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Bat facts V&

*One mammalian species in five (20%) is a bat

*Second to rodents in number of living genera and species
*The only non-terrestrial mammal

*More widely distributed than other mammals, except man
*Variable thermoregulation

* Ecolocation

*Long life span ( a 7-gram bat can live up to 41 years!)
*Low rate of tumourigenesis

*Reservoir of a large number of viruses
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*Reservoir of a large number of viruses

25 years of research - 3 questions

1) Are bats important viral reservoir?
2) Are bats special as viral reservoir?

3) What makes bats special?
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Hendra virus
outbreak in Australia

Time: September 1994
Place: Hendra, Brisbane
Death: 13 horses, 1 human

Infected: 7 horses, 1 human

Bat viruses: They are high impact (factor) pathogens!
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The discovery of Bombali virus adds further
support for bats as hosts of ebolaviruses
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Characterization of a filovirus (Méngla virus) from
Rousettus bats in China
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Fatal swine acute diarrhoea syndrome caused by an
HKU2-related coronavirus of bat origin
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e Are bats special/different?
).
e Unable/difficult to produce clinical signs in experimental
-« b infection of bats with different viruses
- ol ¢ Isolation of viruses from healthy bat primary cells (persistent
Y infection)
e Higher viral prevalence
¢ Greater genetic diversity
e Ancestor or ancient lineages of “modern” mammalian
viruses
— e Carries more viruses per species of bat
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Host and viral traits predict zoonotic spillover

from mammals
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(st it iakes Bats special is still unclear: there are many competing hypothes
creating droplet clouds that help spread viruses. The next debate is about o take off.

Bats really do harbor mmeddngelousv\vuseslhal\ other species
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What makes bats special?
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Bat facts during flight

e Metabolic rate: 15-30x of resting rate
e Heart beat: >1,000 bpm
e Body temperature: 38-42 degrees C

Comparative Analysis of Bat Genomes Provides Insight into the
Evolution of Flight and Immunity
Guojle Zhang ot al,
\ Science 56 (2 %,
AYAAAS DOI: 10.1126/5clence, 1230835

Black flying fox (Pteropus alecto)
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Strong positive selection on
key innate defense pathways

1) Enhanced DNA damage repair

2) Reduced inflammation
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The Egyptian Rousette Genome Reveals Unexpected
Features of Bat Antiviral Immunity
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The genome of the Egyptian fruit bat
reveals how its immune defenses allow

Egyptian rousette bat
genome assembly

and annotation
tolerance of pathogenic viruses.
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Holy Immune Balance, Batman!
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*Correspondence: I
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Bats are reservoir hosts of numerous viruses that cause severe pathology in humans. How bats cope with

such pathogens remains elusive. In a recent issue of Cell, Paviovich et al. (2018) describe several key adap-

tations in innate immune-related genes that suggest that the Egyptian rousette fruit bat relies on immune
\echanisms to manage viral infections.

Innate defense/tolerance balance
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HUMAN BATS
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Expression of gene X (Y, Z, etc)
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Published/unpublished findings

«  More efficient DNA damage repair system
« Higher base level IFNa gene expression in some bat
« Higher base level expression of HSPs

« Higher base level expression of surface efflux pump proteins
(ABC transporters)

*  Missing AIM2-mediated inflammasome signaling

+ Dampened NLRP3-mediated inflammasome activation
+ Dampened STING activation

*  Apparent lack of GVHD in bat mice
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Published/unpublished findings

« Higher base level expression of HSPs

« Dampened NLRP3-mediated inflammasome activation
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Expression profile of heat shock proteins
(HSPs) in bats
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From Matthew Shoulders, MIT

Successful viral evolution hinges on the efficient sampling of mutated protein
sequences.

Often, these mutations are destabilizing to the proteins in which they occur.

It is unknown how viral evolutionary capacity is influenced by the composition
and activities of the host cell's protein homeostasis network.

Hypothesis: viruses hijack the host cell's protein-folding machinery to help
fold their own proteins and will therefore be better able to accumulate
destabilizing mutations when more host chaperones are present.

Early results suggest that influenza evolution is influenced by the host's
protein-folding environment (modulated by HSP expression).

Hyper-folding € Normal - Hypo-folding
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Strong evolutionary pressure for
dampened inflammation

Protective VS Pathogenic

| LI DukeNUS

Mediical Schoo!

| LI DukeNUS

Mediical Schoo!

Inflammation nawre ARTICLES
& Diseases ”M microbiology [R oy
1 NLRP) inflammasome
Aging - %g ﬂ : . i
Alzheimer £ Dampened NLRP3-mediated inflammation in bats
:ftthr_iﬂs ; = \ l Dh and implications for a special viral reservoir host
utoimmune dis. =
Cancer Lol a Matae Ahn ", Danielle E. Anderson >, Qian Zhang'2?, Chee Wah Tan', BengLee Lim'", Katarina Luko,
" . Ming Wen', Wan N|CMa‘ ShanlendraMam‘ LooChien Wang®, JustinHan JiaNg', Radoslaw M. Sobota (45,
ggrg|<ntvascular dis. Proa ‘, | Charl i 5%, Zheng-LiShi?, AaronT. Irving ™ and Lin-FaWang &'
labetes \

Eye dis. )-—,g,—d\
Infectious dis. Cytosal l Copmat ‘
Metabolic dis. %
Pulmonary dis. -
Neurological dis.

DukeNUS DukeNUS

ledical School Madical School
40 PBMC I--III-_--III -l--Il
. = 3 Human c .

E 30 . BN Bat fom

@ £ 1]

; In

o 20 S R

& H “ ” N .

a 8 o A bat-unique “exon 7-less” NLRP3 splicing variant

2

) &
o
& ®
~ ,;_,“
3

Dampening at both priming and activation stages
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The LRR domain is responsible for dampening in bats!
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Implication in tolerance of viral infections
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*« MERS-CoV activates NRLP3-mediated inflammasome in
human immune cells
< No/minimal activation in bat immune cells!
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news & views

Bat tolerance to viral infections
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Future directions/challenges

*Immune cells and antibodies for cell markers

+In vivo experimental systems
« Bat breeding colony (and SPF bats?)
+ Bat mouse
« Transgenic mice with knock-in bat genes

*Learning from bats: translation into biomedical
applications

Thanks to ...




