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Hydration layer water molecules play important structural and functional roles in proteins. Despite being a
critical component in biomolecular systems, characterizing the properties of hydration water poses a
challenge for both experiments and simulations. In this context we investigate the local structure of hydration
water molecules as a function of the distance from the protein and water molecules respectively in 188 high
resolution protein structures and compare it with those obtained from molecular dynamics simulations.
Tetrahedral order parameter of water in proteins calculated from previous and present simulation studies
show that the potential of bulk water overestimates the average tetrahedral order parameter compared to
those calculated from crystal structures. Hydration waters are found to be more ordered at a distance between
the first and second solvation shell from the protein surface. The values of the order parameter decrease
sharply when the water molecules are located very near or far away from the protein surface. At small water—
water distance, the values of order parameter of water are very low. The average order parameter records a
maximum value at a distance equivalent to the first solvation layer with respect to the water-water radial
distribution and asymptotically approaches a constant value at large distances. Results from present analysis
will help to get a better insight into structure of hydration water around proteins. The analysis will also help to
improve the accuracy of water models on the protein surface.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Water in the protein interior has long been known to be crucial for
the assembly and three-dimensional structure of proteins and nucleic
acids. Particularly, protein-water interactions delineate and mould
the free energy landscape that stabilize the structure of a protein by
bridging between the protein hydrogen bond acceptors and donors
and govern the folding of proteins by expelling core water in the rate-
limiting step [1]. Water also participates in enzyme catalysis by
facilitating conformational transitions and mediating proton transfer
reactions [2]. Properties of hydration water surrounding biomolecules
have been extensively studied both experimentally and computa-
tionally [3]. These studies have clearly established the distinction
between the properties of water in the hydration layer surrounding
the biomolecules and the bulk water [4-26]. Attempts to characterize
the structure and dynamics of the hydration water on a protein
surface are implemented through a number of techniques, which
include X-ray crystallography [27], NMR [28,29], neutron scattering
[30,31], dielectric relaxation [32-34], magnetic resonance dispersion
[1], time-resolved fluorescence [5], solvation dynamics [35] and
molecular simulations [6,10,36]. These results indicate that the
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structure, diffusion and the intramolecular vibration modes of water
molecules in the hydration layer are distinctly different compared to
bulk water. While most experimental tools access the average effects
of the solute over the entire hydration layer, molecular dynamics
provides valuable insight to a site-specific picture of the hydration
dynamics leading to a better comprehension of the conformation and
dynamics of water molecules around peptide segments.

This remarkable complexity of the structure and dynamics of
hydration water is not completely understood through experi-
ments or simulations. In experiments, it is often difficult to detect
and characterize hydration water against the dominant back-
ground of bulk water [37-39,33,40,41]. Direct observation of
hydration water in proteins is difficult except for crystal structures
of atomic resolution better than 1A. Computationally this
difference is reflected in a variety of different potential functions,
such as TIP3P [42], TIP4P [43], TIP5P [44], SPC/E [45], etc.,
commonly used in molecular dynamics simulations, which are
parametrized to reproduce the experimental data of bulk water
[46]. Since the potential derived from bulk water may not
accurately represent properties of hydration water, the differences
between the properties of hydration water and bulk water need to
be better defined in molecular dynamics simulation programs. MD
simulations are also limited by the availability of computational
resources. In such circumstances, crystal structures of proteins
deposited in Protein Data Bank (PDB) [47] may provide an
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alternative way for investigating the hydration water structure.
Direct measurement of visible hydration water has become
possible with the availability of significant amount of high
resolution protein crystal structures as well as protein structures
elucidated by cryogenic X-ray diffraction techniques. Averaging
over a number of crystal structures reduce the errors caused by the
differences in crystallization conditions and other sources of
experimental variations.

In this study, we have explored radial distribution pattern of water
tetrahedral structure in the hydration shell of 188 high resolution
proteins (resolution < 1A). The results show that water molecules
placed very near and very far away from the protein surface loose
their tetrahedral geometry. Average tetrahedral order parameter of
water molecules calculated from high resolution crystal structures
of proteins shows an oscillating behavior at long distance from
protein surface. The results are also found to be robust with respect to
an additional database of protein structures elucidated by high-
resolution cryogenic X-ray crystallography. Previous simulation
results of peptide sequences [48] are found to overestimate the
average tetrahedral order parameter at various distances from protein
surface while simulation of a-lactalbumin in the present work shows
slight overestimation of tetrahedral ordering of water molecules at
long distances from the protein surface. Distribution of the tetrahedral
order parameter of water at various distances from each water
molecule also exhibit vast discrepancy when the results from the
crystal structures are compared to those obtained from simulations.
Apart from providing a better insight on water structure in hydration
shell of proteins the results from present analysis may also help in
improving the accuracy of water models used in simulations of
proteins.

