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The epitope sequences within the hemagglutinin (HA) of influenza A virus H3N2 at amino acid residues
173-181 and 227-239 that forms anti-parallel B-sheet structure are similarly recognized by human
monoclonal antibodies (HuMAbs), B-1 and D-1 that we recently obtained using the peripheral blood lym-
phocytes from two influenza-vaccinated volunteers. Both HuMAbs showed strong global neutralization

Keywords: ) of H3N2 strains. Here we show the significant conservation of the B-sheet region consisting of the
L“gl‘:e“tza virus above-mentioned two epitope regions in H3N2. In addition, we also identified the corresponding regions
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with similar structure in other subtypes such as HIN1 and H5N1. These two regions are similarly located
underneath the receptor-binding sites of individual subtypes. Analysis of those regions using sequences
available from the Influenza Virus Resource at the National Center for Biotechnology Information
revealed that compared with those in the known neutralizing epitopes A-E, those sequences were fairly
conserved in human H3N2 (n =7955), swine HIN1 (n = 360) and swine H3N2 (n = 235); and highly con-
served in human H1N1 (n =2722), swine-origin pandemic HIN1 (n = 1474), human H5N1 (n=319) and
avian H5N1 (n =2349). Phylogenetic tree for these regions formed clearly separable clusters for HIN1,
H3N2 and H5NT1, irrespective of different host origin. These data may suggest a possible significance of
those regions for development of alternative vaccine that could induce neutralizing antibodies reactive
against wide-range of influenza virus strains.

Human monoclonal antibody
Virus neutralization

Global epitope

Vaccine
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Introduction Influenza virus undergoes a high rate of antigenic changes giving
rise to a new type of influenza strain(s). Influenza A viruses are clas-

Influenza pandemics are rarely occurring but recurrent events. sified into subtypes based on the antigenicity of their hemagglutinin

Such pandemics are associated with the emergence of new types
of influenza virus for which the human population has no immunity.
The highly pathogenic avian influenza A virus H5N1 was widely
believed to be the most likely causative candidate for the next pan-
demic [1,2]. However, novel swine-origin influenza A (HIN1) virus,
named pandemic (H1N1) 2009 virus (HIN1 (pdm)) thereafter, has
emerged in April, 2009 with a human pandemic potential [ 3,4]. Since
it is not known beforehand which strain of influenza A virus could
give rise to a next pandemic, prepandemic vaccines that can induce
broadly cross-reactive immune responses are mandatory.

* Corresponding author. Fax: +81 6 6879 8310.
E-mail address: ikuta@biken.osaka-u.ac.jp (K. Ikuta).

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.02.031

(HA) and neuraminidase (NA) molecules; i.e., 16 HA (H1-H16) and 9
NA (N1-N9) subtypes [5,6]. Human influenza A viruses of at least
three HA subtypes,H1,H2 and H3 have emerged as important patho-
gens. Currently, HIN1 and H3N2 influenza A viruses are seasonally
circulating and causing human infections. In 2003, influenza virus
subtype H5 of avian origin emerged as a human pathogen and it is
much more lethal than earlier strains [7]. Recently, the HIN1
(pdm) virus emerged in April, 2009 as a novel type of influenza virus
and is spreading rapidly in the human population.

Seed viruses for the production of inactivated influenza vaccine,
influenza A virus HIN1 and H3N2 as well as influenza B virus, are
naturally occurring virus strains that replicate well in the allantoic
cavity of embryonated chicken eggs. Further, similar vaccine against
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the highly pathogenic H5N1 virus could be prepared by reverse
genetics of H5N1-derived HA and NA genes, with the internal genes
of a high-yield strain in order to allow well growth of the H5 virus in
chicken embryos [1,8].

