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] Introduction

€ The Discovery History of Deltacoronavirus
¢ 2006

Hong Kong-based scholars Dong et al. detected novel Woo et al. identified seven deltacoronavirus strains in pigs and wild birds:

coronaviruses in fecal samples from wild Asian leopard cats « HKUIS;

(Prionailurus bengalensis) and Chinese ferret badgers * HKUIl6, HKU17, HKU18, HKU19, HKU20, HKU21;

(Melogale moschata)

2014

Woo et al. from Hong Kong first reported the identification of three PDCoV was initially identified during a diarrheal

novel coronaviruses of avian origin in wild bird communities : disease outbreak in piglets in Ohio, USA, marking its

« HKUII ¢ firstisolation.

e HKUI2 Subsequently, PDCoV has been detected in South Korea,

« HKUI3 India, Thailand, and mainland China.

(Patrick C. Y. Woo etal., 2012) (Kwonil Jung, etal. 2015)
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€ The Molecular Basis of PDCoV Cross-Species Transmission— Aminopeptidase N

% Our group was the first to
identify porcine
aminopeptidase N (APN) as
the functional cellular entry
receptor for PDCoV

D)

» We further demonstrate

that PDCoV utilizes human,
chicken, feline, or murine
APN for cellular entry,

with sialic acid (SA)
serving as a co-receptor.

L)

¢ Pseudotyped viruses of
three wild avian
deltacoronaviruses
exhibit cellular entry via
either chicken APN or
porcine APN.



Scientific question

QUL | e !
microbiota imitations of existing studies:

A narrow focus solely on virus-host

interactions.
» Research Objectives

v .

» Limited incorporation of the realistic
hOSt gut microenvironment, leading to
Tl IIia'4 | [nadequate mechanistic exploration. |

(1) To identify the gut microbiota and metabolites most strongly associated with host
immune regulation during PDCoV infection and to elucidate their key immune targets.

(2) To investigate the molecular mechanisms by which these metabolites modulate PDCoV
infection.
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€ PDCoV infection significantly alters the composition of the gut microbiota

©)
G| Gl « Mock * Escherichia 7
[[] other genera s * Bacteroides .
[[] Escherichia § 2] - POCOV
.
[ prevoteta E Mediterraneibacter ~ * >
[T [[] Bactercides . / Sarcina .’ Prevotella
[C] Hominicoprocola 2 o] Fusobacterium .
- ) < —Basfia_A X 2
_— Vescimonas 'g (Rothia , Cl)}:tobactemdes
Ph icol iz $—Clostridium_AQ .”
[ Phocaeicola = +Enterococcus, 4 Hominicoprocola
[ cryptobacteroides £ -2 Enterococcus D Alloprevotella
——1 [] Enterocioster g ¢ Onthormorpha
[[] Parabacteroides § -
— [[] Lactobacillus bt : o Do A
P Odoribacter i %
— [] Atloprevotella e A" B obacie it
Mock PDCoV s = 9 2
o Log,,relative abundance in PDCoV-infected group
4 @ ! -
K) — i
— o “
- —e— | -
4 &I @' P
|
1k o =
= o! '
=1 o -
|
4 Q *
1k dl -
4 l o) .
11 o -
4 H p -
4 E 6] **
= —
4 E o P
|
4 @ .-
| : @ -
1 | Qi
T T T T T T 1 T
0 20 40 60 -20 =10 0 10 x10°
Mock [ PDCoV mean TPM 95% confidence intervals

Figure 1. Effect of PDCoV infection on the balance of intestinal microbiota.
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€ Gut commensal Bacteroides fragilis was closely associated with PDCoV replication
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Figure 2. PDCoV replication is associated with depletion of Bacteroides fragilis.



Result

€ PDCoV-induced B. fragilis depletion drives conjugated bile acid accumulation
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Figure 3. Significant changes in intestinal bile acids of piglets following oral PDCoV infection.



@ B. fragilis-mediated elevation of unconjugated bile acids significantly inhibited PDCoV
infection in mice

C
) (B) ©
300
PDCoV+Bacteroides fragilis
8— —_—
l l 35 %‘, £ 2 20 =
> 6D - P, ST 7]
¢ TN e PDCoV % » g e
I 1 l 1 1 | 1 l 1 1 I ¢ K] § g g
[ 1 I I I 1 1 1 1 1 | ?:n - o8
5 -4 3 2 414 0 1 2 3days g g 3 2 100
%o Sampled pss F o =]
PDCoV+Bacteroides fragilis+ GR-7 e ‘g
26
9 = d
Bacteroides fragilis 0
T 1 1 1 1 (10°xCFU/mL) F
I 1 1 1 1 1 1 1 1 1 I @
| 1 1 T T T T T I T |
5 4 3 2 4 0 1 2 3 days GR-7
(D) () (F)
300000 20000 10
ES B 15000 . — — — — —
= 200000 g T e i el s == 0 i
c c EE .-
8 g - ° B o
= £ 10000 § 2 6 g S &
8 8 og S o
& 100000 g 28 = I Mock
a 4 50004 Q e B o ® ) .
E = = . N 9 I B.fragilis
— &
0- 0- : ) PDCoV
RE R B8 PDCoV+B.fragilis
I PDCoV+B.fragilis+GR-7

Liver Spleen Duodenum Jejunum lleum

Figure 4. Impact of BSH-producing B. fragilis colonization on bile acid composition and PDCoV dynamics.



