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WA - f8d  feline infectious peritonitis virus  (FIPV) ek
A0TalAe2 FRAFA R DD TG RO RIS OES AT MIT #5%
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Abstract

Feline infectious peritonitis (FIP) is a viral disease of cats caused by certain strains
of a virus called the feline coronavirus (FCoV). This study aimed to evaluate the antiviral
efficacy of extracts from probiotic strains, including Bacillus amyloliquefaciens LN (LN),
B. velezensis AC (AC), and B. licheniformis CK1 (CK1) on the fcwf-4 cell model using
the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Three
strategies, including pre-treatment, post-treatment, and combination treatment, were
assessed for their effectiveness against FIPV, focusing on the extracts from AC, CKl1
intracellular fluid (INT), cell wall (CW), and exopoly-substances (EPS), which showed
lower cytotoxicity to the fcwf-4 cell model. AC and CKI1 extracts demonstrated
improvement of cell viability in the strategy of pre-treatment, while CK1 extract
performed better in the post-treatment. However, analysis of FIPV-N expression showed
both strategies had no reduction in FIPV-N expression and in cells treated with Bacillus
extracts compared to the untreated group. In the combination therapy, the AC/CK1
combination did not present a significant increase in survival rate compared to the
CK1/CK1 combination. Analysis of gene expression in FIPV-infected and uninfected
cells treated with Bacillus extracts confirmed that the preventive Bacillus extracts
increased TNF-a expression. In the post-treatment with infected cells, CK1 INT and
CK1_CW reduced the receptor fAPN and increased the antiviral protein Mx1 expression.
In conclusion, this study demonstrated that AC and CK1 extracts did not reduce FIPV
replication but had regulations to antiviral and proinflammatory genes in fcwf-4 cells.
Keywords: Probiotic, Bacillus amyloliquefaciens, Bacillus velezensis, Bacillus

licheniformis, Feline infectious peritonitis virus, Antiviral
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£ 4 # (probiotics) — 39k f **% H3F [for life, > & 5 ¥4 &3 ¥ - 194

FAO/WHO 2002 & 2% 2 &> F2Fs ' E2F 2R %3 §§ DENH
HHELIZEF FLMm2d 0o 22013 W% E 2 ALY AT 4 # ¢ (International
Scientific Association for Probiotics and Prebiotics, ISAPP ) i&m #-H 7 & i3 37 > "$ 3
FEiAm RN B FNd PEFRBENARZI A A PEX 2P T HLE
+ % (Hill etal, 2014) > p 2002 #12{% > F4 F2B* ~ A1 2 TTEHEE TR
FFERE P wE L AR R LR R (Lactobacillus ) % BB % 7
( Bifidobacterium ) » £ 44ekdzt 7 (Streptococcus ) ~ & % 3k 7 (Enterococcus ) ~
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A (% 1-1)-
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ARSI AR AL - AT BN B Aot fL S RARy AR 0 @ s (St
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(-) %FFERBAFR

e sk (Lactobacillus spp.) &3 2 A Az &5 E i 4 o i sl
}rﬁ};}' f%f]/i LiEm iRy fiﬁﬁl gie = (Kimetal.,, 2019 )e ¥ ¢t » 4817 35 2 (short
chain fatty acid, SCFA) £.5d ¥4 Aidtm 24 > % EP 2 FAfEE 1 F %3
A (cross-feeding) en4 FHNEFE 4 > R LR EBSE P TIRE > bldmie B
R hE & 5 F 2 #P'P#'J’?%f},%)%!%ﬁ (Fukudaetal.,,2011) ;p 4@ it F
Jo® PRI T A5 A RS R R D ERL S R B i e
JeA 2 R BE R P B MR B e s AR R §T g
¥ it & (Stoevaetal, 2021 ) 1Ry T 40 > FiE ¥ hE 2 Hit A#k B Z0-1 v
LT B A A R e Bfr‘ AER > A ) e ¢ g Gy i Bl i T
BB Ak K chiE it (LaFataetal., 2018)
(Z)BELE R

SRR Y TEE-T TN TS RIS S PN E TS £ R

B b2 i # AR 9 10 2 10 T i A pen X LB K
ﬁ%mﬁﬁww’iiﬁMﬁ%E@ﬂ%%ﬁﬁﬁﬁﬁ%@%&wﬁﬁé’Hi%

WPrEFRERAM 6 FhmRFAZLE S % 5 pF (lipopolysaccharide, LPS)

£73 toll-likereceptors (TLR2 & 4) :&m 3% ¥4 L ¥ & (Cristoforietal., 2021 ) -

N
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et 2 b F A R RGE LA T et Th2 cha it feiere ek interleukin(IL )
4 e IL-10 AR > A iBE ) Treg & B2 ¥ 2 e ek A2 & T Rt
R kS 2 G Y S I 46 & Clostridia clusters IV fr XIVa il fr )

REFI ) BT UF R Ivfr> & Treg w2 & & (Atarashi et al.,, 2011) - ¥ ¢+ ¢

3 AL # R E 2 B Bifidobacterium spp. it $9 #c & inflammatory bowel disease (IBD ) »
IBD & - #&4d *t Thl & Th2 2§~ %50l 5 14% Fa FlEral g mfi[,ii TR

1 % % B 77 Bifidobacterium bifidum s 598 %+ A %% % IL-10 £ 3R & "% i< [L-1B

Ao i&q F ¥ IBD Bopag 2 (Satish et al., 2017 )

(2) #=§ t# i
FIORA Zwre? 3 pd RAERMBES FR DNA T2 Fd T2
5 (Schieber & Chandel, 2014) » # # reactive oxygen species (ROS) & 3542 % £
Brpd A A pd Ay V4 > AFFEMEE A Az - BRI PHY G3F
5 X R4mF (4§ 4o superoxide dismutase (SOD )~ glutathione peroxidase ( GPx )-
glutathione reductase (GR) %2 &2 2 C~424 2 E & > MEp@Fd i g2
ISR A Yy ip th » Bifidobacterium animalis 01 £33 % Fiefoimre poj hAl ot
WY Vi p o A fode ¥ IRAES o B PRH S ] B Shfd i pFIE 12 (Shen
etal,2011 )o@ % D ths F 7 2 S 4g it &g B P ¢ EARA i 5
4 A4c SOD 4 it B & L A% ¢ flpma we g2 £k glutathione
JER %2 5% (Wangetal,, 2017 ) ¥ #F > % f 5 32 4% [ LBP32 &%z ¢ § pE it 533 i
#r#] NFkB fr ROS #& # k3f[ %y § pEf F0E iz X (Diao et al., 2014) -
(z) E#pd Fid
W& RML e B2 TN E A FE GG o F RS TR

Bad Q5P R bRt 2 £ F e Biupd ml FRia S8 DR L
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ZABRAEAT S BpA T RET 2 Bnd SR receptor mERE B UaE Pliupm A
v h (Dicks et al,, 2021) « 1345 % 1-2 B > dl b5k ? 7 b A8 i d 1 7
LR ha g A2 e A A e AR rbx 2dpk o B Y 2 7 il NF«B 3u
L@y s IFNs 2% 8 ISG 2R E ~ ¥ Ifﬁ%i&-b wPe (»BLZ s % TLR
T RPEE AR E >0k o NI R F 5 B Lactobacillus plantarum 2 33 & 2
7 # 34 plantaricin -~ lactic acid ~ acetic acid # gamma-aminobutyric acid # 4
FRELFEXRRESE L L e #a},%% 5]+ (IFN-a -~ IFN-B ~ OASI ~ OASL ~ MX2
% RNASEL) ¥ ‘m% % 2. % 3 (Albarracinetal.,2017 ) ¥ *t A5 IR > FiEH
o :}I";afr ] BLf %535 12 Lactobacillus rhamnosus CRL1505 18 > 4p 0t A B %
Btk | B i et sl ¢ R A BB 4L IgA - 1gG & PNy sk R ¥} B
A P RBRFAZRYF ) R IL-17 AR FS K IL-10 kAR FRS
( Tonetti etal., 2020 ) - ‘,% TERE s FAEY dp 2 Bacillus licheniformis *7 A
4 2_ exopolymer (EPSp) it 4% }}%Jr A fmre eniE £ X 4 (receptor) PR

herpesviruses (HSV) 22 vesicular stomatitis (VSV) % % ’«"3?:[’%% PN IR LR

-~

¥

m 2 #‘P%'J:},%fr e174 2 (Sanchez-Leon et al., 2020 ) -

T~ TR
(=) & A ¥ 3% 4 § Bacillus amyloliquefaciens
R VIR AR 13 EF R A HA M B A LA AR ALT
A2 R gk e (Fukumotoetal, 1943) o p* FtRig TR 5 7 g
WEEIFVEFLN I P IEERE S Ry FRE TR RF e K
Staphylococcus aureus ¥ 2. )% 5 ft f] (Wuetal,2015) > &7 © LR L4 2
EA S I 7 ) & &1 K xR F Bacillus cereus AT A& 2 iha ft > Bt ¥ g

