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Introduction
The structure of a molecule depends on intramolecular and
extramolecular interactions, extramolecular interactions
being only with the solvent in dilute systems. In early
approaches, conformations of molecules were calculated
from intramolecular interactions only, as if molecules were
in vacuum. However, influences of solvents are far from
negligible. The overall shapes of soluble proteins illustrate
that point: Kauzmann in the late fifties, highlighted that most
globular proteins have an hydrophilic envelope surrounding
an hydrophobic core [1]. This implicates that, in the time
course of folding, some domains of proteins are burying
inside to avoid interactions with the solvent. Simulating the
folding of proteins in vacuum will never lead to such structures. Formation of biological membranes and micelles are
similar kinds of process that emphasises the crucial role of
water. Therefore it should be of interest to measure solvation energy if direct measures were possible. This is why

The solvent of biological media is water and
interactions between water and solutes are major
to explain membrane and protein structures.
Therefore, mimicking solvation effects is a challenge to compute native structures of biological
molecules. Lipophily is an experimental
approach of solvation since it measures the partition of a solute between two solvents, the reference being water. In the last decade, different
attempts were made to extract parameters from
lipophily that will enable to describe solvation of
complex molecules. We discuss here some
analysis made with the atomic transfer energy
and the atomic surface parameter in the study of
protein folding and protein insertion in
membranes.
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many approaches sprinkle to simulate solvation by theoretical calculations that use empirical functions based on experimental approaches.

aspects of a continuous electronic phenomenon, care must
be taken not to overestimate one effect, as hydrogen bonds
for instance, by overlapping its description in two different
terms.

If the role of water is obvious, understanding its role is
not simple [2]. Effects of solvents result from a multitude of
different interactions between the solute and the solvent and
between solvent molecule themselves. At best, all atoms of
a system should be taken into account and each force
between couples of atoms calculated, disregarding whether
atoms are from the solute or the solvent. Clearly, calculations get rapidly enormous and even if computing capacities
increase fantastically, too much is too much and simplifications of calculations are required. Therefore, empirical treatments of solvation are compromises between the size of the
calculated system, the resolution accepted and expected and,
the calculation times [3].

Enthalpic interactions: Electrostatic forces
The charge interactions are screened by the solvent molecules between the two charges. This screen effect is
described by the dielectric constant that strongly varies with
solvents. Variations are due to two effects: the polarisability
of solvent molecules and their orientation in response to that
polarisation. Both effects act to dissipate the electric field
and thus to decrease the energy of interactions between the
charges. Furthermore, the screen effect implicates many
molecules of solvent, not only those between the charges.
This makes the accurate description of an implicit solvent
extremely difficult because the surrounding space can be
filled with several kinds of molecules, heterogeneously
distributed.

At the moment, attempts to modelise solvation effects follow two main approaches: explicit and implicit representations of solvent [4]. In the first approach, the energetic contribution of thousands of solvent molecules is calculated. In
the second one, the solvent is described as a continuous
medium. Explicit representation is the most precise and
should give the best results. A very clear success is obtained
in mimicking occluded molecules of water. When they are
not simulated, the corresponding holes are collapsed distorting the solute structure [3]. However, in explicit simulations,
calculation times increase rapidly with the size of the system and thus are rapidly impossible. Actually, in large biological systems explicit representations of solvent are made
when the solvent structure is analysed in response to solute.
In most other cases, implicit representations of water are
used. Molecules of water are replaced by a continuous
medium that is defined to have physical and chemical properties of water at best. Those approaches are interesting to
mimic the major solvent properties but not to mimic short
distance interactions with solute.