2. Materials and methods
2.1. High resolution proteins

A total of 188 high resolution protein crystal structures were
selected from the Protein Data Bank (PDB) [47] with a cut-off atomic
resolution of <1A. This database consists of 105 high resolution
proteins used in a related work [46] to calculate the radial distribution
of water molecules and also includes additional ones as listed in
Appendix A. The hydration level (gram of water molecules per gram of
protein) of these crystal structures range from 0.7 to 0.81. The
temperature of isolation of these 188 crystal structure ranges from
85K to 293 K.

Every water molecule has an occupancy index in the PDB file. Most
of the water molecules in these crystal structures have a maximum
occupancy factor of 1.0, implying the presence of these water
molecules in the protein crystal. A few occupancy values are less
than 1.0, which indicates that the respective water molecules are
absent in some of the protein molecules. For this study the sum of the
occupancy of each water molecule was considered rather than the
actual number of water molecules. The selected proteins contain a
total of 58919 water molecules including 9230 partially occupied
waters.

2.2. Radial distribution

Water-protein radial distribution function describes the density of
water as a function of the distance from the closest non-hydrogen
atom on the protein surface. The water-protein radial distribution is
calculated by dividing the number of water molecules present in
different radial shells at various distances from the protein molecule
by the volume of the corresponding shell [46]. The water-protein
radial distribution function or surface distribution function (SDF)
describes the density of water as a function of the distance h from the
protein surface which is determined by calculating the distance of the

water oxygen atom from the nearest non-hydrogen atom of the
protein,

fuplh) = 1)

where p is the average density of water around a protein at a distance
h, given by

n
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and n is the number of water molecules present within water-protein
distance h and R;, is the radius of the protein molecule p. The radius of
the protein, R, is defined as the distance between the center of the
protein to the farthest non-hydrogen atom of the protein measured
from its center.

The water-water radial distribution function (RDF) gives the
density of water as a function of distance from a tagged water
molecule. RDF in proteins is different from that of the bulk water due
to the interaction of the water with protein molecules. In the presence
of protein atoms, the volume occupied by water is restricted, and thus
the procedure of normalizing density must be modified. The raw RDF
is calculated by counting water molecules around the tagged water
molecule at various distances

d
Zraw(lw) = (C?;NW)

w
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where d(pyw) is the water density at a distance between r,, and
ry —dr,, from the tagged water molecule w. The raw counts of water
molecules within each radial shell were converted into an average
value for the raw RDF. The normalization factor for each shell was
calculated as

Zor(T) = d<(frw"> 4)

w

where d(pwp) is the average of the water density of each small cell in
the shell between r,, and r,, — dr,,, where density of each small cell is
determined by its water—protein distance. Both raw RDF as well as the
normalization factor were averaged over the number of water
molecules in each crystal structure and the number of crystal
structures.
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where P is the number of high resolution protein crystal structures
chosen for this study i.e. P= 188, W, is the number of water molecules
in protein p and ry,, is the distance of the shell from the tagged water
molecule in protein p. The normalized RDF was calculated as

< raw | T'w, >
&normalized (rwp) = m (7)

3. Water structure

Orientational order parameter characterizes the local structure of
hydrogen bonded liquid water. The orientational (or tetrahedral)
order parameter ge. measures the extent to which a given water
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molecule and its four nearest neighbors adopt a tetrahedral
arrangement. For pure water, orientational order parameter is defined
as [49]

J

T

> (cos(w) + 3) ®

Qe =1-3
tet 8 et

where ¥; is the angle formed between the oxygen atom of a given
water molecule and the bond vectors r;; and rj of its four nearest
neighbor atoms j and k of the same type. For a perfect tetrahedral
arrangement, gqc= 1. Conversely, for a random arrangement with
uncorrelated uniform angular distributions, q.c=0. For water
molecules surrounding the proteins, the orientational order param-
eter is calculated either (i) by considering only water molecules as
four nearest neighbors or (ii) by considering heavy atoms of the
peptide (C, N, O etc.) as nearest neighbors of the oxygen atom of the
selected water molecule.

