Send Orders for Reprints to reprints@benthamscience.ae

132 Protein & Peptide Letters, 2016, 23, 132-141

The Relationship Between B-Cell Epitope and Mimotope Sequences

Chunhua Zhang'”, Yunyun Li'*, Weina Tang'”, Zhiguo Zhou', Pingping Sun'*’* and
Zhigiang Ma'~*

!School of Computer Science and Information Technology, Northeast Normal
University, Changchun 130117, China; *National Engineering Laboratory for
Druggable Gene and Protein Screening, Northeast Normal University,
Changchun 130024, China; “Key Laboratory of Intelligent Information
Processing of Jilin Universities, Northeast Normal University, Changchun
130117, China; *Ganjingzi District Dalian City Hengyuan Primary School,
Dalian 116000, China

Abstract: B-cell epitope is a group of residues which is on the surface of an antigen. It
invokes humoral responses. Locating B-cell epitope is important for effective vaccine
design, and the development of diagnostic reagents. Mimotope-based B-cell epitope prediction method is a kind of con-
formational B-cell epitope prediction, and the core idea of the method is mapping the mimotope sequences which are ob-
tained from a random phage display library. However, current mimotope-based B-cell epitope prediction methods cannot
maintain a high degree of satisfaction in the circumstances of employing only mimotope sequences. In this study, we did a
multi-perspective analysis on parameters for conformational B-cell epitopes and characteristics between epitope and mi-
motope on a benchmark datasets which contains 67 mimotope sets, corresponding to 40 unique complex structures. In
these 67 cases, there are 25 antigen-antibody complexes and 42 protein-protein interactions. We analyzed the two parts
separately. The results showed the mimotope sequences do have some epitope features, but there are also some epitope
properties that mimotope sequences do not contain. In addition, the numbers of epitope segments with different lengths
were obviously different between the antigen-antibody complexes and the protein-protein interactions. This study reflects
how similar do mimotope sequence and genuine epitopes have; and evaluates existing mimotope-based B-cell epitope
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prediction methods from a novel viewpoint.
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1. INTRODUCTION

A B-cell epitope is a group of residues on the surface of
an antigen which recognized by either a particular B-cell
receptor (BCR) or a particular antibody molecule of the im-
mune system [1]. Predicting epitopes is crucial for disease
diagnosis, vaccine design, antibody design and immunologi-
cal therapy [2]. The most reliable methods for locating B-cell
epitopes are X-ray crystallography and Nuclear Magnetic
Resonance (NMR) techniques [3,4]; however, these tech-
niques are expensive in terms of cost and time-consuming,
and they need a large number of professionals to operate.
Under this circumstance, various computational methods
featured for the low cost and high speed have been applied to
predict B-cell epitope residues [5].

A B-cell epitope can be classified into two categories by
its spatial structure: linear epitope or conformational epitope.
A linear epitope (also called continuous epitopes) is com-
posed of residues that are sequentially successive, whereas a
conformational epitope (also known as discontinuous
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epitope) consists of sequential segments that are brought
together in spatial proximity when the corresponding antigen
is folded [6]. It has been testified that more than 90 % of B-
cell epitopes are discontinuous B-cell epitopes [7]. Linear B-
cell epitope prediction research has acquired many achieve-
ments, however, since most B-cell epitopes are conforma-
tional ones, and linear B-cell epitope can be considered as a
special kind of conformational epitope which is composed
by one sequential segment. So the methods of conforma-
tional B-cell epitope prediction are more comprehensive.

The current conformational B-cell epitope prediction
methods are mainly divided into two types depending on the
input information: antigen structure-based prediction and
mimotope-based prediction.

Antigen structure-based B-cell epitope prediction algo-
rithms need antigen 3D structure as input. The core idea of
the prediction methods is the 3D structure of antigen and
epitope-related propensity scales, including geometric attrib-
utes and specific physicochemical properties. The represen-
tative methods include CEP [8], DiscoTope [9], ElliPro [10],
PEPITO [11], SEPPA [12] and Epitopia [13] etc. However,
structure-based B-cell epitope prediction methods do not
improved a lot in these years, because it is more complicated
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to extract features from the 3D structure of an antigen. Fea-
tures mentioned in published papers do not have enough
ability to distinguish the epitope residues from the rest resi-
dues [7].

