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Introduction
Monitoring the geographic and the demographic distribution 
of people infected with Zika virus is important for informing 
decision-makers and researchers during the ongoing epidemic. 
Health officials also need further knowledge about the asso-
ciations between Zika virus infection and its sequelae, such 
as microcephaly and Guillain–Barré syndrome. However, the 
absence of a sensitive and specific serological test for detecting 
prior Zika virus infection impedes research. According to the 
World Health Organization’s Target product profiles for better 
diagnostic tests for Zika virus infection,1 such a test must be 
able to differentiate between chikungunya, dengue and Zika 
viruses, since these mosquito-borne arboviruses can be co-
circulating and can cause similar symptoms.2

Dengue and Zika viruses belong to the virus family Fla-
viviridae, while chikungunya virus belongs to the Togaviridae 
family. Although they belong to different virus families, Zika 
and chikungunya viruses share some similarities in envelope 
protein folding and membrane fusion mechanisms.3

Active Zika virus infections can be detected by nucleic 
acid-based diagnostic tools.4,5 However, developing serologi-
cal diagnostic tests to detect previous Zika virus infections 
has been challenging, because of cross-reactivity between 
antibodies against different arboviruses.6–12 Hence, current 
serological assays, such as enzyme-linked immunosorbent 
assay (ELISA) and plaque reduction neutralization tests, may 
not be able to distinguish if a person has been infected with 
Zika virus or another flavivirus or if a person has received a 
previous yellow fever or Japanese encephalitis vaccination.13,14 
A study has shown that neutralizing monoclonal antibodies 

generated against recombinant fragments of the envelope 
protein of dengue virus serotype 2 tend to be cross-reactive 
among flaviviruses, while nonneutralizing antibodies seem 
to be virus specific.15

We hypothesize that immunogenic protein regions with 
sequence dissimilarity may exist across arthropod-borne vi-
ruses (arboviruses) and that antibodies targeting these regions 
may be less likely to be cross-reactive. Identifying such regions 
could aid the development of specific microarray-based se-
rological tests, such as a peptide microarray, to detect Zika 
virus and/or other related viruses. A peptide microarray is a 
high-throughput method for detecting interactions between 
peptides and antibodies and is composed of multiple spots of 
peptides on a solid surface.16 We also hypothesize that protein 
regions that are more conserved among different strains of 
the Zika virus are more likely to contribute to the sensitivity 
of the peptide microarray. Thus, to identify Zika virus con-
served protein fragments that are variable among other virus 
species, we analysed proportions of protein sequence identity 
across virus species and protein polymorphism among differ-
ent strains of Zika virus. We analysed the flaviviruses Zika, 
dengue, West Nile, Japanese encephalitis and yellow fever, and 
the alphavirus chikungunya.

Methods
We used publicly available proteomic sequencing data (Ta-
ble 1). For the Zika virus, we used data set A from Faria et al.17 
We downloaded the protein sequences of Japanese encephalitis 
virus, yellow fever virus and chikungunya virus from the Na-
tional Center for Biotechnology Information (NCBI) protein 
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database and the sequences for dengue 
virus serotypes 1–4 and West Nile virus 
from NCBI virus variation resource.18

We used BLASTP19 to find regions 
of identity between arboviruses, apply-
ing a default Expect (E)-value thresh-
old of 10, that is the expected number 
of hits of the observed similarity, by 
chance, is fewer than 10. The results are 
robust and we obtained the same results 
when E-value thresholds were 5 or 50. 
When comparing the chikungunya and 
the Zika viruses, we used an E-value 
threshold of 1000, because chikungunya 
does not belong to the Flaviviridae fam-
ily and we could not identify any regions 
of similarity when using an E-value 
threshold of 10. For all protein fragments 
across the proteome, we calculated the 
proportion of shared amino acids be-
tween virus species and polymorphism 
among different Zika virus strains. We 
analysed protein fragments of different 
lengths, so called k-mers (where k is 
the amino acid length of the protein 
fragment), with k equal to 6 or rang-
ing from 10 to 100. We used a sliding 
window approach, where we moved the 
window one amino acid at a time along 
the proteome to include every possible 
k-mer. To be conservative, we identified 
protein fragment identity between spe-
cies by the maximum identity among 
all the pairs of strains for each window 
considered. For analysing the identity 
with dengue virus, we used the highest 
identity between the Zika virus and all 