a) Hydrogen bonds play a major role when the solvent
is water. The hydrogen bonds have a major role because liquid water is a continuous network of hydrogen bonds.
Individual molecules of water do almost not exist but they
are linked together by a mean of 3.4 hydrogen bonds per
molecule [5]. Then, when you drop a solute in water, its solubility will depend on its capacity to substitute for the
hydrogen bonds of water [6]. When the solute cannot make
hydrogen bonds with water or, more accurately according to
recent publications, when the solute makes hydrogen bonds
of low energy with water [7], the molecules of water reorganise. They increase the mean number of their hydrogen
bonds to minimise the loss of energy. This enthalpic gain
comes with an entropic loss of energy because the mobility
of water is decreased. This entropic effect is often called
hydrophobicity. The whole process is energetically
unfavourable [8].
For instance, the free energy of transfer of a molecule
of butane, from butane to water at 25 °C is described as follows [9]:

In this review, we are interested in how water acts in the
folding of globular proteins and in the insertion of proteins
in membranes. Therefore, due to the large size of the biological models, simple implicit representations of water are
used. We analyse the properties of solute-solvent interactions
from lipophily and explain here different aspects of this
approach.

∆G = ∆H – T∆S = –4.3 + 28.7 = +24.5 kJ mol–1.
Therefore, the system will tend to minimise the surface of
the water/butane interface: butane is hydrophobic. Energies
of transfer of series of small molecules including amino
acids were measured and correlated to the surface of the
apolar atoms [5,10].

Forces implicated in solute-solvent
interactions

Reorganisation of hydrogen bonds around a solute is
more complex than previously evoked because most molecules contain both polar and apolar groups, able and unable
to make high-energy hydrogen bonds. Therefore precise
behaviour of water is difficult to mimic [9].

As a pre-requisite to the following, we shall briefly evoke
forces currently involved in solute-solvent interactions. All
enthalpic effects of intra and inter-molecular interactions are
electrostatic because they involve electronic interactions.
Nevertheless, they are described under different terms:
hydrogen bonds, polar interactions, electrostatic interactions
and Van der Waals interactions. The entropic effects are, of
course, not electrostatic. Since all terms describe different
ANALUSIS, 1999, 27, N° 1
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b) Monopole-monopole and monopole-dipole interactions between solute and water have several origins.
Charged atoms have strong interactions (monopole/monopole) and interact with water molecules (monopole/dipole).
Moreover, electrostatic potential generated by the
7
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solute-solvent system polarises the solvent (cf screen effect)
but also the solute.

If the temperature is constant, log P and ∆G are linearly
related.

c) Dipole/dipole interactions are frequent in water, water
being a dipole and proteins carrying many of them, especially the peptidic bonds.

Therefore, lipophily accounts for the differences of molecular interactions in both media. The differences can be on
solute-solvent and solvent-solvent interactions. They can
also be on intramolecular interactions if the solute changes
conformation while switching solvent for instance.

d) induced dipole-induced dipole (van der Waals interactions) between water and solutes have a minor role since
water molecules are small and mobile and will reorganise to
cover the accessible solute surface at best. The resulting van
der Waals energy will not vary much because of the absence
of steric hindrance.

The intermolecular changes can concern hydrogen bonds,
monopole-monopole, monopole-dipole, dipole-dipole interactions, and induced dipole-induced dipole interactions. The
major changes should be on hydrogen bonds, largely different in water and apolar media. Among those usually called
apolar, some solvents actually make hydrogen bonds
(octanol, ethanol), others do not (cyclohexane, hexadecane),
so, some are strictly apolar, others are not. This could
explain the differences in the partition coefficients of polar
amino acids in octanol-water and cyclohexane-water.
Residues making hydrogen bonds are more soluble in
octanol than in cyclohexane [12].

Entropic effects
Movements of solutes in water are easy because the viscosity of water network is low. Diffusion of solutes in membranes is more restricted because the cohesion of acyl chains
is high and the bilayer organisation restricts the space to two
dimensions. Therefore, in membranes the diversity of solute
conformations will be smaller and the native structure
entropically favoured [9].