Mimotope-based B-cell epitope prediction is a combina-
torial method which requires both antibody affinity-selected
peptides and the 3D structure of antigen as input. To attain
affinity-selected peptides, random peptides are initially dis-
played on the surface of filamentous phages. Random pep-
tides are screened, eluted and amplified, after 3-5 rounds, we
can get higher affinity peptides. These affinity-selected pep-
tides are considered mimotopes. Mimotopes and genuine
epitopes can combine the same paratopes of monoclonal
antibody and cause immune response, so they have the simi-
lar functionality with the genuine epitopes [14,15]. Besides,
the selected mimotopes commonly share high sequential
similarity with epitopes. Therefore these mimotopes can help
finding the genuine epitopes more accurately.

In 1995, Pizzi released a B-cell epitope prediction soft-
ware for the first time in this thought, and the software is
known as MEPS [16]. MEPS uses the fixed-length short pep-
tides represent the surface of antigen and then alignment
with the motif to get the optimal matching short peptides.
Soon afterwards, some other methods and software were
proposed, such as Mapitope [17,18], PepSurf [19], Pep-3D-
Search [20], EpiSearch [21] and MimoPro [22]. In 2011, we
constructed a benchmark dataset for conformational B-cell
epitope prediction and evaluated five mimotope-based pre-
diction softwares [23]. The result showed that in no method
did the performance exceed a 0.42 of precision and 0.37 of
sensitivity.

Existing mimotope-based B-cell epitope prediction
methods use only mimotope sequences to predict the epi-
topes; however despite of the continuous efforts, the per-
formance of these algorithms is less than satisfactory and it
seems to meet a performance bottleneck. Then several ques-
tions related to conformational epitopes and mimotopes are
in urgent need of answering. How many epitope features
does mimotopes contain? Does mimotopes contain other
features except sequences? Or are there some effective fea-
tures which mimotopes do not contain but contribute to epi-
tope prediction?

To answer these questions, Benchmark 2.0 [24] of mimo-
tope-based B-cell epitope prediction datasets was firstly cho-
sen. The datasets contain 67 complexes structures, including
25 antigen-antibody complexes and 42 protein-protein inter-
actions. Then a series of analysis were examined on this
dataset from two aspects: (1) general characteristics of con-
formational B-cell epitope, such as sequence segment of
epitopes, statistical distance, epitope patch and minimum
surface path length; (2) comparison between epitopes and
mimotopes from residue levels. This work is aimed to sys-
tematically detect the relationship of mimotopes and con-
formational B-cell epitopes, and try to evaluate existing mi-
motope-based B-cell epitope prediction methods from the
view of the relationship between B-cell epitope and mimo-
tope sequences.
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2. THE CHARACTERISTICS BETWEEN EPITOPE
AND MIMOTOPE

A lot of parameters have been applied to describe con-
formational B-cell epitope, including size, sequence continu-
ity, residue accessibility, preference of amino acids, prefer-
ence of residue-neighbor sets and evolutionary conservation
etc. B-cell epitopes are conformational, while mimotopes are
continuous, so parameters which can be used to make com-
paring between epitopes and mimotopes are limited. In this
work, we try to make a systematic analysis between them
and choose a part of parameters for our research. These pa-
rameters mainly reflect the structural characteristics and ten-
dency of epitopes, and they have important contributions to
the determination of the conformational B-cell epitope.
These parameters are classified into two perspectives, in-
cluding the general characteristics of epitopes and residue
characteristics of epitopes and mimotopes. Details are shown
in Table 1.

Tablel. Schematic table of parameters used in analysis. Epi-
tope residues and mimotope residues have been inves-
tigated from two main perspectives in our work.

Sequence segment of epitopes

Statistical distances between every two

General epitope residues
characteristis
Epitope patch
The char-
acteristics Minimum length of epitope surface path
between . L .
Preference of amino acids in epitope,
epitope mimotopes along with the surface
and mimo-
tope Preference of amino acids according
Residue different classes
characteristis

Preference of residue-neighbor sets in
epitope and mimotopes

Residue accessibility

2.1. General Characteristics of Conformational B-cell
Epitope

In this work, we did calculations of following general
characteristics for conformational B-cell epitopes: sequence
segment of epitopes, distances between every two epitope
residues, epitope patch and minimum length of epitope sur-
face path.