four serotypes of the dengue virus for 
each window considered. To assess if 
protein identity between the Zika virus 
and each of the dengue serotype was 
significantly associated with polymor-
phism within each dengue virus sero-
type, we calculated P-values by using 
Pearson’s correlation test.

To identify polymorphisms within 
viruses, we used both the average pair-
wise difference and the proportion of 
polymorphic sites. Average pairwise 
difference is calculated by averaging the 
proportions of differences in peptide 
sequences from all pairs of the virus 
strains. We chose to plot the propor-
tion of polymorphic sites in the figures 
because it is less sensitive to population 
structure and/or sampling bias.

To identify potential protein frag-
ments that could be used for diagnostic 
tests, we selected k-mers with low pro-
portion of identity between the Zika 
virus and other arboviruses as well as 
low polymorphism between different 
strains of Zika virus as lead candidate 
protein fragments. The rationale for 
this approach was that fragments with 
low between-species identity and low 
within-species polymorphism are most 
likely to have both the required speci-
ficity and sensitivity for such tests. We 
chose k-mers in the bottom quintile of 
values of identity and polymorphism for 
each k-mer length.

Insights into protein structures 
are critical for assessing the possible 

antigenicity of peptides, because buried 
peptides are less likely to be antigenic.20 
To determine if any of the fragments 
are exposed or buried in the two Zika 
virus proteins with available protein 
structures, the envelope protein and 
the non-structural (NS) protein 1, we 
calculated the solvent accessible surface 
area for each amino acid. We used the 
published structures of dimeric NS1 
(protein data bank identification, PDB 
ID: 5GS6)21 and the envelope protein in 
the biological assembly of the mature 
virus (PDB ID: 5IRE).22 To calculate 
the solvent accessible surface area, we 
used the linear combinations of pairwise 
overlaps method23 and used 10 Å2 as the 
upper limit for buried residues, as this 
value corresponds to half the surface 
area of a single water molecule. The 
regions at the C-terminal end of the 
dengue virus envelope protein interact 
with the viral lipid membrane24 and are 
unlikely to be exposed. Due to the high 
structural similarity of the envelope 
proteins between dengue and Zika vi-
ruses, we assume that the region from 
residue 404 to the C-terminus in Zika 
virus envelope protein is also buried. For 
the lead candidate list, we excluded the 
k-mers without any continuous exposed 
peptides longer than five amino acids 
in the two proteins, because exposed 
peptides are more likely to be antigenic. 
The threshold of five amino acids was 
chosen because 99.7% of experimentally 
determined antigenic B-cell epitopes for 
flaviviruses found in Virus Pathogen 
Database and Analysis Resource data-
base are longer than five amino acids.25 
We obtained the list of theses epitopes 
through the database’s web site at http://
www.viprbrc.org/.

Results
On average, Zika virus shares 55.6% 
amino acid sequence identity with den-
gue virus, 46.0% with yellow fever virus, 
56.1% with Japanese encephalitis virus, 
57.0% with West Nile virus and 1.3% 
with chikungunya virus. The identity 
between Zika virus and other viruses 
and Zika virus polymorphism for all k-
mers are available from the correspond-
ing author. As an example, Fig. 1 and 
Fig. 2 show the identity between Zika 
virus and other viruses investigated and 
polymorphisms within the Zika virus for 
all 50-mer peptides.

