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SUMMARY

During antiviral defense, interferon (IFN) signaling
triggers nuclear transport of tyrosine-phosphory-
lated STAT1 (PY-STAT1), which occurs via a subset
of karyopherin alpha (KPNA) nuclear transporters.
Many viruses, including Ebola virus, actively antago-
nize STAT1 signaling to counteract the antiviral
effects of IFN. Ebola virus VP24 protein (eVP24) binds
KPNA to inhibit PY-STAT1 nuclear transport and
render cells refractory to IFNs. We describe the
structure of human KPNAS C terminus in complex
with eVP24, In the complex, eVP24 recognizes a
unique nonclassical nuclear localization signal
(NLS) binding site on KPNAS that is necessary for
efficient PY-STAT1 nuclear transport. eVP24 binds
KPNAS with very high affinity to effectively compete
with and inhibit PY-STAT1 nuclear transport. In
contrast, eVP24 binding does not affect the transport
of classical NLS cargo. Thus, eVP24 counters cell-
intrinsic innate immunity by selectively targeting
PY-STAT1 nuclear import while leaving the transport
of other cargo that may be required for viral replica-
tion unaffected.

INTRODUGCTION

Interferons (IFNs) generate innate and adaptive immune re-
sponses fo viral infections through a signaling cascade that re-
quires the activation of signal transducer and activator of
transcription (STAT) family transcription factors (Goodbourn
et al, 2000). Type | IFNs activate STAT1 and STAT2 through
phospharylation by the Janus kinase (JAK) family members,
and type Il IFN only activates STAT1 {Reich and Liu, 2006). Phos-
phonylation of tyrosine 701 on STAT1 (PY-STAT1) results in a
conformation that is recognized by a subset of the karyopherin
alpha (KPNA) family of nuclear transport factors (C et al,

1888; McBride et al.. 2002; Meyer et al., 2002). Nuclear transport
of PY-STAT1 and binding to IFN-stimulated response elements
(ISRE) or interferon-gamma-activated site (GAS) elements
induce expression of IFN-stimulated genes (ISG) that confer an
antiviral state.

All KPNAs contain ten armadillo (ARM) repeats and are divided
into subfamilies based on sequences that dictate cargo speci-
ficity {Conti and Kuriyan, 2000; Conti et al., 1998), Cargo that
conftain a classical nuclear localization signal (cNLS). which con-
sists of mostly basic amino acids, bind KPNA near ARMs 2-4
{major site) and 6-8 (minor site) (Chook and Blabel, 2001; Conti
and lzaurralde, 2001; Cook et al.. 2007). In contrast, the NPI-1
subfamily (KPNA1, KPNAS, and KPNAE; also known as importin
a5, importin 28, and importin «7, respectively) mediates PY-
STAT1 nuclear transport, which depends on a nonclassical
NLS (ncNLS) {Sekimoto et al., 1857). Use of a distinct nuclear
transporter binding site presumably allows PY-STAT1 to translo-
cate to the nucleus without impacting regular nucleocytoplasmic
trafficking processes. Viruses target IFN signaling by inhibiting
distinct steps in the STAT1 activation and nuclear translocation
process, but these mechanisms vary, and many are poorly
defined (Yarbrough et al., 2014).

A hallmark of infection by filoviruses (Ebola virus [EBOV] and
Marburg virus [MARV]] is the rapid and potent suppression of
innate antiviral immune responses, which facilitates uncontrolled
viral replication and cytokine storm (Bray and Murphy, 2007;
Geisbert et al., 2003). As a result, high case fatality rates of up
10 90% are observed during outbreaks (Feldmann and Geisbert
2011). EBOV mediates immune suppression through at least
three virally encoded proteins: surface glycoprotein (GF), virus
protein 36 (eVP35), and virus protein 24 (eVP24) (Basler and
Amarasingt 009; Kaletsky et al., 2009; Leung et 10
Zhang et al., 2012a). Among these, eVP24 acts in a cel sic
manner to inhibit IFN signaling and render cells refractory to
exogenous IFN treatment by targeting the NPI-1 subfamily of
KPNAs, but the molecular mechanism of this process is
unknowr.

Cargo containing nchLS seguences are often difficult to iden-
tify because ncNLS seguences lack consensus motifs. As a
result, the exact neNLS binding site for PY-STAT1 as well as viral
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cate to the nucleus without impacting regular nucleocytoplasmic
trafficking processes. Viruses target IFN signaling by inhibiting
distinct steps in the STAT1 activation and nuclear translocation
process, but these mechanisms vary, and many are poorly
defined (Yarbrough et al., 2014).

A hallmark of infection by filoviruses (Ebola virus [EBOV] and
Marburg virus [MARV)) is the rapid and potent suppression of
innate antiviral immune responses, which facilitates uncontrolled
viral replication and cytokine storm (Bray and Murphy, 2007;
Geisbert et al., 2003). As a result, high case fatality rates of up
to 90% are observed during outbreaks (Feldmann and Geisbert,
2011). EBOV mediates immune suppression through at least
three virally encoded proteins: surface glycoprotein (GP), virus
protein 35 (€VP35), and virus protein 24 (eVP24) (Basler and
Amarasinghe, 2009; Kaletsky et al., 2009; Leung et al., 2010;
Zhang et al., 2012a). Among these, eVP24 acts in a cell-intrinsic
manner to inhibit IFN signaling and render cells refractory to
exoaenous IFN treatment bv taraetina the NPI-1 subfamily of



) Filoviridae "’

1. ByHOu6yoxuo - Bundibugyo
ebolavirus (BDBV)

2. 3aup - Zaire ebolavirus (EBOV)
3. CyoaH - Sudan ebolavirus
(SUDV)

4. PeCmoH - Reston ebolavirus
(RESTYV)

5. Tau Popecm - Tar Forest
ebolavirus (TAFV)






Geographic distribution of Ebola virus disease outbreaks in humans and animals

Location of reporied Ebola Reston outbreaks in anmais
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NNABOPATOPHAA ANAITHOCTUKA
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- TECTbl HA BbISIB/IEHNE AHTUIEHOB;

. peakuus CbIBOPOTOYHONM HenTpanusauum;
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