2.1.1. Statistic of Sequence Segment of Epitopes

While it has been suggested quite a while ago that 90%
of all epitopes are discontinuous and it assumes that an epi-
tope can be only one or the other. In fact, linear B-cell epi-
tope can be considered as a special kind of conformational
epitope which is composed by one sequential segment. In
this work, we did statistic of sequence segment of epitopes
for giving a general distribution of continuous segment of
conformational B-cell epitopes. Our benchmark datasets
contain antigen-antibody complexes and protein-protein in-
teractions, so we analyzed the two parts separately.
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From Figure 1, we can see most of conformational B-cell
epitopes have continuous sequence segments for both kinds
of cases. The number of epitope segment whose length is
longer than two is 55.77% (324 in 581). The result may lead
to think whether conformational epitopes contain dominant
continuous segments, and these continuous segments may
directly accessible to biotechnology as immunogen for diag-
nostics and antibody production.

2.1.2. Statistical Distances between Every Two Epitope
Residues

The core idea of mimotope-based epitope prediction
methods is mapping the mimotope sequences back to the
original antigen surface, and there are two parameters that
usually be used, the first is distance. Distance is commonly
used to judge whether two amino acids are neighbored , and
define amino acids pairs and path which mimotope travelled
on the antigen surface. In the research, we do statistic of
Euclidean distances between every two epitope residues in
each case. We calculate the number of epitope residues in
each distance interval with the step size of 1A. The results
are showed in Figure 2.

Zhang et al.

From Figure 2, it can be seen clearly that the quantity of
epitope residues in each distance interval. The cases of anti-
gen-antibody complexes and protein-protein interactions
have similar trends as Figure 1 shows. For antigen-antibody
complexes, the distances between 83.68% epitope residues
are from 2 A to 22 A (3780 in 4517); 6.20% epitope residues
are belong to the distance interval 9 A -10 A (280 in 4517).
Similarly, for protein-protein interactions, the distances be-
tween 83.65% epitope residues are between 4 A to 26 A
(6471 in 7736); 5.44% epitope residues are belong to the
distance interval 13 A -14 A (421 in 7736). The figure may
provide a direction for future conformational B-cell epitope
prediction.

2.1.3. Statistic for Epitope Patch

Another parameter usually used in mimotope-based epi-
tope prediction methods is in patch dividing. Dividing patch
is usually a crucial point in the conformational B-cell epitope
prediction. Methods first divided the antigen surface into
overlapped patches which one of them could contain most
epitope residues, then design effective algorithm to find this
certain patch. Though there are commonly used thresholds
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Figure 1. The number of epitope segments with different length. The X-axis indicates the length of segments; the Y-axis indicates the
number of corresponding epitope segments with different length in our datasets.
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for defining patch, there is no statistic on which extent these
thresholds are accurate in the field of B-cell epitope predic-
tion.

In this research, we make statistics about the relationship
between the size of epitope patch which defined by means of
number or radius and the proportion of epitope residues on
the patch ( which contains the most epitopes of each antigen
structure surface). From the perspective of the number, the
method takes the C, (alpha-carbon atom) of every antigen
surface residue as the center, and calculates some surface
residues to become a patch, while the number of residues is
from 0 to 400. From the perspective of the radius, the
method also takes the C, of every antigen surface residue as
the center, but it divides antigen surface into overlapping
patches with a radius, while the assignment of radius is from
0 A to 50 A. The proportion of epitopes in the patch which
defined by the two means are shown in Figure 3 and Figure
4.

From Figure 3, it can be seen that for both antigen-
antibody complexes and protein-protein interactions, divid-
ing antigen surface patch from the perspective of number has
little difference. When the number of the patch is 17, the
proportion of epitopes in the patch reached 61.51%; and
when the number of the patch is 31, the proportion of epi-
topes in the patch reached 80.22%. It is obvious that the pro-
portion of epitopes in the patch is nearly 100% with the
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number of the patch is 96 (the proportion of epitopes in the
patch is 99.09%) for both kinds of datasets.