3.1. Molecular dynamics simulation

Molecular dynamics simulations of a-lactalbumin are used to
explore the structure and properties of water around protein. MD
simulation was performed by the AMBER 9 package [50]. The crystal
structure was extracted from the PDB (id: 1A4V.pdb) and the missing
hydrogen atoms were added with the LEAP subroutine. The
crystallographic water molecules were striped off initially and then
the protein was solvated in a cubic box with TIP3P water molecules
[42]. The buffering distance between edge of the box and the protein
was maintained at 10 A during solvation and the closeness parameter
was set at 1 A. The overall charge of the system was neutralized by
adding 7 Na + ions. The ff99SB force field was used with the periodic
boundary conditions. This force field represents a better balance of
four basic secondary structure elements (PPy, 3, o and og) by
incorporating an improved distribution of the backbone dihedrals
[51]. This force field also displays the best agreement with
experimental data [52]. The nonbonded cutoff was set to be 8 A.
Particle Mesh Ewald (PME) summation was used to treat the long
range electrostatic interactions [53] with the nonbonded real space
cutoff set at 8.0A and fourth order spline interpolation with grid
spacing of 1.0A. The SHAKE algorithm was used to constrain all bond
lengths to their equilibrium distances [54]. The energy of the system
was minimized twice by the conjugate gradient method, the solvent
was energy minimized first by keeping the protein constrained
followed by the energy minimization of the whole system. A two-step
equilibration was performed by simulating the solvated protein in a
NVT ensemble at an initial temperature of 100 K, which was gradually
raised up to 300 K for 50 ps at a constant volume. This was followed by
a NPT equilibration for 300 ps at a constant temperature of 300 K and
a pressure of 1 bar. Constant temperature was maintained through
weak coupling to Berendsen thermostat with a coupling constant of
2 ps while constant pressure was maintained through weak coupling
to isotropic barostat with a coupling constant of 1ps [55]. The
production run was executed with the NPT system for 10 ns with a
time step of 2 fs. Snapshots of the trajectory were saved at each
picosecond. All properties were extracted from the trajectory of the
final production run. Previous studies [46] on water-water radial
distribution function in protein crystal structures using similar
database compares the results with that of the bulk water at room
temperature [56]. However, for low temperature simulations, water is
neither frozen nor glassy but remains supercooled [57-60] and the
Stokes-Einstein relation is valid [61]. Hence it is expected that the
conclusions drawn from the simulation results (as analyzed in Results
and discussion section) may have negligible effect on the temperature
at which the simulation is performed.

3.2. Technical details of calculations

The distribution of the tetrahedral order parameter from both
crystallographic data and molecular dynamics simulations are plotted
as a function of protein-water or water-water distance r. At each r,
the distribution of water molecules are calculated by counting the
number of water molecules whose oxygen atoms lie within a distance
between r and r — Ar. The bin width, Ar is chosen to be 1 A, 0.5 A and
0.1 A. In the main text, we display the results for Ar=1 A, while the
results for other values of Ar are provided in the Supplementary data.
At each r, the fraction of water molecules with q-values ranging
between qer — dqret/2 and qrec +dqier/2 is denoted as P(qer)dqret
where dq; = 0.05. Average value of Gy, (qter), iS also plotted at eachr.

4. Results and discussion
4.1. Water structure as a function of water-protein distance

188 high resolution (<1 A) protein crystal structures are compiled
from the PDB for analyzing the distribution of tetrahedral order
parameter of water molecules as a function of distance from the
protein surface. Fig. 1(a) and (b) show the distribution of tetrahedral
order parameter of water molecules, P(qg), as a function of distance
from surface of the protein molecule. In Fig. 1(a) g values are
calculated by including protein heavy atoms as four nearest
neighbors, while in Fig. 1(b) only water molecules are considered as
nearest neighbors. Insets of Fig. 1(a) and (b) depict the average
distribution of tetrahedral order of water molecules <> at different
distances from the protein surface. Water molecules which are very
close or far off from the protein surface are found to be less
tetrahedrally ordered compared to the water molecules situated at
any intermediate distance. This result is more pronounced for smaller
Ar values (Supplementary Figs. 3, 4, 5 and 6). To verify robustness of
these results an additional database of protein structures elucidated
by high-resolution cryogenic X-ray crystallography is also considered.
There are 11964 protein structures in this database whose structures
are refined using diffraction data collected bellow 150K and at
resolution better than 2.2 A. The structures contain 3920740 water
molecules including 110811 partially occupied waters. Supplemen-
tary Figs. 11 to 16 show the distribution of P(q) values at various
distances from protein surface in this additional database. The pattern
of results is found to be similar to that shown in the main manuscript.

