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Positive selection identifies ‘'specificity’ domains
(host-virus interaction surfaces)

“Where” does positive selection occur?
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MXA, an IFN-induced Dynamin-like GTPase

MxA provides robust protection
against viral infection

Bundle-signaling
element

Surviving mice
N
1

null

B hsMxA

IFNAR null

Stalk domain

0 2 4 6 8 10 12 14 16
Survival (day post-infection)

Gao et al. Immunity (2011) Hefti et al. |Virol (1999)
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MxA-sensitive viruses

Negative-sense RNA viruses:
Orthomyxoviridae: Influenza A virus, Thogoto virus
Paramyxoviridae: Measles virus,

Bunyaviridae: Rift valley fever virus

Rhabdoviridae: Vesicular stomatitis virus

Positive-sense RNA viruses:
Picornaviridae: Coxsackievirus B4
Togaviridae: Semliki Forest virus

DNA viruses:
Asfarviridae: African swine fever virus

Hepadnaviridae: Hepatitis B virus



Breadth versus specificity in antiviral effector proteins

Activates on recognizing a generic feature

of viral replication
(e.g. PKR and dsRNA)

Targets via a host cofactor
commonly used by viruses
(e.g. Tetherin and lipid membranes)
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Antivirals such as PKR and Tetherin evolve
under positive selection to escape viral antagonism

Perez-Caballero et al. Cell (2009),
Aiken & Joyce. Nature (2011),
Mitchell et al. Curr Opin Microbiol (2013)



Breadth versus specificity in antiviral effector proteins

Specific target recognition,
narrowly-acting

capsid destruction

Antivirals such as TRIM5 and Fv| evolve under
positive selection to re-establish viral recognition

Perez-Caballero et al. Cell (2009),
Mitchell et al. Curr Opin Microbiol (2013)



MXA Is an antiviral hybria

(broadly-acting despite specific recognition of distinct viral targets)
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How does MxA maintain antiviral breadth while
recognizing multiple, distinct viral targets?

Mitchell et al. Curr Opin Microbiol (2013)



Evolution-guided identification of target recognition in the
antiviral large G 1TPase MxA

Macaca fasicularis (crab-eating macaque)
Macaca mulatta (rhesus macaque)

Macaca sylvanus (Barbary macaque)
Cercocebus atys (sooty mangabey)
Chlorocebus pygerythrus (African green monkey)
Miopithecus talapoin (talapoin monkey)
Trachypithecus francoisi (Francois’ leaf monkey
Colobus guereza (colobus monkey)

Homo s%pfenié (?m?naﬁ) 777777

Pan paniscus (bonobo)

Pan troglodytes (chimpanzee)

Gorilla gorilla (gorilla)

Pongo pygmaeus (orangutan)

Hylobates agilis (agile siamang)
Symphalangus syndactylus (island siamang)
Nomascus leucogenys (white-cheeked gibbon)
Callithrix jacchus (common marmoset)
Saguinus midas (red-handed tamarin)

Aotus trivirgatus (three-striped night monkey)
Saimiri sciureus (common squirrel monkey)
Alouatta sara (Bolivian red howler monkey)
Lagothrix lagotricha (common woolly monkey)
Callicebus moloch (dusky titi)

Pithecia pithecia (white-faced saki)

OWMs

Hominoids

NWMs

‘t-:nc

Mitchell, Patzina et al. Cell Host Microbe (2012)



Evolution-guided identification of target recognition in the

antiviral large G 1TPase MxA

MxAﬂE}l ! e LA f—

1 662

561 566
564 567

Mitchell, Patzina et al. Cell Host Microbe (2012)



Primate MxA orthologs vary In their ability to restrict a
distant influenza relative, Thogoto Virus (THOV)
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Primate MxA orthologs vary In their ability to restrict a
distant influenza relative, Thogoto Virus (THOV)
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Primate MxA orthologs vary In their ability to restrict a
distant influenza relative, Thogoto Virus (THOV)
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A single residue In L4 confers MxA antiviral specificity
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L4 1s @ modular unit for MxA target recognition
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L4 positioning may explain large phenotypes of single
amino acid changes In MxA

G domain
BSE

G domain
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Phase 1:
Analyze sequences for positive selection

— ., .. ACA TGG GCT CCG GAG .., =————
———— ... ACT TGG GGT CCT GAG .., "——————
——— ... ACA TGG GGT CCG GAA .., "=———————
—— , ,, ACA TGG AGT CCG GAG .., "——————
EEE—— .. ACA TGG GGT CCG GAG ..., "=
s Y- A CIIEST G G GATHEC CCHMGA G E——
EEEE——— .- ACA TGG GGT CCG GGG .., "

e ACA TGG GAT CCT GAG ... "e— GLELHPDYKTWSPEQVCSFLRRGGF

e ACA TGG GGT CCG GAG ... ™e—— GPELHPDHKTWGPEQVCSFLRRGGF

e ACA TGG GGT CCG GAG ... ™e—— GLELHPDYKTWGPEQVCSFLRRGGF

e ACA TGG GAT CCA GAG ... ™— GLELHPDYKTWDPEQVCSFLRRGGF

e ACC TGG GGA CCG GAL .., ™— GLELHPDYKTWGPEQVCFFLRGGGF

GLELHLDYKTWDPEQVCFFLRRGGF

GLELHPDYKTWGPEQVCFFLRRGGF
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Robustness iIn MxA antiviral specificity for THOV

561 566
human KKSWDFGAFQSSSATDI

African green monkey KKSWDVGTFQPS-STDI
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Mitchell, Patzina et al. Cell Host Microbe (2012)



Evolution-guided mutagenesis to understand protein function

Loop 4 (40 aa)
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Epistasis? Rules for target recognition?



Combinatorial mutagenesis to understand and

\

expand antiviral specificities
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Rapidly evolving sites
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Functional distribution of MxA loop L4 variants
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Some MxA loop L4 variants have increased
antiviral activity against Thogoto virus
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Some MxA loop L4 variants have increased
antiviral activity against Thogoto virus
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A single amino acid change G540L
explains the super-restrictor phenotype

1000
o - <t O ~ P
. £
Q
o
O
1 <
o
L-F-V-K-G E




A single amino acid change G540L
explains the super-restrictor phenotype
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Does super restriction lead to a specificity
tradeoff?
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Super-restrictors are virus specific
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MXA Is an antiviral hybria

(broadly-acting despite specific recognition of distinct viral targets)
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How does MxA maintain antiviral breadth while
recognizing multiple, distinct viral targets?

Mitchell et al. Curr Opin Microbiol (2013)
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Positive selection identifies ‘specificity’ domains
(host-virus interaction surfaces)

" | “Where” does positive selection occur?
Antiviral protein
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Viral protein susceptibility determinants
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the usual suspects
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When, where, how?