As we evoked before, beside intermolecular interactions,
the lipophily can also account for important changes in
intramolecular interactions of the solute. Indeed, in water,
the solute will tend to bury the apolar atoms and will turn
inside-out in apolar solvent. Thus, important differences of
solute structures can exist in both media, especially if the
solute is a large and flexible molecule.

Simulation of protein-solvent interactions
by lipophily
In most of our studies, solutes are proteins. The nature of
solvents influences the protein interactions. In water, two
hydrophobic proteins seem to collapse [9]. In fact the protein-water system tends to minimise energy by decreasing
the number of unfavourable hydrogen bonds and the easiest
way to do this is to decrease the polar/apolar interfaces. This
process results in protein insertion in membranes, protein
folding but also in membrane formation. A simple empirical
approach of problems of solvation in proteins is derived
from lipophily.

Moreover, a solute will affect the solvent conformational
and rotational entropy. The magnitude of those changes
depend on the solvent itself. For instance, alkyl chains of
octanol have some degree of organisation and should reorganise largely to fit the solute surface. This reorganisation is
not as important in globular solvents as ethanol and water
[13].

Calculation of lipophily
Most approaches of lipophily are based on plots of energies
of transfer of molecules as a function of their number of carbons. Data from McAuliffe [16] et Bohon and Clausen [15]
are reported in figure 1. They lead to conclude that:

Lipophily (log P) is used in the description of major properties of drugs. It is the partition of a solute between a polar
(water) and apolar medium. The partition (P) is measured at
equilibrium as the ratio of solute concentrations in both solvents and is expressed as follows:

1. Energies of transfer of two molecules are equal as long
as they have the same number of carbons and of unsaturated
bonds: this is true for ethyl benzene and xylene (8C and 4
unsaturated bonds) and methylcyclopentane and cyclohexane
(6C and one unsaturated bond) (Fig. 1).

Capolar
log P = log
.
Cpolar

Several organic phases have been tested, but only three were
largely used: octanol, cyclohexane and water vapors. The
partition coefficients are either measured or calculated [11].

2. For an equal number of unsaturated bonds, the energy
of transfer of molecules is linearly correlated to their number of carbons (Fig. 1).

Which interactions are involved in lipophily?

3. Since both plots of figure 1 are parallel, the drop of
Etr due to the 3 more unsaturated bonds is constant.

Partition coefficient is the macroscopic description of the
energy differences of a solute dissolved in an apolar versus
a polar solvent. The energy of transfer ∆G of molecules is
derived from lipophily as follows

However molecules of figure 1 are some how similar:
they are all small, rigid and have no net charge. From there,
it is suggested that the Etr of small rigid molecules are the
additive functions of the Etr of their constitutive elements.

∆G = –2.3 RT log P.
8
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are not solute-solvent interactions. This explains why to
define solvation parameters from lipophily it is better to use
small molecules as models for which variations of intramolecular interactions are negligible. Second, the partition
experiments using polymeric solvents give entropic variations that are not significant of solute-solvent interactions.
The theory of Flory-Huggins [22] introduces a parameter
that describes the contribution of the entropic variation of
the solvent in solute partition. This parameter is diversely
used in the literature and, Chan and Dill in a recent review
suggest that entropic correction must be restricted to polymeric solvents [13].

Atomic solvation
Extracting solvation parameters from lipophily resumes
therefore in calculating the contribution of solvation from
solute partition. As in lipophily, the postulate that atomic
contributions can be summed is also taken into account for
solvation. Two approaches are made, whole atoms (atomic
Etr) and the accessible surface of atoms, the atomic surface
parameter (ASP).
Figure 1. Plot of experimental transfer energies versus the number of carbons for several cyclic derivatives.

Atomic energy of transfer (Etr)
In 1991, Brasseur [23] proposes a scale of atomic Etr that he
extracts from the Etr of series of small molecules
(Tab. I). These values are used to calculate molecule Etr and
molecular hydrophobicity potentials [3]. The scale was
derived from Tanford’s data [24] and proposes 7 atomic
species. Those result from the resolution of a system of m
equations with n unknown parameters, m being the number
of molecules whose lipophily was measured hence the number of equations and n the number of different species of
atomic required to resolve the equations.

