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The Role of ADP-
ribosylationin
Innate Immunity

INnate iImmunity, our standing defence against
viruses, bacteria, and other infections, is
comprised of a vast network of biomolecules
working in orchestrated balance to defend
against pathogens. Researchers have
theorised that ADP-ribosylation — where ADP-
ribose groups are added to modify host and
viral biomolecules — may constitute an active
part of the innate immune system. Dr Bernhard

LUscher and Dr Patricia Korn from RWTH Aachen

University lead a team that studies the role of

ADP-ribosylation and viral function.
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The Innate Immune Response

Immunity, how an organism resists infection, can be characterised
as adaptive or innate. Innate immunity is the first line of defence,
comprising a vigilant biological network which responds to threats
without the need to learn from pathogens beforehand. This is
because the innate immune system recognises biomolecules that
are frequent in many different pathogens, so-called pathogen-
associated molecular patterns — PAMPs (see Figure 1).

One group of biomolecules suggested to play an innate immune
role are adenosine diphosphate (ADP)-ribosyltransferase proteins
(ARTs). These are enzymes which transfer ADP-ribose groups

to substrates, altering the way substrates interact with their
surroundings. Many theorise that these enzymes are integral

in innate immunity as key players in a billion-year arms race
between viruses and their hosts.

If true, this would be instructive in the fight against viruses, offering
an untapped reservoir of targets for therapies. Dr Bernhard
Lascher, Dr Patricia Korn, and their colleagues at RWTH Aachen
University have reviewed the literature on ARTs to produce an
assessment of their place in innate immunity.

The Viral Response Pathway

Our innate immune response begins with PAMPs, biomolecules
particular to various pathogens, including viruses, impairing
human health. Host cell receptors recognise PAMPs and promote
the assembly of signalling complexes. These activate transcription
factors that increase the expression of genes encoding different
effector and signalling molecules, including interferons.

Interferons (IFNs) are proteins responsible for setting the innate
immune system into motion. They engage cell surface receptors
of the infected as well as neighbouring cells to kick off signalling
events resulting in the activation of interferon-stimulated genes.
This allows the spreading of information about contact with a
pathogen, and subsequently, many IFN-stimulated genes are
activated. Hundreds of these genes have been identified, many of
which encode antiviral proteins (Figure 1).

Adenosine Diphosphate Ribosyltransferases

Among the many genes regulated by interferons, some carry the
information for ARTs. Their action, ADP-ribosylation, was uncovered
in the 1960s and has since been found to influence DNA repair,
stress response, and viral replication, as well as other cellular
processes. ADP-ribosylation comes in two forms, mono- and poly-
ADP-ribosylation (MARylation and PARylation, respectively). Some
of the ARTs, including PARP 10, 12, 14, and 15, catalyse MARylation.
Researchers have posited that this MARylation might be relevant
to the innate immune system and Drs Luscher and Korn and their
team collated and summarised the evidence in support of this

theory (see Figure 1).




Initial Observations

Early observations link individual PARP enzymes to interferon
signalling. For example, it was observed that upon infection with
Borrelia burgdorferi bacteria, the expression of PARPs 10,12, and 14
was activated, with similar findings for coronavirus infections.

Another study found that among 10 animal species, 62 shared
interferon-stimulated genes were upregulated by IFNs. These
genes encode proteins thought to comprise the core innate
immune response, several being PARPs encoding mono-ARTs.
Also evaluated were ADP-ribosylhydrolases, enzymatic opposites
to ARTs that cleave ADP-ribose groups and thus remove this
modification from substrates. These were not upregulated by
IFNs. This suggests that MARylation exerts an antiviral effect,
upregulated during the immune response, while de-MARylation
is not.

