packing of the Tyr3 and Trp6 residues
against the Glyll, Prol2, Prol8 and Prol9 residues (PDB entry
1L2Y). On the other hand, tryptophan zipper peptide Trpzip1l, which
has a B-hairpin structure in water, % is stabilized in aqueous medium
through “zipper”-like stacking of the indole groups of the tryptophan
residues (PDB entry 1LEQ). Denaturation of Trpcage and Trpzipl in
urea and GdmCl has been reported in the past through MD simula-
tions, 37678 a5 well as through spectroscopic measurements, 852676
However, the molecular mechanism of the denaturation, especially
in pure GdmCI solutions and mixed urea-GdmCl solutions, remain
unclear. Here in this paper, using all-atomistic enhanced-sampling
replica-exchange molecular dynamics simulations, *? we systemat-
ically study the effects of urea and GdmCl on the structure, solva-
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Figure 1: (A-C): Plotted are the distributions of the radius of gyration (Rg)
of Trpcage and the distance (9D — 16R) between the center of masses of
the COO™ and the H2NCNH;r groups of the aspartic acid and the arginine
residues respectively in Trpcage for (A) water, (B) 6 M GdmCl, and (C) 6 M
urea. (D-F): Plotted are the distributions of the radius of gyration (R4 [Helix])
of the 'INLYIQWL7 segment of Trpcage and the distance (9D — 16R) be-
tween the center of masses of the COO™ and the HgNCNH;" groups of the
aspartic acid and the arginine residues respectively in Trpcage for (D) water,
(E) 6 M GdmCl, and (F) 6 M urea.

tion thermodynamics and intra-peptide interactions of Trpcage and
Trpzipl peptides in pure and mixed denaturant conditions. Solvation
thermodynamics, in terms of the Kirkwood-Buff integrals (KBIs)>"*
and the preferential interactions (details can be found in the Support-
ing Information) of the amino acid monomers with the denaturants,
is also reported.

In Trpcage, the salt bridge formed between the aspartic acid residue
(9D) and the arginine residue (16R) significantly contributes to the
native stability of the protein. >’ To investigate the effects of GdmCl
and urea on both the 9D-16R salt bridge of Trpcage and the overall
compaction or extension of the peptide, we calculate the distributions
of the radius of gyration ([24) and the distance between the center of
masses of the COO ™~ and the HoNCNHZ groups of the 9D and the
16R residues respectively (referred to as 9D-16R distance henceforth)
in water, 6 M GdmCl and in 6 M urea solutions. The corresponding
data are shown in Figure 1(A), 1(B) and 1(C) respectively. In water,
the most probable 9D-16R distance has been found to be <0.5 nm. In
the GdmCl solution, the majority of the populations for the 9D-16R
distance has been found at values >1.0 nm. In the urea solutions,
however, the most probable 9D-16R distance is <0.5 nm. In water,
the most probable R, for the peptide is ~0.7 nm. In GdmClI, the R,
of the peptide does not increase significantly and a very high popula-
tion has been found at <0.8 nm. In contrast, the corresponding results
for the urea solutions show a much broader distribution of Ry, with
the most probable value for the R, being ~0.9 nm. In Figure S1 in
the Supporting Information, we separately plot the percentage of time
when the 9D-16R salt bridge has been identified in the trajectories ob-
tained for Trpcage in different solvent conditions. In 6 M denaturant
solutions, the salt bridge is 6 times more likely to form in the pres-
ence of urea than of GdmCI. Qualitatively similar results have been
observed for Trpzipl. The formation of the SE-12K salt bridge of Tr-
pzip1 is disfavored in the unfolded configurations and the probability
of the formation of the SE-12K salt bridge in 4 M urea is 5.4 times

higher than that in 4 M GdmCl (Figure S2 in the Supporting Informa-
tion). From the distributions of the intra-peptide hydrogen bonds for
Trpcage and Trpzipl in different solvent conditions, shown in Fig-
ures S3 and S4 in the Supporting Information respectively, it may be
argued that GdmCl and urea (at equal concentrations) have similar ef-
fects in reducing the number of the intra-peptide hydrogen bonds. A
picture hence emerges in which GdmCl destabilizes the salt bridges
and promotes compact yet denatured structures of the peptides, while
urea is seen to be significantly less effective than GdmCl at destabi-
lizing the salt bridges, yet it induces extended denatured structures.
Qualitatively, similar results can be found when we calculate the dis-
tribution of the R, of the helical segment (*NLYIQWL) of Trpcage
with the 9D-16R distance (Figure 1D-F) in water, 6 M GdmCl and in
6 M urea solutions.