Several methods of calculation of Etr have been developed
in the literature [16–20]. The authors estimate the partition
coefficients of molecules as the sum of atomic or fragmental function constants.
Where fi is the lipophilic contribution of the molecular
fragment or atom i and, ai, the number of fragments i.

Calculated versus experimental lipophily

Atomic Etr were used to add a solvation term to the classical van der Waals, Coulomb, torsion terms of molecular
energy [25]. In a recent study, we compared several energy
fields in the calculation of KAD-129, ([2S]-2-benzyl-3-5-cishexahydro-2-isoindolinylcarbonyl) structure. It was found
that, in the absence of the solvation term, the introduction
of NMR constraints are required to reach a correct structure
while no constraint is required if the solvation term is added.
The energy-minimised structure has good homology with the
NMR structure.

The different authors are rapidly faced with problems of
divergence between experimental and calculated values.
Several reasons are suggested: proximity of charges, flexibility of solutes which change conformations, large solutes
folding to create polar or apolar core according to the solvent, etc. Actually, besides the changes of solute-solvent
interactions, these authors are facing intramolecular reorganisations.
In order to improve calculations, authors propose corrective factors [18,19] or define more atomic species [16,17].

Atomic surface parameter (ASP)

Using lipophily as an empirical approach
of solvation

In 1986, Eisenberg and Mc Lachlan developed a method
to simulate solvation [10]. The method relies on two
hypotheses:

In the sixties, Tanford and collaborators attempted to define
solvation as a quantifiable and measurable phenomenon
[21]. One approach of solvent effects on solutes was
lipophily. Indeed, the energy of transfer of a solute between
apolar and polar solvents is measuring the variation of
energy between both systems: it is an indirect approach of
solvation energy. But deriving solvation from lipophily is not
that simple. First, as we previously wrote, lipophily can also
account for variations of intramolecular interactions. Those
ANALUSIS, 1999, 27, N° 1
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First, free energy of interactions of a solute with water is
the sum of the energy of interaction of all its atoms.
Second, the solvation energy of each solute atom is proportional to its water-accessible surface [26,27]. The wateraccessible surface is obtained as the surface described by the
centre of a sphere rolling over the molecule surface (Fig. 2,
see page 38). The sphere radius is 1.4 Angströms [28].
9
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Table I. Atomic solvation parameters (ASP).

Csp3
Csp2
Cheter
O
O–
N
N+
S
H(q = 0)
H(q/0)

Eisenberg & Maclachlan(1)

protein folding
Nolde et al. (o/w)(2)

67
67
/ (6)
–25
–100
–25
–109
87.8
/ (7)
/ (7)

109
121
50
–63
–59(5)
–33
–84
171
/ (7)
/ (7)

protein insertion in membrane
Brasseur(3)
Ducarme et al.(4)
Nolde et al. (c/w)(2)
87
54
/ (6)
–112
–112
–116
–116
89
26
–51

105
13.4
/ (6)
–40.3
–40.3
–11.2
–11.2
108
39.7
–36.2

130
105
17
–359
–451.44(5)
–339
–736
142
/ (7)
/ (7)

The first column is the atom type. Csp3, single-bonded carbons; Csp2 double-bonded and aromatic carbons; C heter, carbons bonded to
heteroatoms; N, neutral nitrogen; N+, charged nitrogen; O, neutral oxygen; O–, charged oxygen; S, sulfur; H(q = 0), noncharged hydrogen
(bound to C); H(q/0), hydrogen bound to heteroatoms.
The following columns list the ASPs (J mol–1 Å–2).
(1) Eisenberg and McLachlan, 1986 [10].
(2) Nolde et al., 1997 [31]. The table specifies which type of transfer free energies were used to derive the ASP set: v + vacuum;
o = n-octanol; w = water.
(3) Brasseur, 1991 [23]. The sets of atomic parameters are used for soluble and membrane protein. The literature values were divided by
the surface of atoms to be compared with other sets.
(4) Ducarme et al., 1998 [32].
(5) Half charge is attributed to each oxygen atoms of the carboxyl groups.
(6) These sets of ASPs, carbons bonded to heteroatoms are not considered.
(7) These sets of ASPs, hydrogens are ignored.

