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7ESwiss-Proti) & 5 ~AP32455 (GBP1_HUMAN)

Sequence length 592AA

Protein existence Evidence at protein level
Function Binds GTP, GDP and GMP
Induction By IFNG/IFN-gamma

during macrophage
activation
Sequence similarities Belongs to the GBP family.
Biological process interferon-gamma-
mediated signaling
pathway
Molecular function GTP binding

GTPase activity
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% pdb2bc9 (1049 x 579 )

2BC9: Crystal-structure of the N-terminal large GTPase Domain of
human Guanylate Binding protein 1 (hGBP1) in complex with non-
hydrolysable GTP analogue GppNHp
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Antiviral activities. hGBP-1 has modest antiviral activity
against the negative strand RNA Rhabdovirus, vesicular
stomatitis virus, and the positive strand RNA Picornovirus
and encephalomyocarditis virus in cultured cells (Anderson
and others 1999). The putative murine ortholog of hGBP-1,
mGBP-2, also shows modest activity against those same
viruses (Carter and others 2005). Consistent with an antiviral
activity for hGBP-1, it was identified as one of the [SGs
whose RNA levels are repressed in Huh? cells by the hepa-
titic C virus (HCV) replicon (Itsui and others 2006). Forced
expression of hGBP-1 in Huh7 cells containing the HCV re-
plicon inhibited replicon replication by 40% (Itsui and others
2006). hGBP-1 was shown to interact with HCV NS5B when
co-transfected into HEK-293T cells (Itsui and others 2009).
This interaction inhibited hGBP-1's GTPase activity and
is proposed to inhibit the antiviral activity of hGBP-1 (Table
3). How expression of hGBP-1 is repressed by HCV is still
unknown.
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Namnes and origin

Protein names Fecommended name:
Non-structural protein 1
Short name=N31
Alternative name(s):

MEla
(Zene names Mame:N§
Orgarism Influenza A virus|{strain APuerto Rico/8/1934 H1N1)
Tazonormic 1dentifier 211044 [MCERI]
Tazonornic lineage Viruzes » ssRMNA negative-strand winizes » Orthomyzowndae » Influenzawius &
Wirus host Aves [TaxlD: 8784

Homo sapiens (Human) [TaxID: 9606]
Sus scrofa (Pig) [TaxID: 9823)

Frotein attributes

Sequence length 230 A48
Sequence status Complete.
Protein emstence Ewdence at protem level
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Review
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dj10@st-andrews.ac.uk

The multifunctional NS1 protein of influenza A
viruses

Benjamin G. Hale," Richard E. Randall,” Juan Ortin® and David Jackson'

'Centre for Biomolecular Sciences, University of St Andrews, St Andrews, Fife KY16 95T, UK
?Centro Nacional de Biotecnologia (CSIC), Campus de Cantoblanco, 28049 Madrid, Spain

The non-structural (NS1) protein of influenza A viruses is a non-essential virulence factor that has
multiple accessory functions during viral infection. In recent years, the major role ascribed to NS1
has been its inhibition of host immune responses, especially the limitation of both interferon
(IFN) production and the antiviral effects of IFN-induced proteins, such as dsRNA-dependent
protein kinase R (PKR) and 2'5'-oligoadenylate synthetase (OAS)/RNase L. However, it is clear
that NS1 also acts directly to modulate other important aspects of the virus replication cycle,
including viral RNA replication, viral protein synthesis, and general host-cell physiology. Here, we
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ISG15 conjugation system targets the viral NS1
protein in influenza A virus—infected cells

Chen Zhao, Tien-Ying Hsiang, Rei-Lin Kuo, and Robert M. Krug'

Institute for Cellular and Molecular Biology, Section of Molecular Genetics and Microbiology, University of Texas at Austin, TX 78712

Edited by Alexander Varshavsky, California Institute of Technology, Pasadena, CA, and approved December 21, 2009 (received for review August 11, 2009)