Interestingly, in the mixed denaturant conditions, we find that the
helical segment (*NLYIQWL?) of Trpcage significantly retains its
native structure. In Figure 2 we show the distributions of the root-
mean-squared-displacement (rmsd, dnoted by rmsd[Heliz]) of the
backbone atoms (N — C,, — C) of the 'NLYIQWL" segment of Tr-
pcage from the native conformations and the corresponding radius of
gyration (R, denoted by Ry[H eliz]) of the segment for Trpcage in
water, 6 M urea, 6 M GdmCl, and in the mixture of 6 M urea with
3 M GdmCI. In the mixed 6 M urea and 3 M GdmCl solutions, we
find that the most probable 4 (<0.4 nm) and rmsd (<0.1 nm) cor-
respond to the native-like conformations of the segment. The most
probable structures of the 'NLYIQWL7 segment of Trpcage in wa-
ter, 6 M urea, 6 M GdmCl, and in the mixture of 6 M urea with 3 M
GdmCl are shown in Figure 3. In this figure, the root-mean-squared-
displacement (rmsd) of the backbone atoms (N — C,, — C) of only the
INLYIQWL segment is used for identifying the clusters of similar
conformations. The most probable structure of the 'NLYIQWL”
segment of Trpcage in GdmCI solution is seen to be denatured yet
compact whereas, in urea, the corresponding most probable structure
is extended. As can be seen from the most probable structures of
the helical segment shown in Figure 3, the probability of finding the
native folded structures in the GdmCl-urea mixture is significantly
higher than in pure urea or GdmClI solutions. Hence the addition
of 3 M GdmCl to 6 M urea solution partially counteracts the urea-
denaturation of the helical segment of Trpcage. Qualitatively similar
results are found when 4 M GdmCl is added to 4 M urea solutions
(results are shown in Figure S5 in the Supporting Information). How-
ever, the counteraction mechanism of GdmCl in the presence of urea
is not identified when the R, and the rmsd of the Trpcage protein
as a whole is considered. The distributions of the rmsd of the back-
bone atoms and the corresponding R, of the full-length Trpcage in
water and denaturants are shown in Figures S6 and S7 in the Support-
ing Information. The corresponding most probable structures (where
the rmsd of the backbone atoms of the full-length Trpcage peptide
has been used) are shown in Figures S8 and S9 in the Supporting
Information. These results indicate that the counteraction to the urea-
denaturation by GdmCl is limited to the helical segment of the Tr-
pcage protein. Also for Trpzipl (Figures S10 and S11 in the Support-
ing Information), no effective refolding in mixed urea-GdmCl solu-
tions has been observed.

The enhanced stability of the helical segment of Trpcage in mixed
urea-GdmCl solutions, in contrast to the full-length Trpcage and Tr-
pzipl, can be explained by the distributions of the denaturants and
the water molecules around the peptide. We start with discussing
the effects of the denaturants on the water structures around the pep-
tides. In Figure 4 we have plotted the average number of hydrogen
bonds between the helical segment of Trpcage and the solvent wa-
ter, urea and Gdm™ for Trpcage in pure water, in 4 and 6 M urea
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Figure 2: Plotted are the distributions of the root-mean-squared-displacement
(rmsd[Helix]) of the backbone atoms (N — C,, — C) of the ' NLYIQWL”
segment of Trpcage from the native conformations and the radius of gyration
(Ry[Heliz]) of the aforementioned segment for Trpcage in (A) water, (B) 6
M urea, (C) 6 M GdmCl, and (D) in the mixture of 6 M urea with 3 M GdmCl.
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Figure 3: Shown are the four most probable conformations of the

INLYIQWL7 segment of Trpcage in water, 4 and 6 M urea, and 4 and 6
M GdmCl. The corresponding probabilities of finding the structures are also
reported. The root-mean-squared-displacement (rmsd) of the backbone atoms
(N — Cq — C) of only the 'NLYIQWL segment is used for identifying the
clusters of the similar conformations.