We recently succeeded to establish two hybridoma cell clones
producing human monoclonal antibodies (HuMADbs), by using the
peripheral blood monenuclear cells from influenza-vaccinated vol-
unteers, one from each. Both HuMAbs showed high neutralizing
activity against wide-range of H3N2 virus strains [9]. Epitope map-
ping with synthetic peptides identified highly conserved amino
acids (aa) 178-181 and 227-239 in the H3N2 HA as the epitope re-
gions recognized similarly by both HuMADbs {9]. These amino acids
are located underneath the receptor-binding site of the HA globu-
lar region. Herein, we expanded our study to computer-based char-
acterization of HA sequences of human H3N2 that are available
from the National Center for Biotechnology Information {10]. Fur-
ther, we identified conserved sequences in other influenza A sub-
types such as HIN1 including HIN1 (pdm), and H5N1 derived
from human, swine and/or avian that correspond to the above
two epitope regions of human H3N2. The two regions formed inde-
pendent clusters for individual subtypes and further, the viruses
belonging to the same subtypes but derived from different hosts
fell into the same clusters by phylogenetic analysis. Furthermore,
the sequences of the two epitope regions were highly conserved
in all the viruses belonging to the same subtypes. These data
may suggest that the two epitope regions of not only H3N2 but
also other subtypes such as HIN1 and H5N1 could function as a
significant human epitope to induce global neutralizing antibodies.

Materials and methods

Collection of the influenza A HA sequences and extraction of HA1 re-
gion as well as the epitope regions recognized by two independent HuM-
Abs: B-1 and D-1. Full-length protein sequences of HA of human-,
swine- and avian-derived influenza A viruses HIN1 (including
pandemic 2009), H3N2 and H5N1 were obtained from the Influenza
Virus Resource at the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html) [10]. The
HA sequences were then aligned using mafft v6.705b [ 11]. To deter-
mine HA1 regions, we searched for palindrome sequence identified
just after the cleavage point (n/-GLFGAIAGFI-c', the palindrome re-
gion is underlined) [12].

In our previous paper, we prepared two HuMAbs (B-1 and D-1),
independently from two vaccinated volunteers, which showed
strong neutralizing activities against global strains of influenza A
virus H3N2, The epitope regions were identified using a total of
158 sets of 15-residue peptides (overlapping by 13 amino acids)
spanning aa 1-329 of the HA1 region of human H3N2: 173-181,
named “upper region” according to the positive reactions with four
peptides (aa 167-181, 169-183, 171-185 and 173-187) and 227~
239, named “lower region” according to the positive reactions with
two peptides (aa 225-239 and 227-241) [9]. Sequences corre-
sponding to these regions were also extracted from virus strains
of different host origin or from those belonging to other subtypes
from the Influenza Virus Resource at the National Center for
Biotechnology Information [10}: HIN1 derived from human and
swine, and HIN1 (pdm) from human; H3N2 derived from human
and swine; and H5N1 derived from human and avian.

As control sequences, we similarly extracted the human H3N2
sequences of known neutralizing epitopes A to E {13,14] from the
Influenza Virus Resource at the National Center for Biotechnology
Information {10].

Sequence comparison. Sequence logos for the epitope sequences
recognized by B-1 and D-1 and the corresponding sequences in the

human-, swine- and avian-derived viruses were constructed using
weblogo [15].

The evolutionary relationship was inferred using the minimum
evolution (ME) method [ 16]. The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used
toinfer the phylogenetic tree. The evolutionary distances were com-
puted using the Poisson correction method |17} and are in the units
of the number of amino acid substitutions per site. The ME tree was
searched using the close-neighbor-interchange algorithm [18] at a
search level of 1. The neighbor-joining algorithm [19] was used to
generate the initial tree. All positions containing gaps and missing
data were eliminated from the dataset (complete deletion option).
Phylogenetic analyses were conducted in MEGA4 [20].

