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Pangolin merbecovirus gets down to (poly)basics
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Trafficking of live mammals is considered a major risk for emergence of zoonotic viruses. SARS-CoV-2-
related coronaviruses have previously been identified in pangolins, the world’s most smuggled mammal. A
new study identifies a MERS-related coronavirus in trafficked pangolins with broad mammalian tropism
and a newly acquired furin cleavage site in Spike.

The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic
has revealed how vulnerable the human
population is to the emergence of new
highly infectious respiratory viruses,
particularly families of coronaviruses
that circulate in bat species. Though in-
teractions between humans and bats in
the wild are of concern as environments
change, the overspill of bat viruses into
intermediary host animals with which
people have more contact is an impor-
tant pandemic risk."

Over the last 20 years, four beta coro-
naviruses (BCoVs) have emerged in hu-
mans: the sarbecoviruses SARS-CoV-1
and SARS-CoV-2, the embecovirus
HKU1-CoV, and the merbecovirus Mid-
dle Eastern respiratory syndrome coro-
navirus (MERS-CoV)." All have either
been shown, or strongly suspected, to
have come into humans via intermediary
species. MERS-CoV has spilled over
multiple times from domesticated camels
and causes respiratory infections with
high mortality. SARS-CoV-1 entered hu-
mans in 2002 via the sale of farmed
palm civets in live animal markets in For-
shan, China. With SARS-CoV-2, despite
ongoing controversies, the extant epide-
miological and genetic data implicates a
similar emergence in the Huanan Sea-
food Market in Wuhan where sarbecovi-
rus-susceptible species were on sale.”®

The illicit trade in wild animals and their
live sale is thus regarded as a clear and
present danger for viral emergence.’ Pan-
golins, whose “scales” are used in tradi-
tional medicine and whose meat is consid-
ered a delicacy in parts of Southeast Asia,
are the most smuggled mammals world-
wide.* Importantly, sarbecoviruses very
closely related to SARS-CoV-2 have been
identified in smuggled Malayan pangolins

(Manis javanicus),®° with evidence of wider
seropositivity indicating their exposure to
bat BCoVs either in the wild or during their
trafficking.”

In this issue of Cell, a cross-institutional
team led by researchers at the Wuhan
Institute of Virology has identified and iso-
lated a novel MERS-related virus in swabs
taken from Malayan pangolins seized
by Chinese customs officials® The virus
(MjHKU4r-CoV-1) is related to the HKU4
group of merbecoviruses found previously
in Tylonycteris species bats. Similar to
other merbecoviruses, the Spike glycopro-
tein can use a broad range of mammalian
dipeptidyl peptidase-4 (DPP4) proteins
as cell-surface receptors, including ortho-
logs from bats, pangolins, and humans,
as well as several other livestock animals.
MjHKU4r-CoV-1 replicates robustly in hu-
man cells in culture, and in both airway
and intestinal organoid tissues. While also
sensitive to small molecule inhibitors
of the RNA-dependent RNA polymerase
shown previously to have efficacy against
MERS-CoV, MjHKU4r-CoV-1 is resistant
to recombinant neutralizing antibodies
directed at MERS-CoV Spike. In the cur-
rent study, the virus replicated to high titers
in the lungs of transgenic mice expressing
human DPP4. Although not causing much
outward sign of iliness in the animals, viral
titers were maintained for several days
with histological evidence of mild-to-mod-
erate pneumonia. Thus, the virus the re-
searchers isolated is a broad generalist
MERS-related CoV with clear potential to
cause respiratory infection, and perhaps
illness, in humans.

Spike glycoproteins of CoVs are
divided into 2 domains—S1, which con-
tains the receptor binding domain, and
the membrane-anchored S2, which en-
codes the fusion mechanism.® Spike
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requires proteolytic processing at the
S1/S2 junction and a spatially proximal
site, S2’, to release the fusion peptide
and activate membrane fusion. Although
often mediated by either endosomal
cathepsins or transmembrane serine
proteases (TMPRSS) in the target cell,
some CoVs have evolved polybasic
cleavage sites to broaden their protease
usage to those of the furin family. This al-
lows Spike to be processed as the virus
leaves the infected cell—essentially pre-
priming it for more efficient target cell
entry. Furin cleavage sites (FCS) are a
common feature of many enveloped
viral glycoproteins, but among respira-
tory viruses they have been associated
with enhanced transmissibility and path-
ogenesis.

The acquisition of an FCS at the S1/S2
junction of SARS-CoV-2 (so far unique in
the sarbecovirus family) was a key deter-
minant of its pandemic emergence, and
its deletion impairs respiratory transmis-
sion in animal models.” FCS are more
common in the merbecovirus family
including in MERS-CoV itself,'® but in
the HKU4 group thus far sequenced, no
such FCS exists. However, the substitu-
tion of a KQQR motif at the $1/S2 junction
in the bat HKU4 to the RQQR found in
MjHKU4r-CoV-1 results in the generation
of a minimal consensus FCS (RXXR)
(Figure 1A). The authors show that
although weak in comparison to MERS-
CoV, MjHKU4r-CoV-1 Spike is processed
by furin. The FCS enhances viral pseudo-
type entry into human cells by 2-3 orders
of magnitude compared to bat HKU4.
Similarly, viral production in the presence
of a furin inhibitor specifically affects
only the wild-type MjHKU4r-CoV-1 Spike.
Thus, MjHKU4r-CoV-1 Spike has ac-
quired a weak, but functioning FCS
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Figure 1. The Spike protein of MjHKU4-CoV-1 and the risk of its transmission to humans
(A) The Spike glycoprotein from the MjHKU4-CoV-1 virus, like its bat CoV relatives, has a broad tropism for mammalian DPP4 proteins. However, a single amino
acid substitution (K-to-R) in at the S1/S2 boundary generates a minimal furin cleavage site (FCS) that can be processed during viral assembly. This site gives the
MjHKU4-CoV-1 S a 100-fold higher infectivity in human cells.
(B) The presence of MjHKU4-CoV-1 in smuggled Malayan pangolins raises questions about whether these viruses are endemic in the wild or have been acquired
after capture and trafficking. Furthermore, through its broad mammalian tropism, it presents a clear risk of zoonotic emergence either via the traffickers
themselves or live sale, co-housing, or butchery of the animals in the presence of the general public or domesticated and farm animals.

that confers more efficient entry into hu-
man cells.

