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Abstract
By means of the combined use of B cell epitope prediction (Bepipred) and measurement of information entropy

(H) in envelope (E) protein of Zika virus (ZIKV) isolated from infected humans, five amino acid sequences
were identified as containing probable epitopes. These five predicted epitopic sequences contained ten amino 
acid positions where H>0.0. It is proposed that some of the observed entropic positions may reflect mutational 
escape of the ZIKV from the immune response of the infected host and that such information, applied together with 
conventional epitope prediction, can guide and facilitate design of anti-ZIKV vaccines.
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Introduction
The envelope E protein is a potential target for the development 

of vaccines against the Zika virus (ZIKV) [1]. An anti-ZIKV vaccine 
would be especially important because of the probable association of 
ZIKV infection with microcephaly [2]. Design of an effective anti- 
ZIKV vaccine may be facilitated by our understanding of the mutational 
patterns and evolutionary trajectory of the virus. An extensive report 
of predicted ZIKV envelope E protein epitopes has recently been 
reported by Mahfuz et al. [3]. Reported here is a bioinformatic analysis 
of the ZIKV envelope E protein that considers Shannon entropy [4] in 
addition to B cell epitope prediction [5].

Materials and Methods
Complete sets of full-length ZIKV polyprotein sequences (L=3423, 

n=10) and envelope E protein sequences (L=251, n=30), without 
error (X) at any amino acid positions, were downloaded via the NCBI 
Zika Virus Resource: (http://www.ncbi.nlm.nih.gov/genome/viruses/ 
variation/Zika/) on 02 Feb 2016. These two download sets formed the 
full-length (L=251), error-free dataset of ZIKV envelope E protein 
sequences (n=40) used for this study. All of the sequences in the dataset 
had been isolated from humans. 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. Consensus sequences were determined 
with Jalview (2.9.0b2) [6]. Information entropy (H) was computed 
by the equation of Shannon [4]. Z-tests were performed using 1000 
pseudo-random trials and are reported with two-tail probabilities. 
Predicted linear epitope scores were obtained with Bepipred [5]. 
The reported Bepipred threshold score (0.185) was subtracted from 
each raw Bepipred score and only differences greater than zero were 
considered.

Results
Of the 251 positions of the entire E protein, there were 31 amino 

acid positions at which H>0.0. Total H, summed over these 31 positions 
was ΣH=12.4904 bits. The mean, median and standard deviation of H 
at these 31 positions were 0.4029, 0.2864 and 0.2753, respectively. These 
H values were associated with a total of 134 mutants summed over the 
entire dataset. The distribution of the H values throughout the E protein 
is shown in Figure 1. The maximum H values in the dataset occurred at 
position 26 (H=0.9982, 19 mutants, Z=4.3935, p=1.1156e-05), position 

243 (H=0.9928, 18 mutants, Z=4.3277, p=1.5066e-05), position 
251 (H=0.9097, 13 mutants, Z=3.6134, p=0.0003) and position 234 
(H=0.8112, 10 mutants, Z=3.0992, p=0.0019). The distribution of 
Bepipred scores in the E protein is shown in Figure 1. Fifteen amino 
acid positions were located at which both the Bepipred score and the 
H value were greater than zero. Details for these 15 positions are given 
in Table 1.

Discussion
Analysis of the ZIKV envelope protein on the bioinformatic 

level is especially important at this time because of the significant 

Figure1: Distribution of Information Entropy (H) and Predicted B cell Epitopes in the 
ZIKV Envelope (E) Protein. Ordinate: H (bits) and Bepipred score; abscissa: amino 
acid position (1-251). Bepipred scores were corrected by subtracting the threshold 
score (0.185) and using the resulting values that were greater than zero.

http://www.ncbi.nlm.nih.gov/genome/viruses/
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public health implications and because of the current need of an 
effective anti-ZIKV vaccine [1,3]. The present report utilizes epitope 
prediction in conjunction with observed Shannon entropy in ZIKV 
E protein produced by virus obtained from humans. It is proposed 
here that certain of these entropic positions may represent displays of 
mutational escape of the ZIKV [7] in the human hosts from whom the 
Zika viruses were isolated. The homogeneity of the mutant populations 
at the entropic amino acid positions (Table 1) may reflect structural 
and functional constraints on ZIKV mutational processes. Predicted B 
cell epitope activity (Bepipred score) was prominent in five amino acid 
sequences which also contained amino acid positions at which H>0.0, 
reflecting viral mutational activity in the infected human hosts (Figure 
1). These five ZIKV envelope amino acid (aa) sequences are:

(aa 25-51) DTGHETDENRAKVEVTPNSPRAEATLG

(aa 92-108) PLPWHAGADTGTPHWNN

(aa 185-193) TKVPAETLH

(aa 201-214) QYAGTDGPCKVPAQ

(aa 233-241) PVITESTEN

Amino acid positions in these five sequences where H>0.0 are 
indicated by a bold font. There were ten such entropic, mutating 
positions. Consideration of actual, observed entropic events in 
viruses isolated from infected humans, in combination with epitope 
prediction, may therefore facilitate design of anti-ZIKV vaccines. 

Moreover, two of these sequences (92-108, 233-241) are initiated by a 
proline residue, a favourable feature in epitopes [8]. It is proposed here 
that use of information entropy together with B cell epitope prediction 
can facilitate development of an anti-ZIKV vaccine.
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n Amino Acid Position Consensus and Mutant 
Amino Acid Counts Information Entropy (H) Predicted B Cell Epitope 

Activity (Bepipred Score) Mutation

1 1 36 GLN, 4 SER 0.4690 1.071 Q->S
2 16 39 SER, 1 THR 0.1687 0.418 S->T
3 26 21 THR, 19 ILE 0.9982 0.640 T->I
4 28 38 HIS, 2 TYR 0.2864 1.608 H->Y
5 39 33 VAL, 7 ILE 0.6690 0.950 V->I
6 47 39 GLU, 1 THR 0.1687 0.932 E->T
7 93 39 LEU, 1 PHE 0.1687 0.025 L->F
8 187 33 VAL, 7 ILE 0.6690 0.336 V->I
9 203 39 ALA, 1 VAL 0.1687 0.977 A->V

10 205 33 THR, 7 ARG 0.6690 1.197 T->R
11 211 38 VAL, 2 ILE 0.2864 0.577 V->I
12 213 38 ALA, 2 VAL 0.2864 0.010 A->V
13 234 30 VAL, 10 ILE 0.8113 0.525 V->I
14 240 38 GLU, 2 LYS 0.2864 0.825 E->K
15 251 27 PRO, 13 THR 0.9097 1.088 P->T

Table 1: Amino Acid Positions in the Envelope Protein within Predicted B Cell Epitopes and with Information Entropy Greater Than Zero. H is in bits. The Bepipred scores 
were corrected by subtracting the threshold value (0.185) from each score and using only positive results. The total number of sequences equals 40. Mutations were defined 
and counted as deviants from the consensus amino acid at each position.
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