By contrast electrostatic interactions are not proportional
to atomic surfaces. The ASP is the same whether the atom
is buried or not. However, electrostatic free energies depend
upon the composition and the thickness of the medium
between two charges [33].

Calculation of accessible surface can be achieved by
numeric or analytic methods [29].
Thus, the energy of solvation of a protein is the sum of
all multiplication products of each atom accessible surface
per the corresponding atomic solvation parameter (∆gi):
∆G wu → f , S = ∆G S =

In conclusion, ASP mimic hydrophobic effects and can be
used as global parameters but for more accurate solutions,
more terms accounting for the previously restrictions should
be introduced.

Σ ∆g ⋅ ∆Sacc .
i

i

i

Eisenberg and McLachlan [10] calculate 5 parameters of
ASP by solving the system of m equations by the least
square root method. The m equations were obtained from the
data of Faucher and Pliska [30] who measured lipophily of
amino acids. The values are given in table I. In that table,
we compare the atomic Etr of Brasseur [23] to the ASP values of Eisenberg and Mclachlan [10], Nolde et al. [31] and,
Ducarme et al. [32]. For sake of comparison, the values of
the 1991 paper by Brasseur were corrected by the accessible surface of each kind of atoms.

Both techniques (ASP and atomic Etr) are interesting
since their carry out are simple and do not cost much computing time. The interest of ASP with respect to atomic Etr
is that atom accessible surfaces should partially compensate
the artefacts due to intramolecular reorganisation because,
buried atoms will not be taken into account.

As previously written the ASP should be a global parameter to describe solvation effects. How are ASP used?

Simulation of solvation for the insertion
of proteins in membranes

We can legitimately think that apolar interactions are proportional to the accessible surfaces of atoms. Different studies reporting the linearity of the plot between the number of
carbons and their accessible surface area are a good demonstration of that idea [27].

Protein insertion in membranes can be considered as a partition of a protein between two solvents, water and lipids.
However membranes are complex solvents and membrane/protein interactions more difficult to simulate than
10
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water/protein solvation. Membranes are “polymeric” constructions that are anisotropic mixes of several kinds of
amphiphilic molecules. Their properties strongly differ from
one end to the other and membrane/lipid interactions are
directional: apolar at one end, polar at the other end. The
bilayer structure is not only an intrinsic property of lipids,
it also results from the contact with the surrounding water.
The core is hydrophobic and the surface more hydrophilic.
The surface is polar heads of lipids (Fig. 3, see page 38).
The hydrophobic effect induces lipids to interact while the
solvation effect stabilizes the conformation. Therefore, solvation energy will account for the protein interactions with
membrane surface heads, and hydrophobic interactions will
account for intramembraneous residue interactions.

teins of viruses [35, 39–42]. This is a good example of how
lipophily can help in understanding peptide/membrane interactions: however, the mechanism of fusion cannot be
explained. It is the fusogenic capacity of a peptide that can
be predicted and this is a very important aspect.
Using amino acid Etr is also useful for predicting membrane spans. Since the first methods of hydrophobicity plots
[43], many progresses have been accomplished and recent
techniques now claim to predict transmembrane helices with
95% accuracy [44].
However, this does not help us in understanding the
mechanism of protein insertion in membranes.

Due to its own properties, simulation of membrane structure, even in the absence of protein is a major challenge.
Until now, we are limited to simulate small patches of a few
nanometers for a few nanoseconds [34].