This study raises severalimportant ques-
tions (Figure 1B). First, how commonly are
pangolins exposed to bat coronaviruses?
Four seized animals were positive for viral
RNA, but a further seven had antibody re-
sponses consistent with infection. Second,
as mainly solitary animals, where were the
pangolins infected —in the wild or after their
capture, and did MjHKU4r-CoV-1 come
directly from bats or via another species?
And last, have human handlers been
exposed, and if so, is there any evidence
of infection or illness?

Recent studies of live game sales in
China have revealed evidence of extensive
cross-species transmission of mammalian
viruses, including bat coronaviruses, to
animals on sale in markets."' Bat merbe-
coviruses and sarbecoviruses have wide
species tropism defined by receptor us-
age, raising the question of whether acqui-
sition of expanded protease activation tips
the balance between a low risk of infection
and the potential for respiratory transmis-
sion in humans or other species, which
would require further in vivo transmission
studies in model animals using MjHKU4r-
CoV-1 with the FCS reverted to KQQR.
Recent demonstration of bat merbecovi-
ruses with the ability to use the sarbecovi-
rus mammalian entry receptor, ACE2,
further expands the potential of these vi-

ruses to emerge in humans.'? With smug-
gled pangolins now shown to harbor two
groups of pandemic-potential coronavi-
ruses, this study highlights how the illegal
wildlife trade is a key risk area for emerging
viruses that requires improved interna-
tional surveillance and regulation as a
priority.
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Extending genetic risk for Alzheimer’s disease
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The gut microbiota is implicated in risk for Alzheimer’s disease (AD). A study in Science reports that depleting
gut bacteria in mice with genetic risk for AD reduces neuropathology in a sex-dependent manner. This is
reversed by administering short-chain fatty acids, suggesting that specific bacterial metabolites increase

susceptibility to AD.

Host-associated microbiomes encode
activities that are integral to core gastroin-
testinal, immune, metabolic, and neural
functions, leading many to consider a
redefinition of “self” to include human mi-
crobiomes together with the human host
as a single “holobiont.” Notably, alter-
ations in the gut microbiome are increas-
ingly linked to various disorders, including
Alzheimer’s disease (AD). Clinical studies
have correlated alterations in the compo-
sition of the gut microbiome with AD,
when compared to unaffected controls.’
However, there is little consistency across
such studies regarding the specific micro-
bial taxa affected in AD patients. One
study associated altered levels of micro-
bially modulated metabolites in the cere-
brospinal fluid with AD, and several arti-
cles have proposed probiotic, prebiotic,
or microbial metabolite treatments for
AD. As such, there is a general interest
in the potential to leverage host-microbial
interactions to alleviate symptoms of
AD.>™ The potential for causal relation-
ships between the gut microbiome and
AD are supported by work in animals,
wherein alterations in the composition of
the gut microbiome are reported in popu-

lar genetic mouse models for AD and
manipulating the gut microbiome mod-
ifies neuropathologies.®® For example,
germ-free (GF) rearing or depletion of the
microbiome by antibiotic treatment led
to reduced amyloid-beta (AB) aggregation
in the brain and decreased reactivity of
microglia in select models for AD. This
suggests that alterations in the gut micro-
biota could increase AD risk by promoting
neuroinflammation.>® While intriguing,
most microbiome-AD studies to date
have employed beta-amyloid-based
overexpression systems in mice, leaving
the connection between the microbiota
and other key risk factors for AD largely
uncharacterized. Namely, neurofibrillary
tangles are a hallmark of AD, and how
the gut microbiome may impact tau pa-
thology is unclear. Additionally, the apoli-
poprotein E (APOE) gene is the strongest
and most prevalent genetic risk factor
for AD, but how the gut microbiome may
impact APOE-induced risk for AD is yet
unknown. In a study recently published
in Science, Seo and colleagues address
these questions by evaluating causal links
between tauopathy, APOE, and the gut
microbiome in mice.”
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To assess roles for the microbiome in
modulating APOE- and tau-mediated risk
for AD, Seo et al. first generated mice
that overexpress P301S, a human isoform
of tau with a point mutation linked to fron-
totemporal lobar degeneration, and harbor
either APOE3, a common neutral variant in
AD, or APOE4, a high-risk variant associ-
ated with early onset AD (referred to as
TES3 or TE4 mice, respectively). To deter-
mine how the presence vs. absence of
the microbiome impacts disease-related
outcomes, the investigators reared male
and female TE4 mice as GF and either
maintained them as GF (with no micro-
biome) or “conventionalized” them with a
typical mouse microbiome at birth
(Figure 1). 40-week-old TE4 GF mice had
decreased tau aggregates, brain atrophy,
and reactive microglia and astrocytes,
compared to matched TE4 mice raised
with microbiomes.

To test whether these microbial effects
on APOE- and tau-mediated neuropa-
thology were isoform dependent, Seo
et al. used broad-spectrum antibiotics
to deplete bacterial members of the gut
microbiota in both TE3 and TE4 mice
from postnatal days 16-22 (Figure 1).
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