Results

Previously we identified human epitope regions to form anti-
parallel B-sheet structure within the HA of human-derived H3N2
{upper and lower regions) that are recognized by B-1 and D-1
HuMADbs showing neutralizing activities to wide-range of strains
in this subtype, but not cross-reactive to other subtypes [9]. To
examine the sequence conservation rate of the two regions, we ob-
tained 7955 complete HA sequences derived from human H3N2
that were available at December 28, 2009 from the Influenza Virus
Resource at the National Center for Biotechnology Information
[10]. Among these, 35 and 48 variants for the upper and lower re-
gions, respectively, were detected. This indicates that they pro-
duced one variant per 227.3 and 165.7 strains in these regions,
respectively (Supplementary Table 1). In contrast, sequences of
the known neutralizing epitopes A to E {13,14] that were extracted
from the same 7955 sequences were much more variable, espe-
cially in epitopes A and B2, i.e., one variant production per 19.2
and 42.1 strains, respectively (Supptementary Table 1). Epitope
C2 and the lower region showed similar frequency for variant pro-
duction. However, this epitope C2 consisted of only five amino
acids, while the lower region consisted of 13 amino acids, indicat-
ing much higher conservation in the sequences of this lower re-
gion. In Supplementary Table 2, the sequences of top 10 variants
and the percentages of each variant in the known neutralizing epi-
topes A to E are shown. The sequence logo analysis using all these
variants (Supplementary Table 1) in individual epitope regions also
supported the high heterogeneity of these known neutralizing epi-
topes, especially in epitopes A and B2, as well as B1 (Fig. 1).

Next, we examined the possible detection of the corresponding
B-sheet regions in HA molecules in other subtypes of influenza A
virus. A total of 12470, 595, and 2349 full-length HA sequences de-
rived from human (HIN1, HIN1 (pdm), H3N2 and H5N1), swine
(H1IN1 and H3N2), and avian (H5N1) influenza A virus were ob-
tained from the Influenza Virus Resource at the National Center
for Biotechnology Information [10], respectively, at December 28,
2008. Sequences corresponding to the upper and lower regions of
H3N2 were also extracted from full-length HA sequences of
H1N1 and H5N1 derived from different hosts. The efficiency to pro-
duce variants was much higher in swine- than human-derived
influenza viruses, HIN1 and H3N2 (Supplementary Table 1). Espe-
cially, HIN1 (pdm) showed nearly perfect conservation among the
1474 isolates (Supplementary Table 1).

The top 10 variants and percentages of individual sequences in
these upper and lower regions are shown in Supplementary Table
3. These data were summarized and illustratively shown for the
individual variant ratios in Fig. 2. The sequences in human H1N1
and H1N1 (pdm) were highly conserved in both upper and lower
regions. In case of human H3N2 as well as human and avian
H5N1, the sequences of both regions were relatively highly con-
served. In contrast, conservation of both regions in HIN1 and
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Fig. 1. Sequence logo of the known neutralizing epitopes A-E of human influenza A virus H3N2. The sequences of the known neutralizing epitopes A-E in human H3N2 that
were extracted from the Influenza Virus Resource at the National Center for Biotechnology Information were subjected to sequence logo for analysis of variation sites and

their ratios.

H3N2 derived from swine were significantly lower. Sequence logo
analysis using all the variants (Supplementary Table 3) supported
this conclusion (Fig. 3). Appearance of variants was mainly due
to the variations in the restricted amino acid residues in most
cases: residues 173 and 227 in human H3N2; residues 173, 174,
179, 229 and 230 in swine H3N2; residues 173, 179, 181, 227,
237, 238 and 239 in swine HIN1; and residues 178, 179, 231,
238 and 239 in human and avian H5N1. Consequently, the upper
and lower regions were highly conserved in human HIN1 and
H1N1 (pdm), while less conserved in the other viruses derived
from human, swine and avian.

Although the phylogenetic tree of HA1 amino acid sequences that
are the original ones for the extraction of sequences at the upper and
lower regions clustered depending not only on subtypes but also on
the hosts, those of the upper and lower regions did not clustered
depending on the hosts (Fig. 4). This result shows that diversities
of these regions are independent of the hosts of the viruses.

