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Appendix 3 Certificate of Analysis (Certification No. B120714-001)

Study No.:

Test Substance:
Lot No.:

GLP:

Description of Analysis:

Analysis:
Storage Conditions:

Certification No. B120714-001

Certificate of Analysis
February 8, 2013

Kashima Laboratory
Mitsubishi Chemical Medience Corporation

Chief Analyst:
Kunihiro Konno

Analyst: Junko Ohnuki
B120714
P092
7J7XB
MHW, Ordinance No. 21, “Standards for Conduct of Nonclinical Studies on
the Safety of Drugs”

(Dated March 26, 1997; partial revision: Ordinance No. 114, MHLW, dated
June 13, 2008)

Confirmation of stability of P092 in preparations

[Vehicle: Dimethyl sulfoxide]

(Nominal concentration: 0.005 mg/mL and 50 mg/mL)

HPLC

The preparations were stored at room temperature (18.7°C to 20.1°C) and
shielded from light in tight container for 24 hours.

Date of Preparation: November 20, 2012
Date of Analysis: November 20 and 21, 2012
Results: The concentrations of P92 in the preparations are shown in the table below.
Results indicated that the preparations were stable under the storage
conditions.
Date | November 20,2012 November 21, 2012
Concentration Initial After 24 hours
Measured 0.00532 0.00538
0.005 mg/mL concentration 0.00522 0.00539
Mean 0.00527 0.00539
Ratio to initial concentration (%) - 102.3
Measured 474 50.5
50 mg/mL concentration 482 49.9
Mean 478 502
Ratio to initial concentration (%) - 105.0

Ratio to initial concentration, acceptable range: 90% to 110%
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Appendix 4

Study No.:
Test Substance:
Lot No.:

GLP:

Description of Analysis:

B120714

Certificate of Analysis (Certification No. B120714-002)

Certification No. B120714-002

Certificate of Analysis
December 10, 2012

Kashima Laboratory
Mitsubishi Chemical Medience Corporation

Chief Analyst: Mm/

Kunihiro Konno

Analyst: Natsumi Iguchi
B120714
P092
7J7XB
MHW, Ordinance No. 21, “Standards for Conduct of Nonclinical Studies on
the Safety of Drugs”

(Dated March 26, 1997; partial revision: Ordinance No. 114, MHLW, dated
June 13, 2008)
Confirmation of concentration of P092 in preparations

[Vehicle: Dimethyl sulfoxide]
(Nominal concentration: 0.00625 mg/mL and 1.6 mg/mL)

Analysis: HPLC
Date of Analysis: December 5, 2012
Results: The concentrations of P092 in the preparations are shown in the table below.
We confirmed that the obtained data were within the acceptable range.”
Nominal Measured M Ratio to nominal
concentration concentration (mgz‘:i) concentration
(mg/mL) (mg/mL) (%)
0.00663
0.00625 0.00672 0.00668 106.9
1.62
1. . .
6 1.66 1.64 102.5

a: Ratio to nominal concentration, acceptable range: 90% to 110%
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Appendix 5

45 B ] AL ER ¥ -S9 mix

B120714

- RRYEX R | BBt (MMC 0.1pg/mL)
(HERE (%) | BORE (%) [HEEE (%) |HHEE (%)
Ty | 0.3 0.0 37.5 0.1
itz (sD) || 0.5 02 10.1 0.3
+2SD 1.3 0.4 I 57.7 0.7
—2SD (0) (0) " 17.3 (0)
SN 1 1 57 1
/ME 0 0 19 0
SR R AL R YE4S9 mix
7 — 2 44 —
- RatEsxt R | E5EXER (BP 10pg/mL)
BERET (%) | #HHEE (%) I‘ WERE (%) | BHEE (%)
Y 0.1 0.2 26.4 0.1
AR (SD) 0.4 0.5 10.0 0.3
+2SD 0.9 1.2 46.4 0.7
—2SD (0) (0) 6.4 (0)
RXE 2 2 50 1
B/ME 0 0 " 10 0
5T AL R 24 B3 ] 4 PR
7 — ¥ 34
2t Re et HR B4 %t BR (MMC 0.05pg/mL)
BIERT (%) |HWEE (%) [BEEE (%) | HHEFE (%)
DA 0.5 0.1 32.9 0.0
BYERE (SD) 0.8 0.3 12.6 0.2
+2SD 2.1 0.7 1, 58.1 0.4
—2sD || ) ©) 77 ©)
BrE | 3 1 I 57 1
ZME | 0 0 | 10 0
0): BDEL2DT-D, 0LT5.
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@H EMISTRY

Protein-Specific Force Field Derived from the Fragment
Molecular Orbital Method can Improve Protein-Ligand

Binding Interactions

Le Chang,™®! Takeshi Ishikawa,'““ Kazuo Kuwata,™<! and Shoji Takada*™"!