The folding of alpha helices has however been studied by
means of simplified models of peptides and of a continuous
membrane description [45]. Starting from random structures
in water, helices as complex as pf1 coat protein (a transmembrane and an adsorbed segments) were successfully
inserted in membranes where they folded.

Beside, it appears that:
a) membranes do not behave like fluid mosaics [34].
b) Proteins influence the bilayer structure, for instance
when they induce fusion [35].

We use a similar approach to model the peptide/membrane interaction by Monte Carlo optimisation [32]. Because
the final aim of this work is to optimise bundle of helices,
a full atomic description of the peptide structure was used
instead of the centroid models used in the previous study.
This kind of approach was previously used by others [46,
47]. Two simple hypotheses were made:

c) Specific lipids are required for the activity of some proteins, and thus proteins may have preferential interactions
with some molecules of the “solvent” [36].
Thus, it is clear that explicit simulation of membrane
lipids and water should be necessary to discover the subtle
mechanism of membrane activity. Unfortunately, molecular
dynamics of such systems require very large calculation
times and those investigations of the folding/insertion
process has not been possible yet [37].

a) to simulate the solvation effect, we have to maximise
the hydrophobic and to minimise the hydrophilic accessible
surfaces of proteins that insert in membranes.
b) to take into account unfavourable van der Waals interactions between peptides and lipids (as compared to
lipids/lipids), we have to minimise the surface of contact
between peptides and lipids.

Surprisingly according to the previous considerations, Etr
calculations have been quite useful in this field. For instance,
they unable to describe 5 classes of alpha helices interacting differently with membranes [23]. To do so, the partition
of hydrophobicity in the helix structure was analysed. The
procedure is based on the calculation of hydrophilic and
hydrophobic centres [38] given by:

The function has no energy terms and does not describe
actual physical interactions, it is just an empirical function
and its minima correspond to native-like conformations. In
a recent assay, we tested the insertion of helices; the helical
backbone structure was given as starting point and the procedure was sufficient to predict the correct position of alpha
helices.

Cpho= Σ Etri wi /Σ Etri
where Cpho is the coordinate of the hydrophobic or
hydrophilic centre and Etri the transfer energy of ith
hydrophobic or hydrophilic atom whether the hydrophobic
or hydrophilic centres are calculated. wi are the coordinates
of atoms i. Then, the hydrophobicity interface is defined as
a plane perpendicular to the segment joining both centres so
that the plane/segment intersection splits the segment proportionally to the hydrophobic and hydrophilic potentials
respectively.

Conversely to classical hydrophobicity plots of sequences
like Eisenberg’s which predicts membrane spans [10], our
approach tests whether the fragments do insert in membrane
or not and calculates the dynamical behaviour in membranes. It was shown that melittin has several distinct local
minima, suggesting that previous static classifications are
too simplistic [32]. This hypothesis is in line with recent
simulations of synthetic peptides (Ducarme, unpublished
results) whose calculated conformations were in good
agreement with solid-state NMR studies (Bechinger, personal communication).

These analysis led to the concept of tilted peptides, i.e.
peptides whose hydrophobicity is asymmetrically distributed
along the helix axis. This particularity was shown to be
essential for fusogenic properties especially for fusion proANALUSIS, 1999, 27, N° 1
© EDP Sciences, Wiley-VCH
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multiple: first, there is no consensus on the atomic radius;
second, there is not enough experimental data of lipophily.
For example, the set of 20 amino acids used to describe all
ASP for proteins is short. Some atomic species as sulphur
for instance are too infrequently represented. More analysis
should be carried out to define the different atomic species.

Atomic Etr and ASP in protein folding
If one considers the folding of proteins, the free energy of
folding can be described as follows [48]:
∆G wu → f = ∆G wu → f , I + ∆G wu → f , S.

Development of procedures to calculate
protein structures from sequences

u and f are unfolded and folded states respectively. w means
that the phenomenon occurs in water.
∆G wu → f , I + et ∆G wu → f , S. are the respective contributions of
solute intramolecular interactions and solute-solvent
extramolecular interaction changes in the delta of free
energy.