Discussion

The HA molecule of influenza viruses plays pivotal roles not
only for the receptor-binding and fusion process but also for bud-

HINI1 H3N2 HSN1
Human Swine HIN1 (pdm) Human Swine Human Avian
(n=2722) (m=360) (n=1474) (n=7955) (n=235) (n=319) (n=2349)

[ppel Lo“el lppu Lo“el lppel Lower lppel Lower Lppen Lo\\el lppel Lower lppel Lower

Cumulative ratio (%)

EGRINYYWTLIEP

oo e 3o

XXX..

EGRMNYYWTLVEP

BSRISIYWTIVKP  SSRISIYWTIVKP SGRMEFEWTILKP  SGRMEFFWTILXP

Fig. 2. Sequence variation and accumulation rates at the upper and lower sequences in HIN1, H3N2 and H5N1 derived from different hosts. The sequences and the
accumulated rates of top 10 sequences at the upper and lower epitope regions in HIN1 derived from human and swine as well as HIN1 (pdm); H3N2 derived from human
and swine; and H5N1 derived from human and avian, as shown in Supplementary Table 3, are shown in this graph. The most abundant sequence was used as consensus and

serially laid out the next rate sequences. (.) Indicates the same amino acid residue.
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Fig. 3. Sequence logo of the upper and lower regions of various subtypes of influenza A virus. The upper and lower regions were extracted from the Influenza Virus Resource
at the National Center for Biotechnology Information: human H1N1 (n =2722), swine HIN1 (n =360), and HIN1 (pdm) (n = 1474); human H3N2 (n = 7955) and swine H3N2
(n=235); and human H5N1 (n=319) and avian H5N1 (n=2349). All of the variants in individual subtypes with different host origin were used for this sequence logo
analysis. Amino acid residues by H3 numbering are shown at the top of the sequence.
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Fig. 4. Evolutionary relationships of the upper and lower epitope regions of various subtype of influenza A virus by ME method. The variable sequences in the upper and
lower regions were used for phylogenetic tree construction. As a reference phylogenetic tree, we used the whole HA1 sequences in H1, H3, and H5 that are the original ones
for the extraction of the upper and lower regions in this study. Blue means human origin; red means avian origin; green means swine origin; and purple means HIN1 (pdm)

from human.

ding and particle formation. In addition, this molecule plays the
major role for induction of neutralizing antibodies in the infected
hosts. In our previous study, we isolated HuMAbs that can neutral-
ize wide-range strains of human H3N2 subtype [9]. In this study,
we identified the p-sheet region that could be the epitope recog-
nized by the HuMAbs and further the corresponding regions from
individual subtypes of influenza A virus, such as HIN1 including
swine-origin pandemic HIN1 as well as highly pathogenic avian
influenza virus H5N1. Sequences in these regions could be the ma-
jor human epitopes to induce antibodies to neutralize wide-range
of strains within individual subtypes.

The sequences of the upper and lower epitope regions in human
H3N2 were significantly less conserved than the sequences of the
corresponding regions in human H1N1, probably because of their
different histories in the human population. In contrast, there
was no apparent difference in the conservation of both regions in

H5N1 of human- and avian-origins, indicating the transmission of
several variants produced in avian to human (Figs. 3 and 4). On the
other hand, although these regions in swine HIN1 and H3N2 were
very poorly conserved compared to those of human origin, the
1474 sequences of the upper and lower regions in HIN1 (pdm)
were virtually composed of single sequences. This result is reason-
able if only a single strain of swine-origin influenza A HIN1 has ac-
quired the ability to transmit to human.