Introduction

Computational study of protein-ligand docking has intensively
been performed due to its fundamental roles in rational drug
design.™ In contemporary high-throughput screening, predic-
tion of protein-ligand complex structures and rough estimate
of binding affinities often accelerate identification of lead com-
pounds. Yet, the in silico screening, at best, increases the prob-
ability of finding the lead compounds, but the estimates of
individual protein-ligand binding affinities are often poor and
less accurate!? For better prediction of the protein-ligand
docking and binding affinities, simultaneous achievement of
high accuracy in energy calculations and efficient sampling in
simulations is of central importance. While molecular mechan-
ics (MM) force fields (FFs)®~®) have been most often used, in
practice, the accuracy of the standard FF is limited. Thus, many
extensions, such as polarizable FFs'® have been developed,
but they are somewhat complicated and thus are not very
widely applied.

Generally, in developing FF, one tends to consider that FF
should be transferable. Once we obtain a set of parameters for
an amino acid, for example, the same set of parameters is
used for the same type of amino acid in any proteins.
Although the transferability may be important for convenience
of applications and physical clarity, it is also true that this
requirement reduces specificity in the FF. Namely, even for the
same type of amino acids, their local environment differ one
by one so that the best FF could be different depending on
its local environment. If we allow every amino acids to have
different parameter values, in principle, this protein-specific FF
can give higher accuracy than the standard FE”~"" in this arti-
cle, we address the possibility of protein-specific FF for calcula-
tions of protein-ligand binding affinities.

In fact, the idea of protein-specific FF is not brand new.
Some years ago, Ji et al.""! proposed to use protein-specific
partial charges. Based on quantum chemical calculations of
fragments of a protein, they applied the restrained electro-
static potential (RESP) method to obtain partial charges spe-
cific to the protein. By this way, they could incorporate the
protein-specific polarization effect. For example, it was shown
that several aspartates in lysozyme have quite different partial
charges. In their study, they used capped dipeptide fragments
for the quantum chemical calculation, which thus did not
include protein-wide electronic state changes. Okiyama
et al."2"3! developed the RESP protocol for the fragment mo-
lecular orbital (FMO)-based electrostatic potential for proteins/
polypeptides to determine partial charges. The FMO method
can approximately calculate the electronic energy of an entire
protein in terms of molecular orbitals of fragments and frag-
ment pairs, which drastically speeds up the calculation of the
electronic states of entire proteins. By using the FMO method,
they could compute the electronic state of entire proteins,
which was fed into the RESP procedure. They showed promis-
ing result in the accuracy of molecular dynamics (MD)
simulations.
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In this study, we put forward the Okiyama et al.'s method
towards the protein-ligand docking problem using the pro-
tein-specific FF based on FMO calculation together with the
RESP method. This article is organized in the followings. The
Methodology section briefly describes our protocols, which
rely on the FMO calculation of proteins and use the RESP
method with restraint to the AMBER charges to set up the
protein-specific partial charges. In Results, we first apply the
method for two proteins, dodecin, and lysozyme to determine
the partial charges. Next, how partial charges depend on the
local environment is analyzed. Finally, we test the protein-spe-
cific FF for the estimate of binding affinity using the simple
MM PBSA method. The article ends with brief Discussions and
Conclusions.

