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Human Enterovirus 71 and phylogeny

Picornaviridae family

EV71
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Fig. 1: Phylogenetic tree of Picornaviridae family.
Adapted from Benschop, et al. 2006.
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Clinical manifestations
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HFMD NEUROLOGICAL CARDIOPULMONARY
MANIFESTATIONS FAILURE
Hand, foot and Aseptic meningitis to acute
flaccid paralysis and Oedema and shock

mouth disease : iy
brainstem encephalitis



3,367 deaths



Life cycle
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Fig. 2: HEV71 life cycle . Baggen J, et al. 2018




Genome
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Fig. 3: HEV17 genome. Adapted from Cao J, et al. 2019.




Cleavage of VPO

Fig. 4: VPO cleavage. Adapted from Cao J, et al. 2019.




Capsid assembly

VPO + VP1 + VP3 = protomer

VPO







Capsid assembly




Capsid assembly




Capsid assembly




Capsid assembly

5 protomers form a capsomer




Protomer
, VPO+VP1+VP3

Pemdmer of five protomers
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Fig. 5: HEV71 viral phases. Shinger KL, et al. 2013.



Axis of symmetry
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Rotational symmetry is based on 2-3-5 Fold Symmetry: - ‘ o kA‘ ~Q
- Two-fold axis: through the centre of each edge 1 '

/

\
- Three-fold axis: through the centre of each face 2-fold (15) 3-fold (10) 5-fo||d (6)
- Five-fold axis: through the centre of each vertex
Twofold 2 Fold 3 Fold 5 Fold
Threefold & & *

Fivefold ‘



https://docs.google.com/file/d/1rISn1shaoig3DpYCN3exRKrOsO0PKEco/preview

Triangulation Number

Triangulation number gives us an idea of how big the capsid is and how
many subunits compose the total capsid

Bacteriophage P22  Bacteriophage N4 Rotavirus Herpes simplexvirus Phage ®M12 Pseudoalteromonas virus PM2
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Fig. 6: Triangulation number. Cann, Alan J. et al. 2004.
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Fig. 8: Structural Studies of Viruses and
Toxicological Studies. Seibert M. 2012




Quasi-equivalence and Pseudo T3

Equivalence:
- Each triangle is composed by 3 equal portions
- Each protein is the same environment

When T increases...

Quasi-equivalence:
- The proteins composing each triangle vary
- Positioning of each protein is not equivalent:
proteins have different neighbours

Fig. 9: Principles of Molecular Virology. Cann, Alan J. et al.




SCOP

Class:
All beta proteins



Polyprotein 1: capsid protein

PDB entry: 3VBS




Asymmetric unit: VP1

Jelly Roll

Fig. 10: Topological diagram of the
secondary structures of VP1




Asymmetric unit: VP2
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Asymmetric unit: VP3

Jelly Roll




Asymmetric unit: VP4

Fig. 14: Topological diagram of the
secondary structures of VP4
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1. Relevant regions described in the bibliography




Surface features

Canyon -

Distance from particle
center (A)

132 163

Fig. 16: Canyons.
Plevka P, et al. 2012.

Northern rim
BC + DE + HI (VP1)

GH (VP1) + EF/Puff (VP2) + GH/Knob (VP3)

Southern rim

VP2
VP3




Hydrophobic pocket

Viral uncoating

Fig. 17: Hydrophobic pocket. De Colibus L, et al. 2014.
VP1 VP1

Natural pocket factor )

VP2 + VP3 VP2 + VP3

(Sphingosine)




Hydrophobic pocket

Fig. 18: Hydrophobic pocket with sphingosine. Wang X,
etal. 2012.




Imidazolidinone derivative ALD inhibitor
Pyridine ring CH
in the ligker

Phenoxy ring
CONH,
Imidazole in the pyridine ring

Increases the solubility

Enhances the affinity for the virion

Imidazolidinone derivative ALD inhibitor
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Fig. 19: ALD inhibitor structure. Adapted from De Colibus L, et al. 2014.



