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Abstract
Information entropy (H) and predicted B cell epitope score (Bepipred) were determined for the envelope E protein
of Zika viruses (ZIKV) isolated from infected humans and Aedes mosquitos with the aim of identifying E protein
regions that may be useful as immunological targets of anti-ZIKV vaccines. Total H of mosquito origin E proteins was
4.2380 greater than that of E proteins of human origin, suggestive of constraints on ZIKV mutation in the human
host. Seven invariant peptides (H=0.0) of length 10 amino acids, or greater, were identified. These peptide
sequences where H=0.0 were screened for predicted epitopes. The seven invariant peptides were comprised of 93
amino acid residues, 31 of which demonstrated predicted B-cell epitopic activity. The predicted epitopic residues
were distributed predominantly to 5 of the 7 invariant peptides. It is proposed that these 5 invariant (H=0) peptides in
the E proteins of both human and Aedes mosquito ZIKV represent domains with constrained mutational/evolutionary
potential and that epitopes predicted to reside in such invariant domains thus may be stable immunological targets
for development of an anti-ZIKV vaccine.
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Introduction
An anti-ZIKV (Zika virus) vaccine would be especially important
because of the association of ZIKV infection with microcephaly [1,2
and
http://www.cdc.gov/media/releases/2016/s0413-zikamicrocephaly.html].The envelope E protein is a potential target for the
development of vaccines against the Zika virus (ZIKV) [3]. An
extensive report of predicted ZIKV envelope E protein epitopes has
recently been reported by Mahfuz et al. [4].
A bioinformatic analysis of the ZIKV envelope E protein that
considered Shannon entropy [H; 5] in addition to B cell epitope
prediction [Bepipred score; 6] was recently published [7]. In that
report it was proposed that mutational activity within predicted
epitopes may be evidence of mutational escape [8] of the ZIKV from
the human immune response. The current manuscript again utilizes
the combined use of H and B cell epitope metrics, but extends that
usage to ZIKV isolated from Aedes mosquitos as well as to ZIKV from
Homo sapiens. Furthermore, in contrast to the previous study, this
research is focused on detection of potential epitopic sites within
mutationally stable peptides, where H=0.0 because such mutationally
stable epitopic sites would be efficient and cost-effective targets for
protective vaccines. If a viral peptide region is observed to be
mutationally stable in species as diverse as humans and mosquitos,
such mutational stability is suggestive of structural and/or other
biological constraints upon mutation. Computational studies of effects
of protein secondary structure on mutational stability and
immunogenicity of ZIKV E protein are currently in progress.
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Materials and Methods
Computations and graphing were performed with Anaconda 2.4.0
(64-bit), Python 2.7.10, Numpy 1.10.1, Scipy 0.16.0, Matplotlib 1.4.3.
The Mann-Whitney non-parametric U test was performed with
Scipy.stats; a one-tail p-value is reported.
The complete set of 280 ZIKV envelope E protein sequences was
downloaded via the NCBI Zika Virus Resource (http://
www.ncbi.nlm.nih.gov/genome/viruses/variation/Zika/) on 15 May
2016. Parsing and sorting of the sequence data were performed with
Python and monitored with Jalview 2.9.0b2 [9]. In the sequence
download, the minimum sequence length was 66 amino acids and the
maximum sequence length was 3423 amino acids. The complete set of
downloaded sequences was parsed into two subsets, one containing 31
sequences, each of length 251 amino acids, and a second subset
consisting of 65 sequences, each of length 3423 amino acids. Amino
acid subsequence 421-671 of each sequence in the second subset was
isolated and combined with the sequences of the first subset, yielding a
total of 96 full length (L=251) envelope E protein sequences. This set of
full length E protein sequences contained 53 E protein sequences that
were isolated from infected Homo sapiens, i.e. that were of human
origin and 39 E protein sequences that were isolated from infected
Aedes mosquitos, i.e. that were of mosquito origin. These 92 E protein
sequences, of either human or mosquito origin, were used in this study
in fasta format [10].
Information entropy (H) was computed by the equation of Shannon
[5]. Predicted linear epitope scores were obtained with Bepipred [6]
using the IEDB Analysis Resource (www.iedb.org/). The reported
Bepipred threshold score was 0.350.
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Results
The distributions of H in ZIKV E protein of human origin, in ZIKV
E protein of Aedes mosquito origin and in a dataset of combined E
protein sequences of human and Aedes origin are shown in Figure 1.
There were 20 amino acid positions with H>0.0 in the E proteins of
human origin, 38 positions with H>0.0 in Aedes E proteins and 49
positions with H>0.0 in the combined Homo sapiens: Aedes species
dataset. The maximum H was 0.2695 bits in E proteins (position 200)
from humans, 1.0000 bits in E proteins (position 26) from Aedes
species and 0.9832 bits in the combined human:Aedes dataset
(position 187). The median, mean and standard deviations of H at the
positive (H>0.0) positions were 0.1350, 0.1418 and 0.0293 bits for the
human dataset, 0.1720, 0.3162 and 0.2542 bits for the Aedes dataset
and 0.0865, 0.2198 and 0.2522 bits for the combined human:Aedes
dataset. The non-zero H values in the E proteins of Aedes origin were
significantly greater than the non-zero H values in the E proteins of
human origin (MannWhitney U=25.0, p=4.2851e-10). Seven invariant
peptides, each at least 10 amino acids in length, were identified in both
the E proteins of human origin and the E proteins of Aedes origin.
These seven invariant peptides were comprised of a total of 93 amino
acids, where H=0.0 at each of the amino acid positions. The Bepipred
score was positive for predicted epitope activity at 31 of these invariant
93 amino acids (Figure 2). As shown in Figure 2, the epitopic amino
acids were clustered into 5 of the 7 invariant peptides. These invariant
peptides are further defined in Table 1.

