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The transition state ensemble (TSE) plays a key role in determining the folding time scale of small single domain proteins,
which exhibit two-state folding kinetics. Salts can change the stability of protein conformations and strongly influence the protein
structure in the TSE. In this paper we studied the effect of protective salts, which stabilise the protein folded states, on the
TSE of DNA binding domain of lac repressor protein (lac-DBD) and N-terminal domain of ribosomal protein L9 (NTL9) using
a coarse-grained protein model and computer simulations. The effect of salts on the protein conformations is taken into ac-
count using the molecular transfer model (MTM). We show that the TSE of /ac-DBD is homogeneous, while the TSE of NTL9
is heterogeneous. The protective salts used in the study shift the position of the TSE for both the proteins towards the un-

folded state in agreement with Hammond’s postulate.
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1. Introduction

Salts are extensively used to regulate the activity of pro-
teins in various biological processes. They are regularly used
in protein folding studies to understand how they modulate
the stability of protein conformations and shift the equilib-
rium between folded and unfolded states. Most of the small
single domain proteins follow two-state folding kinetics i.e.
the folded and unfolded states are separated by a transition
state (TS) barrier without any intermediate states’2. Salts
can strongly influence protein folding kinetics by affecting
the TS structures. Unlike the TS in the chemical reactions of
small organic molecules, the TS in protein folding is not unique
but an ensemble of structures due to the possibility of forma-
tion and breaking of many physical contacts between the
residues present in the protein. Knowledge of protein struc-
ture in the transition state ensemble (TSE) can help us un-
derstand the wide variation in the folding time scale of small
single domain proteins, which ranges from microseconds to
seconds. The short lifetime of the protein structures in the
TSE makes it extremely difficult to infer information about
these structures directly from experiments. In this paper we
studied the effect of protective salts, which stabilize the folded
states of proteins, on the TSE of two small single domain
proteins using a coarse-grained protein model and computer
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simulations. We chose DNA binding domain of lac repressor
(lac-DBD) and N-terminal domain of ribosomal protein L9
(NTL9) as model systems as these proteins are well charac-
terized experimentally.

Experiments typically use denaturants such as urea and
guanidinium chloride to perturb the folded states of protein.
The effect of denaturants on the relative position of the TS
along a folding reaction coordinate is inferred using a tech-
nique called linear free energy relationship, which involves
measuring the rates of protein folding and unfolding in the
presence of denaturants3#. Information such as the com-
pactness of structures in the TSE are inferred from the aver-
age change in the solvent accessible surface area (SASA)
between the TSE and the unfolded (folded) state, which is
related to the slope of the line (m-value) obtained by plotting
the logarithm of the folding (unfolding) rate as a function of
denaturant concentration, [C]. Experiments suggest that the
position of TS moves toward the native state in the presence
of denaturants supporting Hammond's postulate®. However,
from these experiments, it is difficult to extract structural in-
formation such as the topology of protein structures in the
TSE.

Protein engineering techniques such as @ and y-value
analysis can provide structural information about the TSES-2.,
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In these techniques, mutations are introduced into the pro-
tein, and changes in the free energy of the folded state and
TS relative to the unfolded state are measured. From these
measurements, the extent of structure around the mutated
residues in the TS is inferred. Both @ and w-value analysis
show that in the TSE, the protein partially attains its native
state structure.