Methodology

To obtain the atomic partial charges for a particular conforma-
tion of a particular protein, we need the electrostatic potential
around the protein surface computed by ab initio quantum
mechanics (QM). Here, we used the FMO method"*'*! for this
purpose. In this method, a large biopolymer (protein, DNA,
RNA, etc) is divided into many fragments. At the dimeric level
of accuracy, the interaction energies of fragment pairs (dimer),
whose distance is close enough (less than twice the sum of
van der Waals radii for the closest pair of atoms) in a certain
conformation, are also calculated. The total energy of the bio-
polymer corresponding to a specific conformation is

N
E=>"E+Y (Bs—E—E), M
I=1

1<J

where l(lJ) is the suffix for monomer (dimer), N is the total
number of monomers in the system, £, and Ej; are the /th frag-
ment energies, and the IJ fragment pair energies.'*'™ The
electrostatic potential around the protein surface could be
obtained by the similar formula. The electrostatic potential
V(r) at a specific point 'is

V() = i v(r), + Z V@), —Vv(F), — V@), @

1<J

The calculation of the electrostatic potential is implemented
in GAMESS."®"! In particular, we used Hartree-Fock method
with the 6-31G* basis set in computing the molecular orbitals.
Currently, GAMESS could not directly output the FMO electro-
static potential at specific point in space. However, it is able to
output the electrostatic potential of all monomers and dimers
at specific point in space. Therefore, the FMO electrostatic
potential at specific point in space could be obtained by eq.
(2) and GAMESS output data in FMO calculation. In this work,
the source code of GAMESS is modified to output enough
number of electrostatic potential points. A program is coded
to compute the FMO electrostatic potential from GAMESS out-
put data in FMO calculation.

After the electrostatic potential around a protein surface is
obtained, the partial charge of each atom in the protein could

be fitted using the RESP method."® In the RESP fitting, new
partial charges g; could be obtained by minimizing the penalty
function »? given as

Npoimt Natorn

2= V=Vg)+k>_ (a—a), 3)
i=1

=

where V; and Vy; represent the electrostatic potential calcu-
lated by MM and QM, g; and g stand for the fitted partial
charges and the restrained partial charges, Npoine and Narom
are the numbers of electrostatic potential points and atoms
for fitting, and k is the weight factor that modulates the
strength of restraint. For proteins, partial charges are
restrained to AMBER 94 charges with the weight factors calcu-
lated by Okiyama's equation!'%'3!

Nooint Natom

k=" (Vo —Vo)*/ Z (9o — Go)?, (4)

j=1

where Vp = ( ;’z"‘,"“‘ Vo)) /Npoint and Go = (Z?’;‘{’"’ Goi )}/ Natom. For
ligands, the fitting is performed in two steps. First, the partial
charges are restrained to zero partial charges with the weight
factors set to k = 0.001. In the second stage, the partial
charges are restrained to those obtained from the first stage
fitting with the weight factor calculated by Okiyama's equa-
tion. The RESP fitting is performed by the R.E.D program.l'®

In this work, using the native structure of target proteins
without a ligand, after energy minimization procedure with
the AMBER 94 FE* we obtain the partial charges of atoms in
two proteins, dodecin, and lysozyme. In consistent with the
procedure used in AMBER charge determination, we put the
molecule in vacuum and did not include any solvation effect.
Using thus obtained FF as well as the standard AMBER FF, we
performed MD simulations for dodecin, its five ligands, and
the five protein-ligand complexes for 10 nanoseconds using
AMBER package.”™™ In the same way, we conducted MD simu-
lations for lysozyme, its five ligands, and the five protein—
ligand complexes. Then, the binding free energies are calcu-
lated by the MM PBSA approach®" according to the three MD
trajectories.

Results

We first calculated protein-specific partial charges by the FMO-
RESP method at the native structures of two proteins, dodecin
(pdb code 2CC9), and hen egg-white lysozyme (pdb code
1LZA). Then, the free energies of five ligands binding to dode-
cin and lysozyme are calculated by the FMO-RESP charges and
by using the standard AMBER charges.

Partial charges and local environment

Since the FMO-based partial charges are fitted with the
restraint to the AMBER charges, the value of Qrvmo — Qameer is
used to scale the variation of partial charge. Here, Qgpmo stands
for the partial charges derived from the FMO-RESP fitting to
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Figure 1. The partial charge variation of surface atoms. The structure in
the left corresponds to dodecin, whereas the one in the right corresponds
to lysozyme. Color indicates the value of charge variation: red means

Qrmo < Qamser, whereas blue means Qpmo > Qamser.

electrostatic potentials of FMO calculation, Qamger Stands for
the AMBER 94 partial charges.

Figure 1 shows the partial charge variations (Qmo — Qamser)
of surface atoms. The structure in the left corresponds to dode-
cin, whereas the one in the right corresponds to lysozyme. Color
indicates the wvalue of charge variation: red means
Qrvo < Qameer, Whereas blue means Qryo > Qamser. In the case
of dodecin, which has negative net charges of —12e, the charge
variations of surface atoms tend to be negative (red colored).
Conversely, for the positively charged lysozyme with net charges
of 4+8e, there are more blue colored points on the surface.