From Figure 4, it can be seen that for both antigen-
antibody complexes and protein-protein interactions, divid-
ing antigen surface patch from the perspective of radius has
little difference. In terms of antigen-antibody complexes,
when the radius of the patch is 13 A, the proportion of epi-
topes in the patch is more than 80% (it reached 81.06%).
Similarly, in the case of protein-protein interactions, when
the radius of the patch is 17 A, the proportion of epitopes in
the patch is more than 80% (it reached 82.62%). When the
radius is 26 A, the proportion of epitopes contained in the
patch is 99.59%. These two Figures show the proportions of
epitopes are contained in the patch, which is defined by two
ways. The results may provide help for future research.

2.1.4. Minimum Length of Epitope Surface Path

Some mimotope-based conformational B-cell epitope
prediction methods use the idea of graph mapping. These
prediction methods map the mimotope sequences to the
original antigen surface. In this work, we calculate the mini-
mal surface path length for each case in the datasets. The
results are shown in Figure 5.

Figure 5 shows the minimal length of epitope surface
path in each testing case. Since antigenicity is generally con-
sidered as a surface effect on an approximated surface shape,
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Figure 5. The minimal lengths of epitope surface path in each testing case. The X-axis indicates the testing cases in the datasets; the Y-
axis indicates the minimal lengths of epitope surface path in each testing case.

the path which obtained by walking over the surface can
reflect the geometry of the antigen. This backbone geometry
of real epitopes may have more significance in conforma-
tional B-cell epitope prediction. The minimal surface paths
for each testing case are given as Additional Materials.

2.2. Residual Characteristics of Conformational B-cell
Epitope and Mimotopes

To know the relationship between conformational B-cell
epitope and mimotopes, we choose the following parameters
to make statistic: amino acid preference, residue-pair prefer-
ence, residue accessibility.

2.2.1. Preference of Amino Acid in Epitope, Mimotopes
and on the Surface

We calculate the proportion of amino acids in epitopes,
mimotopes and on the surface respectively in the datasets to
verify whether there are different preference of amino acid
residues between epitopes and mimotopes. The proportion of
amino acids in the antigen surface is calculated along to see
whether epitopes and mimotopes divert from this, or one of
them is closer to baseline. The results are shown in Figure 6.

From Figure 6, it can be seen obviously that the prefer-
ences are different between antigen-antibody complexes and
protein-protein interactions. In terms of antigen-antibody
complexes, the appearance frequencies of P, D and G(their
frequencies are more than 7.5%) are higher in epitopes,
while W and C (their frequencies are less than 2.0%) are
lower in epitopes; the appearance frequencies of S, L and R
(their frequencies are more than 7.5%) are higher in mimo-
topes, while the appearance frequency of M (the frequency is
1.89%) is lowest in mimotopes; the appearance frequencies
of S (the frequency is 9.46%) are highest in surface residues,
while W and M (their frequencies are less than 2.0%) are
lower in surface residues. Similarly, in the case of protein-
protein interactions, the appearance frequencies of L and E
(their frequencies are more than 7.5%) are higher in epitopes,
while C and M (their frequencies are less than 2.0%) are
lower in epitopes; the appearance frequencies of L, P and R
(their frequencies are more than 7.5%) are higher in mimo-
topes, while the appearance frequency of C (the frequency is

2.08%) is lowest in mimotopes; the appearance frequencies
of L, E and D (their frequencies are more than 7.5%) are
highest in surface residues, while W, C, M and H (their fre-
quencies are less than 2.0%) are lower in surface residues.
The graph indicates the preference of amino acids has differ-
ence in epitopes and mimotopes, even for both antigen-
antibody complex and protein-protein interaction. Overall,
the distribution of epitope residues is nearest to baseline.

Different amino acids were usually grouped into classes
according to the properties, including acidic, polarity, hydro-
phobic , aromatic and so on. In this research, we grouped the
twenty types of amino acids into twelve kinds as frequently-
used [25], and the details are given in Table 2.

