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1. Introduction 

Here, we show the mass spectra of Hecate peptide after incubation with human blood serum and 
chromatograms and the mass spectra of the synthetic peptides (GA-Hecate and GA-Metabolites). 
Also, we describe the analyses used to identify characteristics from different ZIKV strains and 
the selection criteria applied to choose PE243 and MP1751 strains in this study.     

2. Materials and Methods 

Mass spectrometry. Compounds solutions were analyzed by mass spectrometry using a Bruker 
spectrometer in electrospray positive mode with direct injection. Spectra were analysed using 
Spectra Analysis Software using the relationship between molecular weight (m) and charge (z) 
(m/z). Fragments of Hecate were identified, and the amino acid sequence was determined by 
m/z comparison.  

Peptide synthesis and purification. Peptide synthesis was performed via automated solid-phase 
using the standard Fmoc (9-fluorenylmethyloxycarbonyl) protocol in a TRIBUTE-UV (Protein) 
synthesizer on a Rink-MBHA resin (Hecate, GA-Hecate) and Wang resin (GA-Metabolites). 
Compounds were purified by high-performance liquid chromatography (HPLC) and the identity 
was confirmed by electrospray mass spectrometry. 



ZIKV strains genome and protein E comparison. Complete genome and protein sequences of 
different Zika virus strains were obtained from GenBank and compared using the BLAST 
software. Images were constructed using data reported under PDB accession numbers 3JZ7 for 
M-E protein and 5JHM for E-dimer.  Peptides containing fragments 121-180 (N-acetyl-D-
glucosamine region) were modeled using Swiss Model software and the PDBs were analyzed by 
PyMol software[1,2]. 

 

 

3. Results and Discussion  

3.1. Hecate incubation with Human Serum  

 
 Figure S1. Identification of Hecate peptide fragments after incubation of GA-Hecate with human 
blood serum. Mass spectra show the relationship m/z and the respective metabolites are indicated 
by the arrows. *m/z: 1268.67 g/mol; **1285.45 g/mol. 
 
3.2. Peptide synthesis and purification  

 
The GA-peptides were characterized after purification by high-performance liquid 
chromatography (HPLC – Supplementary figure 2). The m/z (g/mol) of GA-Hecate (+3: 896.59; +4: 
672.92; +5: 538.44 and +6: 448.77), GA-Metabolite 5 (+2: 905.01; +3: 603.68 and +4: 452.98), GA-
Metabolite 6 (+1: 998.58; +2: 499.63) and GA-Metabolite 7 (+2: 719.80 and +3: 480.25) confirmed that 
the synthesis was successful (Supplementary Figure 3 (a), (b), (c), and (d), respectively). 

 
 

 

 

 



 

 

 
 

 
 

 
 

Figure S2. Chromatograms of pure peptides. (a) GA-Hecate (b) GA-Metabolite 5 (c) GA-
Metabolite 6 and (d) GA-Metabolite 7. R.T.: Retention Time. The purities (%) were calculated 
using integration methods for each chromatogram comparing the area percent of the main peak 
and the impurities.  
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Figure S3. Characterization of peptides by mass spectrometry. (a) GA-Hecate (b) GA-Metabolite 5 
(c) GA-Metabolite 6 and (d) GA-Metabolite 7. 

 

3.3. ZIKV strains genome and protein E comparison  

 

