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FLAVIVIRIDAE FAMILY 

→ Includes a huge number of virus

→ Genuses: Flavivirus, Pestivirus, Hepacivirus

Zika virus (ZIKV)

Dengue virus (DENV)

West Nile virus (WNV)

Japanese encephalitis virus (JEV)
...

ZIKV

Mosquito-borne viruses

Flaviviridae phylogeny. 
Source: International Committee on Taxonomy of Viruses (2012)



Zika virus (ZIKV)



PUBLIC HEALTH CONCERN



WORLDWIDE DISTRIBUTION OF ZIKA VIRUS 

Isolated for the first time 
from Rhesus Monkey

First human cases

UGANDA

Worldwide distribution map of Zika virus. 
Customized and self-created using the server mapchart.net 



Symptoms:
Mild disease, lasting 

around 2-7 days

(rash, headache, 
diarrhea, fever, joint 

and muscle pain, 
conjuntivitis)

Transmission:
Mosquito bite 
(Aedes aegypti, Aedes albopictus)
Sexual
Intrauterine
Blood transfusion

Hosts:
Rodents
Pigs
Birds
Primates
Humans

Characteristics:
Flavivirus genus

With icosahedral envelope
Positive stranded RNA virus

NO treatment or vaccine 
is available

- Low death risk
- Increased risk of 

microcephaly in 
fetus

MAIN FEATURES OF ZIKA VIRUS



Mature flavivirus structure. Modified from ViralZone - Swiss Institute of Bioinformatics (2016)

Capsid protein (C)

Envelope protein (E)

Membrane protein (M)

Immature: 
   Premembrane protein (prM)

500 Å

ZIKV STRUCTURE
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ZIKA virus proteins. Source: Christopher J, et al. (2018)

Signal peptidase

Furin (TGN or Secretory granules)

NS2B-3 protease (Cytoplasm)

Unknow (ER)

C pr M E  NS1 NS5NS4BNS4ANS2B NS3NS2A

Structural proteins Non-Structural proteins

PROTEIN PROCESSING
INFECTION CYCLE

Surface
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Envelope elements

EM homodimer
(front view)



Envelope elements

EM homodimer
(front view)

E protein



E PROTEIN: MAIN FEATURES

Important role in 

Cell attachment

Membrane fusion

Cell tropism

Assembly  and maturation

DIII DIIDI

Host receptor 
binding 

pH-dependent fusion of 
virus-host cells

Neutralizing epitopesAntigenicity

Non-neutralizing epitopes
Main target of antibodies

Stabilizes E 
orientation

Neurovirulence



E PROTEIN

Domain II

Domain III

Domain I



Domain II

Transmembrane 
Domain

Domain III

Domain I

E PROTEIN

Front view



  Domain I 2 

- 9 β strands (A0-I0)
- 310 helix

→ In the N-terminus

   Domain II 2 

- 9 β strands (a-i)
- 2 α helix (A,B)

  Domain III 2 

- 7 β strands (A-G)

→ In the C-terminus

E PROTEIN: TOPOLOGICAL DIAGRAM

Protein Data Bank in Europe [Internet]. Ebi.ac.uk. 2012 
[cited 20 February 2019]. Available from: 
http://www.ebi.ac.uk/pdbe/entry/pdb/6co8/protein/1

http://www.ebi.ac.uk/pdbe/entry/pdb/6co8/protein/1


E PROTEIN: DOMAINS

90º 

Top view

Front view
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E PROTEIN: DOMAINS



Front view

E PROTEIN: DOMAINS INTERACTIONS



Hydrophobic regions

Hydrophilic regions

Top view

Bottom view

Front view

EXPLORING THE E SURFACE 



DENV TYPE 2 (3J27)
ZIKV (6CO8)
WNV (2HG0)
JEV (3P54)

Front view

Front view

Score: 7,22
RMSD: 2,51
Length:418
nfit: 359 (86%)

E PROTEIN: FLAVIVIRUSES 
SUPERIMPOSITION



DENV TYPE 2 (3J27)
ZIKV (6CO8)
WNV (2HG0)
DENV TYPE 3 (1UZG)
JEV (3P54)
YFV (6IW4)