;% %ﬁﬁbéiéi R FHEE 2 FLE 2 3%E (Yohannes et al,
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2020 ) £ % F7 3 3 B B. amyloliquefaciens “,/TT TEFIER A S ES A BE B
F@ﬁﬁjﬂiﬁ*(Mmmdwmn)uﬂ’ﬁﬂi&ﬁﬁ%iijﬁ%iiﬁ
% » 4 B. amyloliquefaciens A 2 0% kR R FF ISt X R -0 R de A
herpes simplex virustype 1 (HSV-1) 4F# > & 3 l&i/ﬁai i** (Torresetal., 2013 )
AP %TpF®I ALY 282 B amyloliqguefaciens LN (LN ) #7i& {7 2_ 7
THT o ZRAKRE G A2 R AP (xylanase) ~ # 7 A% 2% (carboxymethyl
cellulose ) ~ Ji#= fis (amylase) &2 3-v fi# (protease) FiE it % f2 5y @ A+ % %
& @Ak (zearalenone, ZEN) 2z it # > ¥ P il i dpadt ~ mPE R R 5 b
FEROFEET LT E2ARIAE TR R e 2 it & (50 2014)0
b LN AR EPP G D I 8 Vero M bR R R (T :}ﬂ:}ﬁgi
(porcine epidemic diarrhea virus, PEDV ) R 4 (8 # 5B A0 & (7% kg ¥
F s 6 drlp 4 af 12 B0 Bl i LN £ fupd B B Fk O

2021) 7 i @ % PR ERRBE LG o

(= ) B ®#55 3% 4% § Bacillus velezensis

howETT 32 F3Ta 517 Vélez River 7 R A 3> £ - fi4rF ¥ B iL i
I N L BT A C T B L
srfABCD ~ dhbABCDEF it %3 %%' d # # surfactin £ bacillibactin % "3#7?x11 4 = 4 %
e iE RE C ERAE S FEAL 2 - I EBF R SBEI FES AE
immune systemic resistance (ISR) 2. 5 # Sy 2 H 2 p L@ L R T (Rabbee
ctal,2019)« # *h > 3% Ffhf 4t 4PELE (7 B b BB R0 § B R ATT I 4 e
FARAMHAHT HRAT Y A RBIRARES DLARAGATNLE > ¢ 7
interferon-gamma (IFN-y ) ~ myxovirus resistance 1 (Mx/) % signal transducers

and activators of transcription 1 (STATI) % :}EJ}% & 1P M 7 ‘j‘a’“”ﬁ B b (Tsaiet

5
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al.,2021) o & F Bk % L #7432 7k B. velezensis AC %58 F % £ 7 a2
AL HEH AR EFETRF ARG ARL S ECRPF P EA
(phenoloxidase ) 2 SOD ea (i 2 R X -KFTER 49 B Hd 2 5%

(%-2018)~ icsdfd j*f 4 5 A J A% 1,1-diphenyl-2-picrylhydrazyl(DPPH )
P4y it o X g TRd VRS ETIEAZY Lt 5 (SOD) & vk H PRiE
§ 3 pF (GPx) E4uF P2 % chais (§ 02018)° ¥ 7h » AC Fth3 B4 $t Vero
fo e FRAE T IE AL 0 i 9% Mg i E TNF-o~ IL-1B~IL-6 %2 IL-8 # L § ¥
©mie s #c s (cytopathiceffect, CPE) A2 (30 2021) w&ig *  Firie 7

s ER L RN

(=) # % ¥ 3% 4% [ Bacillus licheniformis
FTRERBVTEFABER IR AP I N RERERSRRE G

B gEEES AT LA F Lot A BT B T RN A s

R
o

&4
kA Bp 2 éﬁ}‘}ﬂﬁ]t dvo R R a4 AREE B4 FPUR A 3 (Murasetal., 2021 )e
L% F 3 %3 0 B. licheniformis Jpoen e AR AR e B)E DA
#-3 (Dengetal., 2012 )~ F-v Feaveflph 4 = 12 2 a7y 953 ff (Livetal, 2012 )e
hoR AR e ooy kT ’"’ﬁé ek R R R R 2
b4 B. licheniformis DHABI1 it 433518 aiid # F1A& # 2. lactonases "% % X 3%
F S RE SR h5 = 5 (Vinojetal,, 2014). 2 ho 7 By 4 &y B licheniformis
%3 Fup A ook o U457 3 B B. licheniformis #7T A& 2 2. exopolymer substrate
(EPSp) £z ’Js‘f—'fﬁfs% 2 fifs # »t% > 4 herpesviruses (HSV) ¥ vesicular
stomatitis (VSV ) H ¥4 % sﬁ%ﬁﬂ B A S B S R  e F A
FF kL s T ALd EPSp APz m¥ it z’v’ﬂ:}ﬁsi & 4 # (Sanchez-Leon et al.,

2020) -
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AF 2%~ 82 B licheniformisCK1 &5 338 F 4 A2  ZR% 17 4
4 %2 ¢b B A fEfF (xylanase )~ #2574 2% = (carboxymethyl cellulose )
(protease ) » AL 2 "2 AR B ¢ 4 5 > #3044 & Ltk Z (clindamycin) 22 =
# % (erythromycin) £ 5 foit » & a0 Fr ) i R 7 Escherichia coli ¥ Listeria
monocytogenes * £ > F ¥ 2 ¢ AA PN F FEZ M (5 02010)0 ¥ b o] RS

CKl1 *Eé’]ﬁca HA DR FeEme BN s A e e F B2 p RS e R

5 B P AR R sebhenr i (1 0 2018) 0
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F 1-1~ % * Z 2 Ffase7 4 o (Markowiak et al, 2018 )

Table 1-1. Commonly used probiotic list.

Type Type Other lactic acid bacteria Other microorganisms
Lactobacillus Bifidobacterium

L. brevis® B. animalis® Enterococcus faecalis Bacillus cereus

L. case” B. longum?® Enterococcus faecium Bacillus licheniformis®

L. crispatus® B. pseudolongum Lactococcus lactis® Bacillus subtilis®

L. farciminis®
L. fermentum?
L. murinus

L. gallinarium?
L. paracasei®

L. pentosus®

L. plantarum?®
L. reuter?®

L. rhamnosus®

L. salivarius®

B. thermophilum

Leuconostoc citreum®
Leuconostoc lactis®
Leuconostoc mesenteroides®
Pediococcus acidilactici®
Pediococcus pentosaceus®
Streptococcus infantarius
Streptococcus salivarius
Streptococcus thermophilus®
Sporolactobacillus inulinus

Propionibact. Freudenreichi®
Saccharomyces cerevisiae (boulardi)?
Saccharomyces pastorianus®
Kluyveromyces fragilis
Kluyveromyces marxianus®
Aspergillus orizae

Aspergillus niger

2 QPS microorganisms
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%12~ 54 F 4 Aeadup =+ (£ 284 - (Wangetal., 2022)

Table 1-2. Antiviral effects and underlying mechanisms of various probiotics.

Probictics Tested Models Mechanisms References
virus
Bf MCC12 and MCC1274 RV PiEs Activating the NF-xE signaling pathway: i,

Increasing the espression of IFK-f;
Increasing the expression of I5Gs.

Lactobaciius acidophiue (LB") H CEM cells Producing HeDs. Klebanaff and
Coomibs, 1991
L crspatws BCS and L. gassen BC12 H G04* T cell ines, MT-4  Reducing vinus entry/attachment to target cels. Iahui &t al.,
and Jurkat; 2019

Human cendx, vaginal and
tonsilar tissues kv witro.