However, these techniques disagree on the extent of
structure in the TSE for some proteins like protein L and
ubiquitin. y-value analysis, for example, depicts an exten-
sive native-like topology for ubiquitin'® and protein L',
whereas, ®-value analysis suggests much smaller and po-
larized structure 2.3, Complementing the experiments, com-
puter simulations can play an important role in elucidating
the structure of the proteins in the TSE. Simulations show
that TSE of protein L and ubiquitin are extensive with native-
like topology agreeing with the y-value analysis'*'®. Simu-
lations also have the advantage of providing detailed struc-
tural information, which can be further tested by experiments.
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Simulations using coarse-grained protein models are play-
ing an important role in elucidating the effects of denatur-
ants'817 and salts'® on the folding thermodynamics of pro-
teins. In this paper using the coarse-grained self-organized
polymer model with side chains (SOP-SC)'"-'° and molecu-
lar dynamics simulations, we studied the effect of protective
salts on the TSE of lac-DBD and NTL9. The salt effects on
the proteins are taken into account using the molecular trans-
fer model (MTM)'8, which utilizes the experimentally mea-
sured transfer free energies of various model compounds in
different salt solutions2%2!, The TSE of lac-DBD is computed
in the presence of ammonium sulphate ((NH,),SO,), potas-
sium chloride (KCI) and ammonium chloride (NH,Cl), whereas
the TSE of NTL9 is constructed in the presence of ammo-
nium sulphate ((NH4),SO,), potassium fluoride (KF) and
ammonium chloride (NH,CI). Simulations show that in the
absence of salt and at the melting temperature, both /ac-
DBD and NTL9 fold in two state manner following nucleation-
collapse mechanism?2. Simulations show that the TSE of
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Fig. 1. (A) Contact map and cartoon representation of folded structure of /ac-DBD (PDB ID: 10SL). Three o-helices - o4, o1, and o3 are shown
in blue, red and green, respectively. (B) Contact map and cartoon representation of NTL9 in the folded state (PDB ID: 1CQU). Two o
helices - 0.4 and o, are in tan and red, respectively, and the three strands - 34, B, and 35 are in blue, green and magenta respectively.
The loop, L4, in grey connects 34 and [3,. The figures are rendered using visual molecular dynamics (VMD)?. (C) Free energy surface
of lac-DBD projected onto the fraction of native contacts Q at 7, and [salt] = 0 molal (m). Putative structures are selected from the TS
region using the criteria 0.41 < Q < 0.45. (D) Free energy of NTL9 is projected onto Q at T, and [salt] = 0 m. Putative structures for TS
analysis are selected using the criteria 0.38 < Q < 0.43.
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lac-DBD is homogeneous whereas TSE of NTL9 is hetero-
geneous'8. All the salts used in the present study are pro-
tective salts, and in the presence of these salts, fraction of
native-like contacts present in the TSE of both lac-DBD and
NTL9 decreased indicating that the TS moved towards the
unfolded state in agreement with Hammond's postulate.

2. Materials and methods

2.1. Self organized polymer with side chain (SOP-SC)
model for proteins

We have used the SOP-SC model'’"1? to describe the
protein conformations. In this model, an amino acid is repre-
sented by two interacting beads - one for the backbone at-
oms and another for the side chain atoms. The backbone
bead is placed at C, position and the side chain bead is
placed at the center of mass of the side chain atoms. We
used the solution NMR structure of fac-DBD?3 and NTL9?4
with protein data bank (PDB) IDs: 10SL and 1CQU, respec-
tively to construct the initial coarse-grained structures of the
proteins. Hydrogen atoms are added to the PDB structure
before calculating the center of mass of the side chain. The
energy of a protein conformation in the SOP-SC model is a
sum of bonded (Ep), non-bonded (Eyg) and electrostatic in-
teractions (E,). The non-bonded interactions are a sum of
native (ENg) and non-native (ENP) interactions. In NTL9, ap-
proximately 1/3 of the total residues (18 out of 56) are charged
and electrostatic interactions can play a crucial role in the
folding of this protein. Electrostatic interactions are included
in the energy function of NTL9 but neglected for Jac-DBD.
The energy function of a protein conformation represented
by coordinates {r} in the SOP-SC model in the absence of
salt, [salt] = 0, is given by

Ecalir}, 0) = Eg + ENg * EN§ + MEg (1)
In the above equation, the values of A are 0 and 1 for lac-
DBD and NTL9, respectively. Detailed description of the SOP-

SC model and its energy function is described in the Sup-
porting information of Ref.8

2.2. Molecular transfer model (MTM)

The effect of salt on a protein conformation is taken into
account using the MTM'8. In the presence of a salt with con-
centration [salt] the total energy is given by

Ec({rh [salt]) = Eggl{r}, 0) + AGy({r}, [salt]) 2)
where Eqq({r}, 0) is given by eq. (1) and AG,/({r}, [salt]) is

the transfer free energy associated with a protein conforma-
tion when it is transferred from water to a salt solution with
concentration, [salt]. AG,({r}, [salt]) of a protein conforma-
tion is given by

