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Title: Genome-wide CRISPR screen for HSV-1 host factors reveals PAPSS1 contributes to
heparan sulfate synthesis
Key Points


Genome-wide CRISPR screen was performed for identifying host factors required for
HSV-1 infection



The host factors identified in this study included a series of genes involved in heparan
sulfate biosynthesis



Knockout of PAPSS1, one of our identified genes, reduced heparan sulfate (HepS)
expression, consequently diminishing the binding of HSV-1 and several other
HepS-dependent viruses (such as HSV-2, hepatitis B virus, and a human seasonal
coronavirus).



PAPSS1 and its paralog PAPSS2 functioned to be redundant during HepS biosynthesis

Summary
Drs. Yoshitaka Sato (Associate professor), Takeshi Suzuki (Pos-doc/Graduate student),
and Hiroshi Kimura (Professor) at the Department of Virology, Nagoya University Graduate
School of Medicine and collaborators performed a genome-wide CRISPR screen for HSV-1 host
factors using near-haploid HAP1 cells. They demonstrated PAPSS1 as an essential factor for
heparan sulfate biosynthesis and HSV-1 infection, and identified several other host factors also
involved in both processes.
The report was published online in "Communications Biology", a journal in the Nature
Publishing Group, on July 19, 2022.
Research Background
Herpes simplex virus type 1 (HSV-1) causes various diseases in humans, ranging from
oral herpes and skin diseases to severe life-threatening encephalitis. HSV-1 is a
"common/ubiquitous" virus. More than 70% of the world’s population is infected with the
herpes simplex viruses (including herpes simplex virus type 2). However, the relationship
between this "common" virus and host factors is still poorly understood. Therefore, our
research group attempted to identify host factors involved in herpes simplex virus type 1
infection by comprehensive single-gene knockout screening.
Research Results
In this study, the research group identified a series of genes involved in the
biosynthesis of heparan sulfate and found that PAPSS1 (see Note #1) is a novel factor involved
in HSV-1 infection. The knockout (KO) of PAPSS1 was sufficient to abolish heparan sulfate

expression in HAP1 cells and consequently reduce the binding of various pathogenic viruses
such as hepatitis B virus and human cold coronavirus.
Moreover, while the single KO of PAPSS1 slightly affected HepS biosynthesis in some
cell lines that expressed its paralog PAPSS2, the double KO of PAPSS1 and PAPSS2 resulted in
reduced heparan sulfate expression and higher resistance against HSV-1 infections in human
retinal pigment epithelial-1 cells, indicating a redundant role of PAPSS1 and PAPSS2 in HepS
biosynthesis.
Research Summary and Future Perspective
Their findings confirmed the significance of heparan sulfate in HSV-1 infection and
identified PAPSS1 as the key factor for heparan sulfate biosynthesis. The genetic ablation of

PAPSS1 abolished the sulfated HepS expression on the cell surface in HAP1 cells. Furthermore,
in some cells that express PAPSS2, PAPSS2 compensated for PAPSS1 in HepS biosynthesis.
Therefore, this study provides new insights into host factors required for HSV-1 infection and
HepS biosynthesis regulation.
Note #1: PAPSS1 (3'-Phosphoadenosine 5'-Phosphosulfate Synthase 1) is encoding the enzyme
for synthesizing 3-prime-phosphoadenosine 5-prime-phosphosulfate (PAPS) which is the
sulfate donor substrate for all sulfotransferase enzymes. In humans, PAPS is synthesized from
ATP and inorganic sulfate by 2 isoforms, PAPSS1 and PAPSS2.
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