Earlier results from molecular dynamics simulation of small
peptides have shown less ordered water molecules near protein
surface [48]. The results of two-particle approximation for calculating
the change in entropy of water in the vicinity of the peptide also
confirm that the water molecules near the protein are less ordered
than those in bulk [62]. A possible explanation for the loss of
tetrahedral structure of water molecules, which are close to the
protein surface may be explained in terms of the optimum distance of
hydrogen bonding. Any protein atom located closer than the optimum
H-bond distance may lead to the distortion of water molecules from
their tetrahedral arrangements. Results from the molecular dynamics
simulation of collagen triple helix also show that the number of
hydrogen bonds formed by each water molecule near the peptide is
less than four, leading to the disruption of its required tetrahedral
geometry [63].

The order parameter, ¢, calculated by including and excluding
protein heavy atoms (i.e. Fig. 1(a) and (b) respectively) are qual-
itatively similar, except for the differences at close and intermediate
distances from the protein atoms. Higher tetrahedral order is
observed at closer distances when the heavy atoms of the protein
are excluded from the calculation, while an opposite trend is observed
atintermediate distances. From the inset of Fig. 1(a) and (b) it is found
that the peak in (g is shifted from 4 A to 5 A when protein heavy
atoms are not considered. Both these peaks are at a distance beyond
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Fig. 1. Distribution of the orientational (tetrahedral) order parameter, P(qq), at various water—protein distances in high resolution protein structures with Ar=1A. Order
parameters are calculated (a) including and (b) excluding protein heavy atoms. Distributions at distances with significant variation in (g’ are shown in the figure. A 5th order
polynomial curve fitting is done for smoothing of the curves. Inset of the figure shows (q.;) at various water-protein distances in high resolution crystal structures and from

trajectory of a-lactalbumin simulation. The standard errors are plotted as error bars.

the first and second solvation shell as depicted in Supplementary Fig.
1. The position of this peak is similar to that of small peptides
simulated using different solvent models [48]. Previous simulation
results on antifreeze proteins [64] exhibit a similar peak for the local
tetrahedrality of water at a position similar to that of the present work
even though a different parameter was used to define the tetrahedral
ordering of water molecules. The plot of (g calculated excluding
protein heavy atoms (inset of Fig. 1(b)) shows a small hump near 2 A
from the protein surface which is absent in the case where the protein
heavy atoms are included.

The distribution of tetrahedral order parameter, P(qe), in the limit
of small (Ar) values are depicted in the Supplementary Figs. 3,4, 5 and

6. At a distance beyond 6 A from the protein surface, the average
tetrahedral order parameter, (q), Shows an oscillatory behavior. This
observation is also supported by the MD simulation of small peptides
where the oscillations are found to be more pronounced. This
oscillatory behavior is due to the fact that (q is anti-correlated
with average tagged potential energy which in turn is found to be
oscillatory in nature up to a distance of 10 A from the protein surface
[48]. MD simulation of collagen triple helix with TIP3P water model
reveals the existence of alternating hydration layer of lower and
higher water density around the collagen molecule [63]. This may
account for an oscillating behavior of {(qet at various distances from
the protein surface.
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The (qi) values calculated from the high resolution crystal
structures are found to be lower than those calculated from the
earlier MD simulation results [48]. For the sake of comparison, (et
values at various distances from the protein surface calculated from
10 ns MD simulation trajectory of a-lactalbumin are also plotted in
the insets of Figs. 1(a) and (b). The results show that at long distances
from the protein surface (qwr) show higher values for simulation
trajectory as compared to those obtained from crystal structures
when protein heavy atoms are included in calculating q¢ (Fig. 1(a)).
When protein heavy atoms are excluded, (Fig. 1(b)), (qter) values are
consistently higher for simulation except for intermediate protein-
water distance. Earlier MD simulation studies [64,65] confirm that the
tetrahedral ordering of water molecules in proteins increases with the
decrease in temperature. Our simulation results at room temperature
establish the overestimation of the tetrahedral order parameter of
water in proteins as compared to that calculated from the high
resolution crystal structures. Since the tetrahedral order of water
increases with the decrease of temperature, the qualitative trend will
remain the same but only the degree of overestimation will increase
with the decrease of temperature.