Table2. 12 groups of amino acids.
Properties Amino acids
Acidic ASP, GLU
Basic ARG, HIS, LYS
Neutral ALA, GLY, ILE, LEU, MET, PHE, PRO, TRP,
TYR, VAL
Aliphatic ALA, GLY, ILE, LEU, VAL
Aromatic HIS, PHE, TRP, TYR
Cyclic HIS, PHE, PRO, TRP, TYR
Acyclic ALA, ARG, ASN, ASP, CYS, GLU, GLN, GLY,
ILE, LEU, LYS, MET, SER, THR, VAL
Hydrophobic ALA, GLY, ILE, LEU, MET, PHE, PRO, TRP,
TYR, VAL
Polar ARG, ASN, ASP, CYS, GLU, GLN, HIS, LYS,
SER, THR
Small ALA, GLY, SER
Medium ASN, ASP, CYS, PRO, THR, VAL
Large ARG, GLU, GLN, HIS, ILE, LEU, LYS, MET,
PHE, TRP, TYR
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Figure 6. The preference of amino acid in epitopes, mimotopes and on the surface. The X-axis indicates twenty types of amino acid and
their preference in epitopes, the Y-axis indicates mimotopes and on the surface. The bars in blue represent for the residue preference in epi-
topes, the red are represent for the residue preference in mimotopes and the green ones represent for the residue preference of antigen sur-
face. (The color version of the figure is available in the electronic copy of the article).

Then, we calculate the proportion of 12 groups of amino
acids which are in the epitopes and mimotopes by the
datasets. The results are relatively smooth and stable, and it
can be seen that the appearance frequency of all 12 groups is
nearly the same in epitopes and mimotopes (Figure 7). Com-
pared with the proportion of these 12 groups of amino acids
in the antigen surface, the results were more or less the con-
sistent. That is, taking the 20 types of amino acids as 12
groups in the mimotope-based epitope predictions is a better
choice.

2.2.2. Preference of Residue-neighbor Sets in Epitope and
Mimotopes

Amino acid pair is an important measure in conforma-
tional B-cell epitope prediction; therefore, we calculate the
preference of residue-neighbor sets in both epitopes and mi-
motopes in the dataset. The results for preference of residue-
neighbor sets in epitopes and mimotopes are displayed in
Figure 8.

In Figure 8, the color palette from ochre to blue indicates
a growing preference of residue-neighbor sets in epitopes
and mimotopes. The blue color indicates the higher probabil-
ity of appearance for residue-neighbor sets in epitope or mi-
motope areas, while the ochre color means less appearance
frequency. For antigen-antibody complex cases, compared
with the appearance of residue-neighbor pairs in mimotopes,
G-D, M-D and D-D residue-neighbor sets (their frequencies
are more than 5.5%) were preferred in epitopes. While com-
pared with epitope region, P-W, S-P, S-D, D-L and W-R
residue-neighbor sets (their frequencies are more than 1.2%)
were preferred in mimotopes. In addition, there are 54 kinds
of residue-neighbor sets not appear in epitopes and only 7
kinds of residue-neighbor sets not appear in mimotopes. For
protein-protein interaction cases, compared with the appear-
ance of residue-neighbor pairs in mimotopes, G-D, M-D, A-
M and F-R residue-neighbor sets (their frequencies are more
than 5.5%) were preferred in epitopes. While compared with
epitope region, P-L and L-P residue-neighbor sets (their fre-
quencies are more than 1.2%) were preferred in mimotopes.
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Figure 7. The preference of amino acid in epitopes, mimotopes and on the surface (amino acids are grouped into different classes
according to the properties). The X-axis indicates twelve groups of amino acids and their preferences in epitopes, the Y-axis indicates mi-

motopes and on the surface.
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In addition, there are 33 kinds of residue-neighbor sets not
appear in epitopes and 15 kinds of residue-neighbor sets not
appear in mimotopes. These results may also verify the point
that antigen-antibody interaction is a kind of special protein-
protein interaction, and has its own features [26]. From this
point, the protein-protein interaction cases seem not suitable
for effective verification of epitope prediction method.

2.2.3. Statistic Based on Residue Accessibility

In the process of protein binding, interacting residues are
generally consider to have relatively higher accessibility, so
that it can promote the contact with interacting counterpart
[27]. The related research work has demonstrated that except
for CYS, all other kinds of amino acids are more accessible

in epitope areas than in non-epitope surface areas, and such
difference was statistical significance [25].