(A) (©) (E)
ciind n.s.
10+ 10 vooe ns.
veer ns.
vooe LS
gs gs ns.
384 — 8
ig o %? e 0 o0 o m o
> 8 ¥ e 8 o
Q — . o —
Qs ¥ Qs
n 6 26
a® a® oo
- o ~ [
4 B I . TR UETP. S, R PR SR P U
200 olfe o o v v HM) o 6 6 o O Q o0 o
& IFS "cioo@(i&o& PP VS RO
= g LCA DCA
(B) (D) (F)
vooe n.s.
o 8= vere ns.
ITIT) ns.
-~ — - vooe ne.
_E 5 core _E s SRR
= ¢ = . *QET“ 250 = o 60 g0 g o
20 44 20
o o S e
o S 4 9 o
S 3 5
1111
Ll T T T T | L) 2 T T T T T T T
M o 6,0 6 & QO 0.0 P
& FF K FFF KX w Pl P S P2 P S
& @ EVy ‘p«oo‘;’ooc' o¥ X ¥ X
(G)
LCA treatment
0pM 625 uM 12.5 uM 25 uM 50 uM
PDCoV-S

DAPI

Virus titer

PDCoV genome

PDCoV
105 PDCoV+LCA
9 PDCoV+DCA
-
3 ns. na ns.
§ 84 n.s.
= 7
g
vees seee sess seee
5 T T T 1 T
2 8 12 24 48 72
Hours-post infection
PDCoV
104 PDCoV+LCA
suigd PDCoV+DCA ns. NS
-l
- ns.
Qﬁ 6+ ns.
o
'_9 4 ene
§, [ ens oo vooe
= 24
00— T T T
2 8 12 24 48 T2
Hours-post infection
vore
15 ees
vore
vore
:§ 8 10 o2
-
s 8
S 9
:é
5 080
35¢
@
oo
o0
00 b e~ o0
LCA (uM) 0 625 125 25 50

LCA effectively inhibits PDCoV infection in IPEC-J2 cells and porcine intestinal enteroids

(H)
LCAM) - O 625 125 25 50 15
»
+ + 5 2 vone
PDCoV - 58
& 8 1.0
IB: PDCOV-N - = £3
-.%é 0.5
g S 00
18: Actin | —
- e o oD e 0.0 —r
Vehicle LCA
U} (J) -
organoids organoids ileum organoid ileum organoid
10 mm Vehide LCA 8- B Vehicle LCA 10— oo 8 eee
vose veoe
o . ‘e -~ 7 . vove @ e -~ 7 o
§= g 5E §= 5 E -
838 835 €3 84 2%
&g ] »Q 8:8 o0 cec ,,,96“‘@0.0*
38 §¥ oo 38 B £e
62 o = 5+ B ° 5
2 ob g 2 o 6 b=
3 = 3 = %0
A o0 oy ~ 44
ofo o=
= e T, WER U K o Y s e o s o
jejunal ileum jejunal ileum LCA(UM) 0 6.25 125 25 50 LCA(UM) 0 625125 25 50

Figure 5. LCA inhibits PDCoV infection in porcine small intestinal epithelial cells and porcine intestinal enteroids.



(A)

LCAtreatment

PDCoV infection I

L_’Hﬁ/
-1h 0h 1h

Pre-treatment _-
I

Co-treatment '
Post-treatment ) S—

(D)
IPEC-J2
87 mm Vehide mm LCA
—_ ns.
g2 ==
23
&3 .|
>g 8
8%
a _Jg, 54
4—

Attachment  Internalization

PDCoV genome
s (copies/pL)

Log

Log,, (copies/pL)
PDCoV genome
Log,, (copies/pL)

PDCoV genome

0 625 125 25 50

(©)

Il Vehide
N LCA

Relative luciferase units

(G)

LCA (uM)
PDCoV

40000

30000

10000

LCA (pM)

€ LCA inhibits the binding of PDCoV spike proteins to pAPN

Vero-pAPN

20000 f5€

0 625 125 25 50
+ + + + .

—RED+pAPN
——LCA+RBD+pAPN

PDCoV genome

Log, (copies/pl)

o

20 40 60 80 100
Time (ns)

——RBD+pAPN
— LCA+RBD+pAPN

1B: PDCoV-N

I1B: Actin

Figure 6. LCA inhibits PDCoV infection by disrupting viral entry by blocking spike-pAPN
interaction and inducing conformational changes in the RBD-pAPN complex.

RMSD: 1.217 nm




Result
€ LCA effectively inhibits PDCoV infection in piglets
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Figure 7. The effect of LCA on PDCoV infection in piglets.



Summary

0O O
Fimar bl acis) g  Through integrated multi-omics analysis, we have for the
elycinef‘"ﬁ"e first time characterized PDCoV-triggered dysregulation of
i the gut .microbiota—bile acid axis and delineated 1its
el pathological consequences.

Secretion &
by bile

Conjugated bile Q
acids(GCA,GLCA) | O,

J We demonstrate that B. fragilis exerts antiviral effects

- e against PDCoV through BSH-dependent regulation of bile
| ' o acid metabolism, establishing a microbiota-derived

-Free bile acids ! ~O

(CA, LCA, DCA) 8

protective mechanism against enteric coronaviruses.

d We for the first time reveal a novel molecular mechanism
by which LCA inhibits PDCoV invasion through directly
blocking the interaction between the viral spike protein
and host receptor aminopeptidase N.

Yaqging Zhang, Bin Wang, Yongle Yang, Mengdi Zhang, Yike Li, Bo Dong, Yanan Zhang, Bowen Liu, Dong Yang, Chunmiao
Ji, Yaowei Huang, Shu Jeffrey Zhu. 2025. A gut microbiota-bile acid axis inhibits infection of an emerging coronavirus by
targeting its cellular receptor aminopeptidase N. iMeta 4: 70061.
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