ALD inhibitor: interactions with VP1




ALD inhibitor: interactions with VP1
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2. Details of specific H bonds, salt bridges... relevant for
the function of the protein and their interactions with
other macromolecules




Obtention of H bonds with
Chimera

Observation of CLUSTALW
(sequence conservation)

Observation of STAMP
(structural conservation)

Representation of most conserved
and relevant interactions

Obtention of interprotomeric VP
Salt Bridges with VMD

Obtention of intraprotomeric Salt
bridges with VMD

Observation of CLUSTALW and
STAMP (conservation)

Representation of most conserved
and relevant interactions



INTERACTIONS

Vs

INTRA-PROTOMERIC

VP1-VP2
VP1-VP3
VP1-VP4
VP2-VP3

INTER-PROTOMERIC




INTRAPROTOMERIC INTERACTIONS




VP1 and VP2: Hydrogen Bond Conservation
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VP1 VP2 Distance (A)
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N VP1 VP3 Distance (A)
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390
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VP1 and VP4: Hydrogen Bond Conservation

VP1 VP4 Distance (A)
Leucine Glutamine
24 0 37 NH 1917
Acceptor Donor
Leucine Glutamine
24 NH 370 1.887
Donor Acceptor
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VP2 and VP3: Hydrogen Bond Conservation
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Strength of Interaction

Bond Distance

Strong 00-35A

Medium 3.5-5.0A

Weak 50-8.0A
AcidicAmino Basic Amino
Acids (-) Acids (+)
AsparticAcid Lysine
(ASP or D) (LYS or K)
Glutamic Acid Arginine
(GLU or E) (ARG or R)

Histidine

(HIS or H)

Aspartic (-) 206 of VP1 +

Lysine (+) 72 of VP2
2.729 A
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VP1 and VP3: Salt Bridges

Arginine (+) 254 of VP1 +
Aspartic (-) 18 of VP3
2.380 A
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INTERPROTOMERIC INTERACTIONS




Interprotomeric Hydrogen Bonds VP1-VP1

Each VP1 interacts
with 2 neighbouring
VP1s

Only VP1s displayed VP1s around 5-fold axis




Interprotomeric Hydrogen Bonds VP1-VP1




Interprotomeric Hydrogen Bonds VP1-VP1

VP1 VP1 Distance (A)
Glutamine Glutamine
1720 118 NH 2.474
Acceptor Donor
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Interprotomeric Hydrogen Bonds VP1-VP2

VP1 VP2 Distance (A)
Leucine Aspartate
70 NH 44 O 1.796
Donor Acceptor
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Interprotomeric Hydrogen Bonds VP1-VP3

A

VP1 VP3 Distance (A)
Glutamine | Glutamine
172 NH 2370 2.272
Donor Acceptor
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Interprotomeric Hydrogen Bonds VP2-VP3
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VP2 VP3 Distance (A)
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Interprotomeric Hydrogen Bonds VP2-VP2

VP2 VP2 Distance (A)
Threonine Proline
45 OH 47 O 2.058

Donor Acceptor
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Interprotomeric Hydrogen Bonds VP3-VP3

Distance
VP3 VP3 ( ,&)
Proline Phenylalanine
30 2 NH 1.946
Acceptor Donor
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3. Sequence and structural comparison
along evolution




