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Background



Poxviruses: the largest dsDNA viruses

* brick or oval-shaped Monkeypox Virus Orf Virus 10 AOD
. SMALLPOX $55
» large double-stranded DNA genomes h Y
* replicate and assemble entirely in the cytoplasm %{;‘%
N 3

Members like:
While some poxviruses, such as smallpox (variola
virus), no longer exist in nature, other poxviruses
can still cause disease.

* Variola virus (smallpox)
* Monkeypox

* Vaccination strain vaccinia virus (VACV)

https://www.cdc.gov/poxvirus/index.html



My £V

= . ."“' :“'\.
Mxropiz@;—— 4 i
= b o

/ Fusion Outer mb disruption,

Fusion \ m
Uncoating
/ e e BRI BEOTRINS

o o

Intermediate transcnption factors,

DNA replicationl ONA polymerase.
ANA polymerase

e Intermediate proteins

transcription fact:
ate M

e A Golgi

inner mb Fusion

Growth factors,
immune defense molecules

Wrapping

c Surface Lateral
tubules body ERpiops . Lateral
Surface Surface body
A " membrane filament Envelope
' _ Surface
" membrane

Exocytosis

i 4
Actin ?;

Fenner and White's Medical
Virology (Fifth Edition), 2017

100nm

Genus: Parapoxvirus

Genus: Orthopoxvirus



What have we known so far

* discontinuous palisade layer (formed of spike-like assemblies)

* pseudo-hexameric lattice

e pore-like structures with unknown function

e structural proteins:

 corewalland palisade layer: A10, A3, A4, L4

Envelope

T

Core

' Palisade layer

@» Inner core wall
I I Pore-like structure

Viral genome

Putative major structural core proteins & their precursor proteins

e LB:F17
a
A0 A10 23K
1 615 698 891
AR A3 )
1 62 643
A4 ( )
1 281
4 @ )
133 251

b

Protein Residues MW (kDa) UniProt ID
(UniProt name)

A10 1-614 62 P16715

(4a)

(ﬁg 62 - 643 60 P06440

23K
(cleavage product 698 - 891 29 P16715
of A10 precursor)

Ad .

sl 1-281 31 P29191

L4

(VP8)

33 -251 25 P03295




Questions



Biological questions

* the structures of these protein candidates?
* nodirect structural proof to assign any of these to specific structural core features
* Precise structure and molecular composition of MVs and its core?

* the functions of these proteins?

ﬁ, Cryo-ET of intact MVs \
(  Palisade layer
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Methods and Materials



Methods: multi-modal cryo-EM

cryo-ET and Subtomogram Average (STA)

Single Particle Analysis
AlphaFold2 (AF2)

Software like: Dynamo, cryoCAT, Isonet, novaSTA, napari



Materials

(1) intact VACV MV virions purified from infected HelLa cells
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Materials

(2) isolated in vitro MV core

Envelope

Isolation and
purification of

cores
ﬁ
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Materials

(3) individual components released from cores: isolated MV core + additional centrifugation purification step




Materials

(4) in situ VACV cores in the cytoplasm shortly after entry in HelLa cells
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Main results



Main results

* the structures of key core proteins in MVs
* trimers of A10 form the palisade layer

 arefined model of the molecular architecture of the viral core



Results



Cryo-ET of in situ VACV mature virus

6 Cryo-ET of intact MVs
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Cryo-ET of in situ VACV cores in the
cytoplasm shortly after entry in HelLa cells
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Cryo-ET of in vitro isolated VACV cores
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AlphaFold-predicted models of major
structural core proteins

A10 A3
(1-614 Aa) (62-643 Aa)

) 4 )

23K A4 L4
(698-891 Aa) (1-281 Aa) (33-251 Aa)

C-term

0 50 70 90 100
pLDDT score



AlphaFold-predicted models of major
structural core proteins

0 50 70 90 100



Multimer predictions

terminus

A3 and L4 could form dimers, A10 most likely forms a trimer



STA of the in situ VACV core wall in intact MV
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The palisade consists of trimers of major core
protein A10
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The palisade consists of trimers of major core
protein A10
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Classification of A10 trimers from VACV in
vItro core palisade
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Cryo-ET structures of in vitro and in situ A10
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Single-particle cryo-EM structure of the A10
trimer
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The A10 trimer is stabilized through extensive
Interactions




The palisade layer forms weak interactions
between trimers
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Comparison of VACV Western Reserve A10
trimers to other members of the poxvirus family

/a

. GenBank Alignment Sequence identity
Taxonomy Genus Protein Protein ID length (nt) %)
Variola virus Orthopoxvirus A10 ABF23487.1 615 96.6
Monkeypox virus Orthopoxvirus A10 YP_010377118.1 614 96.6
Rabbitpox virus Orthopoxvirus A10 AAS49831.1 615 99.2
Cowpox virus Orthopoxvirus A10 ADZ29251.1 614 97.6
Ectromelia virus Orthopoxvirus A10 NP_671631.1 614 96.3
Orf virus Parapoxvirus P4a (A10) AY386264.1 51 39.5
Amsacta moorei . AMV139 (putative
entomopoxvirus Entomopoxvirus core protein) NP_064921.1 145/114 221
Melanoplus Putative core
sanguinipes Entomopoxvirus protein P4a AF063866.1 293 21.2
entomopoxvirus homolog

\

b VACV WR
A10
AF2 prediction

\ r.m.s:d. (A)

VACV WR
A10 refined

VACV WR A10 refined to
VACV WR A10 AF2 predictjon
global r.m.s.d. = 3.568 A

Variola virus Orf virus P4a (A10) \

A10 AF2 prediction
AF2 prediction

(residues 1-593)

Variola virus A10 AF2 prediction
to VACR WR A10 AF2 prediction
global r.m.s.d. = 0.425 A

Orf virus A10 AF2 prediction to
VACR WR A10 AF2 predictjon
globalr.m.s.d.=3.047 A

/c VACV WR

A10 trimer refined

VACV WR
A10 refined
(residues 370-599)

AmEPV I

AMV139 putative core
protein
(residues 618-850)

MsEPV
putative core protein P4a
homolog (residues 784-1,014)




Single particle cryo-EM structure of the
flower-shaped pore
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A10 as a shape-defining structural protein in
the core wall
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A10 as a shape-defining structural protein in

the core wall

ﬁ Cryo-ET of isolated cores
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Summary



Summary

* place previously obtained descriptions of protein interactions and locations within the core
wall into perspective

* provide a more detailed model of poxvirus core architecture

Flower-shaped pore
Intact MV Palisade layer (A10 trimer)
Envelope | 3 %ﬁﬁ
2
>
] (]
i)
)
K Inner core wall (A3)
KMO trimer \
3
@ Palisade layer S
Q
@ |nner core wall S
“ Pore-like structure
Viral genome ‘ i} '
9 K Flower-shaped pore J




Future work...

* change the purification protocols for cores and improve sample vitrification protocols to
reduce the observed preferred orientation

* invitro reconstitution of structural core proteins

* the experimental structures and functions of L4/23K/A4/F17

* flower-shaped pore