ISG15 is an IFN-o/p=induced, ubiquitin-like protein that is conjugated
to a wide array of cellular proteins through the sequential action of
three conjugation enzymes that are also induced by IFN-a/f}. Recent
studies showed that ISG15 and/or its conjugates play an important
role in protecting cells from infection by several viruses, incduding
influenza A virus. However, the mechanism by which ISG15 modifi-
cation exerts antiviral activity has not been established. Here we
strating that the NS1 protein of influenza A virus (NS1A protein), an
essential, multifunctional protein, is ISG15 modified in virus-infected

cells. We demonstrate that the major ISG15 acceptor site in the NS1A
proteinininfected cellsis a critical lysine residue (K4 1) in the N-terminal
RNA-binding domain (RBD). ISG15 modification of K41 disrupts the
association of the NS1A RBD domain with importin-a, the protein
that mediates nuclear import of the NS1A protein, whereas the RBD

example, antivirus activity has not been detected against vesicular
stomatitis virus and lymphocytic choriomeningitis virus (8).

The mechanism by which ISG15 conjugation inhibits the repli-
cation of influenza virus or any other virus has not been estab-
lished. Here we extend the repertoire of ISG 15 targets to a viral
protein by demonstrating that the NS1 protein of influenza A virus
(NS1A protein) is targeted by IFN-induced ISG15 conjugation in
virus-infected cells. The NS1A protein is an essential viral protein

consisting of two functional domains: the N-terminal RNA-binding

domain (RBD. residues 1-73) and the effector domain (residues
/4—end) (16). The RBD domain of NSI A protein binds double-
stranded RNA (dsRNA) (17-19) and also contains a nuclear
localization signal (NLS) that binds importin-a (20). We show that
the major ISG15 attachment site is a critical lysine residue (K41 )in
the RBD and that this ISG 15 modification disrupts the association
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ISG15 Modification of K41 of the NS1A Protein Inhibits Influenza A
Virus Replication. To determine whether ISG15 modification of
K41 of the NS1A protein inhibits influenza A virus replication, it
was essential to use a virus that encodes an NS1A protemn with only
one NLS, the one containing K41. The NS1A protem encoded by
the HINI1 mfluenza A/WSN/33 virus (WSN) 1s such an NS1A
protein. In cells pretreated with IFN-p (+1IFN), the WSN NS1A
protein was ISG15 modified to a similar extent in cells infected
with the WSNvirus or with a Udrecombinant virus in which the Ud
NS gene was replaced by the WSN NS gene (Ud/NS-WSNWT)
(Fig. 44, lanes 2 and 3). A K41R substitution in the WSN NSI1A
proteinin the Ud recombmantvirus (Ud/NS-WSNK41R) led to an
80-90% decrease m ISG15 conjugation of the NS1A protein (Fig.
44, lane 4), demonstrating that K41 1s the major ISG15 mod-
ification site of the WSN NS1A protein in infected cells.
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Abstract
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membrane [30,31]. In the same report, the murine homologue
(Irga6i) of Ligpl was found to be dispensable in the resistance to
chlamydia infection [28], a finding that is m conflict with that
reported by Al-Zeer ef al [32]. It 1s possible that a functional

redundancy among these p47 GTPases exists and that the role of

ligpl 1s masked in wivo. The p47 G'TPase orthologues present in the
human genome, IRGC and IRGM, are not inducible by IFN-y
[33.34]. IRGC 15 also presumed to be a pseudogene. Interestingly,
humans do not possess a p47 G'TPase-based resistance. Thus, the
importance of the findings in murine models of infection is
unclear. The presence of hGBPs in the human genome, in
conjunction with its lack of genes encoding p47 GTPases suggests
that some function of the p47 GTPases in mice may be mediated
by hGBPs in humans. To address this hypothesis, the relationship
between hGBPs and chlamydial growth in cultured cells was
characterized. We report that hGBPs link ITFN-v with its inhibition

of chlamydial growth by acting as a potentiator, rather than an

cffector of the anti-chlamydial function of this cytokine.
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