The first X-ray crystallographic structure of the HA was derived
from H3N2 [21]. Now, the structures of numerous HAs have been
resolved, including that of the HIN1 subtype of the 1918 pandemic
influenza virus [22,23] and H5N1 [24]. In this study, we focused on
the upper and lower regions that form anti-parallel B-sheet struc-
ture. Interestingly, although the overall amino acid sequence is
poorly conserved among subtypes, the structure and functions of
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such HAs are highly conserved in individual subtypes. This indi-
cates that although a case of evolution and sequence variation pro-
ceed to an extreme level, structure and functions have remained
conserved [25]. Most of the major neutralization epitopes were
shown to be related to the former. Although the anti-parallel B-
sheet structure underneath the receptor-binding region is one of
the human neutralizing epitope, the regions is also likely to fulfill
the latter category, as we found for the regions to be relatively
highly conserved, suggesting that this structure could play a role
for viral infection.

The level of serum antibody to HA and NA was shown to be corre-
lated with resistance to illness and with restriction of the influenza
virus replication in infected individuals {26]. Especially, the HA anti-
bodies can prevent infection by neutralizing the infectivity of the
virus [27]. Interestingly, it is known that after infection with a new
type of influenza virus, antibodies that react with only a limited
number of antigenic sites on HA are generated, whereas after several
infections, antibodies show a broad range of specificities [28]. In
agreement, we obtained two anti-HA neutralizing HuMAbs from
the peripheral blood mononuclear cells from two influenza-vacci-
nated adult volunteers few weeks after vaccination and both react
with the same antigenic sites on the HA [9]. Generally, humans have
often been exposed during their lives to influenza virus field strains
and also vaccine strains with various mutations. Such infections as
well as vaccinations possibly induce selective proliferation of a cer-
tain population of memory cells that recognize the common epi-
tope(s) among the influenza virus HAs in strains belonging to the
same subtype, resulting in the increase of the levels of antibodies
that can react with wide-range of strains belonging to each subtype.

In this study, computer-based characterization of the H3N2
viruses revealed relatively high conservation of two epitope re-
gions. Further, we identified corresponding sequences in influenza
viruses of other subtypes, such as HIN1 and H5N1 including those
from different hosts. Some of them showed much higher conserva-
tion in their sequences than those in human H3N2. These data
strongly suggest the possibility for the development of alternative
vaccine against influenza A virus that could neutralize a wide-
range of virus strains.
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A vast quantity of chemicals are present in our environment and are considered indispensable to our
high technological society. However, there are some chemicals that are hazardous and that can
extensively impact both human health and the global environment. In Japan, ecotoxicity tests of chemical
substances have been conducted with the goal of contributing to the Organization for Economic
Cooperation and Development (OECD) evaluation program for harmful high-production volume (HPV)
chemicals since 1995. To date, only about 500 compounds have been tested. There is a possibility that
quantitative structure-activity relationships (QSARs) may enable us to predict environmental toxicities
and fates as well as the physical and chemical properties of compounds; therefore, the toxicity prediction
by QSARs is a possible alternative to the measurements of their ecotoxicities. In this study, we generated
QSAR models from toxicity tests of Daphnids using only 3D descriptors to examine the availability of
particular 3D descriptors for predicting of the ecotoxicity of compounds with various structures.
Predicton accuracy of the model generated in this study was adequate and improved compared to that of
the model using only the n-octanol/water partition coefficient, logP(o/w).
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Introduction

Reportedly, as of 2008, there were tens of millions of
chemicals that have been synthesized or isolated, and
most of these are considered indispensable to our high
technological society. However, some of these chemicals
are hazardous and can extensively impact both human
health and the global environment. In Japan, “in order to
prevent environmental pollution caused by chemical
substances that are persistent and pose a risk of
impairing human health or interfering with the
inhabitation and/or growth of flora and fauna” the “Act
on the Evaluation of Chemical Substances and
Regulation of Their Manufacture, etc.”, was established
in October 1973, around the time of the environmental
pollution with polychlorinated biphenyls [1]. However,
the influence on the environment and the entire
ecosystem, especially the producer and the primary and
secondary consumers in the food chain, had not been
thoroughly investigated. In the face of increasing
environmental problems, restrictions on the production
and use of chemical products were implemented during
the 1960s in Europe, and today chemical manufacturers
in the European Union and the four other countries
among the Organization for Economic Co-operation and
Development (OECD) signatories are obligated to
perform three types of ecotoxicological tests.