α

α

E-DI
E-DII
E-DIII

E PROTEIN: FLAVIVIRUSES 
SUPERIMPOSITION



E PROTEIN: LOOPS



Fusion loop

E PROTEIN: LOOPS

i-j loop

h-i loop
DI-DIII Hinge

Glycosylation loop

1 2 3 4 5 6 7 8 9

Variable ConservedAverage

Insufficient data



DI-DIII Hinge

E PROTEIN: VARIABLE LOOPS

Domain movement, 
transformation of dimer to 

the fusogenic trimer.

Back view
180º 



DI-DIII Hinge

Domain movement, 
transformation of dimer to 

the fusogenic trimer.

E PROTEIN: VARIABLE LOOPS

Back view
180º 



Glycosylation Loop

Related to ZIKA virulence 
pathogenesis and 
neuroinvasiveness

E PROTEIN: VARIABLE LOOPS



Glycosylation Loop

Asn 154 in ZIKV

Asn 153 in DENV

E PROTEIN: VARIABLE LOOPS

C-terminal

N-terminal

DENV TYPE 2 (3J27)
ZIKV (6CO8)
WNV (2HG0)
DENV TYPE 3 (1UZG)

JEV (3P54)
YFV (6IW4)



Glycosylation Loop

E PROTEIN: VARIABLE LOOPS

90º 

(Top view)

ZIKV (6CO8)
DENV TYPE 2 (3J27)
JEV (3P54)
WNV (2HG0)

Conserved 
glycosylation site

Asn 154 in ZIKV

Asn 153 in DENV



i-j loop

E PROTEIN: VARIABLE LOOPS

Related to large 
conformational changes 

during transformation from 
immature to mature forms.

Larger differences 
between Flaviviruses

Differences in binding of 
neutralizing antibodies.



i-j loop

E PROTEIN: VARIABLE LOOPS

Similar closed conformation in ZIKV  and 
DENV, whereas in JEV this loop has an 
open conformation.

The differences in these loop 
conformations might account for 
differences in binding of neutralizing 
antibodies.



h-i loop

E PROTEIN: VARIABLE LOOPS

Related to large 
conformational changes 

during transformation from 
immature to mature forms.

Larger differences 
between Flaviviruses

Differences in binding of 
neutralizing antibodies.

Back view

180º 



Fusion Loop

E PROTEIN: CONSERVED LOOPS

Virus mediated 
membrane fusion



Fusion Loop

E PROTEIN: CONSERVED LOOPS

Virus mediated 
membrane fusion



DIII

DI

DII

HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET

DI

DI
DIII

DIII

DII

DII

HOMODIMER
Pre-fusion conformation

FUSOGENIC TRIMER
Fusion conformation

DIII

DI

DII

Fusion loop buried by the 
hydrophobic pocket

Free fusion loop

low pH



HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION 
AND DRUG TARGET
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VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET

DI

DIII

DII
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Envelope elements

EM homodimer
(front view)

M protein



Has three helices: M-H1, M-H2, and 
M-H3. 

The helices M-H2 and M-H3 are 
transmembrane helices. 

M PROTEIN: TOPOLOGICAL DIAGRAM



M PROTEIN



Envelope symmetry



ENVELOPE SYMMETRY 
ICOSAHEDRAL ASSEMBLY

Symmetry axes:

- Six 5-fold axes through the 12 
vertices

- Ten 3-fold axes through the 20 
triangular faces

- Fifteen 2-fold axes through the 
30 edges
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ENVELOPE SYMMETRY
5-FOLD AXIS
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ENVELOPE SYMMETRY
3-FOLD AXIS
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ENVELOPE SYMMETRY 

- Six 5-fold axes through the 12 
vertices

- Ten 3-fold axes through the 20 
triangular faces

- Fifteen 2-fold axes through the 
30 edges

ICOSAHEDRAL ASSEMBLY

Symmetry axes:



ENVELOPE SYMMETRY
2-FOLD AXIS



ENVELOPE SYMMETRY 
GLYCOPROTEIN SHELL

Herringbone pattern of 180 E proteins 
(90 antiparallel dimers of E protein)

Unit structure: E-M heterodimer

90º 

Top view

Front view



ENVELOPE SYMMETRY 
Unit structure: E-M heterodimer

Herringbone pattern of 180 E proteins 
(90 antiparallel dimers of E protein)

GLYCOPROTEIN SHELL

90º 

Top view

Front view



ENVELOPE SYMMETRY 

Three E dimers 
form a raft

Herringbone pattern of 180 E proteins 
(90 antiparallel dimers of E protein)

GLYCOPROTEIN SHELL



ENVELOPE SYMMETRY 
ASYMMETRIC UNIT

60 asymmetric units 
(T=3-like organization of surface 

EM heterodimers)

Herringbone pattern of 180 E proteins 
(90 antiparallel dimers of E protein)

Three 
EM protomers

(trimer)



ENVELOPE SYMMETRY 
ASYMMETRIC UNIT
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ENVELOPE SYMMETRY 
INTERFACES

2-fold interactions 3-fold interactions
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ENVELOPE SYMMETRY 
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Interactions



Interactions

2-fold interface



E PROTEIN2-FOLD
E-E INTERACTIONS AXIS



E PROTEIN2-FOLD
E-E POLAR INTERACTIONS AXIS



E PROTEIN2-FOLD
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E PROTEIN2-FOLD
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E PROTEIN2-FOLD
E-E POLAR INTERACTIONS AXIS



Example 
of 

Distorted 
Hbond

E PROTEIN2-FOLD
E-E POLAR INTERACTIONS AXIS



E PROTEIN2-FOLD
E-E HYDROPHOBIC INTERACTIONS AXIS



E PROTEIN2-FOLD
E-E HYDROPHOBIC INTERACTIONS AXIS



Interactions

3-fold interface



E PROTEIN3-FOLD
E-E INTERACTIONS AXIS



E PROTEIN3-FOLD
E-E HYDROPHOBIC INTERACTIONS AXIS



E PROTEIN3-FOLD
E-E ELECTROSTATIC INTERACTIONS AXIS



Interactions

5-fold interface



E PROTEIN5-FOLD
E-E INTERACTIONS AXIS



E PROTEIN5-FOLD
E-E HYDROPHOBIC INTERACTIONS (LOOP C-D) AXIS



E PROTEIN5-FOLD
E-E HYDROPHOBIC INTERACTIONS (LOOP F-G) AXIS



E PROTEIN5-FOLD
E-E POLAR INTERACTIONS (LOOP C-D) AXIS



E PROTEIN5-FOLD
E-E POLAR INTERACTIONS (LOOP C-D): ZIKV AND DENV 5-FOLD VERTEX COMPARISON AXIS

ZIKV DENV



Interactions

EM homodimer
(front view)