N
AG,({r}, [salt]) = %59 rk (saltho (agyray  (3)

where N is the number of beads in the SOP-SC model,
09, 4([salt]) is the transfer free energy of bead k from water
to a solution with salt concentration [salt], oy ({r}) is the sol-
vent accessible surface area (SASA) of the bead k in a pro-
tein conformation described by positions {r}, L Glyk-Gly is the
SASA of the bead k in the tripeptide Gly-k-Gly. Values of van
der Wall radii to calculate oy({r}) are given in Table S3, a,.
k-Gly are given in Table S4 and &g, ([salt]) can be calculated
using the data in Table S5 in Ref.'8,

2.3. Simulations and data analysis:

We have performed Py, analysis to identify the TSE of
proteins®. In Py, analysis initially we select putative TS
conformations from the barrier region of the free energy sur-
face projected onto the fraction of native-like contacts, Q, at
the melting temperature, T,,. Multiple short trajectories are
spawned using Brownian dynamics simulations starting from
each putative TS conformation and commitment probability
Pio4 is calculated by computing the fraction of trajectories
landed into the folded state without visiting the unfolded state.
Brownian dynamics simulations are performed using Ermak-

B o he .
McCammon algorithm?, 7j(t + h) =r;(t) +EFC +T" where

T is a random displacement with a Gaussian distribution

with mean zero and variance <F(h)2> = ZkETh . The friction

coefficient { = 5.0 m/tand, the value of hvaries from 0.01ty
to 0.05t, depending on the salt concentration. ?C is the
deterministic force computed using eq. (1) and eq. (2) in ab-
sence and presence of salt, respectively. In the simulations,
the characteristic unit of length a = 1 A, energy € = 1 kcal/
mol, and mass m = 1.8x10-22 g (typical mass of the bead).

We computed Q to monitor the protein folding kinetics,

N
e T3 0

which is defined as Q = Ny §1®(5—|fi—ff |), where Ny

(= NRP + NpS + NS9) is the total number of native contacts
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present between pairs of beads in the folded state of SOP-
SC model of protein. NFP, NBS and NiFF are the number of

native contacts present between backbone-backbone, back-
bone-side chain and side chain-side chain beads, respec-
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Fig. 2. (A) Contact map of lac-DBD putative TS structures, which satisfy 0 < Py, < 0.05 shows that long-ranged contacts between o4 and o3
are absent in these structures. (B) Contact map of NTL9 putative TS structures, which satisfy 0 < P, 4 < 0.05 shows that protein
conformations are devoid of prominent long range contacts between 4 and L, or B and 4. (C) Contact map of lac-DBD putative TS
structures, which satisfy 0.95 < Py, 4 < 1 shows that strong contacts are present between o4 and o3 SSEs. (D) Contact map of NTL9
putative TS structures, which satisfy 0.95 < Py, < 1 shows that long-ranged contacts between the residues of 4 and L, or 35 are
present. (E) Contact map of the TSE of Jac-DBD, which satisfy 0.4 < P4 < 0.6 shows partial contacts formed between a4 and o5 are
crucial in the formation of critical nucleus. (F) Contact map of the TSE of NTL9, which satisfy 0.4 < Py, 4 < 0.6 shows that long-ranged
contacts between 3, and L, or B, are essential in the formation of critical nucleus.
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tively (Table S2 in Ref."8). r.is the distance between the i-th
pair of beads, and r‘,? being the corresponding distance in the
folded state, © is Heaviside step function, and & = 2 A.

3. Results and discussion

3.1. TSE of lac-DBD and NTL9 in the absence of salts

lac-DBD and NTL9 are experimentally?’28 well charac-

terized. The /ac-DBD structure with the PDB ID: 10SL has
62 residues with three o-helices (o4 to ot3) and an unstruc-
tured C-terminal part. In the experiments? only the struc-
tured part of the protein is used to study the folding thermo-
dynamics. In order to compare the simulation data with the
experiments, we also studied the folding of only the struc-
tured part of the protein (residues Met1 to Arg51) (Fig. 1A)
and ignored the disordered part (residues Cys52 to Leu62).
NTL9 s an o/ protein with 56 residues. It has three 3-strands
(B4 to B3) and two o-helices (o4 and ). B4 and B, are
connected via loop, L4 (Fig. 1B). Native contacts between
the coarse-grained protein beads in the folded state are
shown in the contact map (Fig. 1). The local contacts within
a secondary structural element (SSE) appear along the di-
agonal of the contact map whereas tertiary contacts between
two SSEs appear as off-diagonal contacts.