Since 1995, the Ministry of the Environment in Japan
has been collecting information regarding the ecological
effects of chemical products to assess the risk these
products pose to the ecosystem with the goal of
contributing to the OECD evaluation program for
harmful high-production volume (HPV) chemicals [2].
However, as only about 500 compounds have been
tested to date, it is realistically impossible to examine all
the possible compounds. Accordingly, an alternative to
the ecotoxicity tests of these chemicals is desired. There
is a possibility that quantitative structure-activity
relationships (QSARs) may enable us to predict
environmental toxicities and fates as well as the physical
and chemical properties of compounds. From this
perspective, toxicity prediction by QSARs is one
possible alternative [3-6]. The predictive capabilities os
QSAR models are necessary to decreasing the number of
ecotoxicity tests. It would reduce both the time and
expense associated with these tests. Moreover,
simplifying the examination model will reduce the
number of animals required.

Some applications for predicting ecotoxicity are
already being used, including the Ecological Structure
Activity Relationship (ECOSAR) program and the
TIssue MEtabolism Simulator (TIMES) algorithm [7, 8].
In the application of ECOSAR, firstly compounds in the
dataset are classified based on their partial structures and
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their ecotoxicities are subsequently predicted by a single
regression model based on the n-octanol/water partition
coefficient, logP(o/w), of their classes. In TIMES, a
classification that considers the same mechanism of
action and a single or multiple regression models based
on one descriptor or two or more descriptors are used.

Recently, research on three-dimensional (3D)
structures has flourished due to the increase in
computational power associated with the advancement of
computer technology. The highest occupied molecular
orbital (HOMO) energy and lowest unoccupied
molecular orbital (LUMO) energy are 3D descriptors
that are used in QSAR models for the prediction of
ecotoxicity [6, 9]. However, some 3D descriptors have
been used in QSAR analysis, and other descriptors have
yet to be considered. It is necessary to research whether
other 3D descriptors are applicable to build a QSAR
model for the prediction of ecotoxicity.

An evaluation of the ecotoxicity of compounds will
be a requirement for both drugs as well as HPV
compounds in the near future [10]. In the development of
new drugs, classification of drugs based on their
structures or mechanisms of action may be ineffective
because they have more various structures or
mechanisms than pesticides or HPV compounds. A
QSAR model that enables the ecotoxicities of various
compounds to be predicted simultaneously is essential,
in addition to QSAR models for classification of
compounds.

The ecotoxicity of a compound is evaluated based on
results of toxicity tests using three types of living things.
The accuracy of toxicity prediction worsens in order of
Fish, Daphnids, and Algae, and it is poor for Daphnids
and Algae [5, 11]. In the present study, we expected that
the poor predictions depend on the involvement of
several toxicity mechanisms and 3D descriptors can be
available to predict such toxicity prediction. Therefore,
we generated QSAR models from toxicity tests of
Daphnids using 3D descriptors to examine the
availability of particular 3D descriptors for predicting of
ecotoxicities. We used multiple regression analysis
(MLR) and partial least squares regression (PLS)
analyses to generate QSAR models without the
classification based on a structure or toxicity mechanism.

Materials and Methods

Dataset

The results from the 387 compounds used in the
Daphnia sp. Acute Immobilization Test, one of the
ecological effect examinations that the Ministry of the
Environment conducted, were used as a dataset [2].
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Firstly, compounds were excluded from the dataset if
they exhibited low or no toxicity (ECso > 1000 mg/L), or
if their toxicity values were qualitatively evaluated. Next,
compounds that formed salts and whose structures were
impossible to specify based on the CAS number were
excluded from the dataset. The resultant dataset
consisted of 265 compounds. Since the various structures
of the compounds were merged in the dataset, two
dummy variables that represent whether or not a
compound is an aromatic amine and whether or not it is
an aliphatic amine were added to the dataset. The
number of amines in the resultant dataset are shown in
Table 1. The units of acute toxicity were converted from
mg/L to mol/L and transformed to log ECsy.