In the research, we compared the solvent accessible sur-
face areas (ASA) of epitope residues and mimotopes. We
compare the relative ASA (RSA) of epitopes and mimotopes
of the datasets by mean. The average values are calculated
using formula (1).

Average value:

n
Z Xij
1

RSAawe(i) =j=T ,205i=1,2,...,m) (1)
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In the formula above, Xi indicates a type of amino acid,
Xi; indicates the RSA value of the jth amino acid Xi ; n indi-
cates the number of amino acid Xx; appeared in the datasets
of epitopes or mimotopes. The results are shown in Figure 9.

From figure 9, it can be seen that almost all results, the
average values of RSA in epitopes are higher than in mimo-
topes for both kinds of cases (except amino acid D, K and R
in antigen- antibody complex cases). The results indicated
that the RSA of epitopes is higher than mimotopes in aver-
age; and this may imply that RSA is another effective feature
in mimotope-based conformational B-cell epitope prediction.

3. METHODS

3.1. Datasets

A reliable dataset should meet the requirement of non-
redundant antigen structures, well-defined B-cell epitopes,
and the mimotope sequences. Non-redundant and abundant
datasets could avoid the performance of B-cell epitope pre-
diction methods overly optimistic. Well-defined B-cell epi-
tope is the premise of epitope relevant feature extraction, and
directly impacts the prediction performance. Mimotopes
sequence is especially important for the mimotope-based
conformational B-cell epitope prediction. Furthermore, large
and reliable datasets is important for statistic.

We use the new version of the benchmark datasets which
we called Benchmark 2.0 for conformational B-cell epitope
prediction using random peptide library screening. The
datasets were derived from MimoDB and PDB. The Bench-
mark 2.0 consists of 40 complex structures with 67 mimo-
tope sets; and the 67 complex cases contain 25 antigen-
antibody complexes and 42 protein-protein interactions
structures.

3.2. Definitions

3.2.1. Epitope Definition

During our research work, the functional epitopes for
antigen proteins were first selected; while the functional epi-
topes can be obtain in CED [28] and IEDB [29]. For the one
which has no functional epitopes, the structural epitopes
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which are defined as the residue of antigen which has a con-
tact area above 4 A” upon interaction with the antibody are
used.

3.2.2. Residue-neighbor

Epitopes are always binding to several residues in the
vicinity of antibody during the process of immune response.
Residue-neighbor for each epitope residue was proposed to
reflect such relation for further analysis. For epitopes, if the
distance between any two residues in an epitope is less than
4A, we called it a residue-neighbor. The method takes the C,
of every antigen surface residue as the center. For mimo-
topes, residue-neighbor was defined as the neighbor amino
acids in primary mimotope sequences.

3.2.3. Residue Accessibility
In this paper, we calculate the relative ASA (RSA) for
each epitope residue using formula (2):

ASA @)
Maxasa

RS4=

In the formula above, the ASA can be calculated through
Surface Racer 4.0[30] with the radius of the probe is 1.4 A,
and Maxxsa for twenty types of amino acids was the ASA
value of residue X in tri-peptide ALA-X-ALA is residue
maximum solution accessibility surface area. We adopt the
calculation results (the values of MaxASA for twenty types
of amino acids) of Ahmad S [31]. For mimotopes, we get the
results from the SANN [32]. SANN is a web server for pre-
diction of protein solvent accessibility by nearest neighbor
method. SANN server can be accesses through
http://lee.kias.re kr/~newton/sann/.

RESULTS AND DISCUSSION

B-cell epitope prediction is important for vaccine design,
and development of diagnostic reagents. It is also indispen-
sable for elucidate the interactions between antigen and anti-
body. However, the improvement of prediction accuracy and
efficiency for conformational epitope hinders its progress. In
previous studies, the existing mimotope-based methods use
only the mimotopes sequence information, and the perform-
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ance of these algorithms did not improve more in a long
time. That may be able to say, they encountered the bottle-
neck of development.