The reason that causes partial charge alteration of an atom
is its neighbor atoms. Once an atom is close to its neighbor
atoms in space, charges on it could be transferred to its neigh-
bors. Therefore, the partial charge of an atom will be influ-
enced by the properties of and distances to its neighbor
atoms. For an atom, the properties of and distances to its
neighbor atoms could be termed as ‘local environment” in the
following discussions. To measure the contribution of local
environment to charge transfer, the “charge transfer factor” Fr
is defined to estimate the amount of charge transfer from all
other atoms (j) to specific atom (i).

Natom _l(ﬁ)z
Fal)= Y e’\®/, 5)
J=1G)

where dj; is the distance between atom i and j and d, gives
the cutoff distance for charge transfer. Since charge is con-
strained in the van der Waals radii of atom in MM simulation,
the average value of van der Waals radii is used to approxi-
mate d,, which gives

Na\om
Sn
dyj= 23—, (6)

Natom

S)WILEY i@ ONLINE LIBRARY

where r; is the van der Waals radii of atom /. For an atom, if
the value of Fc1 is large, it has more neighbor atoms nearby.

Figure 2a plots the partial charge variation (Qrmo — Qamser)
as a function of local environment (Fcr). Interestingly, the
atoms which have larger charge variation (either positive or
negative) tend to appear in the region corresponding to
smaller charge transfer factors. The partial charge variations of
atoms which have larger charge transfer factors converge to
zero. In other words, the partial charge for an atom buried
inside which has more neighbor atoms nearby is close to
AMBER charge. Conversely, the partial charge for an atom near
the surface which do not have much neighbor atoms nearby
tend to has larger deviation from AMBER charge. Since such
deviation could be either positive or negative, the correlation
coefficient between Qpmo — Qameer and Fer is small (0.04). If
Qrmo — Qameer is replaced by its absolute value, the correlation
coefficient between |Qemo — Qameer| and Fer has significant
larger value of 0.49 (as shown in Fig. 2b).

The absolute values of partial charge variation as a function
of local environment are also investigated for different types
of atoms (oxygen in Fig. 3a, nitrogen in Fig. 3b, carbon in Fig.

a)
006 - . .
003 F 1
o
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o
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<
Q
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= -0.03 ~
o
(&
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0.09 y ; . -
0 10 20 20 40 50
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>
<
e
g e}
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Figure 2. a) The value of partial charge variation as a function of charge
transfer factor with data from both dodecin (square) and lysozyme (circle).
The corresponding correlation coefficient is: 0.04 (0.19 for squares, —0.03
for circles). b) The absolute value of partial charge variation as a function
of charge transfer factor with data from both dodecin (square) and lyso-
zyme (circle). The corresponding correlation coefficient is: —0.49 (—0.50 for
squares, —0.49 for circles).
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Figure 3. The absolute value of partial charge variation as a function of charge transfer factor, for oxygen a), nitrogen b), carbon ¢), and hydrogen d)
atoms with data from both dodecin (square) and lysozyme (circle). The corresponding correlation coefficients are: —0.56 (—0.60 for squares, —0.51 for

circles),

—0.44 (—0.42 for squares, —0.45 for circles), —0.39 (—0.41 for squares, —0.38 for circles), and —0.50 (—0.48 for squares, —0.51 for circles). And the

partial charge variation as a function of charge transfer factor, for oxygen e), nitrogen f), carbon g), and hydrogen h) atoms with data from both dodecin
(square) and lysozyme (circle). The corresponding correlation coefficients are: 0.37 (0.53 for squares, 0.21 for circles), 0.26 (0.35 for squares, 0.25 for circles),
0.04 (0.12 for squares, 0.00 for circles), and —0.09 (0.05 for squares, —0.16 for circles).