No. Domainl Domain2 Sc RMS Lenl Len2 Align NFit Eq. Secs. %I %S P(m)
Pair 1 3vbsB 1bev2 8.76 0.67 245 244 246 233 232 © 660.34 100.00 1.53e-78
Pair 2 3vbsB 1hxs2 7.91 0.87 245 267 267 231 226 © 56.19 100.00 2.99e-66
Pair 3 3vbsB 1nd2B 8.57 0.82 245 252 256 233 233 © 51.93 100.00 4.55e-58
Pair 4 3vbsB 1z7s2 7.95 0.90 245 267 266 232 229 © 56.33 100.00 1.93e-67
Pair 5 3vbsB 2mev2 6.99 1.09 245 249 264 204 200 © 38.50 100.00 1.05e-26
Pair 6 1bev2 1hxs2 7.86 0.84 244 267 264 227 223 © 60.54 100.00 4.71e-76
Pair 7 1bev2 1nd2B 8.40 0.88 244 252 254 231 228 © 58.33 100.00 4.31e-72
Pair 8 1bev2 1z7s2 7.85 0.86 244 267 264 227 225 © 58.67 100.00 5.41e-72
Pair 9 1bev2 2mev2 6.84 .33 244 249 260 196 190 0 40.00 100.00 1.23e-27
Pair 10 1hxs2 1nd2B 8.42 0.74 267 252 263 236 235 © 56.17 100.00 9.32e-69
Pair 11 1hxs2 1z7s2 9.34 0.52 267 267 268 260 258 0 74.42 100.00 0.00e+00
Pair 12 1hxs2 2mev2 6.32 1.10 267 249 283 198 194 0 38.14 100.00 1.94e-25
Pair 13 1nd2B 1z7s2 8.36 e.79 252 267 266 239 238 © 57.14 100.00 4.34e-72
Pair 14 1nd2B 2mev2 6.67 1.10 252 249 272 197 196 © 37.76 100.00 2.20e-24
Paly, 15° 127%2 2mev2 6.37 1.16 267 249 281 200 195 0 37.44 100.00 1.54e-24

Reading in matrix file 3vbs_OK.mat...

We selected our templates after a B e e i i

See file 3vbs_OK.1 for the alignment and transformations

Cluster: 2 ( 3vbsB & 1lbev2 ) Sc 8.75 RMS 0.67 Len 246 nfit 233
- See file 3vbs_OK.2 for the alignment and transformations
Cluster: 3 ( 1nd2B & 3vbsB 1bev2 ) Sc 8.96 RMS ©.72 Len 259 nfit 230

See file 3vbs_OK.3 for the alignment and transformations
Cluster: 4 ( 1hxs2 12752 & 1nd2B 3vbsB 1bev2 ) Sc 8.61 RMS 0.72 Len 272 nfit 230
see file 3vbs_OK.4 for the alignment and transformations

We performed a CLUSTALW i s el Tl U LS
alignment Example of STAMP output

We performed a STAMP
a[ignment (roughﬁt gave many - 5.510 9.8 = high degree of structural similarity +

LOW SCORES Warnings So we functional and/or evolutionary relationship

used the alignﬁt option) - 2.5to 5.5 = more distantly related structures + not
always implies a functional or evolutionary
We analyzed the clusters formed relationship

and created a phylogenetlc tree - < 2.0 = little overall structural similarity

RMSD increases as similarity decreases



Template Selection

Database used: PDB

Selected templates from round 5

We checked that the templates were a hit for all VPs

We split the chains for every template

2mev = Mengo encephalomyelitis virus
1nd2 = Human rhinovirus 16
1hxs = Human Poliovirus 1 Mahoney
1z7s = Coxsackievirus A21
3vbs = Human Enterovirus 71
1bev = Bovine enterovirus strain VG-5-27

VS

Enterovirus A, Enterovirus C, Enterovirus E, Rhinovirus A, Cardiovirus

Score E
Sequences producing significant alignments: (Bits) value

Sequences used in model and found again:

1leah_1 mol:protein length:361 POLIOVIRUS TYPE 2 COAT PROTEINS V... 379 le-132
1loop_A mol:protein length:283 Coat protein VP1 364 Se-127
imqt_A mol:protein length:283 Polyprotein 364 7e-127
1vbe_1 mol:protein length:360 POLIOVIRUS TYPE 3 364 le-126
1pvc_1 mol:protein length:3061 POLIOVIRUS TYPE 3, SABIN STRAIN 364 le-126
1piv_1 mol:protein length:301 POLIOVIRUS TYPE 3 (SUBUNIT VP1) 364 le-126
1vbc_1 mol:protein length:300 POLIOVIRUS TYPE 3 363 1le-126
1vbb_1 mol:protein length:360 POLIOVIRUS TYPE 3 363 le-126
1vba_1 mol:protein length:360 POLIOVIRUS TYPE 3 363 le-126
1d4m_1 mol:protein length:299 PROTEIN (COXSACKIEVIRUS A9) 363 2e-126
1ar8_1 mol:protein length:362 P1/MAHONEY POLIOVIRUS 362 5e-126
1ar7_1 mol:protein length:362 P1/MAHONEY POLIOVIRUS 362 5e-126
2plv_1 mol:protein length:302 HUMAN POLIOVIRUS TYPE 1 (SUBUNIT ... 362 6e-126
1vbd_1 mol:protein length:362 POLIOVIRUS TYPE 1 MAHONEY 362 6e-126
1pov_1 mol:protein length:362 POLIOVIRUS NATIVE EMPTY CAPSID (T... 362 6e-126
1po2_1 mol:protein length:3062 POLIOVIRUS TYPE 1 MAHONEY 362 6e-126
1po1l_1 mol:protein length:3062 POLIOVIRUS TYPE 1 MAHONEY 362 6e-126
1asj_1 mol:protein length:362 P1/MAHONEY POLIOVIRUS 362 6e-126
1ar9_1 mol:protein length:362 P1/MAHONEY POLIOVIRUS 362 6e-126
1ar6_1 mol:protein length:362 P1/MAHONEY POLIOVIRUS 362 6e-126
1al2_1 mol:protein length:362 P1/MAHONEY POLIOVIRUS 362 8e-126
1z7s_1 mol:protein length:298 Human COXSACKIEVIRUS A21 361 2e-125
2c81_A mol:protein length:289 ECHOVIRUS 11 COAT PROTEIN VP1 357 2e-124
1z7z_1 mol:protein length:286 human coxsackievirus A21 357 3e-124
1upn_A mol:protein length:292 ECHOVIRUS 11 COAT PROTEIN VP1 357 4e-124
1h8t_A mol:protein length:292 ECHOVIRUS 11 COAT PROTEIN VP1 357 4e-124
1jew_1 mol:protein length:281 COXSACKIEVIRUS CAPSID, COAT PROTE... 356 5e-124
1cov_1 mol:protein length:281 COXSACKIEVIRUS COAT PROTEIN 356 5e-124

Part of the PSI-BLAST output

2mev = Mengo encephalomyelitis virus
1nd2 = Human rhinovirus 16
1hxs = Human Poliovirus 1 Mahoney
1z7s = Coxsackievirus A21
3vbs = Human Enterovirus 71
1bev = Bovine enterovirus strain VG-5-27




ENTEROVIRUS CARDIOVIRUS

3vbs_VP1 2mev_VP1
— 3vbs_VP2 2mev_VP2
—— 3vbs_VP3 2mev_VP3
3vbs_VP4 2mev_VP4
c N VP1,VP2and VP3 form
ommon monophyletic groups 2 paralogous duplication events prior
ancestor with with similar inner : ; ;
4 VP to the divergence of Picornavirales

topology



VP1, VP2 and VP3 share the same topology despite not
being much conserved between them, as for sequence

VP4 is the most divergent of all the VP — STAMP gives
LOW SCORE warnings

3vbsA
3vbsB
3vbsC
3vbsD

3vbsA
3vbsB
3vbsC
3vbsD

3vbsA
3vbsB
3vbscC
3vbsD

3vbsA
3vbsB
3vbscC
3vbsD

3vbsA
3vbsB
3vbsC
3vbsD

3vbsA
3vbsB
3vbsC
3vbsD

3vbsA
3vbsB
3vbsC
3vbsD

3vbsA
3vbsB
3vbscC
3vbsD

GDRVADVIESSIG-DSVSRALTHALPAPTGQNTQVSSHRLDTGKVPALQA
SDRVAQL---TIG-NSTITT-QEAANIIV----------- GYGEWPSYCS
GFPTE-L---KPGTNQFLTT-DDGVSAPI - - --------- LPNFHPTPCI
SHENSNS- - ~ATE-GSTI--===-=ssecsmomasamosomanonmsens

AEIGASSNASDESMIETRCVLNSHSTAETTLDSF - - FSRAGLVGEIDLPL
DSDATAVD- -K- - PTRPDVSVNRFYTLDTKLWEK - - = = = = = = == == = = = -
HIPGEVRNLLELCQVETILEVNNVPTNATSLMERLRFPVSAQAGKGELCA
---------------------- NYT- - - - - TINYYKDSYAATAGKQS - - -