Fig. 3 shows protein fragments 
mapped to the corresponding envelope 

Table 1. Proteomic sequencing data used to compare identity between viruses and 
within viruses

Species Collection date WHO Region No. of 
samples

ZIKV 1947–2015 African, Americas, Western Pacific 34
DENV1 01/01/2010– 06/01/2016 African, Americas, European, South-

East Asia, Western Pacific
171

DENV2 01/01/2010– 06/01/2016 Americas, Eastern Mediterranean, 
South-East Asia, Western Pacific

158

DENV3 01/01/2010– 06/01/2016 Americas, Eastern Mediterranean, 
South-East Asia, Western Pacific

62

DENV4 01/01/2010– 06/01/2016 Americas, South-East Asia, Western 
Pacific

58

WNV 01/01/2008–06/01/2016 Americas, European, South-East Asia, 44
JEV 1951–2012 South-East Asia, Western Pacific 19
YFV 1981–2016 African, Americas, Western Pacific 31
CHIKV 1953-2015 African, Americas, European, South-

East Asia, Western Pacific
212

CHIKV: chikungunya virus; DENV1−4: dengue virus serotype 1; JEV: Japanese encephalitis virus; WHO: World 
Health Organization; WNV: West Nile virus; YFV; yellow fever virus; ZIKV: Zika virus.
Note: For ZIKV, we used data set A from Faria et al.17 We downloaded the protein sequences of JEV, YFV and 
CHIKV from the National Center of Biotechnology Information (NCBI) protein database and sequences for 
DENV serotypes 1–4 and WNV from NCBI virus variation resource.18

http://www.viprbrc.org/
http://www.viprbrc.org/
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or NS1 proteins. The exposed areas of 
the proteins show regions with both low 
identity with other flaviviruses and low 
Zika virus polymorphism.

The lead candidate list for develop-
ing a specific and sensitive microarray-
based serological test contains 294 
protein fragments. These fragments 
have low similarity between viruses, 
low polymorphism within the Zika 
virus and continuous exposed peptides 
longer than five amino acids (Table 2; 
available at: http://www.who.int/bul-
letin/volumes/95/7/16-182105). The 
list excluded 10.9% (36/330) of k-mers 
containing previously identified B-cell 
epitopes for other flaviviruses than 
Zika, because they are likely to be cross-
reactive. Protein fragments from all Zika 
virus proteins, except NS3, are present 
in the list. NS4A has the highest number 
(190 k-mers) of candidate protein frag-
ments (Table 3).

As Zika virus infection is associated 
with birth defects that are not seen in 
other flavivirus infections, we compared 
identity and polymorphism of proteins 
between flaviviruses. Overall, the level 
of identity between Zika virus and other 
flaviviruses is similar to the level of iden-

tity seen when comparing other flavivi-
ruses with each other (available from the 
corresponding author). In contrast, one 
region (amino acid positions 430–500 
in the proteome) in the envelope pro-
tein shows both low identity between 
Zika virus and other flaviviruses and 
low polymorphism within Zika virus 
(Fig. 2) and the relative polymorphism 
of NS2A and NS2B is on average 53.6% 
and 69.5% lower in Zika virus than in 
other flaviviruses, respectively (Fig. 4).

Protein identity between dengue 
and Zika viruses is negatively associated 
with polymorphism within the dengue 
virus proteins (P-values < 0.01 for all 
dengue serotypes; Fig. 5). This result can 
be explained by so-called negative selec-
tion, i.e. protein regions under stronger 
selective constraints tend to be more 
conserved and have higher identity be-
tween species and lower polymorphism 
within species.26 We did not observe a 
similar association for within-Zika virus 
polymorphism, which might be due to 
fewer strains analysed and/or smaller 
effective size of the global Zika virus 
population from which sequences were 
sampled, resulting in lower selection 
efficiency.