At the melting temperature, T, (= 323 K for lac-DBD and
370 K for NTL9), the proteins show cooperative folding'8,
and they hop between folded and unfolded state separated
by a critical Q value, Q, (= 0.41 for NTL9 and 0.43 for /ac-
DBD). Q, is the position of the TS when the folding free en-
ergy is projected onto Q (Fig. 1C, D). The free energy minima
at Q > Q, and Q < Q, corresponds to the native basin of
attraction (NBA) and unfolded basin of attraction (UBA), re-
spectively. To identify TSE using Py, 4, We initially selected
putative structures from the TS region. The TS region con-
sidered for lac-DBD is 0.41 < Q < 0.45 and for NTL9 is 0.38
< Q < 0.43. For each putative structure, we generated five
hundred Brownian dynamics trajectories for short time pe-
riod of 15000 5 so that the trajectories end up either in the
NBA or UBA state. We computed Py, 4 by calculating the frac-
tion of trajectories landed in the NBA state without visiting
the UBA state. The P4 values of putative TS conformations
are between 0 and 1. If P4 = 0, then none of the trajectories
landed in the NBA and ifitis 1 then all the trajectories landed

in the NBA. We used the criteria that a putative conformation
belongs to TSE if the Py, 4 value is between 0.4 and 0.6. The
TSE computed using the Py, 4 shows that /ac-DBD is homo-
geneous whereas TSE of NTL9 is heterogeneous and diffu-
sive's,

lac-DBD and NTL9 at T, fold through nucleation-con-
densation mechanism where the tertiary contacts between
different SSEs almost form simultaneously to stabilize the
protein folding nucleus. The structures in the TSE show na-
tive-like tertiary contacts. To identify the critical contacts

6 - lac-DBD
[KCI=4.0m

lac-DBD
6 - [(NH,),SO4] = 1.5 m

lac-DBD
[NH,CI] =4.0 m

4000 8000 12000
time (tgp)

lac-DBD
| men=40m

0 4000

8000 12000 0 4000
time (Tgp)

8000 12000
time (tgp)

Fig.3. Py, qanalysis of lac-DBD at T = 323 K and (A) [(NH4),SO,4] =
1.5m, (B) [KCI] = 4.0 m, and (C) [NH,CI] = 4.0 m. Probability
distribution of final Q values, P(Q), computed from five hun-
dred short Brownian dynamics trajectories spawned using a
protein conformation from the TSE of Jac-DBD as the starting
initial conformation. P(Q) for different TS conformations are
shown in different colors. Representative Brownian dynamics
simulation trajectories spawned using a protein structure from
the TSE obtained at T = 323 K and (D) [(NH,),SO,4] = 1.5 m,
(E) [KCI1= 4.0 m, and (F) [NH,CI] = 4.0 m as the initial starting
conformation show that the trajectories land with almost equal
probability in both the NBA and UBA states.
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Fig. 4. Contact map of lac-DBD TSE and two superimposed representative conformations in blue and green from the TSE obtained at T = 323
Kand (A) [salt] = 0 m, (B) [NH,CI] = 4.0 m, (C) [KCI] = 4.0 m, and (D) [(NH4),SO,4] = 1.5 m. Long-ranged tertiary contacts present between

the residues are highlighted.

present between the residues in the protein conformations,
which form the TSE, we constructed the contact maps of
putative transition structure, which have Py, values in the
range 0 < Py, 4 < 0.05 and 0.95 < Py, 4 < 1, and, compared
them with the contact map of the structures in the TSE ob-
tained using the condition 0.4 < P;,4 < 0.6 (Fig. 2). For lac-
DBD, the contact map generated using the putative TS struc-
tures, which satisfy the condition 0 < Py 4 < 0.05 shows for-
mation of prominent contacts in oqo., and very few weak
o0, contacts (Fig. 2A) indicating just ouqo, contacts are
not sufficient for the formation of critical folding nucleus. On
the other hand, the contact map of the putative structures,
which satisfy 0.95 < Py, < 1 have strong native-like con-
tacts in both the SSEs a40, and ou4014 (Fig. 2C). The con-
tact map of lac-DBD structures in the TSE shows presence
of partially formed contacts in both oqor, and ovj0i3. The
contacts in o403 however are important tertiary contacts,
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which control the formation of TS structure (Fig. 2E). The
TSE of lac-DBD is homogeneous as all the protein confor-
mations have similar tertiary contacts between the SSEs.