KGTTNPNGYANW - - - - - DIDITGYAQMRRKVELFTYMRFD-AEFTFVACT
- - - SSKGWYWKFPDVLTETGVFG- - - - - QNAQF -HYLYRSGFCIHV-QCN
VFRADPGRNGPW- - - - - QSTLLG----- QLCGY-YTQWSGSLEVTF-MFT
-LKQDPDKFAN- === -======sssseeemnconmemacecennnanns

PTGEVVPQLLQYMFVP - - - - === === w e e oo PGAPKPDSRE
ASKFHQGALL -VAVLPEYVIGTVAGGTGTEDTHPPYKQTQPGADGFELQH
GSFMATGKML -TAYTP--=-=-==n=cmememmomennn- PGGPLPKDRA

(T R — WQTATNPSVFVKL - SDPPAQVSVPFMSPASAYQUWFY
PYVLDAGIPISQLTVCP- - - -HQWINLRTNNCATIIVPYIN---------
TAM----=-nnn-- LGT- - - -HVIWDFGLQSSVTLVIPWIS - - - - - - - - -

................................................. A
................................................. N
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---------------------------------- PVKDIFTEMAAPL - - -
................. L
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TMKLCKDASDILQTGTIQ
................. K



Phylogenetic analysis of VP1

lhxs
Sc=8.40
RMS = 0.86
Sc=8.62 1z7s
RMS =0.99
Sc=7.70 1nd2
RMS = 1.00
3vbs
Sc=7.58
Sc=5.16
RMS =0.90
RMS =1.88 1bev
2mev = Mengo Encephalomyelitis Virus
2mev 1nd2 = Human Rhinovirus 16

1lhxs = Human Poliovirus 1 Mahoney
1z7s = Coxsackievirus A21

3vbs = Human Enterovirus 71

1lbev = Bovine Enterovirus strain VG-5-27

-



3vbs_VP1
1bev_vP1
1hxs_VP1
1z7s_VP1
1nd2_VP1
2mev_VP1

3vbsA
1bevi
1hxs1
1z7s1
1nd2A
2mevi1

3vbsA
1bevi1
1hxs1
1z7s1
1nd2A
2mevi1
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ALGRSGCIHESVLDIVDNYNDQS - - FTKWNINLQEMAQ

*-

ARFDSEITMVPSV- - - AAKDGHIGHIVHQ
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FVPPGAPKPDS-t - -RE
YVPPGAPVPSN-t--QD

--WD
YIPPGAPRPSS---WD
YVPPGAPIPTT-t--RD
WCPTGTPTKPTTQVLHE
I 0% A8 5

Canyon

Residues conserved among enterovirus (genus)
Residues conserved among picornavirus

(enterovirus & cardiovirus)

3vbsA
1bevi
1hxs1
1z7s1
1nd2A
2mevl

3vbsA
1bevi
1hxs1
1z7s1
1nd2A
2mev1

3vbsA
1bevi
1hxs1
1z7s1
1nd2A

GH loop

SLAWQTATNPSVFVKLSDPPAQVY
SFQWQSGCNPSVFADTDGPPAQH
DYTWQTSSNPSIFYTYGTAPARI
DYTWQSSSNPSIFYMYGNAPPRM
DYAWQSGTNASVFWQHGQPFPRHF
VSSLSEGRTPQVYSAGPGTSNQI

S--VPFMSPASAY-QW
S--VPFMSSANAY-ST
S--VPYVGISNAY-SH
S--IPYVGIANAY-SH
S--LPFLSIASAY-YM
SFVVPYNSPLSVLPAVI
* .