and in 4 and 6 M GdmCl. The hydrogen bonds are calculated sepa-
rately for the backbone and the side chain atoms. Our results show
that the addition of urea to water increases the number of backbone-
water hydrogen bonds but reduces the number of hydrogen bonds
between the protein side chains and water. Probing deeper, we next
plot the number of water molecules which are within 0.4 nm of the
individual amino acid backbone and side chain for each of the amino
acids in '"NLYIQWL”, in the presence and in absence of 6 M urea.
Our results, plotted in Figure S12 (upper panel) in the Supporting
Information, show an overall trend for the accumulation of more wa-
ter molecules around the backbone of 'NLYIQWL’, when urea is
added to water. Figure S12 (lower panel) in the Supporting Informa-
tion shows that urea directly depletes water from the side chains of
INLYIQWTL, except for the tryptophan residue. Interestingly, for
the tryptophan residue, the addition of urea increases the number of
water molecules around both the backbone and the side chain. This
can be attributed to the exposure of the tryptophan side chain, buried
in the hydrophobic core in water, to the water in the conformations
adopted in binary urea-water solvent. Nonetheless, an overall reorga-
nization of the solvent water molecules from the solvation shells of
the protein side chains to the solvation shell of the protein backbone
can be found in the presence of urea. In contrast, for the other seg-
ment of Trpcage (S KDGGPSSGRPPPS??), urea has been found to
deplete water from the backbone, as well as from the side chains (Fig-
ure S13 in the Supporting Information). Similar results are found for
Trpzipl in urea solution (Figure S14 in the Supporting Information)
where no reorganization of the water molecules has been identified.
GdmCl tends to dehydrate the side chains of the helical segment of
Trpcage much effectively than urea (Figure 4). Stronger dehydration
of peptide by GdmCl than urea has also been found for Trpzipl pep-
tide (Figure S14 in the Supporting Information).

Next, we plot the numbers of the denaturants around the amino
acid residues, normalized with the solvent accessible surface area
(SASA) of the amino acids (results are shown in Figures S15 and
S16 in the Supporting Information for Trpcage and Trpzipl respec-
tively). We find that the accumulation of urea around the peptides is

significantly higher than Gdm™. Our results also show that Gdm™
does not have any preference for residues with planar groups over
others. Using the distributions of water and denaturants around the
peptides, in Figure 5 and in Figure S17 in the Supporting Information
we plot the preferential interactions (Eq. S6 in the Supporting Infor-
mation) between the peptides and the denaturants in different solvent
conditions. In GdmCl solutions, the peptide-Gdm™ preferential in-
teractions are close to zero (for both Trpcage and Trpzipl). It must
be noted that near-zero peptide-GdmCl preferential interactions have
been reported earlier, '’ and that peptide-GdmCl preferential inter-
actions depend strongly on the amino acid compositions of the pep-
tides.”””® For both peptides, we find that the peptide-urea preferential
interactions are significantly higher than the peptide-Gdm™ preferen-
tial interactions. Comparing the results for pure urea or GdmCl solu-
tions with the results in mixed urea-GdmCl solutions, it can be seen
that the addition of urea to GdmCl solutions depletes Gdm™ from the
peptides and decreases peptide-Gdm™ preferential solvation. In con-
trast, the addition of GdmCl to urea solutions moderately increases
urea accumulation around the peptide and also increases the peptide-
urea preferential solvation. Further simulations of individual amino
acid monomers in the denaturant solutions show, except for nega-
tively charged aspartic acid, positive amino acid-urea KBIs (Eq. S2
in the Supporting Information) and negative amino acid-Gdm™* KBIs
(results are shown in Figure S18 in the Supporting Information). A
negative amino acid-Gdm™ KBI reflects less density of Gdm™ ions
around amino acids than that in their bulk phase. These results show
that Gdm™ does not have favorable interactions with the amino acids
studied (except for the negatively charged amino acids).

Taken together, in GdmCI solutions, the total number of solvent
molecules is significantly smaller than that in the urea solutions of
similar concentrations. The effective solvation of the denatured con-
formations of the peptide in urea promotes extended structures. In
contrast, GdmCI promotes less solvated denatured yet compact struc-
tures of the peptide. Qualitatively similar observations have been
made in an earlier experimental study (FRET and far-UV CD) where
it has been found that GdmCl may favor dehydrated molten glob-
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Figure 4: Shown are the numbers of hydrogen bonds between the
INLYIQWL7 segment of Trpcage and solvents (water, Gdm™ and urea).
Plotted are the results for water, 6 M urea, 6 M GdmCI and mixture of 6 M
urea with 3 M GdmCl. BB: backbone; SC: side chains. The maximum error
in the calculations is < 0.01.