Similarly, the contact map of NTL9 putative TS structures,
which satisfy the condition 0 < P4 < 0.05 shows formation
of local native-like contacts in the SSEs 343, and loop re-
gion L4 (Fig. 2B). However, these contacts are not sufficient
enough to form a stable folding nucleus. The contact map of
putative TS structures, which satisfy the condition 0.95 <
Pioig < 1 shows formation of strong native-like tertiary con-
tacts in the SSEs 4L, and 3434 region (Fig. 2D), which are
again partially formed in the TSE of NTL9 (Fig. 2F). Struc-
tural characterization of the TSE of NTL9 showed that it is
heterogeneous in nature 8 as protein conformations can have
contacts between different SSEs. The protein conformations
in the TSE have tertiary contacts in the SSEs 4L, or B4B;
or both. These contacts are missing in the putative TS con-
formations, which land in the UBA in Py, 4 analysis.
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Fig. 5. P4 values for different TS structures from the lac-DBD TSE obtained at T = 323 K and (A) [NH,CI] = 4 m, (B) [KCI] = 4 m and (C)
[(NH4),SO,4] = 1.5 m are in red and their corresponding Py, 4 values at [salf] = 0 m are in green. Similarly Py, values for different TS
structures from the NTL9 TSE obtained at T =370 K and (D) [NH,CI] =4 m, (E) [KF] = 1.5 m and (F) [(NH,),SO4] = 1.5 m are in red and

their corresponding Py, values at [salt] = 0 m are in green.

3.2. Salt effects on the TSE of lac-DBD

We have studied the effects of (NH,),SO,, KCl and NH,Cl
on the TSE of Jac-DBD. Among the three salts, (NH,),SO,4
strongly stabilizes the NBA state, whereas, KCI and NH,CI
moderately stabilize the NBA state. We have extracted the
TSE of /ac-DBD in the presence of salts using P4 analysis.
Protective salts can decrease the height of the free energy

barrier between UBA and NBA states, and as a result in high
salt concentrations an unfolded protein conformation can
easily transit to the NBA state on short simulation time scales
making the Py, calculations difficult. To illustrate the effect
of salts on the /ac-DBD TSE, the optimum salt concentra-
tions we chose for (NH,),SO,4, KCI and NH,Cl are 1.5 molal
(m), 4 mand 4 m, respectively. The short simulation trajecto-
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Fig.6. Py, qanalysis of NTLO at T= 370 Kand (A) [[NH,),50,4] = 1.5
m, (B) [KF]=1.5m, and (C) [NH,ClI] = 4.0 m. Probability distri-
bution of final Q values, P(Q), computed from five hundred
short Brownian dynamics trajectories spawned using a pro-
tein conformation from the TSE of NTL9 as the starting initial
conformation. P(Q) for different TS conformations are shown
in different colors. Representative Brownian dynamics simu-
lation trajectories spawned using a protein structure from the
TSE obtained at T =370 K and (D) [(NH,),SO,] = 1.5 m, (E)
[KF] = 1.5 m, and (F) [NH,CI] = 4.0 m as the initial starting
conformation show that the trajectories land with almost equal
probability in both the NBA and UBA states.

ries spawned using the structures in the TSE at the chosen
salt concentration land in either NBA or UBA state (Fig. 3).
For each salt, Py, 4, analysis is performed for 370 putative
TS structures, initially generated at T=323 K and [salt] = 0
m with fraction of native contacts, Q, between 0.41 and 0.45.
The number of protein conformations identified as TS struc-
tures in the presence of NH,Cl, KCland (NH,),S0O, are eight,
seven and seven, respectively. The TSE of lac-DBD is ho-
mogeneous (Fig. 4) and the fraction of native-like contacts
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(Qrg ) calculated for the TSE in presence of salts is ~ 0.42,
which is comparable to Qrg obtained in the absence of
salts'®,

To illustrate the movement of TS towards the unfolded
state in the presence of protective salts, we took the protein
conformations in the TSE obtained in the presence of salt,
and ran Py, 4 again for these conformations in zero salt con-
centration (Fig. 5A,B,C). The Py, 4 value in the absence of
salt decreases to lower value implying that the conforma-
tions are closer to the UBA state and less likely to fold in the
absence of protective salt. The average of Py, value ob-
tained for TSE of /ac-DBD in presence of NH,CI, KCI and
(NH,4),SO, are 0.496, 0.487 and 0.494, respectively,
whereas, corresponding Py, 4 values in absence of salt are
0.396, 0.25 and 0.284, respectively. Decrease in P4 value
in absence of salt is consistent with Hammond’s postulate,
which says that the TSE should shift towards the UBA state
in the presence of protective salts.