3¢, and hydrogen in Fig. 3d) separately. It is found that oxygen
atoms with small Fcr have largest absolute values of charge
variations, hydrogen atoms with small Fcr have the second
largest absolute values of charge variations, whereas carbon
and nitrogen atoms with small Fcr have relative smaller abso-
lute values of partial charge variations. Such phenomenon
could be explained by the ability to obtain charge of certain
type of atom. Oxygen atom has strong tendency to attract
electron and obtain negative charge, whereas hydrogen atom
has strong tendency to lose electron and obtain positive

charge. Since oxygen and hydrogen atoms could obtain more
charges, they tend to possess more charges when isolated
from neighbor atoms and have more deviations from AMBER
charges. Such explanation is supported by the plots of partial
charge variation as a function of local environment for differ-
ent types of atoms (oxygen in Fig. 3e, nitrogen in Fig. 3f, car-
bon in Fig. 3g, and hydrogen in Fig. 3h). For oxygen and nitro-
gen atoms, the correlation coefficients between Qrmo — Qamser
and Fcr have positive values, revealing the fact that they tend
to be negatively charged. While for hydrogen atoms, the
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Figure 4. The partial charge variation as a function of backbone dihedral
angles phi a) and psi b) with data from both dodecin (square) and lyso-
zyme (circle).

correlation coefficient between Qpmo — Qamser and For have
negative values, indicating that they tend to be positively
charged. However, there is no atom completely isolated from
neighbor atoms in protein structure. Therefore, the value of
partial charge variation (Qemo — Qamser) for an atom with small
Fcr value is sensitive to the charge properties of its neighbor
atoms. That might be the reason why atoms with small Fcr
have a wide range of Qgmo — Qamser Values. According to the
above results, isolated negatively charged atoms tend to keep
more electrons, isolated positively charged atoms tend to
keep more positive charges and isolated neutral atoms tend
to keep neutral. Such feature about charged atoms agrees
with the result of a previous FMO calculation for protein-water
interaction energy by Ishikawa and Kuwata.?? In that article,
the protein-water interaction of charged residues related to
salt bridges is weaker than that of charged residues not
related to salt bridges.

The dependence of charge distribution on local secondary
structure can be very important for molecular modeling of
protein. Figure 4 gives the deviation of FMO charges from
AMBER charges of backbone atoms in relation to backbone di-
hedral angles (a, Phi vs. nitrogen and b, Psi vs. carbon), which
are indices for local secondary structures. According to the fig-
ures, there seems no apparent correlation between the charge

SWILEY @ ONLINE LIBRARY

variation and the secondary structures. This is not surprising
since most of backbone atoms are neutral and buried inside in
native structures.

Free energy of protein-ligand binding

According to the above results, the FMO partial charges have
more influence on protein surface charge property than on
protein stability. Therefore, the FMO partial charges might be
more accurate in the simulations related to protein-ligand
binding process. In this work, we test the FMO-RESP charges
for the estimate of protein-ligand binding affinities for the
two proteins. For dodecin, there are five ligands that are
known to bind to the same site on its surface and that both
complex crystal structures and binding affinities were experi-
mentally characterized.”®) For lysozyme, we also select five
ligands that are known to bind to the same site on its surface
and that both complex crystal structures and binding affinities
were experimentally characterized.?*2*

To test the FMO-RESP partial charges, we calculated the free
energies of protein-ligand binding using the MM-PBSA
method with both the AMBER charges and the FMO-RESP
charges. For ligands, we tested two sets of partial charges.
One after the first stage of the fitting and the other after the
second stage of the fitting (see Methodology for details).

The results are listed in Tables 1 and 2 and Figure 5. In the
dodecin case, comparing to AMBER charges, the free energy
values calculated using the FMO-RESP charges improves the
prediction accuracy for experimental values. The correlation
coefficients between computational and experimental values
are 0.39 using the AMBER charges, 0.45 using the FMO-RESP
charges (ligand charges are after the first stage), and 0.58
using the FMO-RESP charges (ligand charges are after the sec-
ond stage RESP procedure). In the case of lysozyme, there is

Table 1. The free energy values (in kcal/mol) from experiments and
computations with FMO-RESP charges and AMBER charges for dodecin.

Ligand Experimental value FMO-RESP charges AMBER charges
FAD —87 —13.0 (-10.3) 0.4
FMN —6.6 —8.0 (—6.6) -113
Riboflavin —10.2 —12.2 (-15.2) —19.9
Lumiflavin —10.6 —13.9 (—13.5) —14.9
Lumichrome -10.9 —10.0 (—6.6) —-123

The data in brackets are values with ligand partial charges from first
stage RESP fitting.