ule like structures in peptide.” Since in pure urea solutions, the ex-
tended conformations of the 'NLYIQWL" peptide segment forms
an excess number of backbone-water hydrogen bonds (Figure 4), the
GdmCl-induced effective reduction in the number of backbone-water
hydrogen bonds may potentially lead to the partial counteraction to
the urea-induced denaturation of the helical segment of Trpcage in
mixed urea-GdmCl solutions. Comparing the solvation properties of
the 'NLYIQWL peptide segment in pure GdmCl solutions with the
mixed GdmCl-urea solutions it becomes apparent that the dry molten
structures of the peptide in pure GdmCl solutions are solvated by urea
in mixed denaturant conditions. Thus, in the mixed GdmCl-urea so-
lutions, neither is the peptide backbone “over-solvated” by water and
urea as in the pure urea solutions, nor are the peptide side chains
“under-solvated” as in pure GdmCI solution. This delicate balance in
the peptide-solvent hydrogen bonding properties results into the par-
tial counteraction to the urea- or GdmCl-induced denaturation in the
mixed-denaturant solutions. As mentioned earlier, since the forma-
tion of additional backbone-water hydrogen bonds in the denatured
states of Trpzipl and the SKDGGPSSGRPPPS?° segment of Tr-
pcage is not favored in the presence of urea, the GdmCl-induced de-
hydration of the peptides in the mixtures of urea and GdmCl does not
effectively result in counteraction of urea-denaturation in Trpzip1 and
the ) KDGGPSSGRPPPS?° segment of Trpcage.

In conclusion, in this paper, we have studied the conformational
stability and the solvation thermodynamics of two model peptides,
Trpcage and Trpzipl, in presence of pure and mixed urea and GdmCl
solutions. The key observations from our study are: A) Urea has
been found to preferentially solvate the peptides, thereby denatur-
ing the peptides. In contrast, GdmCI has nearly zero preferential
interactions with the peptides studied. GdmCl has been found to
denature the peptides through a combined mechanism of peptide-
dehydration and salt bridge-destabilization. (B) In mixed denaturant
conditions, urea significantly removes Gdm™ ions from the peptide
surfaces. In contrast, GdmCl does not deplete urea from the peptide
surfaces, rather, it slightly promotes accumulation of urea around the
peptides. (C) Interestingly, our results show partial counteraction to
urea-denaturation of the helical segment 'NLYIQWL? of Trpcage
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Figure 5: Plotted are the preferential interaction of urea with (A) Trpcage and
(B) Trpzip1 and of Gdm™ with (C) Trpcage and (D) Trpzip1 for 4 M GdmCl,
4 M urea and the mixture of 4 M GdmCl and 4 M urea. Results are shown as
functions of r where r denotes the closest distance between the center of mass
of urea or Gdm™ and the surfaces of the peptides.

by GdmCl, with folded native-like conformations of the segment ob-
served in mixtures of urea and GdmCl. Unlike the cases for Tr-
pzipl and the S KDGGPSSGRPPPS?® segment of Trpcage where
water molecules are depleted from the backbone in the presence of
urea, urea has been found to promote aggregation of water molecules
around the backbone of the helical segment 'NLYIQWL? of Tr-
pcage. As in the cases of Trpzipl and the 3 KDGGPSSGRPPPS?°
segment of Trpcage, urea depletes water molecules from the side
chains of the 'NLYIQWL" segment of Trpcage (except for the Trp6
residue). The reorganization of the water molecules from the side
chains to the backbone of the 'NLYIQWL’ segment of Trpcage ef-
fectively causes “over-hydration” of the peptide. We propose that a
delicate balance between GdmCl-induced dehydration and the urea-
induced “over-hydration” of the ' NLYIQWL" segment of Trpcage
may lead to the partial counteraction to urea-denaturation by GdmcCl.