B. subtiisis OKB105 TGEV IPEC-J2 cells Competing with entry receptars.
Lp. plantarum Lp-1 TGEV IPEC-J2 cells Increasing the empression of IFN-f;
Activating the JAK-STAT1 pathweny. 2019
L rewgan PCv2 Mousa Increasing the expression of cytokines (chemokines, IFN-y, and Igh).  Karsfows ot &l
2017
LI rewten PCW2 Mouss Increasing the percentage of CO8™ and COM00"COE cells; Mudronova
Increasing the expression of cytokines (RANTES, GM-CEF, IFMN-y, etal, 2018
and Iga&).
B velorensis FiCV Figeon Increasing the espression of cytokines (IFM-y, Mx1, STATI, TLR2, Toei et al.
and TLR4). 2021
Le. rhamnosus CRL150S RSV Mousa Increasing the expression of cytokines (IFM-c, IFN-f, IFM-y, and Willena &t al.,
|1SGE). 2014
L. gasser SHT2055 3= Mouss Increasing the expression of I8Gs. Eguchi &t al.,
2019
Prabictic mixture (L. fammosus GG, 3= Mouss Increasing the expression of IFhs; Krishnan &t al.,
Eschenchiz codl Missle 1817 and VELEE) Restoring of gut microbiota balence.
Lp. plantzam P Mouss Activating the NOD2 and TLR2 pathways.
9
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( Modulate

immune system
« T Antibody
response
2 2N « | Inflammation

(T B
Interact with gut microbiota

/

| Produce enzymes * Stimulation of o Knthinierobislprodi:ction
: f::t::let Hiae \ phsgocytasls 3 . Cross-feedirfg and substrate
" J transformation
/ = Support microbiota stability )
Probiotic

Manufacture small molecules

with systemic effects

* Neurochemicals (cortisol,
serotonin and GABA)

* Tryptophan and histamine

. ~

" Produce organic acids

* Lactate, propionate
and acetate

derivatives . 2
* Satiety hormones Tri-directional . % g;)(lo::::e[mmu h
¢ Conjugated linoleic acid communication ~ Vs g
\ ju9 = g4, cross-feeding
~ #~= " Colonizing
\ Terget host 0—:‘}'; \ ‘ * microbiota
” ) B
| Probiotic-host interactions
mediated by cell surface
structures

* Surface layer-associated

proteins, pili, LPxTG-binding Colankzation

Z STHRAEDR = " resistance
prutelns uckebining [ Improve barrier | » Compete for nutrients
p:»roteln. Toll-lllfe re.cept‘or RineRee ndlcanaa
ligands, hpotelchonc.aud & Stimulate mocin J
¢ and exopolysaccharides ) production
* Support epithelial
cell heath

Bl 1-1~ 52 /7 £ %22 534 - (Sanders et al., 2019)

Figure 1-1. Mechanisms of probiotic benefits to host.
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S

‘é’::ﬁi‘"\:)ﬁa
- ~pE @A

:},%i A - f8d DNA £ RNA % F-v “hE o1k 2 %

W=
-
=

it
E:
W
Pt
#
|
3

B o d aFime? P LRFAHAY-BIEHE FPL 4304 ARzt Sal
2 fFegpd chE A2 5 10 2 58 3 300 7 5F 2 B Bt F Frd R RS G ERLR
BooBeArdunpA 1899 EHF R LAA T AP S o0 B T FERS
METLL D &G - IR E R4 242 ¢ (International Committee on
Taxonomy of Viruses, ICTV ) =% 2. 2 35> % > i& :}fi}fai HBER M s PR A
A 5T L 5 (viria) % (virige )~ (viricota )~ % (viricetes )~ B (virales )~
# (viridae)~ %% (virus) % #& (species ) > 11 2019 # & {73t 2 7k 7 SARS-Cov-
2 Lo ;Z}P‘afr SRR %‘*;]%}]%i L4 (Orthocoronavirinae ) ° :}?r,‘fr v %‘%‘E’ - Rl
BEBRF WA ZTFEMRET S L BRGSO FHFETIFL TR
WA A A FIL B e & 3 DNA &2 RNA & #8775 » d 3% RNA 54 @4 4
B R AP F)pF S ﬁ[ﬁi{d RNA [ﬁi—%),g\; Zig = 0 B4 2019 & K BT >3

17 SARS-CoV-2 -

S wERES
(=) wwppd A
FREA LT L e B &4 Alpha- ~ Beta- + Gamma- ~ %
Deltacoronavirus © % % & J 4  ( feline coronavirus, FCoV ) ( Nidovirales;
Coronaviridae; Coronavirinae; Alphacoronavirus 1) £ 3 3% 3-v (envelope protein )
2 B RNA 3 > AT L 95 29kbe AR AL G 5§ & i 4
&2 $k3Fv  (spike protein) ~ %-3F-¢ (membrane protein) % RNA } g% &

39 (nucleocapsid protein) o @ F /& g F & 7 Xk T % (canine coronavirus,
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CCoV )~ FEimiz ™ f)ﬁ:}fﬁ% ( porcine epidemic diarrhea virus ) % i@ L4 %5 ; :\)J%
% (transmissible gastroenteritis virus, TGEV ) o 33587 7 > #* fi 7k }';34 LR
I’(:,}%i‘t‘] »H - 52 & R 4% g o0 feline enteric coronavirus (FECV); B = &3¢ = 5
@4 Mg 2 feline infectious peritonitis virus  (FIPV ) ( Tekes & Thiel, 2016 ) -

FIPV & R 2 E P iore 1 Brimb » 120 258 f Al 3edh o BRE L L F BT
RAHAI = 7 @a FECV X" R L%+ L wizm fd k1 (Hora et al,
2016)° FCoV Leiiff Il im® e £ 6 14 € 55d mie BT % & » Pllmee JF9 » &

5'3"‘ ngu )@

(=) ®=hpms 2 AFIMEE
-tk A 2 AT 2 WK BF FCoV-SB22 A dgp = & 3 7 11
B HE2c# B % (openreading frame, ORF ) (de Barrosetal.,2019) > 2 # ORFla £
ORFIb ¥ ik A ¥4z = 22 = » B¢ 5 16 B2 k9 nspl-nspl6 ¢ 7 3a-~
3b~3c~7a~7b> H &% e S (spike )~ E (envelope)~ N (nucleocapsid ) ~
M (membrane) # %] o FCoV A F|48 5 =h¢r 3 :H2 Ry &5 2 HFT
(untranslated region, UTR ) ° Flifi:f}%i S AFEFHZET % FIPV & 534 5
@ f8:serotypel & 11> @ A>3 A Fle B 7|4 trd4p I A FCoVz 24 %p 1
4] FCoV 4r CCoV ik F]1& & (Herrewegh et al., 1998) - 245 2013 & FCoV-
NTUIS6 2 AFIA % (£ 1-2) o o0 30 32 245 § Wen & 45
(transcription regulatory sequence, TRS ) motif: 5>-CUAAAC-3 (Linetal.,2013) >
A CH RN Rt g A AF W EEf v M (Wangetal,
2017) < 7 3 45 0 FIPV 3 »0 % 35 47 W40 B AL F]2. 3cgene R %k > 13544727 &
FECV ¥ 28 & FIPV R Z & w2 3c 3v thx i » L 3c AF 3% 5 FIPV

Z v Be ik T714% 0 T 3¢ AF|RHT 2R 2 H 32 FIP 2 H - %#c (Changet

12
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al., 2010) - @ 2& ‘%’f?]@ B0 Ta B Tb 2¥nifvApPm Rl ik FIP 2
BEFYARARAIINERY A THES S A2 PERFTLRLE- H R T
(Kennedy et al., 2001 ) »
(Z) WHR Y

w8 Mgy (feline infectious peritonitis, FIP)  #.d  FIPV g % {s & 4 2
LR FEI - BT 22 e d WP M RISh L BRSSO F L G i
Fr= ot gmis- ER o RBEFEMAZT P R s 5 fgh e RS 4 0

SRR R IR ARV > B R et o ¥ OH AR LR LR o R

65

¥
¢ N
X5

v ?\éiiﬁiiﬂlﬁ’ﬁ{tﬁﬁi&ﬂ“ E]?i-‘t' ’Js—k})%#mﬁfrﬂ’mn\d KO 1:¥

4 SLiB R F B m A5 (Evermann et al., 1995) 5 m fz £ & L M Pl T B

@_

% 4
PRREA g R ERE LG TR M ERE R (Olsen, 1993) Fip
ek i .i«‘,fii}%’xﬁ’l%ﬂi W ERNES CHY & AR AT B
NS
BEM iR AN E L

Aﬁﬂ

‘B sdpF AT £ 8 (major histocompatibility complex, MHC )
#

SRR 2R SRR L B

(2) §okpid R rayil

ek opd R EALeedG B4l XM e 2 feline
aminopeptidase N (fAPN) & i=2:4% & > 2% & (endocytosis) 17 V& » ‘m
oo A M E G 43X 3% viral RNA I e 7o 2d Ao p 8 (early
endosome ) & 7 & ®E2iF ¥ > 3 ¥ d replicase-transcriptase complex (RTC) i {7
457755 F 3% RNA ¥ subgenomic (sg) RNA o & 3% RNA i it 3% RNA 4 #lz
B o A4 0 Bl A7 sgRNA & FHF - AP ila s ngg
endoplasmic Reticulum (ER) ¥ endoplasmic reticulum-golgi apparatus intermediary

compartment (ERGIC) = #3;= %%ﬁﬂ:}?ﬁ:’% FER e R 2R m}}%% ¢ %“ggl RN
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* (exocytosis) L 7§ 3 fw¥e i {7 4 P57k (Delaplaceetal., 2021) (Takano etal.,