A comparison of the radial distribution function of bound water in
protein crystals with that of the bulk water from experiment results
[56] shows that the density of hydration shell water molecules in
protein crystal structures is slightly higher in value [46] compared to
the bulk water. This higher density of water in protein crystals may
lead to the crowding of water molecules resulting in deviation from
the preferred tetrahedral geometry. Molecular dynamics simulation of
lysozyme in TIP3P water model with NPT ensemble also records an
increase of the density of water in the first hydration shell as a result
of the geometric constraints which is a primary contributing factor for
unperturbed bulk water [66]. Since water models used in simulations
are parametrized to reproduce the experimental data of bulk water,
the density profile of hydration water is quite similar to that of bulk
water with slightly higher {(qe). A noticeable difference of these
results compared to those obtained from MD simulations is reflected
in the decrease of the average tetrahedral order parameter, (G, at
distances far off from the protein surface rather than approaching a
constant value. This may be explained by the fact that in MD
simulations, the hydration shell water primarily exhibits bulk
properties at large distances from the protein surface and (et
asymptotically approaches a constant value. However, the values of
(qter), calculated from the high resolution protein crystal structures at
distances far off from the protein surface, decrease due to a decrease
in the density of the hydration shell water molecules exhibiting a
considerable deviation from its tetrahedral geometry, as shown in
Supplementary Fig. 1.

4.2. Water structure as a function of water-water distance

The distribution of the tetrahedral order parameter of water in
proteins is also explored as a function of the water-water distance.
Analogous to the protein-water distance, the tetrahedral order
parameter of water molecules are binned at various water-water
distances with different values of Ar i.e. 1A, 0.5A and 0.1 A. The
distribution of the tetrahedral order parameter of water and the
average tetrahedral order parameter, (qe), of each bin are calculated.
Fig. 2(a) and (b) depict the distribution of water molecules having
different values of gt with respect to the distance from each water
molecule in presence and absence of the protein heavy atoms as
nearest neighbors. The figure insets show (g’ as a function of the
distance from each water molecule. The results show that a water
molecule tends to be less ordered when it is very close to another
water molecule. Beyond a distance equivalent to the first water-water
solvation layer, the water molecules are found to be more ordered
with the values of gt showing similar distribution patterns and (g’
approaching constant values of 0.43 and 0.33 in insets of Fig. 2(a) and

(b) respectively. The average tetrahedral order parameter, {q¢t’, has a
maximum value at a distance of nearly 3 A (inset of Fig. 2) which
represents the peak value in the first solvation layer (Supplementary
Fig. 2). Since this distance is lower than the optimum H-bond distance,
it may lead to the distortion of the water structure from its preferred
tetrahedral geometry. This may account for the decrease of {qe) at a
distance less than the first water-water solvation layer. A small hump
is also observed in (g at a distance of the second solvation shell. The
(qeer) values also display an oscillating behavior at large water-water
distances as shown in Supplementary Figs. 7, 8,9 and 10 even though
the amplitude of oscillation is very low. Fig. 2(a) and (b) depict the
results calculated by including and excluding the protein heavy atoms
as four nearest neighbors respectively differ in the position of the
maximum in the distribution of water molecules with different values
of ger. The plot shows lower values of g when the protein heavy
atoms are excluded. The results validate that most of the water
molecules have ordered tetrahedral arrangement with respect to the
protein heavy atoms. This is also emphasized in the insets of the Fig. 2
(a) and (b) where the values of (g turns out to be consistently
higher when protein heavy atoms are included.

A comparison with the simulation results is also performed by
plotting (g’ at various distances from water molecules calculated
from the 10 ns simulation trajectory of a-lactalbumin shown in the
insets of Fig. 2(a) and (b). The values of (g are found to be higher in
crystal structures compared to the simulation results when the
protein heavy atoms are included in calculation of qye¢; while the trend
is exactly opposite when protein heavy atoms are excluded. A closer
look at the figures shows that (g’ values do not differ much from the
simulation results when the protein heavy atoms are either included
or excluded from calculations. The difference in the trends of insets of
Fig. 2(a) and (b) is mostly due to different (g values calculated from
crystal structures. A similar trend is found in the insets of Fig. 1(a) and
(b) where the (g values from simulation results vary minimally
with protein-water distance. This confirms the need of improved
water models to accurately portray the fluctuations in g values of
crystal structures at various distances from protein surface and water
molecules.