SIMULATION DETAILS

All molecular dynamics simulations are carried out using the GRO-
MACS molecular dynamics package (versions 5.1.2, 2016 and
2016.3).*° Trpcage and Trpzipl peptides are modeled using the
AMBERY99SB-ILDN force field®! with the rigid TIP3P water pa-
rameters®> and the native conformations of the peptides are shown
in Figures S8 and S11 in the Supporting Information, respectively.
Additional simulations of the peptides have been carried out using
the OPLS-AA force field®*®° with the rigid TIP3P water model.
Amino acid monomers are modeled using the AMBER99SB-ILDN
force field (with rigid TIP3P water model). Additional simulations
for the amino acid monomers are performed using the OPLS-AA
with the TIP3P water model and using the GROMOS54A7% pa-
rameters with the rigid SPC/E model for water.®” Unless stated oth-
erwise, the results are shown for the AMBER99SB-ILDN peptide
force field with the rigid TIP3P water model. The peptides and the
amino acid monomers are capped by acetyl group and amide group
at the N and the C termini respectively. Urea has been modeled using
the Kirkwood-Buff derived Smith urea force field.®® For GdmCl, a



modified version of the Kirkwood-Buff derived Smith GdmCl force
field,® derived by Jungwirth and coworkers,” has been used. All
the van der Waals cross-interactions are calculated using the standard
mixing rules for the peptide force fields. Replica-exchange molecular
dynamics simulations for the denaturation studies are carried out for
250 ns per replica where 64 replicas spanning a temperature range of
290 K to 490 K have been used. The folding simulations in pure water
are performed for 800 ns and 1350 ns per replica for Trpcage and Tr-
pzip1 respectively when the AMBER99SB-ILDN force field is used.
The folding of Trpzipl in pure water with the OPLS-AA force field
is simulated for 500 ns per replica. The technical details of the simu-
lations are provided in the Supporting Information. The justifications
for our choice of the force fields and the simulation run-lengths are
also given in the Supporting Information. The Kirkwood-Buft theory
of solutions ”* and the expressions for the preferential solvations ’* are
presented in the Supporting Information.

It must be noted that the AMBER99SB-ILDN force field uses
the Lorentz-Berthelot combination rule for the van der Waals cross-
interactions. In contrast, the Jungwirth GdmCl force field has been
developed using the geometric mean combination rule, compatible
with the GROMOS54A7 or the OPLS-AA force fields. In sepa-
rate simulations of 4 M GdmCl solutions without peptides (details
are in the Supporting Information), we have found that the GdmCl
solutions show high ion-water KBI and low ion-ion KBI when the
Lorentz-Berthelot combination rule is used, which yields a signifi-
cantly high activity derivative (1.98) than experiments (0.86).% In
order to study the effects of the combination rules for the van der
Waals cross-interactions, we have performed additional simulations
of Trpzipl with the OPLS-AA force field and amino acid monomers
with the OPLS-AA and the GROMOS54A7 force fields. We have
also performed simulations of Trpcage with the AMBER99SB-ILDN
force field where we use the geometric mean rule for the ion-ion and
the ion-water van der Waals interactions and the Lorentz-Berthelot
combination rule for all the other van der Waals interactions. Ad-
ditional simulations of the alanine monomers in 4 M GdmCl and in
the mixture of 4 M urea and 4 M GdmCl are also performed using the
AMBER99SB-ILDN force field and the geometric mean combination
rule for all the van der Waals cross-interactions. The corresponding
results are shown in the Supporting Information. The conclusions
drawn from this work have been found to be independent of the com-
bination rule for the van der Waals cross-interactions.
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SUPPORTING INFORMATION AVAILABLE

The theory of solvation thermodynamics used in this work, the tech-
nical details of the simulations, the calculations of the activity deriva-
tive of GdmCI with different combination rules for the van der Waals
cross-interactions, the calculations of the melting temperatures of the
peptides, the distributions of the denaturants around the peptides, the

most probable structures and the distributions of the rmsd and the
radius of gyration of the peptides in different denaturant conditions
(obtained with the OPLS-AA and the AMBER99SB-ILDN peptide
force fields), the preferential interactions and the partition coeffi-
cients of the peptides with the denaturants, the distributions of the
intrapeptide hydrogen bonds and peptide-solvent hydrogen bonds for
different denaturant conditions, and the Kirkwood-Buff analyses of
the amino acid monomers, modeled with the AMBER99SB-ILDN,
OPLS-AA and the GROMOS54A7 force fields, in different denatu-
rant conditions, the effects of the combination rules for the van der
Waals cross-interactions on the peptide-denaturant preferential inter-
actions, the alanine-denaturant and the denaturant-denaturant radial
distribution functions, and the distributions of the rmsd and the ra-
dius of gyration of the helical segment of Trpcage, the effects of the
initial configuration of the helical segment of Trpcage on its stability
in mixed urea-GdmCl solutions.
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