2007 ) ( Takano et al., 2019) -

Y X LS TR ot e
1) #»’r*%lj:}"‘;a-% FADSI
ok :f,iai ik m b B 5 RbYim e # i chik §-v (spike protein) > @ FCoV #
v s d B ff w2 5 b receptor binding domain  (RBD) & {Fimfei e B TR
77 FViE O dmPe o BT 7 IR 0 peptide [-S1-9 ~ peptide I-S1-16 % peptide 1-S1-22
ZfErk e fowfd wie th? $ FIPV-IKU-2 i $h2 4 4 80%2 rdlock » #
£ % Jp 38 9 9% PR gy B9 :ffs% BER A f L BRI Tﬂ-‘fﬁsi BE A~ w2
(Doki et al., 2015) ¢ “t > chloroquine (CQ) ¥ hydroxychloroquine (HCQ)
BT R fﬁﬁ"* JE= A VT £ 3}?’:-’3— 34 p M4 (endosome) [Eit @ 1 R
CHE S B A S § o S B BT TR -+ (Konoetal., 2008 )
() drdlp
k4 p genomic RNA 8321015 § # A4+ ORFla & ORFIb % £ - 4
R ARt = A 8 :}}%fr 3k RNA : i & %%'Ei RNA-dependent RNA
polymerase (RdRp) :EiTAF @ & ~at Jqdfér 22 2 f %9 4 M 2 mRNA ek 3%
sgRNA = o % RdRp "4 A ez 1 B £ & > F10t § 37 J fups 4 B4 G4
RARp & {7 ] 14 i FIFip 4 2c % o P fadff 004 - EAF 0o P peenis & 4
A ? Bblde GS-441524 & - FEEg 00 Eﬁiv):?‘—v/% (‘adenosine ) irfi%fr#»’r’ﬂ*'lé'wl s Ho{e
WGP LA R kA B L POF RS 0 i85 %5 RdRp (v HIp 3 A
# % pr (Murphy etal,,2018)» P % tfpk (7 5 35 FIP 2 B4 8 % ; ¥ — fEik R
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2 3t A g en# $e Ribavirin 3 § *&v4  (guanosine) #F i > SFT 3 HEF i 530
FIPV 79-1146 R % - -] FFis 3 sxfrd) }I;’:,a* »z i % 10,000 % - # ¥ ribavirin & 3
WA AR P RRY 2 FRET FH L2 R vl LR T
PR AaEZR R gk (Weiss et al., 1993) o "f pez2oeh s A TE B SIRNA AR
*p o opAAE HEEH L) PR RNA 253 RNA 86 @ 2 5 235
Fralpma 4 W R F%F BT 0 2% 30nM 2 siRNA 5 2 2 crandell-
rees feline kidney (CRFK) ‘w#z it $33 »<*# 14 FIPV 79-1146 »ci 5 100 %
(McDonaghetal.,2015)° 7 i d ** RNA Jﬁa% EEAAATIRE #{F siRNA 7
FRRHNEFEREL RS
(3) B T e
Pl A8 & 8- ¥ Leandipd Ko > T4 % (interferons, IFN) ¥ 4%
R ETRAE AR R TREF AL LG IBA Y DX IR R 2RFHARY o
2 © it 49345 1 recombinant interferon omega (rFelFN-w) # % L X Mo B F Y
R Y o I ff&—a— (feline leukemia virus, FeLV ) 7 3id & 4% Fé’rf[?ﬁi (feline
immunodeficiency virus, FIV) g %2 &5 > i % T 27 KH 7= 5 (de

Mari et al., 2004 ) - 345 Takano (2020) % * ¥+ FIPV & {7 #"@I’%i Rk

Vq,

% Bt » % 100 uM Hydroxychloroquine (HCQ) ¥ 10* U/mL rFelFN-0 ‘& & i
7 ipf Av 49 "% ™ FIPV-I g % 751 (Takano et al., 2020 ) » 7 4345 2 rFelFN-o
R AR BAPREE AR LA AL RRESET AW ARL L TR
e ie BN T A e g gFERLR > Whe kiR FIRER FelFN-o

B2 M7 tmie B ® B F s X (Ritzetal, 2007 ) °

(7)) WRARIEELHEA 542 FLARAF

FIPV iz ik “,f TR A e fAPN 10t s 4 - it e oG B
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S AN ] IS f;ﬁ_%fs BRgip b o 3 aEn] X 48 Toll-like receptors (TLRs) (¥

@ 3% % NF-xB 2 8.1 B& & interferon regulatory factor (IRF) & & » s &

4 R R o 4 47 1o 1995 Khairetal.(2022) 08¢ 35 4 % 43 81 CRFK

<)

e % FIPV-II79-1146 R % s 24 | pFapd >t g 418 4 -] pF > 2 TLRY9~TNF-o~
IFN-B % IL-10 2 AF1 £ R5 B FH - o @ b B4 » FIPV o8 S Fa4f( >
2 ¢% TNF-0 2 & &2 H ¥ Iﬁa—%},@; ZApr B R FE S > T ¢ N fAPN
Z B AR W 4 FIPV R 4 g 14 (Takano et al,, 2007 ) o 7 i ¥ #F 4

3

;
FEER FIPV B4 4745 - 41544 (IFN-I) hd 2 > 254 Nsps Fd 7

1 i NEMO (NF-kB essential modulator ) F-v =% B = ¥ i& (7% 4] » i& @ $r4] NF-

KB

P

il Bafe IFN-1 e0& 4 » # ¢ JFN-B £ interferon stimulated gene (ISG)
% FIPV-DF2 B %15 % @243 % (Khairetal., 2022)
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%% [ Attachment inhibition
. fusion peptids

S8 Endocytosis inhibition —
A w,;-,:;- Cglor/%uinﬁ lgggr&(ylch/oroquinle, |nhlbltl0;l of host a:'- .-.4
5 X phylin, UT , Itraconazol, protein AL K
K \r K 4 GNA, HHA, UDA Cyclosporin A F R
11
ar S
Yo, A
LG eV ::3 . A
T e
L f\
& "
23 4
wr =

GS 47555 Rvavioaceni
- |, Ribavirin, Adenine s
arabinoside, 6-azauridine, Translation inhibition
3-deaguanosine, mefloquine SIRNA, TFO, fusidic
acid, hygromicin B

GC551, GC373 GC376,
NPI164 and Neflinavir

[ Protease inhibitors ]

B 1-2 ~ =k :fP‘ai 45 Bl 8 = 3] 2 Frd] 4 a0 o (Delaplace et al., 2021 )
Figure 1-2. Targets for the inhibition of feline infectious peritonitis virus replication and

maturity.

17

doi:10.6342/NTU202302799



Acute nflammatian Secretion of type | IFNs

-Stimulation of Adaptative
Immaunity Antiviral State I

B 1-3~ Toll-like receptors (TLRs) U 4, @ v£#7 7 it 57 % B °( Capozzaetal., 2021 )
Figure 1-3. Schematic diagram of Toll-like receptors (TLRs) signaling pathway and

functions.
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4. 1-3 ~ FCoV NTU156 open reading frame % #% ¥? =3k it #ic - (Lin et al., 2013 )

Table 1-3. Open reading frame and numbers of amino acid of FCoV NTU156.

ORFs Start—end (nucleotide No. of nucleotides No. of amino acids
position)
ORF la 313-2.417 12,105 4,035
ORF lab 313-20417 20,105 6,701
(shift at 12,381)
S 2041424775 4,362 1,453
ORF 3a 24 840-25,076 237 78
ORF 3b 25,021-25,236 216 71
ORF 3¢ 25233-25.433 201 66
E 25,512-25,760 249 82
M 25,771-26,556 786 261
N 26,569-27.687 1,119 372
ORF 7a 27,692-27.997 306 101
ORF 7b 28,002-28,622 621 206
19
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L S e

-8 -RRFER
AF Y F & #- Bacillus amyloliquefaciens LN (LN) ~ B. velezensis AC (AC) %
B. licheniformis CK1 (CKI1) = fR Fthi& {7 5 B~ > Bfl 54 W B (7 2 f2 2
(intracellular fluid, INT )~ %m*2 £=( cell wall, CW ) % #z *} & & % ( exopoly-substances,
EPS) > £ #-H 4o » miefR?P {73 P2 o w3 I ERMIE B2 R 5A
BMIEF R e R A TS R (Tt 3RS LT o R FH e A SN
FAg 2 Aot mie A gRNA # F 3 ot mRNA Z0LE A 45 - 5 FkAIL

Hime pupd R LATL P Tl LA F R BBRE

™

(R ) E R

Bacillus amyloliquefaciens LN
Bacillus velezensis AC
Bacillus licheniformis CK1

I

Sample extraction Intracellular fluid (INT)
Cell Wall (CW)
Exopoly-substances (EPS)

Cell toxicity of sample treatment (MTT assay)

Anti — FIPV activity
Pre-treatment / Post-treatment/ Combination treatment

A

Y
antiviral & cytokine Immunofluorescence FIPV-N
gene expression assay expression

Bl 2-1 - F 5% 2% -0
Figure 2-1. Framework of the present study.