Discussion
Here we identified regions within the 
Zika virus proteome that have low 
identity with other viruses and low 
within-species polymorphism. These 
regions may be used to develop new se-
rological diagnostic tests to detect Zika 
virus infection. However, for some of the 
identified regions, their antigenic prop-
erties are unknown and, therefore, these 
regions would first need to be evaluated 
for such properties. The regions identi-
fied as antigenic could then be used for 
developing a peptide microarray, where 
a collection of identified peptides are 
displayed on a surface. Antibodies gen-
erated during a previous Zika virus in-
fection will then be able to bind to these 
displayed peptides. The read-out of the 
microarray is the fluorescent signal gen-
erated by fluorescence-coupled second-
ary antibodies that have bound to the 
serum antibody–peptide complexes. An 
advantage of assessing multiple peptides 
simultaneously in one test is that indi-
vidual peptides do not need to generate 
a strong signal, since the intensities of 
signals of all different antibody–peptide 
complexes can be incorporated into a 

Fig. 1. Zika virus polymorphism versus identity between Zika virus and other arboviruses, 50-mers across the Zika virus proteome
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Fig. 2. Sliding-window identity between Zika virus and other flaviviruses and within-Zika virus polymorphism
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Fig. 3. Mapping per-site identity and polymorphism onto the structures of Zika virus envelope protein and nonstructural protein 1 
dimer
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Notes: Sites polymorphic within Zika virus or with high identity between Zika virus and other viruses could compromise respectively sensitivity and specificity of 
a serological test. Thus the most useful sites are expected to be those that lack identity with other viruses and lack polymorphism within Zika virus, shown in red. 
Identity between a comparator virus and Zika virus is shown in yellow; polymorphism within Zika virus is shown in blue; and sites with both properties are shown 
in green. The side view of the envelope protein shows the two transmembrane helices on the bottom. These helices likely remain buried within the lipid bilayer 
envelope and hence are unavailable for interactions with antibodies. In the structures including all viruses, sites are shown as homologous if they are homologous 
between Zika virus and any of the flaviviruses. Homologous regions are larger for dengue virus because sites are shown as homologous if they are homologous 
between Zika virus and any of the four dengue virus serotypes.

Table 3. The number of Zika virus protein fragments selected as lead candidates for developing a serological test

Protein No. of protein fragments

6-mer 10-mer 20-mer 30-mer 40-mer 50-mer 60-mer 70-mer 80-mer 90-mer 100-mer Total

Capsid C 1 0 0 0 8 1 0 6 0 0 0 16
prM 3 1 0 0 0 0 0 0 0 0 0 4
E 0 6 0 5 7 0 0 0 0 0 0 18
NS1 3 1 0 0 0 0 0 0 0 0 0 4
NS2A 4 10 7 0 3 4 0 0 0 0 0 28
NS2B 1 7 5 0 0 0 0 0 0 0 0 13
NS3 0 0 0 0 0 0 0 0 0 0 0 0
NS4A 0 0 5 0 5 14 24 44 38 32 28 190
NS4B 5 6 3 0 0 0 0 0 0 0 0 14
NS5 4 3 0 0 0 0 0 0 0 0 0 7
Total 21 34 20 5 23 19 24 50 38 32 28 294

E: envelope; NS; non-structural; prM; precursor membrane.
Note: mer refers to the amino acids length of the protein fragment. Candidate proteins were selected based on identity between Zika virus and other viruses, within-
Zika virus polymorphism, and protein structure.
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composite signal. Through statistical 
modelling the signal generated can be 
used to distinguish Zika virus infection 
and other infections.16 Microarrays also 
have a greater potential to identify prior 
virus infections than neutralization-
based assays, because microarrays can 
detect a broader range of antibodies than 
only antibodies that neutralize the virus 
and protect against infections. Peptide 
microarrays have been used to differ-
entiate between serological responses 
to closely related bacterial pathogens16 
and to detect previous viral infections.27

The computational selection strat-
egy used here represents a targeted 
approach, which reduces the number 
of potential candidate peptides. These 
peptides could be used for creating a 
peptide–antibody signature for a given 
viral infection. Once the signature is 
identified, a diagnostic test employ-
ing only the most important peptides 
contributing to that signature can be 
designed and produced. While our 
computational analysis of k-mers fo-
cused on linear epitopes, specific and 
sensitive linear epitopes together may 
be sufficient to distinguish different 
arboviruses. Moreover, depending on 
how a serological diagnostic test is 

produced, some of the longer k-mers 
might fold with sufficient similarity to 
their native folding to present confor-
mational epitopes.

