The secret social
lives of viruses

Geneticist Rotem Sorek could see
that his bacteria were sick — so far,
so good. He had deliberately infected
them with a virus to test whether
each ailing microbe soldiered on
alone or communicated with its allies
to fight the attack.

But when he and his team at the
Weizmann Institute of Science in
Rehovot, Israel, looked into the
contents of their flasks, they saw
something completely unexpected:
the bacteria were silent, and it was
the viruses that were chattering away,
passing notes to each other in a
molecular language only they could
understand. They were deciding
together when to lie low in the host
cell and when to replicate and burst
out, in search of new victims.

It was an accidental discovery that
would fundamentally change
scientists’ understanding of how
viruses behave.

Viruses that infect bacteria — spiky
lollipop-like creatures known as
bacteriophages (or phages) — have
surveillance mechanisms that bring
them intel on whether to stay
dormant or attack, depending on the
availability of fresh victims. But
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researchers long thought these
processes were passive; the phages
seemed to just sit back and listen in,
waiting for bacterial distress signals
to reach fever pitch before taking
action.

Sorek and his colleagues had found
phages actively discussing their
choices. They realized that as a phage
infects a cell, it releases a tiny protein
— a peptide just six amino acids long
— that serves as a message to its
brethren: “I’ve taken a victim”™. As
the phages infect more cells, the
message gets louder, signalling that
uninfected hosts are becoming
scarce. Phages then put a halt to lysis
— the process of replicating and
breaking out of their hosts — instead
staying hidden in a sluggish state
called lysogeny].

The viruses, it turns out, did not
depend on bacterial cues to make
their decisions. They controlled their
own destiny. “This finding was a big,
important, revolutionary concept in
virology,” says Wei Cheng, a
structural microbiologist at Sichuan
University in Chengdu, China.

Sorek named this viral peptide
‘arbitrium’, after the Latin word for
decision. It seemed to work much
like the communication system used
by bacteria — quorum sensing — to
share information about cell density
and adjust the population
accordingly. Yet it was the first time
anyone had demonstrated molecular
messaging of this kind in viruses.
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https://www.nature.com/articles/d41586-019-01880-6#ref-CR1

And it fitted into an emerging picture
of viruses as much more
sophisticated social agents than
scientists had given them credit for.

Virologists have long studied their
subjects in isolation, targeting cells
with just a single viral particle. But
it’s become increasingly clear that
many viruses cooperate, teaming up
to co-infect hosts and break down
antiviral immune defences.

The implication is that researchers
might have been going about their
experiments all wrong. “It has shaken
one of the pillars of virology,” says
Sam Diaz-Muiioz, an evolutionary
biologist at the University of
California, Davis.

Learning the language behind these
viral interactions could inform the
design of new treatments for cancer
and nasty superinfections. The social
predilections of viruses even help to
explain how they evade the bacterial
immune system known as CRISPR.
“Conceptually, it’s really powerful,”
Diaz-Muioz says.

Social studies

Scientists first spied viruses mingling
in the 1940s, when separate
experiments by biophysicist Max
Delbriick and bacteriologist Alfred
Hershey showed that two viral
particles could simultaneously invade
the same cell and swap genes. But
according to Dale Kaiser, a molecular
geneticist at Stanford University in
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California and a protégé of
Delbriick’s, these early observations
were only really interesting to
scientists as an experimental method
— they allowed researchers to create
a cross between two viral strains. The
relevance to basic biology was
missed.

It wasn’t until 1999 that anyone took
any notice of what cooperation
achieved for the viruses themselves.
That year, evolutionary biologists
Paul Turner, now at Yale University
in New Haven, Connecticut, and Lin
Chao, now at the University of
California, San Diego, showed that
phages play their own version of the
prisoner’s dilemma strategy game,
working in partnership under certain
circumstances and acting in their own
self-interests in others2.

Other examples of beneficial viral
interactions followed, including ones
that involved the pathogens
responsible for diseases such as
hepatitis, polio, measles and
influenza. They often took place
between different viral strains that
had a shared interest in boosting their
own reproductive chances. But the
molecular basis of those cooperative
traits — the method of
communication — had largely
remained elusive. And as Rafael
Sanjuan, an evolutionary geneticist at
the University of Valencia in Spain,
points out: “The ‘how’ is really
important here.”
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https://www.nature.com/articles/d41586-019-01880-6#ref-CR2

That’s why the arbitrium discovery
was such a big step forward for the
field.

Almost immediately after Sorek first
described the phenomenon, in 2017,
four independent groups — including
Cheng’s and one led by structural
biologist Alberto Marina at the
Biomedical Institute of Valencia in
Spain — set to work trying to reveal
the molecular basis by which
arbitrium peptides are made, sensed
and acted on by phages.

Those technical details, reported in
five papers3~7 over the past nine
months, helped to explain exactly
how the short peptides Sorek
discovered influence viral decision-
making. For Marina, however, this is
just the start of the story: he suspects
that the communication system
probably serves many more
functions.

Marina’s suspicion rests on a finding
in one of those papers6. Working
with José Penadés, a microbiologist
at the University of Glasgow, UK,
Marina showed that the receptor for
arbitrium in the phage can interface
not only with genes in the bacterium
that help the virus to reproduce, but
also with other, unrelated stretches of
DNA. That means that its activity
might not be limited to the virus’
stay-or-go decision. The researchers
are now exploring whether the
phage’s peptide language alters the
activity of key genes in its victim,
too. “If true,” Marina says, ‘“this
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would make the picture much bigger
and more exciting.”

Expanding on his own initial
discovery, Sorek has found arbitrium
peptides popping up everywhere. His
team has now found at least 15
different types of phage, all of which
can infect soil microbes and use some
sort of short peptide to
communicate8. Notably, says Sorek,
“each phage seems to speak in a
different language and only
understands its own one”. The viral
chit-chat thus seems to have evolved
to allow communication only
between close relatives.

Phages might speak only to their own
kind, but they can also listen in on
other languages. Molecular biologist
Bonnie Bassler and her graduate
student Justin Silpe have found that
Viruses can use quorum-sensing
chemicals released by bacteria to
determine when best to start
multiplying — and murdering9. “The
phages are eavesdropping, and
they’re hijacking host information for
their own purposes — in this case, to
kill the host,” Bassler explains.

This molecular snooping occurs
naturally in phages that infect the
bacterium responsible for

cholera, Vibrio cholerae. But in their
lab at Princeton University in New
Jersey, Bassler and Silpe have
engineered ‘spy’ phages that can
sense signals unique to other
microbes, including Escherichia

coli and Salmonella typhimurium,
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and obliterate them. The viruses in
effect became programmable
assassins that could be made to kill
off any bacterium — at will and on
demand.
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