21

doi:10.6342/NTU202302799



Fo8 TRBEFASPFFLARIZEINLES N A 2R
- ST REFHLEE R RS

AFTRFTPFIHRIZTLARNZ KT IREFLSMRA AFHF S B
amyloliquefaciens LN (LN ) ~ B. velezensis AC (AC) % B. licheniformis CK1 (CK1 )
BFHURF AT R FERER ISP L FiR T ¥4+ 1 LBagar (Neogen, America)
REVEFAABHE 23 H - B - PFH - FiF4#43 3mLLBbroth &
1237°C ~ 120 rpm # & & 16 1 18 P FFE it Ftk o 1 1% (v/iv) A& ATH
LBbroth ¥ i&{7 % = =t it =& {8 > B 50%& A4 12 11 (v/v) 4o FJig? o

Akt -80°C At R kit * o

1295 Mehmetietal. (2011) 2 = ;& & f g ic o B AR 1% (v/v) #
F8* 400 mLLBbroth ® #3332 & 24 -] BF > 12 5000xg ~ 4°C dts 20 4~ 451 33
AR VR fe A BB 1 mL & FEiL B % =% (phosphate buffered saline,
PBS) R isifit 2 = B fs HFMB I ImL & F PBS ¢ o ¥} i mFAR TR
28 0.3 mL 9 0.1 mm zirconia/silica beads ( BioSpec Products, USA) & & »
2 71 (Vortex-Genie 2, Scientific Industries, Inc., USA) &% 27 % & BT 30
AABIE TR o BLFR A 18 DIk S IRAF AT K TR (T 12000%g ~ 4°C B 10 A 4B
PR AR 15 0 % 022 um & FR % (Sartorious, Germany ) #-_F ik Bk

AN NS

Ik

A SR 0-80°C 4k -
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(=) tmregE

bt R E R, ImL & F PBS w3 o £ #8022 pm & Fik B

i is B 1R B s B ke 1 MR S B A S5 90-80°C 2k T o

(z) dReEy

Beg it A 2 AR 1% (viv) #2400 mL LB broth * 7 ¥ 33 % 48
A BE > 115000 xg ~ 4°C B 20 A dm T b F R AT ALAEL Y o L b 2 BREAE S
@ A4 2 95%C iR 0 B 4°C AR P oo BT 15 2 R AL 12000 xg ~ 4°C e
30 A 4B Ak bR T 2 MBS Sk w3 o ki3t -80°C - Mk R F 2 R

ErLA RS FakdsS p o2 PBS wiARESER S 10mg/mL (100X)e
3

e e ok B L $ 2 F-9 )k R 2 BCA assay it {7 %_o #- 2 mg/ml bovine
serum albumin (BSA) {&#& 52072 2274 51]%?% s EEERZ 2105
0.25-0.125mg/ml 2 % v = 0mg/mle#-10 uL 2 # 522 &3 527 100 uL 2. working
solution ( Thermo Fisher, USA ) /& &3t 96 34 4 @ # 3x % 3t 37°C i®% 30 & 4518 »
F o k£ 562 nm #eiE o U R SR i R 8 & (RP>099) 8 A
S d-v kR (S0 03R4 PBS i gffdre p iR (INT) I 39 kA& & Img/ml (10X):

TR PBS 4 r Zlwe R (CW) (10X) T 5 & H * o
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I~

(

(

S TR EE L

%4 M. Dubois (1956) & A i¥ig s o v F ki 3 5> ok AR 2k
A % 100 pg/ml~ 50 pug/ml ~ 25 pg/ml ~ 12.5 pg/ml ~ 6.25 pg/ml I r2 gt (% 5 {28 & 5 o
#2200 pl R F-de 2 3EE P 0 F2F 4o~ 200l 2 S5%phenol & ImL 2 kAR
LRERcEE 1o Bfs® ¥ B % LA A 17 & (ELISAReader) 1 492nm

BoplHe kB R TEER -

S LS F AL
AR Y 2wtk fowf -4 2154tk serotype I FIPV NTU-156 & B = £

BAEATTEURBIEA PR R R T KRR K AL
i 7

(=) wmreiEit
fe® 2 3 10% fetal bovine serum ( FBS, Peak Serum, USA ) ~ 1% penicillin-
streptomycin-amphotericin B solution( PSA, Biological Industries, Israel ) #7 Dulbecco's
Modified Eagle Medium ( DMEM, Gibco ) 1% 5 fm* 35 %% o #2 i § 7 fowf-4 ‘w
e 33 37°C ¢ A fE > FAer ImL 2 w23 R o 3T F R4 1000xg ~ 4 4
4 {8 3 Gi # 7 Dimethylsulfoxide (DMSO) 2. F ik » IATE IS & A w5 1632 »
T25 B &¥g7 » TFE 773 5%C02 2 37°C B2 P 21 a% > v

7 Mk o

(zZ ) e ik
P B34 FE (92 3) TV st uptEsE 2 B SRy

¥ m*e 12 & % > %5 Dulbecco's phosphate-buffered saline (DPBS) Bt 4c » 1mL
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0.25% (w/v) trypsin-EDTA ( Biological Industries, Israel) > »>* 37°C 32 % 45 7% 1
Ak o A 3T E L B ACE R e R AL R 1S 0 4o I mL e A
%0k trypsin-EDTA i8% > 3 dé-dmredcf 2 15mL #s 3 ¢ o 2 1000 rpm- #ts

A ABS A % 7 typsin-EDTA 0 i » 4 r 1 mL dim s 35 & % v 3 dn %% B3

T

RHELSFIDG > BT e 2 X o0 trypanbluestain  (0.4%, Gibco ) &
JiEFmELd «ﬂ‘f‘]”.ﬂ.Tﬁ”‘gtgg*&%F/fyfiT 2 mre e o Bts B 20%m P B
73 10mL ¥ & eh T75 o33 4 & %7 (Corning, USA) ¥ » #4 k355

BERE 3C BEKY BFEEE

(=) mwetkil i} w3

RREAIRE2L e gy g 22 i%jjﬁ‘_ﬁ%.&p};ﬁ%ﬁmpéi%%;& s 4o 0 1mL
0.25% (w/v) trypsin-EDTA » ¥ 3% 37°C % 4 17% 1 o485 Flwre R ixisse » 1
mL %3 &g 0 Ho#mefe g 3 1SmL e F ¢ o £ 1000rpm B 3 A4
(64 % & uypsin-EDTA st i » e~ if A chim e 35 £ v 3 e WAL
BB e 2 £ M F <0 trypan blue stain (R 353 T wmie 4 d o F A1 5okt
BB w105 % 7% (viv) DMSO 2z ‘m¥e st & #-mie kR B ET 10°
cellsmL » &% 1mL 4 %3 w%f % (Coming, USA)» ¥ » e ik § ¥

(Corning, USA) **-80°C # jls » P WS IREF Y £ AR5 o

() fs5n4

Aol 7 2% FBS £ 1% PSA ¢n DMEM £ % A i 2 3 5 %0 o FfE*
T75 &7 e £ 24 *i% > #Ep LR W3 5 1 & DEAE-Dextran
#erd =t o M- 2mL 4 R 10mL mfe s R~ T75 B &Y > R wmien

BB LS 20 P pme 13 CPE ¥4 4 Hcimbe = 15 > B & ¥~ -
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80°C ® 4 ik FEtk o ;tz.};‘ﬁ},_ R fRA 2 S Blmre A ATk TS 0 2 0.22 pm & ﬁf,&

7

SR A ik 0 £ 0 E F 100 uL o] B A $ 1 ki 2-80°C -

A L ITES

4z okl 1% gelatin 3w ALY 0 SR E C BRAFE FL 4400 Be
P2z A& 6 3Y42 02 Gelatin 3R EAES {8k 52 2 ] FF o # trypsin-EDTA 4c » I
fowf-4 fmoz @ (£% & mie WE o RS 4 2 e R R Y o B “ffj Fite o UATHE
BERAKEIL 65x 10° cells/2 mL & 4c » 3 FLEP R R 2395 40 0 s e
BRHYER 20 ) PF NERERRwEREE L %ﬂgﬁﬁﬂﬁm’??i%%i&%‘}“,f ’
j%ﬂ@é&ﬁ»ﬁiu¢%ﬁﬂﬁﬁ%$ilmL%iﬁi%i%iéaaﬁ

Nk gt A UL SR 1S A SR kIR 2303 o s d s R iR s

i
e

R okip g e o 2 aaF 42°C el 7 3%agarose 2 A 3 AR T TR RL KA

\

i‘;%i&ﬁﬁ%ﬁ 10 i3 > # fJ i m},%-sr,,:z o M4 » 73 03%agarose 35 & A
o mEFRN04EBFH LI LB e Y 24 Fo
Bl Rmie P &ﬁﬁfai H. 15 0 4v » 10% buffered formalin ( Thermo
Scientific, MA) ¥ 1% % & % /% 7% (Thermo Scientific, MA) B 2 4 /| P& o Jp 37 #
Fa Y ORISR FER g LB m4 s (plaque forming unit, PFU) 2 =

2 kR e

I - HARPL e 3 EFRIE

* 9 % 12 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
Fip w3 s ¥ o & fowf-4 fwmre 2l trypsin-EDTA iT% @ HAjx » #4825 x 10*
e B r 3 963V P 0 ot s K 20 3 24 ) o 12 10 R B S