Our analysis showed that NS1 pro-
tein polymorphism is low. Therefore, 
using peptides from the NS1 protein 
for diagnostic test might result in a 
high-sensitivity test for detecting anti-
bodies against Zika virus from different 

geographical locations. On the contrary, 
the identity of NS1 protein across flavi-
viruses is not particularly low compared 
to other proteins (third highest among 
10 proteins), suggesting that NS1 is 
not the top candidate protein for low 
cross-reactivity. Recently, Euroimmun 
AG (Lübeck, Germany) developed a 
Zika virus ELISA for immunoglobulins 
(Ig)M and IgG, based on the NS1 pro-

Fig. 4. Normalized within-species polymorphism for each gene of each virus
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Fig. 5. Dengue virus polymorphism versus identity with Zika virus
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tein. Preliminary results show that the 
test is Zika virus specific.28,29 However, 
the small sample size, the fact that the 
samples were not from regions with 
endemic dengue and the lack of samples 
from patients with different stages of 
infection weaken the conclusion.28,29 
Moreover, because each diagnostic test 
has its advantages and disadvantages, 
having multiple approaches available is 
helpful for providing an accurate diag-
nosis. A sensitive and specific diagnostic 
test detecting several arbovirus infec-
tions simultaneously would be valuable,1 
so that only one assay is required to 
diagnose active and previous flavivirus 
infection(s). While we designed the 
sequence analysis for specificity and 
sensitivity of detection of Zika virus 
infection, the same type of analysis 
could be used for identifying specific 
and sensitive markers for each arbovi-
rus. By including specific and sensitive 

markers from all arboviruses in the same 
peptide microarray, the microarray has 
the potential to detect several arbovirus 
infections simultaneously.

To further dissect the molecular 
mechanism leading to the Zika virus 
sequelae not seen with other flaviviruses, 
the protein fragments presented in the 
candidate list may be useful. The low 
polymorphisms in NS2A and NS2B pro-
teins might be good candidates to start 
investigating the possible molecular link 
between Zika virus and microcephaly 
and Guillain–Barré syndrome.

Peptide-sequence identity is unlike-
ly to fully predict cross-reactivity due 
to other factors, such as glycosylation. 
Nonetheless, this analysis based on 
publicly available sequences provides a 
step towards the development of a sero-
logical test that can distinguish previous 
Zika virus and co-circulating arbovirus 
infections.1 ■
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ملخص
تحليل منهجي لتماثل البروتين بين فيروس زيكا وغيره من الفيروسات التي تحملها مفصليات الأرجل

وحمى  زيكا  فيروس  بين  البروتين  تماثل  مقدار  تحليل  الغرض 
الضنك، والتهاب الدماغ الياباني، وحمى الصفراء، وفيروس غرب 
سلالات  بين  الأشكال  تعددية  عن  فضلًا  وشيكونغونيا  النيل، 

فيروس زيكا.
زيكا  لفيروس  المنشورة  البروتين  تسلسلات  استخدمنا  الطريقة 
من  الفيروسات  من  لغيره  البروتين  تسلسلات  على  وحصلنا 
قاعدة البيانات الخاصة بالبروتين للمركز الوطني لمعلومات التقانة 
 .NCBI لمركز  الفيروسات  اختلاف  مورد  أو   )NCBI( الحيوية 
بين  التماثل  مناطق  على  للعثور   BLASTP أداة  استخدمنا  كما 
بين فيروس  التماثل  لمقدار  بإجراء تحديد كمي  الفيروسات. وقمنا 
زيكا وكلٍ من الفيروسات الأخرى فضلًا عن تعددية الأشكال في 
k للأحماض الأمينية السائدة عبر  فيروس زيكا نفسه لكل ميرات 
إمكانية  بتقييم  100. وقمنا  إلى   6 k من  البروتيوم، حيث تتراوح 