The folding of a nascent polypeptide chain into a compact
native structure is a key-step in the translation of genetic
information into molecular activity.

The empirical equation of contribution of solvation in the
changes of free energy during folding is thus:
∆G wu → f , S = ∆G S =

Polar amino acids are amphiphilic or biamphiphilic
(Fig. 4) with a polar head and a hydrophobic segment
[5,55]). Therefore, there is a similarity between amphiphilic
characters of amino acids, lipids and detergents. All those
molecules spontaneously make compact organised structures
where hydrophobic domains are buried inside and thus protected against water.

Σ ∆g ⋅ ∆Sacc .
i

i

i

Where ∆gi is the atomic solvation parameter and Sacci the
water-accessible surface of atom i. It is expected that, in
most proteins, the energy of solvation is negative in the
folded as compared to unfolded state. Actually, the major
driving force of protein folding in water is solvation. The
atomic solvation parameters should therefore mimic the
preference of the different species of atoms for water or for
an hydrophobic core better than the atomic Etr. Thus, ideally, the experimental conditions chosen for lipophily measures should simulate the properties of the native protein
core at best. Unfortunately, this core is heterogeneous.
Indeed, besides the presence of apolar atoms, many core of
proteins have intramolecular saline bridges. It was also
described that large proteins, classically more than 100
residues have about 2% of their volume as cavity some containing occluded water molecules [49,50]. These create local
hydrophilic patches. From this, it results that it is difficult
to simulate the protein core as an homogenous solvent [51].
All apolar solvents mimic one or another property of the
core but none gives a realistic description. Anyhow, for most
authors, the best medium to simulate the protein core is
octanol [52] but the debate is still open [8].

A similar phenomenon to the formation of membranes is
implicated in the folding of soluble proteins. The core is
hydrophobic and the surface is more hydrophilic, made of
polar extremities of the biamphiphilic amino acids. A protein should thus tend towards a compact form, the wateraccessible surface of which is continuous and minimal [56].
Therefore, in unfolded proteins all residues are or can be
water-accessible and, in folded proteins solvation energy will
account for the surface of residue interactions with water,
and hydrophobic interactions will account for intramolecular residue interactions.
Diverse methods of prediction of tridimensional structures
of proteins were recently published [56–61]. They share the
fact that, in addition to usual energetic terms describing the
steric repulsion, the electrostatic interactions and the formation of hydrogen bonds, a term simulating solvation effects
is added.
Srinivasan and Rose [58] simulate the energy of proteins
with a very simple equation of three terms

Some authors approach the problem differently [53]. They
postulate that proteins fold the same way in water and in
vacuum and thus that, intramolecular contributions are the
same in both media. Therefore, differences in free energy
should be due to solvent/protein interactions. They used the
Etr obtained from vapor/water partitions. Undoubtedly, the
simplification is far from negligible.

Etot = E1 + E2 + E3.
In which E1 is a scaled contact energy with both attractive
and repulsive terms. The attractive term include pseudohydrophobic interactions.
E2 is the backbone torsional potential.

Schiffer et al. [54] compared 4 sets of ASP in the optimisation of protein structure, 2 based on octanol/water partition and 2 on vapor/water partition. They conclude that the
data from octanol/water are better.

Sun et al. [59] calculate amino acid interactions with an
energy equation of two terms.

The major criticism to previous techniques is that all
authors do not converge toward similar values. Reasons are

Etot = E1 + E2.

E3 simulates the hydrogen bonds of backbone.

12
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In which E1 takes into account the steric hindrance of amino
acids and E2, the hydrophobic interactions of the core using
the following equation:
E2 = ε 1 dij
1+e
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ε is equal to –1 if both i and j residues in interaction are
hydrophobic and is null in all other cases. Dij is the distance
between centroid centres.
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