FARL 107 B RFLBLERLRE L RS Lp R AR F-
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24 0] FEo£5 ",ﬁi z7 «‘Ifai 2 bk ter 73 0.5mg/mLMTT if}ﬁ&fr 8 % R(MTT

=]
solution) » B EAHF BO3 L4 FEFEIHI LR B FREE
dv > S50 uLDMSO #3503 f2 0 Bofs 1 * i % 4. % & 7 %k (ELISAReader) 2 590

nm RH Rk E Y A o P B AR e RE S (%) = ((FFE

2 % ODsgo —Blank ODsoo ) ) / [( & g % % ODsgo —Blank ODsgg ) ] °

AN FBRE B 2 e F R

A F %12 MTT assay & (73265 o #mie 2.5 x 10* w4~ 3 96344 ¢ »
T A A A 20 3 24 ) FF o BRRE PSS LR 2L 10%4 2 2R AR
PR IXS 00X 2 001X £ A N4 r T im0 BP0 10% PBS T 3 52
& (control) > *T w32 % 435 % 24 /) PF o # ",% FFEEZ L FR LA MTT
solution ** 3 £ 47 F BR324/ EFEFHAIK I L5 ’%’}",%j FiRts g e x
50 uLDMSO #-% i3 3 > B is 1% f¥ % 4.5 4 17k (ELISAReader) 2 590nm

LR RN PR - O LR D

= FREFESFNES R RS S
~F %% %+ Barzokietal. (2022) FE P 89 2% " H (¥ig x> #2 MTT assay
T ARE RSN X FIPV R 22w £ F 5 G 3E 2k o § L8 fowf-4 fwre 12
25x10* fmre 4 » 3 96344 ¢ o mre s K ks & 20 1 24 [ F > Flmre pk
o A5k Bin e R R A A R FIRE I R 51X 01X 2 001 7
HvY BR %2127 10% PBS x}]%ﬂvri‘“%‘,,zxe‘.ﬁ}@“’ s PR A Y B A 24
JPERS S #% 3P s FR 0 2 F 2 multiplicity of infection  (MOI) =0.02 2

FIPV ;];;«1;3;&;,@\;. A e ﬁ%:«‘gmség%;g}a FE- PR }?54 RETERS m e o x/%
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Fad RS o e A B R RB A 24 ) PS> 4o » MTTsolution *tiw?2 F Jis 3 1 4
PR E e B4R F eidAl(s 1 SOULDMSO w3 16 4] % ELISA Reader
r4 590 nm TR H ok B e A o

A ABRERF R R R 20BN

A~ % %% Barzokietal. (2022) ipfist 2 A 72 £ 0 MTTassay 3
i ff]ﬁ\—?: A FH FIPV 2 R4 5 F i5fre%k o # fowfd w2 2.5 x 10*
B3 963 F Y e R s R 201 24 LB B Rt o BEH
s A 0 £ F L MOI=0.02 2 FIPV pd i dimee > B0 mme s £ 07 4
B-obEo RopA T o B ﬁ$@4@’qumSﬁmwﬁ»zkm
ﬁﬁ%%’&&é1X%HX1omx’gag@%@u31MUB81@£%%
PRI er et BE 24 L BE O B RSL Y FR 0 £
MTT solution **iw% ¥ fis 3 & 4 -] P« 0 F it 84514 F 3@ Alis o 12 50 ul
DMSO W% » {44 * ELISA Reader ™ 590 nm f§ | H v % (& 02 & ¥ 5 /%

o

i‘g«

1~ AREBFpE R R8BS

AP ok MTT assay 3% Gif B R 2o Rt ¢ £ F ok 2 FE P4
LE LAY % FIPV B #hinre 2 i85 o § L% fowfd % 12 2.5 x 10* o
Bher 29644 # 7 o rtmie & fap % 20 1 24 ) 50 Flwie pbi o A7 e
AR RFA ARG GIPES Y w555 HF 2 2 RhE) &
My A 24 ] P o ﬁgxléf 77 &L mie s o 0 MOI = 0.02 x}}%% TN
wre 1P PEe BBRA R der 3 FRE P (et Y e R SR E

P FER)IENE LY 2% 24 ) Pro4e » MTTsolution *tm* 5 g3 % 4]
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P oo AN F R X BEFS % F A S > 1 S50uLDMSO w3 0 B is 1% ELISA Reader

12590 nm i R H Sk E B e A e

L hB YRR
AF % %% Ngetal. (2020) * 1732z #= F2 12mm -] Flgt 7 %> 24
LAz s T fowfd el B G aE 2 x 100 e B AT 24307 0 14 20 3
AL pE e RURIED i 2 AN R A B FRERS (wunEi gy
2w ) ¥ 2 MOI=0.001 2 4 kg %% 1 | P o hpd @ B post-infection
hour (pih) =16hour # Ft ik oo & F 134 80%acetone 4v » FUdF ¢ 38-20°C
% 10 4 48 # acetone 7j f? B F R R §5{8 0 4 ~ 34 blocking ¥ i (1%
BSA, 22 mg/ml glycine in PBST buffer) # % 30 4 45 - # ‘% blocking ' fimi {83 fm
¢ 4v 140 pL 12 PBS #f§ 400 % 2 anti-FIPV3-70 mouse monoclonal IgG2A
(NOVUS,USA) 3R iF* 1 | pF> 30 PBS 75 f ¥rdleo&F 2 PBS B
3= > g4 b 40 uL 2 PBS ﬁrﬁ 400 & z_ Alexa Fluor 488 AffiniPure Goat
Anti-Mouse IgG *t 8 i®* 1 -] pFer2 PBS jEi% 3 = {& > 12 4 uL Mounting Medium
with DAPI (Abcam, UK ) #-#k A3t 5% o f Az # 0 F % B st (Nikon 80i) #L
R @ Aps Rk % DAPL (g A & 358nm; FEAE 461nm) ¥ Alexa
Fluor488 (@ & 493nm ; # sk £ 519nm) # 4 2 ¥ LipEs 2 dk > T2

Image] £ BA & = -

SR Y Gl R BF LI
%?.%El mé%;;%?}é%& ‘;ﬁ}:%ﬁr;’? FIPV },E)\‘#‘—L fewf-4 l‘mnéé_ii RNA
BOEIL R R EIF A BT M A F R 1 E I 4x 10

/500 UL fm%e B ARAE S 123448 ¢ > 45 % 20 1 24 [ FE o B F B UpA B A 1)
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B (MOI=0.001) 2 miZ%eiFifdlle s £ 3 Bd aJgg 20 ] fF o

(=) im®% RNA 445
‘mP RNA 3é B~pF [ ghdc @) 2-1 #7o1 o #-lmbe + ’Fi” F B~ 200ul T i ﬁﬁ'ﬂ‘ i
L AR ik xrs dPBS k1S 4 » 350 uL GENEzol reagent( Geneaid
Biotech, Taiwan ) » & B it 4w mP% ki im? » 33287 A4S EM 3 1.5mL #%
Bao g dhe r EMB G T AT % 2353 3% F 1 GENEzol TriRNA Pure
Kit ( Geneaid Biotech, Taiwan ) i& {7 RNA i - #-% 700 uL 3% #&# = RB
column » v 15,000xg . 1 A 4875 AR > T L #ATHIRIRE o 4v » 400 uL
Wash Buffer 12 15,000xg #r~ 1 4 4518 5|9 A% o 3% 121 DNase I  (Geneaid
Biotech, Taiwan )& 7 2 "$ DNA # 3¢ & BH&se» 77 SuLDNasel (2U/uL)
2 ASuL bR 2 RAvRI Y >3 g R P Ay 15 44818 0 4 ~ 400 pL Pre-wash
Buffer ¥ 12 15,000xg &t~ 1 4 4818 ®H-AR o B f8 11 % =t 600 uL Wash Buffer %
A1 15,000xg B 4 4B o A D goE 4 F oo 4o~ 45 pL DEPC-treated
water I F ¢ k@ PR R 3 A 4R Bote 1 15,000xg dw 1 A 4aijcf RNA F B
otk A RNA e € & 3+ (Nanodrop ND-1000 Spectrophotometer, Thermo Fisher
Scientific, USA) &7 2 £ & STkl > ¥ ERD KL 4ng/ul » %5 *-80°C -
(=) cDNA 2_ & =

i * GoScript™ Reverse Transcription Mix (Promega, USA) #-4 & RNA ¥
fE4 =+ cDNA o B~k & 20ngRNA 4c » g g @ » ¥ ¢4 » 2 ul Reaction Buffer
(Random primer ) ~ 2 pL Nuclease-Free Water 2 1 uL Enzyme Mix R friz3 o &

HAARF R TIER 5 25°C 5 248 ~42°C 60 ~ 45~ 70°C 15 » 48 0 F @45 = 2.