الوصول إلى شظايا البروتين من خلال حساب المساحة السطحية 
المغلفة  للبروتينات  خلالها  من  الوصول  للمذيبات  يمكن  التي 

 .)NS1( -1والبروتين اللابنيوي
النتائج إجمالًا، قمنا بتحديد 294 شظية من شظايا البروتين الخاص 
التماثل مع الفيروسات الأخرى  بفيروس زيكا مع انخفاض نسبة 
تعدد الأشكال بين سلالات فيروس زيكا.  وانخفاض مستويات 
وتتضمن القائمة شظايا البروتين من جميع بروتينات فيروس زيكا 
الأكبر  بالرقم   NS4A بروتين  ويتمتع   .NS3 بروتين  باستثناء 

)190 من ميرات k( من شظايا البروتين الواردة في القائمة. 
الاستنتاج قمنا بإنشاء قائمة مرشحين لشظايا البروتين والتي يمكن 
لاكتشاف  ومحدد  حساس  مصلي  اختبار  تطوير  عند  استخدامها 

الحالات السابقة للإصابة بفيروس زيكا.

摘要
寨卡病毒与其他节肢动物媒介病毒之间蛋白质识别的系统分析
目的 旨在分析寨卡病毒、登革热、流行性乙型脑炎、
黄热病、西尼罗河以及基孔肯雅热病毒之间的蛋白质
识别率以及不同寨卡病毒株之间的多态性。
方法 我们使用已公布的寨卡病毒蛋白质序列，并从
国家生物技术信息中心 (NCBI) 蛋白质数据库或国家
生物技术信息中心 (NCBI) 病毒变异资源中获取了其
他病毒的蛋白质序列。 我们使用 BLASTP 来找出病
毒之间的识别区域。 我们量化了寨卡病毒和其他各
种病毒之间的蛋白质识别以及寨卡病毒内部多态性，
以识别蛋白质组中的所有氨基酸 k-mer，其中 k 的
变化范围为 6 到 100。通过计算外膜蛋白和非结构蛋
白 1 (NS1) 的溶剂可及表面，我们对蛋白质片段的可

及性进行了评估。 
结果 我们共识别出 294 个寨卡病毒蛋白质片段，相较
于其他病毒，其识别率较低，且寨卡病毒株之间的多
态性程度较低。 上述清单包括所有寨卡病毒蛋白质的
蛋白质片段，非结构蛋白 3 (NS3) 除外。 清单中，非
结构蛋白 4A (NS4A) 的蛋白质片段数目（190 个 k-mer）
最高。 
结论 我们提供了一份蛋白质片段补充目录，可在开发
敏感的特殊血清学测试时使用，以检测之前的寨卡病
毒感染情况。
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Résumé

Analyse systématique des similarités protéiques entre le virus Zika et d’autres virus transmis par des arthropodes
Objectif Analyser les pourcentages de similarité protéique entre le virus 
Zika et les virus de la dengue, de l’encéphalite japonaise, de la fièvre 
jaune, du Nil occidental et du chikungunya, ainsi que le polymorphisme 
entre différentes souches du virus Zika.
Méthodes Nous avons utilisé les séquences protéiques publiées 
du virus Zika et avons obtenu les séquences protéiques des autres 
virus dans la banque protéique du National Center for Biotechnology 
Information (NCBI) ou dans la base de données Virus Variation du NCBI. 
Nous avons utilisé BLASTP pour identifier les régions de similarité entre 
les virus. Nous avons quantifié la similarité entre le virus Zika et chacun 
des autres virus ainsi que le polymorphisme du virus Zika pour tous les 
k-mers d’acides aminés, dans tout le protéome, avec k allant de 6 à 100. 
Nous avons étudié l’accessibilité des fragments protéiques en calculant 

la surface accessible au solvant pour les protéines d’enveloppe et non 
structurale-1 (NS1).
Résultats Au total, nous avons identifié 294 fragments protéiques du 
virus Zika qui présentent à la fois un faible degré de similarité avec les 
autres virus et un faible degré de polymorphisme entre les souches 
du virus Zika. Notre liste comprend des fragments protéiques issus de 
toutes les protéines du virus Zika, à l’exception de la protéine NS3. Le 
plus grand nombre de fragments protéiques de notre liste (190 k-mers) 
correspond à la protéine NS4A.
Conclusion Nous proposons une liste de fragments protéiques 
candidats, qui pourraient être utilisés pour concevoir un test sérologique 
sensible et spécifique pour dépister les infections antérieures par le 
virus Zika.