i

+ 200000
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FARVPLEGENTDAGDTF
YDGDTYKSR = ===~
HKRFDNTGD--------
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YGAASLNDFGILAVRVVNDHNPTKVTSKIRVYLKPKHIRVWCPR
YGLVSINDFGVLAVRAVNRSNPHTIHTSVRVYMKPKHIRCWCPR
YGTVVTNDMGTLCSRIVTSEQLHKVKVVTRIYHKAKHTKAWCPR
KPDIKFTVYLRYKNMRVFCPR

ke %

LGIAPNSDFGTLFFAGT------

* L
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Phylogenetic analysis of VP2 Ve

lhxs
Sc=9.34
RMS =0.52
1z7s
Sc=8.61
RMS =0.72 —  3vbs =
Sc=8.75 \ t;
)
RMS = 0.67
Sc=8.96 ——— 1lbev ,
Sc=7.42 RMS = 0.72
RMS =1.16
1nd2
2mev = Mengo Encephalomyelitis Virus
2mev 1nd2 = Human Rhinovirus 16

1lhxs = Human Poliovirus 1 Mahoney
1z7s = Coxsackievirus A21

3vbs = Human Enterovirus 71

1lbev = Bovine Enterovirus strain VG-5-27




MSA of VP2

Aa not exposed of
EF loop

Aa exposed of EF loop

Residues conserved among enterovirus (genus)
Residues conserved among picornavirus
(enterovirus & cardiovirus)
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Phylogenetic analysis of VP3

lhxs
Sc=9.35

RMS = 0.55
Sc=9.44 - 1z7s

RMS =0.80

Sc=19.38 1nd?2
RMS = 0.86

Sc=9.27

lbev
RMS = 0.87

Sc=8.59
RMS =1.17

3vbs

2mev 2mev = Mengo Encephalomyelitis Virus
1nd2 = Human Rhinovirus 16

1lhxs = Human Poliovirus 1 Mahoney
1z7s = Coxsackievirus A21

3vbs = Human Enterovirus 71

1lbev = Bovine Enterovirus strain VG-5-27




51 61

Consensus dTiipannv. . ... ... ntm
Conservation [

3vbs3.pdb SOETILEVNNYV. PTNATSLM
1bev3.pdb S0ESILEANNRE V.:.::: EGV
1hxs3.pdb SODTMIPFDLSA TKK .NTM
1nd23.pdb SODTLIPINSTQ SNI....GNYV
1z7s3.pdb S50DTLIPMNAVD KV .NTM
2mev3.pdb SIRPTRE G NIKCVESP N..... A .

Residues conserved among enterovirus (genus)
Residues conserved among picornavirus
(enterovirus & cardiovirus)
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Sc=0.97

LOW
SCORE

RMS = 2.77

Sc=2.98

Sc=5.33

Sc=5.48

Sc=6.67

)

RMS = 1.47

RMS =1.20

RMS = 1.47

RMS =1.15

lhxs

1z7s

lbev

3vbs

1nd2

2mev

2mev = Mengo Encephalomyelitis Virus
1nd2 = Human Rhinovirus 16

1lhxs = Human Poliovirus 1 Mahoney
1z7s = Coxsackievirus A21

3vbs = Human Enterovirus 71

1bev = Bovine Enterovirus strain VG-5-27



MSA of VP4

1hxs4
1z7s4
3vbsD
1bev4
1nd2D
2mev4

1hxs4
1z7s4
3vbsD
1bev4
1nd2D
2mev4
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T zzzz=z=

Residues conserved among enterovirus (genus)
Residues conserved among picornavirus
(enterovirus & cardiovirus)

RDS - ASNAASKQDFSQDPSKFTEPIK-
KDS - ASNSATRQDLSQDPSKFTEPVK -
KDS - YAATAGKQSLKQDPDKFANPVK -
SHA - ASAAQNKQDFTQDPSKFTQPIA-
KDA-ASSGASRLD- - ---=-=-==----
NSIDLSANATGSDPPKTYGQFSNLLSG




There is a critical region, highly conserved among picornaviruses, involved in the correct
processing of the capsid precursor: WCPRP in enteroviruses and FCPRP in cardioviruses.