Several phylogenetic studies have shown that there are differences in amino acid 
sequences between historical ZIKV strains (Africa) and recent outbreak isolated strains 
(Asia)[3–5]. Many differences in these amino acids have been implicated in transmission, 
immunity, infectivity, tropism, and disease enhancement[3,4].  Using bioinformatics, we 
compared the genome of different ZIKV (historical lineages from Africa and a recent America 
outbreak) and the E protein of the Brazilian ZIKV strain (PE243) and historical African ZIKV 
strains (MR766 and MP1751). Our results show that there are differences in the genome of all of 
the strains, but strains MR766 and MP1751 have shown 94.26% of similarity. Comparing the 
genome of African strains with America's outbreak isolated strains, less than 90% similarity has 
been found (Supplementary Table 1). The E amino acid sequences from three different ZIKV 
strains (PE243, MP1751, and MR766) were compared (Supplementary Table 1). Our results 
suggest a high amino acid similarity between these strains (98.41% of identity between African 
strains, 96.00% between PE243 and MR766, and 97.82 between PE243 and MP1751 
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(Supplementary Table 2). However, MR766 (AF) compared with MP1751 (AF) and PE243 (BR) 
doesn’t present “sequon” sequence (Asn-Xaa-Thr/Ser), which has been reported as an important 
binding glycan site[6–8]. PE243 and MP1751 present 154VNDT157 sequence while MR766 doesn’t 
present those amino acids. A comparison of the tertiary structure of peptides containing the 
amino acid sequence 121-180 shows that this region contains anti-parallel sheets in all strains 
(Supplementary figure 3). Also, all strains contain alpha-helix structures, but in different 
regions. MP1751 and PE243 form a helix with amino acids 154VNDTGHETD162 (glycan loop) 
while MR766 forms a helix with 147QHSGMI152. Additionally, Tyr158 presents in MR766 has been 
replaced by His158 in PE243 and MP1751 strains, which could explain the flexibility of this region 
in MR766 strain arising due to decreasing interaction between the side chain of amino acids 
(histidine side chain has five atoms ring with two nitrogen atoms while tyrosine side chain has 
benzene ring) and also because of the steric hindrance.  

 
 Table S1. Genome comparison of different ZIKV strains.  

 
Strain 1 Strain 2 Genome Identity (%) 

MP1751 (KY288905.1) (AF) PE243 (MF352141.1) (BR) 89.12 

MP1751 (KY288905.1) (AF) MR766 (KX377335.1) (AF) 94.26 

PE243 (MF352141.1) (BR) MR766 (KX377335.1) (BR) 89.03 

PE243 (MF352141.1) (BR) 
ZIKV_isolate Brazil_2015_MG 

(KX811222.1) (BR) 99.71 

PE243 (MF352141.1) (BR) ZIKV_isolate Rio_U1 (KU926309.2) 
(BR) 

99.71 

PE243 (MF352141.1) (BR) 
ZIKV_isolate Paraiba_01 

(KX811222.1) (BR) 99.76 

PE243 (MF352141.1) (BR) 
ZIKV/H.sapiens/Brazil/Natal/2015 

(NC_035889.1) (BR) 99.69 

PE243 (MF352141.1) (BR) ZIKV isolate Haiti/0033/2014 
(KY415987.1) (HAI) 

99.67 

PE243 (MF352141.1) (BR) 
ZIKV isolate PRVABC59 

(MH158237.1) (PR) 99.69 

MP1751 (KY288905.1) (AF) 
ZIKV isolate Haiti/0033/2014 

(KY415987.1) (HAI) 89.22 

MP1751 (KY288905.1) (AF) ZIKV isolate PRVABC59 
(MH158237.1) (PR) 

89.11 

 

BR: Brazil; AF: Africa; HAI: Haiti; PR: Puerto Rico. 

Code into parentheses means GenBank code access.  

 
 Table S2.  Amino acid sequence comparison of PE243, MP1751, and MR766 Zika virus 
strains. 



 

Strain 1 Strain 2 Amino acid Identity (%) 
PE243 MP1751 97.82 
PE243 MR766 96.00 

MP1751 MR766 98.41 
 

 

Figure S4. Peptide 121-180 from protein E. Comparison of three ZIKV strains PE243, MP1751, 
and MR766. (a) Peptide amino acid sequence comparison. Regions highlighted with dotted lines 
are showing amino acids in α-helix structure (b) Peptide structure from PE243 strain (yellow) 
(c) Peptide structure from MP1751 strain (red) (d) Comparison structures between PE243 and 
MP1751 strains (e) Peptide structure from PE243 strain (f) Peptide structure from MR766 strain 
(green) (g) Comparison structures between PE243 and MR766 strains (h) Peptide side view from 
PE243 (yellow) and MR766 (green). 

 

Conclusion 

• We identified a series of metabolites from Hecate peptide after human blood 
serum incubation by mass spectrometry, synthesized and conjugated them with 
gallic acid. All synthetic GA-peptides were generated with high levels of purity 
(> 95.0%). 
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• Despite the protein E amino acid sequence similarities between MP1751 and 
PE243 and because the mainstream of strains isolated during the outbreak 
presented high similarity with those strains, we decided to test the synthetic 
compound against both.  
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