cDNA #1533t -20°C 12 isfs i * o
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(z) TEIER EF@4 5 & (real-time quantitative PCR, gPCR )
* 3 8% qPCR ¥ FIPV-N RNA ¥ fcwf-4 w? mRNA &7 p$t 2 & 4
17 o A BT ER 2 & cDNA 4~ I 384344 ¢ » &2 4.6 ulL SYBRFAST Master
Mix (KAPA,SouthAfrica)~ &% kR 5 02uM 2 #3513+ (£ 2-1) R & @ F
BRI G 10pL o B384 3445 1 2000xg Hw 1 A 4Efs 0 K . CFX384 i &
Py sk 2§ PCR & ® (Bio-Rad, USA) i i :Enzyme activation 95°C 3 4 4 o
Denaturing 95°C 10 #) ~ Annealing 60°C 20 #; ~ & | & & 72°C2 ) £ 4F V% 40 =< °

w e Sl 18 20 L F) ¢ L felis catus GAPDH ¥ 5 p 4> T iR T s oV iTtE

IACt = Ct (gene of interest) — Ct (GAPDH)‘

|AACt = ACt (treated sample) — ACt (reference sample)‘

Fold change = 22

Lo N RPLAH

AP Y By 7 it % % 1 GraphPad Prism 6 $it§8:8 (7 4 4720 g B] > #icdg & 1o
Mean + SD (standard deviation ) ¥ 5 % Bl iz J3 > I ¢ * one-way ANOVA ¥ F]+ %
BT F ek 22 5 Tukey'stest B {7 53t iRt T o8 £ 5 T
Bt SE g FA s o RF AR IEIFA AR LT LY

£ 8 (p>0.05) 2412 Students t-test = 32 ¥ o 27 =) fe 38 (7 30l di > Y

* AT EREFLRE (p<0.05)-
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Pre-treatment

A

Cell seeding

Post-treatment

A

Cell seeding

Cell seeding

A

Sample
treatment

A

FIPV FIPV removal

RNA extraction (pih = 20 h)

A A A

Sample removal  FIPV pemoval MTT assay
FIPV inoculation

RNA extraction (pih =20 h)

A A

MTT assay

inoculation Sample treatment

Combination-treatment W

Sample pre-treatment

Sample removal  FIPV removal MTT assay

FIPV inoculation Sample post-treatment

BI22 350 ~ o 2 B SN2 fmie 55 Rl T P e R P A gk o

Figure 2-2. Experimental timepoints of pre-treatment, post-treatment and combination

treatment.
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22-1 TR BREFRYF it 5T

Table 2-1. Primers for real-time PCR reaction

Amplicon Forward/Reverse Primer Sequence (5' to 3") Lenth (bp) Reference
F GCGTCAACTGGGGAGATGAA
FIPV-N 207
R AACGCACCTGTCTGTTCCAA
F AATTCCACGGCACAGTCAAGG Avery and Hoover
GAPDH 97
R CATTTGATGTTGGCGGGATC (2004)
F ACCAGAGCTCGGGCAAGAG
Mx1 96
R TTCAGCACCAGAGGACACCTT
F GCTGGAAGCTGAGAGGCAG
ISG15 77
R TCCCCGCCCATGGCT
F CTTCTGCCTGCTGCACTTTG
TNF-a 156
R TCAGCTTCGGGGTTTGCTAC
F GCAGAAAACAACCTGAATCTTCG
IL-6 426 Takano et al. (2009)
R GAGAAAGGAATGCCCGTGAAC
F AGGCTACAGATGCTCGGAAA
fAPN 249 Takano et al. (2007)
R ACTGGGAGCTCTTGTCTCCA
F CCACTGTTGAGAACCTCCTTG
IFN-B 119 Khair et al. (2022)
R

CAGGTTCAGAAGGGTCGTATTG

33

doi:10.6342/NTU202302799



2R -R&EES

¥ & TR FHFRFRETUELRS (FIPV) &4 25
- T IR EERF R

#2 ) ;% (intracellular fluid,

B

AP R NTRERI RS LS L2 A Y
INT) ~ % k& (cell wall, CW) % # ¢ J & 4 (exopoly-substances, EPS) > 3 # #
PR R L BCA 3 FRE 0 %8B FPORR 100 pg/mL T4 IX A

e BER) A% )R AR S AR B e RS R L ke AR £ 100

13\

pg/mL F5 1X JEA o

SEREE LT e SR E ARG R EG T mRY
BERAEPREZ X 10 BFRE S fowfd we L R JPE R B

B AT BT R0% L S E T TR RS IR 3l B R  F @
i fa A 0k & 51 Bacillus amyloliquefaciens LN 72 |\ ife ¥ 'm#e BERJL ™ & B ¥ "8 14
TR g R R EPRIAN M MY R LAY LR 6wy B

velezensis AC & B. licheniformis CK1 = fak & & 5 2. % i ~ lm?e BE2 %8 *H R &

I

PrdeT™ v alr Lwmed BBl REd € mie 24 3R > s fid

* AC & CKI 2% i ~ dmie B2 52 R S P e THupm 4 5% o

S TERBEHENREFBERARY FEAH

154 3-1 BEMA > DR ERFEHIREFZFER T A 0.09%3
016%2. F > HEZ R L34 cHY ez P58 LN fe” ez iy
EPS 12333% %0 7 8 5 12.82%: AC # &7 4878 5 1.85% 230 £

5 14.28%; CKl # &7 B2 £ 5 0476% 0 2 3-v £ 5 8.23% o B 88 k3 Ap >t

LN 2 AC-CKl Hw% R &40 %

ek

B o
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» FIPV NTU156 »xif & % 7% F Bl €

m

REW 3235 8h% %4 7073 (plaque forming unit, PFU) 2 &% »

4 Rz % ¥ 5 53x10° PFU/ML (n=2)- B33 pl&+ FIPV &7 kR 6
TRE 24w 2 R 100 BHFRERT A F i 60% 5 &
100 22 10 RAMERT G5 EF16920% 2 RERI R EL RSP L2
Mk BARRY FRER 100 B FipA B R% o Hocl 5 5.3x10°

PFU/mL -

TR FFRF AL FIPV B %% 2 A5 #58

AREHLFEH TR AERF LT LY 2 fowfd e i - HRE
FIPV g2 @ E3FEHsa% o PP e § LB T £ AR5 3%1 24 |
Poopd o2 W BRI E ARG REE RS L TR Rt RS
%Y 237 FIPVE % (MOI=0.02) 2 % 12 AC # p i (1X)~ w2 ke (1X)
2 CKI1 72 (01X)~ e ke (1X)~ 2t B &% (0.1X) #3E P AR 2 mie &7
FIPV g2 24pt 5 HEF LB D3 FF (p<0.05,n=3)>a AC % *t R & 2 f fe
Peplap arck (B 3-4) WREERFXR 2% (B 3-5) 7 %R FIPV
RArdlex Poe k= > @it AC 22 CKl 3B 3p AL B Pl s 1 fmbe 5
A A AR %] CPE A2 S EF KLA RS FEE FIPV g %
25 (B 3-6)> 12 10%PBS g adZ2 4 47412 FIPV-N 353 2R a X g %2
w5 @ GS-441524 &gl p A FIPV pmd gl d 4 {0 ¥ ke
A2 AC ¥ CK1 E B4 75 A wp g3t FIPV £40e { & 4 ®H g 4
o hmie 2 [ Flp A slAc e @ & R > G BLR TR S e L

RERN AN Y g A L sd RFARE Tl @ * gPCR #
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FIPV-N viral RNA #7245 « § 5% %% 4n (B 3-7)> 2 AC & CKI ¥R 75

FPP Il N 2 mA AR EE ARG IL 2 fipdle g ELL A AC

g P ?‘fi_’@:iﬁm?é O /‘;_3'%%/1 v i ’«L/?'J =gl )ﬁ?—‘* ';"Fi_ v H s @‘E’_E'JE é
B eaBF LR FEITH AR ASAFIS TS LR LRI BT Ik Y

B 5] TIRBERAS AL AR G P ERNOEAB LT Apd £
Pomd i a4 2 G SR EERE B R A RAN T DR

AEH 24 L PEN 2 v AT o

I UTHREFFBPAILE FIPV B %% 2 55 i
AP hE TR ttsﬁﬁ%@; % fowf-4 tmre (MOI=0.02) 1 * BB
RIER T LG ipfrask o e 3RS 0ng%? (B 3-8) GR A 2w 3555
100% > @ FIPV &5 g %+ 5123 F 10% PBS # %% fAdZ2 f 4r4le - 1
FrAle i B A m S (801 3uM GS-441524 22w X FIPV g4 2 % & AC
R s e BER R R E SO AFE R A B R 1X 00X 0.01X AJET ¥R 2
BEFH w2 355 pE ol i CKIL P2 p R~ lm e fBE2 %2 R & 2T o
2 FIPV R4 2 w3553 BER 49%# =3 70%12 2+ (p <0.05 n=3) &
CKI-CW0.1X A2 27 B 33t 4 B o) % Bc R X g 2 w2 (B 3-9) & PBS
R f Frdlied Wb it b TG RS almie k= @ i CKL X P pan
JodL T (AR LR b T %N ( cytopathogenic effect, CPE ) » % g 4 thim¥e
géﬁi‘ﬁ?ﬁﬁﬂ_ﬁm"et},’\ﬁ A8 S @ H - w7 A nFS R E e 3 BB R
flegprt Himre k= 2 2R PR > BT FIPV DARR L Fmep > kX &
PERARSF M 30 - HRARpES e RARFA % LAFREI 2
#- FIPV-N H fRpoi4r ¢ § el > 0y el 22 B e S o (W 3-