5. Conclusions

The present study deals with the distribution of water tetrahedral/
orientational order parameter as a function of protein-water and
water-water distances in protein crystal structures. The work is done
with 188 high resolution (<1A) protein crystal structures from
Protein Data Bank (PDB). It is found that water molecules are more
distorted from their tetrahedral geometry when present in the
vicinity or far off from the protein surface. At distances close to the
protein surface, the value of g is low due to distances less than
optimum H-bonding while at larger distances from the protein
surface there are less number of water molecules. Previous peptide
simulation results [48] as well as present simulation results of o-
lactalbumin using solvent models based on experimental bulk water
potentials are found to overestimate tetrahedral order parameters of
water molecules in proteins. However, the average tetrahedral order
parameter calculated from protein crystal structures shows similar
oscillating pattern at long distance from protein surface as suggested
previously by MD simulation results [48]. Similar study with an
additional database of cryogenic proteins also validates the robust-
ness of the results from high resolution proteins. Present analysis may
help in improving the accuracy of water models near protein surface
to be used for future simulations.
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Appendix A. PDB IDs of 188 high resolution protein crystals used
in the present work

1A6M, 1AHO, 1BO0Y, 1BRF, 1BXO, 1BYI], 1C75, 1C7K, 1CEQ, 1CEX,
1DY5, 1EA7, 1EB6, 1ETL, 1ETM, 1ETN, 1EXR, 1F94, 1G4I, 1G66, 1G6X,

1GA6, 1GCl, 1GKM, 1GQV, 1GWE, 1H]8, 1H]9, 1HJE, 111W, 1IC6, 1IEE,
11QZ, 11RO, 1IUA, 1IX9, 1JOP, 1JFB, 1K2A, 1K4l, 1K4P, 1K5C, 1K6U,
1KCC, 1KTH, 1KWF, 1L9L, 1LKK, 1LNI, 1LUG, 1M1Q, 1M40, 1MC2,
1MJ5, 1IMNS8, 1MNZ, 1MUW, 1MWQ, 1MXT, 1N1P, 1N4U, 1N4V,
1N4W, 1N55, 1N9B, 1NKI, 1NLS, 1INQJ, INWZ, 107], 10Al, 10B4, 10B7,
10D3, 10EW, 10KO, 10T6, 10T9, 1P1X, 1P9G, 1PJX, 1PQ5, 1PQ7,
1PWM, 1Q6Z, 1R6], 1RBY, 1RTQ, 1S5M, 1S5N, 1SSX, 1SY2, 1SY3, 1TQG,
1TT8, 1U2H, 1UCS, 1UFY, 1UG6, 1UNQ, 1USO, 1VOL, 1V6P, 1VBO,
1VBW, 1VL9, 1VYR, 1TWON, 1X6Z, 1X8P, 1X8Q, 1XG0, 1XMK, 1ZK4,
1ZUU, 1ZZK, 2A6Z, 2B97, 2BF6, 2BF9, 2BT9, 2CE2, 2CHH, 2CNQ, 2CWS,
2DDX, 2DSX, 2E4T, 2ERL, 2F01, 2FDN, 2FMA, 2FVY, 2FWH, 2GGC,
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2GKG, 2GUD, 2H5C, 2HS1, 2JFR, 2JHF, 2NRL, 207A, 2098, 20V0, 2P5K,
2PND, 2PNE, 2PPN, 2PVB, 2QCP, 2QSK, 2R31, 2RBK, 2RH2, 2V1M, 2V8T,
2VB1, 2VHA, 2VHK, 2VXN, 2WFI, 2ZPM, 3A39, 3BWH, 3CCD, 3D1P,
3DHA, 3DK9, 3E4G, 3E7R, 3EAG6, 3EO6, 3F1L, 3F7L, 3FIL, 3FSA, 3G21,
3G46, 3G63, 3GOE, 31P0, 3LZT, 3PYP, 4LZT, 7A3H, 8A3H, 8RXN.

Appendix B. Supplementary data

Supplementary data to this article can be found online at doi:10.

1016/j.bpc.2011.05.009.
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