Figure 1: Distribution of Information entropy (H) the ZIKV
Envelope E Protein. (top) human origin ZIKVE protein (middle)
Aedes species origin E protein (bottom) combined human and
Aedes E protein; ordinate: H (bits); abscissa: amino acid position
(1-251).

Discussion
ZIKV infection is important because of the association of the virus
infection with microcephaly [1,2]. Because of this prenatal risk to
infants, there is currently an urgent need for an effective anti-ZIKV
vaccine [3,4].
It was recently proposed that epitope prediction, together with
Shannon entropy observed in envelope E protein produced by ZIKV
from humans [7] provide information potentially useful for vaccine
design; it was suggested that these entropic epitopic positions may
represent displays of mutational escape of the Zika virus [8] in the
human hosts. In the current report, joint application of epitope
prediction and observed Shannon entropy was extended to the
envelope E protein of ZIKV of Aedes mosquito origin. Despite the
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significantly greater H values of ZIKV envelope E proteins of Aedesspecies origin (Figure 1), 7 invariant peptides (H=0.0) with length of at
least 10 amino acids were identified in proteins both of human and of
mosquito origin. Epitopic regions were predicted in five of these
invariant peptides (Figure 2 and Table 1). Two of these epitopic,
invariant peptides (53-66, 102-114) contained one proline residue and
two contained two proline residues (206-218, 220-233). Proline is
consistent with epitope activity [11].

Figure 2: Predicted B-cell Linear Epitope Activity in Invariant
(H=0.0) ZIKV Envelope E Protein Peptide Sequences at Least 10
Amino Acids in Length. Ordinate: Bepipred score; abscissa: amino
acid position (1-251). The cutoff Bepipred score (0.350) is shown as
a dotted horizontal line. Amino acid positions with significant
Bepipred scores are in red; amino acid positions with non-epitope
Bepipred scores are in black.

Amino Acid
Positions

Peptide
Length

Amino Acid Sequence

53-66

14

FGSLGLDCEPRTGL

68-80

13

FSDLYYLTMNNKH

86-96

11

EWFHDIPLPWH

102-114

13

GTPHWNNKEALVE

131-145

15

QEGAVHTALAGALEA

206-218

13

DGPCKVPAQMAVD

220-233

14

QTLTPVGRLITANP

Table 1: Predicted Epitopic Activity in Invariant (H=0.0) Amino Acid
Sequences in ZIKV Envelope E Proteins from Homo sapiens and
Aedes Species. Amino acid positions with predicted epitope scores
above the threshold Bepipred value are shown in bold.
The absence of mutation in peptides with immunological potential
may reflect structural and other biological constraints upon ZIKV. The
significantly lower H values in ZIKV of human origin (Figure 1)
suggest constrained mutation in humans and/or relatively
unconstrained mutation in Aedes mosquitos. It is proposed here that
use of information entropy together with B cell epitope prediction can
facilitate development of an anti-ZIKV vaccine, one with a lowered
susceptibility to viral mutational escape.
The analysis presented here and the analysis in the previous report
[7] have antithetical points of view regarding the inclusion of entropic
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(H>0.0) amino acid positions in the peptide antigens. Certainly, antiZIKV vaccines in which H=0.0 at all positions would be more costeffective. In the laboratory application of the analyses presented here
and in the previous report, immunological and other biological effects
of omission and inclusion of mutating amino acid positions, i.e,
positions at which H>0.0, should be determined.
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