3.3. Salt effects on the TSE of NTL9

The salt concentrations we chose for NH,CI, KF and
(NH,),S0, to calculate the TSE for NTL9 are 4 m, 1.5 m and
1.5 m, respectively. The putative TS structures for Py, 4 analy-
sis are initially generated at T = 370 K and [salt] = 0 m with
0.38 < Q <0.43. The number of protein conformations satis-
fying 0.4 < Py, 4 < 0.6 in the presence of (NH,),SO,, KF and
NH,CI are four, six and four, respectively. Representative
short simulation trajectories initiated using the protein con-
formations in the TSE land with almost equal probability in
the UBA or NBA state (Fig. 6). The protein conformations in
the TSE are structurally heterogeneous (Fig. 7). Average frac-
tion of native contacts present in the TSE (Qrg) of NTL9 in
the presence of (NH,),SO,, KF and NH,Cl are =0.39, = 0.39
and =0.40, respectively. These values are comparable to Qrg
of NTL9 at [salt] = 0 m, which is =0.40.

Again to illustrate the movement of TS towards the un-
folded state in the presence of protective salts, we took the
protein conformations in the TSE obtained in the presence
of salt, and ran Py, 4 calculations for these conformations in
zero salt concentration (Fig. 5D,E,F). The Py, 4 values ob-
tained in the absence of protective salt are lower than the
values obtained in the presence of salt. The average P4



Maity et al.: Transition state ensemble in salt induced protein folding follows Hammond’s postulate

(A) el
100 .
5 .'T‘F
'i""l 0.8
- 80 B1B3 ..-,“
fé g 0.6
5 60 ¢
Z b BiL, ‘!:#
] 0.4
L "ﬁ;[:z & NTL9
ty W [NH,C =4m
i 4
20 Lf'.* 02
=
0 0
0 20 40 60 80 100
Bead Number
(B) - 1
100 | L@p
- 08
-
o 801 Blﬁ:i !"“.
2 § g4
2 a4 06
E 60 i T B|L2 'I:,‘
2 " - 04
2 wnl{BB, 7 NTL9
- Al
a, F [KF]=1.5m
20 Lla&' 02
0 . 0
0 20 40 60 80 100
Bead Number
(&) Sl B
100 & ’
,Fr‘ 0.8
wi B
3 FiFs .
E] N -.:El‘. 08
S 601 BL -
R N T
3 Bsz A-"' 04
I .° [(NH,),50,]=1.5m
L
20 L'ilk" ‘ 0.2
K
0 0

0 20 40 60 80 100
Bead Number

L35

Frs

« s

Fig. 7. Contact map of NTL9 TSE and representative heterogeneous conformations from the TSE obtained at T =370 K and (A) [NH,CI] = 4.0

m, (B) [KF] = 1.5 m, and (C) [(NH4),S0,] = 1.5 m.

values for the TSE of NTL9 in the presence of (NH,),SOy,
KF and NH,Cl are 0.57, 0.56 and 0.55, respectively, whereas
Pro1q Values for the TSE in the absence of salt are 0.3, 0.32
and 0.45, respectively. This suggests that the protein confor-
mations in the TSE in the presence of protective salts move
towards the UBA state following Hammond's postulate.

4. Conclusions

Using molecular dynamics simulations and a coarse-
grained protein model'® built based on the experimentally
measured free energies for the transfer of chemical groups

from water to salt solutions we computed the TSE of two
small single domain proteins, lac-DBD and NTL9 in the pres-
ence and absence of protective salts. The simulations show
that the protein conformations in the TSE can be either ho-
mogeneous with all the protein conformations in the TSE
having a similar folded topology or heterogeneous with the
structures having different topology. We further show that
the salts induce very subtle changes in the protein confor-
mations in the TSE compared to the structures in the TSE
obtained in the absence of salt. Although the changes in the
protein conformations in the TSE obtained in the presence
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and absence of protective salts are difficult to infer directly,
the Py, 4 calculations show that the ensemble slightly moves
towards the protein unfolded state following Hammond'’s
postulate.
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