Table 1. Number of amines in dataset used in the
present study

Number of
compounds
Aromatic amine 35
Aliphatic amine 20
Others 210

Molecular modeling

Molecular modeling and descriptors were calculated
by the Molecular Operating Environment (MOE)
software (version 2006.08) by Chemical Computing
Group Inc. (Quebec, Canada). MOL Files downloaded
from the Japan Chemical Substance Dictionary Web
service, Nikkaji Web, were used to obtain structural
formula information for compounds with a CAS number.
If a compound was not registered or the structural
formula of a compound could not be identified, the
conformational information of the compound was
generated using MOE. Structural optimization of
compounds and calculation of the descriptors were
conducted according to the following procedure. 1)
“Wash Molecules”; hydrogenation and desalination are
preprocessed. 2) “Partial Charges”; a partial charge is
given to each atom. 3) “Energy Minimize”; energy

minimization is calculated. PM3 was wused for
optimization in the present study. 4) “QSAR
descriptors”;  descriptors are calculated. Typical

descriptors are shown in Table 2.

Analysis

Since the dataset consists of 45 explanatory variables
[42 3D descriptors, 2 dummy variables and logP(o/w)],
variable selection and data compression procedures are
important to generate a favorable model for the
prediction. In the present study, MLR and PLS analyses
were applied to the dataset. We used R (version 2.5.1)
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Table 2. Descriptors calculated by MOE
descriptor

dipole Dipole moment

E The total energy [kcal/mol]

Eele The electronic energy [kcal/mol]

HF The heat of formation [kcal/mol]

HOMO The energy of the HOMO [eV]

LUMO The energy of the LUMO [eV]

E Value of potential energy

E ang Angle bend potential energy

E ele Electrostatic component

E nb Potential energy with all bonded terms
disabled

E_stb Bond stretch-bend cross-term  potential
energy

E str Bond stretch potential energy

E strain Local strain energy

E_tor Torsion potential energy

E vdw Van der Waals component of the potential
energy

ASA Water accessible surface area

ASA[+-] ASA of all atoms with [positive/negative]
partial charge

ASA[H/P] ASA of all [hydrophobic/polar] atoms

CASA[+/-] Charge weighted surface area

DASA =|(ASA+) - (ASA-)|

DCASA =|(CASA+) - (CASA-)]

FASA[+/-, H/P] =ASA[+/-, H/P]/ASA

FCASA[+/-] = CASA[+/-]/ ASA

VSA van der Waals surface area

pmi Principal moment of inertia

dens Mass density: [Weight / volume]

glob Globularity: 1

std_dim{1/2/3]
vol

Standard dimension
van der Waals volume

logP(o/w)* Log of octanol/water partition coefficient
aromatic** Aromatic amines [0 or 1]

aliphatic ** Aliphatic amines [0 or 1]

*2D descriptor

**dummy variable

for the analysis, and package ‘pls’ (version 2.1-0) was
used for PLS [12,13].

Multiple Linear Regression; MLR
The variable selection procedures for the MLR
analysis were conducted using two steps in the present

study.
Firstly,

the model

with the lowest Akaike

Information Criterion (AIC) was generated by the

backward selection procedure using all of the 45
descriptors [14]. Subsequently, variables were selected
referring to p values of statistical tests for the
coefficients of the explanatory variables in the first
model. Significance levels of the tests were set to 0.1,
0.05 and 0.01. Additionally, simple linear regression
analysis of logP(o/w) was calculated. Leave-One-Out
Cross-Validation (LOO-CV) was wused for the
evaluations of the predictive performance of these
models.