Table 2. The free energy values (in kcal/mol) from experiments and
computations with FMO-RESP charges and AMBER charges for lysozyme.

Ligand Experimental value  FMO-RESP charges  AMBER charges
NAG —4.5 —22.6 (—19.4) —6.3
NAG2 -7.2 —21.4 (-29.4) —-30.9
NAG3 —-93 —41.1 (-35.9) —-37.6
NAG4 —-9.6 —61.0 (—56.3) -739
NAG-MUB —4.1 —17.5 (-19.6) —15.2

The data in brackets are values with ligand partial charges from first
stage RESP fitting.
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Figure 5. a) The correlations of binding free energies for the five dodecin-
binding ligands between experimental values and computational values via
different sets of partial charges. The correlation coefficients are 0.39 for
AMBER charges (square), 0.45 for first stage FMO-RESP charges (circle), and
0.58 for second stage FMO-RESP charges (triangle). b) The correlations of
binding free energies for the five lysozyme-binding ligands between exper-
imental values and computational values via different sets of partial
charges. The correlation coefficients are 0.87 for AMBER charges (square),
0.88 for first stage FMO-RESP charges (circle), and 0.85 for second stage
FMO-RESP charges (triangle).

no obvious difference among the correlation coefficients
between computational and experimental values, which are
0.87 using the AMBER charges, 0.88 using the FMO-RESP
charges (ligand charges are after the first stage), and 0.85
using the FMO-RESP charges (ligand charges are after the sec-
ond stage RESP procedure). Such results indicate the FMO-
RESP charges could make better prediction for experimental
protein-ligand binding free energies when the AMBER charges
perform badly, and it would give equal level of prediction ac-
curacy when the AMBER charges perform well.

Discussions

The current work is an initial trial to develop more accurate
and efficient simulation methods to calculate ligand-protein
binding affinities, and so there are apparently many rooms to
improve it. Here, we discuss some issues.

First, in the current FMO-RESP procedure, we did not include
solvent effect at all. We note that the AMBER 94 charges were

Journal of Computational Chemistry 2013, 34, 1251-1257
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determined by the electronic state calculations of molecules in
vacuum. Thus, we followed the same procedure here. Techni-
cally, the inclusion of the implicit solvent model, such as the
generalized Born model, is not difficult. However, the use of
large dielectric constant for water tends to increase the ampli-
tude of partial charges, which could cause serious issues when
used in MD simulations. Thus, although the solvent effect is
better to be taken into account in principle, it has to be done
cautiously. To this direction, we need more thorough
investigations.

Second, the charge distribution of ligand could alter during
the binding process, especially for the charged ligand. In this
work, we did not include the charge transfer between protein
and ligand since the main purpose is to demonstrate the FMO
charges is more accurate than AMBER charges in ligand-protein
binding simulations. The discovery of more accurate ligand
charges is not the main purpose. Besides, the FMO charges
could give correct order of experimental binding affinities even
for charged ligands FAD (—2e) and FMN (—1e), whereas AMBER
charges could not. All the other ligands are neutral.

Third, the current work used a simple MM PBSA method to
estimate binding free energies, which is obviously a very crude
method. Here, we simply used it as a quick first trial. The accu-
rate estimate of the binding free energy can be achieved by
explicit calculations of the potential of mean force or other
sampling simulations and by other methods. Moreover, accu-
rate estimate of the binding affinity may require the use of
explicit solvent water molecules. Both of them are much more
time consuming and are postponed for our future study.

To be mentioned, the electrostatic potential in eq. 2 pro-
posed by this paper is very useful in the analysis of large mol-
ecule interactions using FMO method. In general, the ampli-
tude of the RESP charges depends on the strength of the
restraint, which is modulated by the coefficient k. In this study,
we simply followed an instruction given in Okiyama et al.!'!
However, their purpose was not the ligand-protein binding af-
finity calculation and there is no guarantee that the same
scheme works well. More careful investigation may be desired.

Conclusions

Applying the FMO-RESP method, we calculated protein-specific
partial charges and then tested the charge set for protein-
ligand binding free energy estimate for dodecin and lysozyme.
We found some tendency of charge deviation from the stand-
ard AMBER charges: The partial charges are most markedly
altered at isolated charged atoms. Even though the magnitude
of charge deviation from the AMBER charge was relatively
small, the use of FMO-RESP charge set improved the accuracy
of the binding free energy for dodecin with five ligands.
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