ClustalW — extreme conservation of the motif

3vbsA YGAMPNNMMGTFSVRTVGT - SKSKYPLVVRIYMRMKHVRAWIPRPMRNQNYLFKANPNYA
1bevi YGILPSNFLGFMYFRTL- - -EDAAHQVRFRIYAKIKHTSCWIPRAFRQAPYKKRYNLVFS
1hxs1 YGAASLNDFGILAVRVVNDHNPTKVTSKIRVYLKPKHIRVWCPRPPRAVAY -YGPGVDYK
1z7s1 YGLVSINDFGVLAVRAVNRSNPHTIHTSVRVYMKPKHIRCWCPRPFRAVLY-RGEGVDMI
1nd2A YGTVVTNDMGTLCSRIVTSEQLHKVKVVTRIYHKAKHTKAWCPRPPRAVQYSHTHTTNYK
2mevl LGIAPNSDFGTLFFAGT------ KPDIKFTVYLRYKNMRVFCPRPTVFFPWPTSGDKIDM

* ok . sk e Ko . k% .
5 n . . . . . . .



As for structure and interactions:

There are many intraprotomeric and interprotomeric interactions, in form of H
bond, contributing to many key processes of the virus: capsid assembly,
infectivity...

We were also able to find some salt bridges, but no disulfide bonds

VP1's GH loop, VP3’s knob and other relevant parts of the canyon are very
conserved, very likely due to their relevance for the virus

The ALD inhibitor has a great therapeutic potential due to its
sphingosine-specific mechanism of action



As for phylogeny:

VP1, VP2 and VP3 are paralogous due to duplication events prior to the divergence
of Picornavirales

In our virus, VP3 is the most conserved and VP4 the least, according to structural
and sequence similarity with our templates

In general, some regions of these VPs are more conserved than others (i.e. the
middle region is more conserved than the extremes, which is where the loops take
place)

Sc and RMSD values show high structural similarity and evolutionary relationship
— many of the most conserved residues correspond to residues involved in H
bonds or salt bridges, also structurally relevant regions such as the canyon



As an extra remark...

More research on the structural characteristics of Human Enterovirus 71 and its
related species should be pursued to overcome the lack of information available
on the functions of many regions and bonds



THANK YOU FOR YOUR ATTENTION!
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1. The Human Enterovirus 71 (HEV71) belongs to the family of:

Picornaviridae
Retroviridae
Herpesviridae
Rhabdoviridae
Adenoviridae
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2. Choose the correct statement about HEV71:

a. Its capsid protomer is composed by 3 viral proteins (VP1, VP2 and VP3)
b. Almost all of the viral proteins have a jelly roll supersecondary structure
c. Options a) and b) are true

d. Ithasacanyon

e. All of the above are true

3. The most dissimilar viral protein in structure is:

a. VP1
b. VP2
c. VP3
d VP4
e. All of them are very dissimilar in structure



4. Which of the following is true:

The triangulation number gives information about the size of the capsid

The higher the triangulation number, the more protomers compose the capsid
Options a) and b) are correct

All icosahedral viruses have the same number of capsid proteins

All of the above are correct
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5. Which of the following is false:

Inter-protomeric interactions occur between two different protomers (capsid units)

There are several interactions found between different protomers, mainly hydrogen bonds

Intra-protomeric interactions occur between proteins within the same protomer (capsid unit)

There are no interactions between neighbouring capsomers, interactions only occur among proteins of the same capsomer
None of the previous options are false (all of them are true statements)
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6. SCOP classifies HEV71 proteins as:

All-beta proteins
All-alpha proteins
Alpha+beta proteins
Alpha/beta proteins
Small proteins
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7. HEV71 capsid protomer:

a. Itis composed by 3 viral proteins
b. [ltrearranges to make a pore for genome release
c. Forms pentamers
d.  When in pentamer conformation, 12 of them associate to form the procapsid
e. All of the above are true
8. VP1 has:
a. Theknob
b. The puff
c. A GH loop very relevant for receptor binding
d.  None of the above
e. All of the above

9. About symmetry and axis:

HEV71 has only a 2-fold axis

HEV71 has only a 3-fold axis

HEV71 has only a 5-fold axis

HEV71 has a 2-fold, a 3-fold and a 5-fold axis
HEV71 has a 7-fold axis
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10. About the ALD inhibitor, for HEV71:

It replaces the sphingosine of the hydrophobic pocket

It's main key interaction is established between the amide group and the D112 residue
a and b are correct

It contains a phenoxy group which helps the binding with the pocket

All are correct
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