E-M interactions



E-M INTERACTIONS

E monomer

E’ monomer

M monomerM’ monomer

INTERACTION REGIONS



E-M INTERACTIONS

E monomer

E’ monomer

M monomerM’ monomer

INTERACTION REGIONS

M-H1 and N-term

DI B0

DII αA-αB



EM PROTEINS
E-M POLAR INTERACTIONS

H-Bonds Salt-bridge



α-Helix B

EM PROTEINS
THERMOSTABILITY



EM PROTEINS
THERMOSTABILITY



Immunogenicity

Antibodies



Immunogenicity

Antibodies: ZIKV-195



ZIKV-195: POTENT NEUTRALIZING HUMAN MONOCLONAL ANTIBODY
 

LC
HC

E-E dimer

Footprint Secondary 
structural 

elements of 
DI and DII

Binds to EE dimers

Specific for ZIKA virus



ZIKV-195 VIRAL PATCH

i-j loop
Glycosylation loop

Fusion loop



ZIKV-195
INTERACTIONS



ZIKV-195
INTERACTIONS



ZIKV-195 INTERACTIONS

E monomer

E’ monomer



ZIKV-195 SPECIFICITY

Glycosylation loopb strand 
i-j loop

b strand Glycosylation loop

i-j loop

i-j loop



Immunogenicity

Antibodies: A-11



ANTIBODY CROSS-NEUTRALIZATION: A11

PHYLOGENETIC TREE

Phylogenetic tree made by phylogeny.fr



ANTIBODY CROSS-NEUTRALIZATION: A11 VIRAL PATCH



ANTIBODY CROSS-NEUTRALIZATION: A11 BINDING ZONES

E monomerE’ monomer



ANTIBODY CROSS-NEUTRALIZATION: 
A11 INTERACTIONS

L-CDR3 
+ 

b strand

Hbond with 
ASN154 
glycan



ANTIBODY CROSS-NEUTRALIZATION:
A11 INTERACTIONS

H-CDR3
+ 

b strand and 
Fusion loop

Back view

180º 



ANTIBODY CROSS-NEUTRALIZATION:
A11 INTERACTIONS

H-CDR3
+ 

Fusion loop
and i-j loop

180º 



ANTIBODY CROSS-NEUTRALIZATION: A11 

COMPARISON WITH DENV

b strand

Fusion loop

i-j loop

Glycosylation loop

Cross-react binding 
residues



COMPARISON OF ZIKV-195 AND A11

b strand

Fusion loop

i-j loop

Glycosylation loop

Shared binding 
residues

Specific binding residues 
of ZIKV-195



Conclusions



→ Simple sources can give rise to complex structures

→ Viral variability can be useful to find therapeutic targets 

→ Recent growth of interest in ZIKA virus

→ Refinement of structure resolving techniques are currently improving this study field

→ Zika virus is not as structurally studied as other Flaviviruses.  

TAKE-HOME MESSAGE



MATERIALS
PDB code Protein/Organism Resolution Method Reference (DOI)

6CO8 Proteins E and M 
(ZIKV) 3.1 Å Electron 

Microscopy
10.1016/j.str.2018.05.

006

3J27 Proteins E and M 
(DENV2) 3.6 Å Electron 

Microscopy 10.1038/nsmb.2463

5IZ7 Thermally-stable 
ZIKV 3.7 Å Electron 

Microscopy 10.1038/nature17994

5IRE Proteins E and M 
(ZIKV) 3.8 Å Electron 

Microscopy
10.1126/science.aaf5

316

5U4W
Proteins E, M and 
pr domain (ZIKV 

and DENV2)
9.1 Å Electron 

Microscopy 10.1038/nsmb.3352

6MID ZIKV-195 + E dimer 4 Å Electron 
Microscopy

10.1073/pnas.181543
2116

5LCV A11 Fab + E dimer 2.64 Å X-Ray Diffraction 10.1038/nature18938

http://dx.doi.org/10.1016/j.str.2018.05.006
http://dx.doi.org/10.1016/j.str.2018.05.006
http://dx.doi.org/10.1038/nsmb.2463
http://dx.doi.org/10.1038/nature17994
http://dx.doi.org/10.1126/science.aaf5316
http://dx.doi.org/10.1126/science.aaf5316
http://dx.doi.org/10.1038/nsmb.3352
https://doi.org/10.1073/pnas.1815432116
https://doi.org/10.1073/pnas.1815432116
http://dx.doi.org/10.1038/nature18938


MATERIALS

PDB code Protein/Organism Resolution Method Reference (DOI)

1UZG Proteins M and E 
(DENV3) 3.5 Å X-Ray Diffraction 10.1128/JVI.79.2.122

3-1231.2005

3UAJ Proteins M and E 
(DENV4) 3.2 Å X-Ray Diffraction 10.1038/emboj.2011.