Резюме

Систематический анализ белковой идентичности между вирусом Зика и другими арбовирусами
Цель Проанализировать пропорции белковой идентичности 
между вирусом Зика и вирусами лихорадки денге, японского 
энцефалита, желтой лихорадки, лихорадки Западного Нила и 
лихорадки чикунгунья, а также полиморфизм между различными 
штаммами вируса Зика.
Методы Мы использовали опубликованные последовательности 
белка для вируса Зика и получили последовательности белка 
для других вирусов из базы данных Национального центра 
биотехнологической информации (NCBI) или ресурса вирусных 
вариаций NCBI. Мы использовали программу BLASTP, чтобы 
найти области идентичности между вирусами. Мы провели 
количественную оценку идентичности между вирусом Зика 
и каждым из других вирусов, а также оценку полиморфизма 
между различными штаммами вируса Зика для всех k-меров 

аминокислот всего протеома, где k находится в пределах от 6 до 
100. Мы оценили доступности фрагментов белка путем расчета 
доступной для растворителя области поверхности для белков 
оболочки и неструктурного белка-1 (NS1).
Результаты В целом мы идентифицировали 294 фрагмента белка 
вируса Зика с низкой долей идентичности с другими вирусами и 
низкими уровнями полиморфизма среди штаммов вируса Зика. 
Этот список включает белковые фрагменты от всех белков 
вируса Зика, за исключением NS3. В этом списке NS4A имеет 
самое большое количество (190 k-меров) фрагментов белка.
Вывод Мы подготовили список белковых фрагментов-кандидатов, 
которые можно использовать при разработке чувствительного 
и специфического серологического теста для выявления ранее 
обнаруженных инфекций, вызываемых вирусом Зика.

Resumen

Análisis sistemático de la identidad proteica entre el virus de Zika y otros virus trasmitidos por artrópodos
Objective Analizar las proporciones de identidad proteica entre el virus 
de Zika y los virus del dengue, la encefalitis japonesa, la fiebre amarilla, 
el Nilo Occidental y el chikungunya, así como el polimorfismo entre las 
distintas cepas del virus de Zika.
Métodos Se utilizaron secuencias de proteínas publicadas para el virus 
de Zika y secuencias de proteínas obtenidas para los otros virus de la 
base de datos de proteínas del Centro Nacional para la Información 
Biotecnológica (NCBI) o la fuente de información sobre la variación de 
virus del NCBI. Se utilizó el programa BLASTP para encontrar regiones de 
identidad entre los virus. Se cuantificó la identidad entre el virus de Zika 
y cada uno de los otros virus, así como el polimorfismo del virus de Zika 
para todos los k-mers de aminoácidos a través del proteoma, con una 

variación de k de 6 a 100. Se evaluó la accesibilidad de los fragmentos 
proteicos calculando la superficie accesible solvente para las proteínas 
de envoltura y no estructurales 1 (NS1). 
Resultados En total, se identificaron 294 fragmentos proteicos del virus 
de Zika con una proporción escasa de identidad con otros virus y con 
niveles bajos de polimorfismos entre las distintas cepas del virus de Zika. 
En la lista se incluyen fragmentos proteicos de todas las proteínas del 
virus de Zika, salvo la NS3. La NS4A cuenta con el mayor número (190 
k-mers) de fragmentos proteicos de la lista. 
Conclusión Se proporcionó una lista de posibles fragmentos proteicos 
que podrían utilizarse para desarrollar una prueba serológica sensible y 
específica para detectar infecciones del virus de Zika anteriores.
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