
 

Researchers complete first-ever mapping of
human gut virus
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Structure of the ΦcrAss001 virion and functional assignments. a,b, Electron
micrographs of virions recorded using negative staining (a; n = 16 micrographs)
and under cryogenic conditions (b; n = 44,006 micrographs). Scale bars, 100 nm.
c, Molecular surface of virion reconstruction viewed from outside (left) and z-
clipped (right), colored by gene product. DNA (gray) on the z-clipped image is
depicted either as an outer layer lining the capsid wall (top left) or clipped
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(right), or is removed (bottom left). Unmodelled regions are displayed as map,
lowpass filtered to 8 Å (parts of head fiber proteins and DNA) and to 16 Å (tail
fibers, semi-transparent gray). AUX, auxiliary capsid protein; C1 and C2, cargo
proteins; MUZ, muzzle protein; POR, portal protein; PVA, portal vertex
auxiliary capsid protein; R1–R4, ring proteins; THA and THB, tail hub proteins.
Numbers in brackets indicate the protein copy number in the virion. d, Top, the
ΦcrAss001 genome (accession: NC_049977.1) region 11643–68717 showing
open reading frames as arrows colored corresponding to gene products (gp) in c,
scaled according to gene length. Bottom, gene conservation, with the length of
each bar representing the fraction of each crassvirus group in the order
Crassvirales containing a detectable homologue, colored corresponding to c.
Names on the left refer to the virus families (Intestiviridae, Crevaviridae,
Steigviridae and Suoliviridae) and groups (zeta and epsilon) with individual
members from non-human gut environments represented by ProJPt-BP1 (termite
gut), Fpv3 (fish farm) and Φ14:2, Φ17:2 and Φ13:2 (marine environments).
Credit: Nature (2023). DOI: 10.1038/s41586-023-06019-2

Researchers at APC Microbiome Ireland (APC) have collaborated with
scientists in the University of York to complete the first ever structural
atlas of a crassvirus (also referred to as crassvirales, bacteriophage, crass-
like phage)—the most abundant group of viruses in the human gut,
which can play an important role in shaping the gut microbiome,
impacting health and disease.

For the first time, scientists have grown a crassvirus in a laboratory and
developed a detailed atomic level structure of this gut virus. These gut
viruses are believed to play a role in shaping the composition and
functionality of the human microbiome. The ability to grow them in the
laboratory, together with this newly created structural atlas, will facilitate
the research needed to investigate their roles in microbiome functionality
and human health. The study is published in the journal Nature.
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Key breakthroughs include identifying the presence of multiple cargo
proteins carried by the virus, including finding a protein that occupies
both the head and tail of the virus. This discovery allows the team to
predict a mechanism for how the virus injects its DNA into its bacterial
target.

A new protein fold was also identified that acts as a
"gatekeeper"—controlling what is transported in and out of the viral
particle. Additionally, the team are now able to assign functions to viral
genes which were designated as hypothetical until now.

Professor Colin Hill, co-lead study researcher and founding Principal
Investigator in APC, said, "These viruses are probably the most abundant
biological entities associated with humans, and yet we only found out
about them less than a decade ago, so this is all pretty novel and highly
exciting."

"Growing the virus is a major research milestone and breakthrough.
Essentially, you have to be able to grow it to know it, and once we had
developed the ability to grow the virus here at APC, we were able to
reach out to colleagues at York to help to study it in all its exquisite
detail. The final structure is truly beautiful and is a fitting reward for
years of meticulous work at both APC and York," Professor Colin Hill
stated.

"This study emphasizes why it is still important to put in the effort
needed to study viruses in the laboratory. We can learn a lot from DNA
sequencing and computational biology, but you really need to grow a
virus in the lab to fully understand it and to inform future experiments,"
added Andrey N. Shkoporov, co-lead researcher on the study at APC.

Researchers at APC have been studying the gut virome for over a decade
and have contributed significantly to knowledge of these highly diverse
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plethora of viruses. Contained in the gastrointestinal tract, the gut virome
varies across human cultures, lifestyles and locations. Professor
Shkoporov plans to continue to study the gut virome, including the
potential role of bacterial viruses in the spread of antibiotic resistance.

Initially, researchers only knew of the existence of the crassvirus from
analyzing the sequences of DNA obtained from gut samples, but a major
breakthrough was achieved in 2018 when a team of scientists including
Andrey Shkoporov, Professor Colin Hill, Ekaterina Khokhlova and
others at APC Microbiome Ireland and the School of Microbiology at
UCC grew a member of the crass virus for the very first time. This
enabled the research team to collaborate with Professor Fred Antson and
Dr. Oliver Bayfield at the University of York to further investigate the
virus using cryo-EM (cryo-electron microscopy) technology to
comprehensively map the 1,440 proteins that make up the viral particle.

Professor John F. Cryan, UCC Vice President for Research and
Innovation and Principal Investigator at APC Microbiome Ireland, said,
"Congratulations to Prof. Colin Hill and Prof. Andrey Shkoporov on this
latest and important research from APC which provides a detailed
structure-function mapping of crassviruses and, combined with
comparative sequential analysis, allows us to assign functions to the
majority of the previously uncharacterised proteins involved in virion
assembly and infection."

  More information: Oliver W. Bayfield et al, Structural atlas of a
human gut crassvirus, Nature (2023). DOI:
10.1038/s41586-023-06019-2
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