439

2HG0 Protein E (WNV) 3 Å X-Ray Diffraction 10.1128/JVI.01125-0
6

3P54 Protein E (JEV) 2.097 Å X-Ray Diffraction 10.1128/JVI.06072-1
1

6iW4 Protein E (YEV) 2,801 Å X-Ray Diffraction

 
10.1016/j.celrep.2018

.12.065

http://dx.doi.org/10.1128/JVI.79.2.1223-1231.2005
http://dx.doi.org/10.1128/JVI.79.2.1223-1231.2005
http://dx.doi.org/10.1038/emboj.2011.439
http://dx.doi.org/10.1038/emboj.2011.439
http://dx.doi.org/10.1128/JVI.01125-06
http://dx.doi.org/10.1128/JVI.01125-06
http://dx.doi.org/10.1128/JVI.06072-11
http://dx.doi.org/10.1128/JVI.06072-11
https://doi.org/10.1016/j.celrep.2018.12.065
https://doi.org/10.1016/j.celrep.2018.12.065
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Questions
❖ Which is the most used technique to solve viral structures?

a) X-ray diffraction
b) Cryo-electromicroscopy
c) NMR
d) a and b are correct
e) all of them are correct

❖ Which of the following sentences is correct:
a) The Zika virus envelope symmetry consists of one axis of each fold (5, 3 and 2). 
b) The Zika virus symmetry is icosahedral. 
c) Not all the Flaviviruses share the same symmetry.
d) The Zika virus has a T=4-like organization of surface. 
e) The Zika virus envelope is composed by 200 asymmetric units. 

❖ The asymmetric unit of Zika virus envelope is composed by:
a) 60 trimers of E proteins
b) The E-M heterodimers trimer
c) A raft of three E homodimers
d) 5-fold axis
e) None of them are correct

❖ Which of the following sentences is false: 
a) The envelope protein E plays an important role in cell attachment but not in antigenicity. 
b) The envelope protein E is formed by three ectodomains (DI, DII, DIII).
c) DII and DIII contains the neutralizing epitopes.
d) Domains DII and DIII belong to alpha-beta class (CATH classification).  
e) The envelope protein E is structurally similar among Flaviviruses. 



Questions
❖ About protein E loops, choose the correct answer: 

a) There are no variable loop in E protein.
b) Zika virus has 10 loops functionally relevant. 
c) The fusion loop is the most conserved loop of E protein. 
d) The DI-DIII hinge is responsible for the viral interaction with the cellular receptor. 
e) All of them are correct.

❖ Related to the Zika virus surface:
a) Needs an aqueous environment to survive, that’s why the surface of E protein is mainly polar. 
b) E protein is also anchored on the membrane, so the transmembrane domain has a hydrophobic surface. 
c) a and b are correct.
d) Even though the surface of the ectodomains is polar, there is a hydrophobic pocket. 
e) All of them are correct. 

❖ The interactions between E monomers:  
a) Are mainly polar. 
b) Depends on the symmetry axis they adjacent to. 
c) A and B are correct. 
d) Determine the interaction of the M protein with the pr peptide. 
e) All of the above are correct. 

❖ M protein: 
a) Is bigger than E protein. 
b) Is mainly formed by beta strands. 
c) In the mature form of the Zika virus is exposed to the solvent. 
d) Is formed by three alpha helices (H1, H2 and H3)
e) There are no hydrophobic interactions between E and M proteins. 



Questions
❖ Which of the following sentences is false: 

a) T cell epitopes are mainly located in E protein transmembrane domain. 
b) ZIKV-195 is a potent human monoclonal antibody that prevents the formation of fusogenic trimers. 
c) There is cross-neutralization between flavivirus, mainly between Zika and Dengue. 
d) Some of the Zika virus epitopes are negatively selected. 
e) The specificity of the antibody ZIKV-195 for the Zika virus is due to the conservation of certain residues among ZIKA virus strains. 

❖ Select the correct answer:

1.  The k-l Loop of DENV has been associated to the change of conformation of the hydrophobic pocket. 
2. The Histidine 323 is thought to be the molecular sensor for triggering fusion. 
3. The hydrophobic pocket is hiding the fusion loop in neutral pH. 
4. The hydrophobic is hiding the fusion loop in all of the viral conformations. 

a) 1, 2 and 3
b) 1 and 3
c) 2 and 4
d) 4
e) 1, 2, 3 and 4
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