In this paper, we do a series of research work in order to
systematically detect the relationship of mimotopes and con-
formational B-cell epitopes, and try to evaluate existing mi-
motope-based B-cell epitope prediction methods from the
view of the relationship between B-cell epitope and mimo-
tope sequences, and finally do our best to help evaluate the
performance of the prediction algorithms based on mimo-
topes. From several aspects, this paper analyses the relation-
ship between the epitopes and mimotopes, and tries to dig
out of their deep relationship besides sequences.

We choose some parameters used to describe conforma-
tional epitopes from B-cell protein antigens, meanwhile we
choose relatively few parameters to compare epitopes and
mimotopes because of structural constraints. These parame-
ters are classified into two perspectives, including general
characteristics and residue characteristics.

The general characteristics including sequence segment
of epitopes, distance between every two epitope residues,
epitope patch and the minimum length of epitope surface
path. We have calculated the numbers of sequence segments
with different lengths and made statistics about the Euclid-
ean distances between every two epitope residues by the
datasets. Then we divide the antigen surface into patches
from the perspective of both distance and radius, and calcu-
late the proportion of epitopes on the patch under each pa-
rameter. Last we construct surface complete weighting graph
for epitopes and give the minimum length of epitope path.
The results may give guidelines to future B-cell epitope pre-
diction.

The parameters of residue characteristics contain the
amino acid preference, residue-pair preference, residue ac-
cessibility. For the amino acid preference, we calculate the
proportion of 20 kinds of amino acids in the epitopes and
mimotopes by the datasets, and along with the proportions
on surface. Then we group 20 kinds of amino acids into 12
classes by their properties, and calculate the proportion of 12
classes of amino acids on the datasets. The result shows that
grouping 20 kinds of amino acids into 12 classes is reliably
in the field of conformational B-cell epitope prediction. For
the residue-pair preference, we calculate the preference of
residue-neighbor sets in epitopes and mimotopes by the
datasets. The result shows that the preference of residue-
neighbor sets is discrepant, and combining this specific fea-
ture of epitope-paratope into mimotope-based conforma-
tional B-cell epitope prediction may improve the perform-
ance of the method. For residue accessibility, we compare
the relative solvent accessible surface areas of epitope resi-
dues and mimotopes and get that mimotopes contain little
accessible feature, and add this solvent accessible feature
into mimotope-based conformational B-cell epitope predic-
tion may be a better choice.

For both general characters and residue characters, all the
statistics are made on antigen-antibody complex cases and
protein-protein interaction cases respectively. The results
shows there are differences between these two kinds of inter-
actions. In other words, protein-protein interactions are not
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suitable for the both training and testing in B-cell epitope
predictions.

CONCLUSIONS

According to the analysis results, most of conformational
B-cell epitopes are consist of continuous sequence segment.
The distance between majority epitope residues is less than
20 A. As well as the distance standard, most of the epitope
residues are on the surface patch with the number of 31 resi-
dues or the radius of 15A (more than 80% in the dataset).
Besides, statistical differences are found between epitope
and mimotopes with parameters in residual and sequence
levels. The preference of 20 types of amino acids in the epi-
topes and in the mimotopes is different, while this difference
decreases when classify the amino acids into 12 kinds ac-
cording to properties. Amino acid enrichment and preference
for specific types of residue-neighbor sets on epitopes and
mimotopes have also been observed. The occurrences of
residue-neighbor sets on epitopes and mimotopes show some
patterns. In addition, the residue accessibility for epitopes
and mimotopes is investigated, and the epitope ones are
more accessible when comparing to mimotopes for both an-
tigen-antibody complex and protein-protein interaction
cases.

The results show some rules exist in conformational epi-
topes in segment, distance and the size of patch. This differ-
ence can give guidance for future conformational B-cell epi-
tope prediction. On the other hand, the preference of amino
acids in epitopes and mimotopes show classify amino acids
into different kinds according to properties is reliable for
mimotope-based B-cell epitope predictions. The residue-
neighbor and residue accessibility characters indicate there is
statistic difference between epitopes and mimotopes. This
observation further gives new hope for conformational B-cell
epitope predictions. In that case, it is a more effective and
accurate approach to predict the conformational epitopes
based on mimotopes.
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