Understanding the dynamics of PARP expression as induced by
IFNs and identifying PARP-substrate pairs is laborious, given their
low expression and the difficulties in defining ADP-ribosylation sites
in substrates. However, their evolutionary history points towards
an antiviral role. PARP genes have undergone strong selection
among primates, with rapid sequence adaptations thought to
reflect an arms race against viral counter-adaptations. Sequence
changes are particularly frequent in catalytic domains, the sites of
substrate recognition and mono-ADP-ribosylation.
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Role in Viral Propagation

Among the IFN-inducible ARTs, PARPI3 is perhaps the best-studied
antiviral ART protein. PARPI3 has repressing activity against many
viruses, but not all, suggesting specificity, yet does not contribute
to ADP-ribosylation. PARPI3 seems to recognise viral genetic
materials, such as viral RNA, and bridge them with the exosome, a
cellular structure which degrades RNA. Thus, PARPI3 may directly
eliminate some viral genomes, thereby inhibiting viral replication
and propagation.

PARPI3 also interacts with proteins necessary for translating the
viral RNA into protein. This inhibits viral RNA from hijacking the
cellular protein synthesis machinery for viral protein production.
In addition to PARP13, PARPs 7,10, and 12 also appear to repress
translation, suggesting that this is an important mechanism of PARP
proteins to interfere with viral production. PARPI3 may additionally
work in complex with PARPs 12 and 15 to MARylate the Dicer/RNA-
induced silencing complex (RISC) to regulate RNA translation and,
thus, protein biosynthesis. Moreover, PARPs 10,12, 14, and 15 may
MARylate components of stress granules, structures associated
with immunity, protecting host RNAs from degradation. The
conclusion from these and many other studies is that some PARP
proteins have broad antiviral activities, both through their ability
to MARylate substrates but also independent of their enzymatic
activity, supporting the link between the IFN signalling system and
the expression of PARP genes as part of innate immunity.
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Our innate immune response
begins with PAMPs, biomolecules

particular to various pathogens,
including viruses, impairing human
health.
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ARTs would be clearly evidenced to be involved in innate immunity
if viruses were confirmed to develop defences against them.

Dr Luscher and Dr Korn point to viral macrodomains. These are
structural elements of proteins which function as MAR-selective
hydrolases (see Figure 1). There is evidence that viruses may

also target PARPs directly, such as the avian influenza virus NS1
protein, which is suggested to induce PARPI0 degradation. While
there are only a few examples of the latter, i.e, direct targeting of
PARPs, hydrolytically active macrodomains have been identified in
different RNA viruses, which include SARS-CoV-2, Chikungunya virus,
Venezuelan Equine Encephalitis virus, Hepatitis E virus, which are
human pathogens. Their macrodomains’ selectivity for removing
MARylation but not PARPylation further supports the notion that ARTs
with MARylation activity possess antiviral functions.

Looking Forward

Dr Luscher and Dr Korn draw several conclusions. Most critically,
based on the findings that PARP genes are induced by interferons,
but none of the genes that encode antagonising hydrolases, they
suggest an antiviral role for MARylation. This appears consistent
with the fact that many viruses possess macrodomains with de-
MARylating activity, possibly to counter PARP functions that may
affect both host and viral proteins.

But how would viruses which don’'t encode active macrodomains
deal with PARPs? They may develop other strategies, such as de-

MARYylating through so far unidentified domains or attacking PARPs
directly. Some viruses control interferon signalling, potentially
targeting PARPs at their source. As it stands, evidence strongly
suggests that ADP-ribosylation is involved in innate immunity.

Confirmation would have widespread importance. Many relevant
viruses are spread by mosquitos, for example, Chikungunya virus,
or are transmitted by aerosols, such as SARS-CoV-2 (Figure 2). With
international travel and global temperature rise, mosquitos and
the pathogens they carry are becoming a concern for more and
more people and virus spreading is accelerated.

As techniques develop, researchers expect a boost in MARylation
substrates found and these findings to be put to therapeutic use.
Already, computational screenings and homology analyses are
finding molecules which potentially inhibit viral macrodomains,
including suramin, dasatinib, and the remdesivir metabolite
GS-441524. As such, this research opens a new front in the fight
against viruses.
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