10) CKI1 #&ph i ~dmre 2 52 b R & F dB ey 2 P A% i< FIPV g 4 B 25
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R F G B AT dER s A 4o FIPV B $irdle3o3 47F o ¥ b 4995 T 2
PR L4 F i (QPCR) 2B %2 2% (B 3-11) £ g % % & CKI lnse
FE(1X) AJ2™ € B ¥ i 4o w2 ¢ FIPV-N &1 RNA £ € CKI1 % pj(0.1X)
g R EH (IX) RIAMFELE &t b Find wrlslapd £o) L0

CKl %t REF e s b F & 5 F BF R (p<005) A 5T HS

ek

A E A BN A e G R o A P %RES 0 CKI FBRE
Bofrhi R A KR W re b dmie o a B S X R R e chlm e g 0 5
PR BT L] FIPY 3 i S 8 LR i # 8 2 e 1

s @AM E w2 PR A R e S

RRCE & E-Y- 5 R L SR
BERILZ B ER A FIPV wn rdZ R 18 g2 5 »ae = wie 38 F 2 fh &

EFRR T T AF A S A e H s S o {345 MTTassay #% %% H o
(R 3-12) ¢ AC/CKl FthEPd 22 ooy 2 i HF R 4 wre 5755 5 @
CKI/CK1 = &% 7 INT (0.1X)/EPS (1X) & EPS (0.1X) /EPS (1X) /i
ReERFHEEFE A dledime 3557 BFORA (p<0.05)> £ H 1y
INT (0.1X) /CW (1X) ARk = 7§ 45%hiz a5 > Hdrd| = sk B id o
P AT A BRI Rk 0 AC/ICKL 7 FtRehim & 5 doif o hF AC
EBboa R AW nIE S G B etk & CK1 A » (55 B %2 0

AR D3 ARNIE B e A e 3R ehr o @ 0 CKL A F B e R
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P8 TRBATRFAFIRLES (FIPV) 51 % fupd & 05 %
37110 mRNA £ 2 E2 BF

AR TERRREFESF B (QPCR) S Hpd 2 H I me T
RNA A F ¥ Eoe gl a2 2 41e2 7 FAuLe (AC CKI) #ip
HIXE e Fpd LXMW feline aminopeptidase N (fAPN)~Fups # 4p B 2L F] MX
Dynamin Like GTPase 1 (Mx1) £ interferon-stimulated gene 15 (ISG15) - i#.3
X #p B 2L F] tumor necrosis factor alpha ( TNF-o)~ interleukin 6 (IL-6)- interferon-

B (IFN-B)> i~ # 1 fapmd (v H YRR FEPH T THFL e A2 2 P

- ;)Igs{. Rk

L fowfd e £ 3| FIPV g2 (MOI=0.001) &% 0] F ~ 10 ] pF ~ 20 -]
P Bimie ¢ RNA I % FIPV-N 27} it AL 73 (7 4 47 ¥ 12 feline GAPDH 1% &
pA% %7 FIPVN FREUHFLA LT 0 RFIEI AR Hipenp R4
Tl e B GR L ERFI R A 32 8% T FIPVN 438 22 2
BH 10 PR ER AT 10T o A AR A 20 ) PFRIBEFH D 10 -
Fid e XA fAPN AXpma 2485 10 B FEF 292138 (p<0.05)
PEERLEF 20 FEGRE LT EHFLE % FIPV g 42 e ? jup+
A7 Mx1~ISGI5 % 8 £ 4phf &£ 7] IL-6~IFN-B ¥ i1} A 24 iz R % 23 i
BE 2% Khair £ 4302022 #8802 25X A 4pis IR E T A2 etk
A B ¥ by TNF-o RIETRE 1% 20 1A D HE mRNA 2 &3 7]

PRAN TR R R R ER S PR TER R -
BN =

BARPHEGY 0 B AT R FETP S fowld R FRRE 24 )
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¥ 20

%‘»

" FIPV s 7 %> I3 5P b g2 18 % 20 [ pF (B 3-13) & F & 8 %
LB (B 3-14) 40 5~ 75 4 de e PELEE (7385 0 R BTED K LT R/ E R A
B A FI AL B o Bl 3-13 57 AC & CKI ¥ B fdmts i v pE ¥ k2 8 AR B

AT R RBEFRESHET > APN ehd RE &% 7] AC Wiz k22 CKIl ¥

P RSLEOR TN L e i (R 3-13.A) ﬁi@i&%@izo%%
T ABRRINEIRE(B3-14A) FPr AR L8 nime X B AR Limie g B

GdmA A AT 5 o e £ FIPV B 423 AC CKIl P frinte AT

ARl e A FRS Mxl A RE A HFEATF ISGIS 22 RER

ey

P I Ry 2 (B 3-13BC) > 7 8 ik S50 20 Bl PEEE > A

&,

T3 FRABAER TR RHF AL LRI L FHFLE (B 3-14B-C)-
¥k AR AT TNF-a 2 6 0 % G 4 m+ 502 AC~CKl 2 % p 2 2w
RERIZ N AR A RS EAREY 20 2 60 B > A CKI R EFHAT Y
126 (M3-13D)e G effiesmi? &4 FIPV20 | il AC % P R 22 twe
BEAST v il He Rl VB F B ir e i ME 5 A CKl B FE R Aot ¢
ABET R % (K 3-14D); 33 IL-6 & IFN-B 384 » &d k¥ e fs HE Bt
AL TR E P RS (B 3-13~ B 3-14E~F) - #4510 F scif » & FIPV g %%
AC~CKI z BRI B4 i 593 k= Mxl 82 TNF-a #RE > H7 AC % p
P RIRT e 2ug ISGIS g2 A & FIPV B %18 % 20 -] P& > TNF-0 04 3R
BHMTE 0 A B ANRET AC HH I AR 2t Aol e § 4 RE Sk

RIE -

SRR 2
Bip BT o PRI PR LG X 7] FIPV R A1 % 20 B/ P e s

3 A FIPV B % a 000 Fie s fBgr ALz i (11 0 R 4~
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BEAE R R TEFF LT E (qPCR) 58T 2 %HmATE 5 %3 FIPV
B2t fowf-d4 fmrz 1 CKI % Ry imve BEAST 1S % 20 B/ BF » 2 fAPN 4
REMFENBRLEBR A G p3 HELWAREE N N £
AR E 4 A E (B 3-15.A)°Mx1ISGI5 % 4 #upm# 4p M 4 %] ISG15
i g 4 FIPV ehiFmT™ 2% ¢ {5 A 73 {3 42M > 7 CKI % p
R e RERIT (S ehdmre ¢ pra W R /AL G 15 BUE 4 BReadRE T T
Mx1 73 4plke + =2 codg4 > @ %““))%Jr},g‘;—’lbmyie’}& R al R LRI iy
% (B 3-15B~C)o ¥ ebsi5d CKl 2% ~ mie k22 72 ¢t B & $ 2?2 0 6
H R AT TNF-o ch2 REFHEFRZ FIPV ¥ 3 Exaod 22 4 AR
Fopa 20 CKL % i 82 o ie B e @ e ip| TR 2138 = > 30 2 H 3% A 2 e R 8
v CKI1 wmre kEdEa® w % ik (B 3-15.D);: Apt# » ¥ ¢ 38 A 7] IL-6 ~ IEN-B
P R A CKl £RAFPFFAIZET ¢ ARPII S el 3 3 FhiRE >
FrHERFIZ Ct B 5 30 > 4 ipIFl2 mRNA 2R E i (F
3-15E~F)o s ko CKI FMEP4 i 57" rOp 3 32 & S48 fAPN ~ 2 4o
Fid AT MxIVISGIS 230 @ & g% R A ap { £ Tl kk TNF-a
gkl Ve CKl dimie 2 X MARADSY EEefmeifd &b

£ 4 o
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(A) LN (B) AC
1501

Cell Viability (%)
Cell Viability (%)

150

—

=

=
1

h
=
1

Cell Viability (%)

Bl 3-1~ 1 5 32 4% F 5 B T fowf-4 dmz R 24 0] P2 fmie & PRI o

Figure 3-1. The cytotoxicity of Bacillus extracts on fcwf-4 cells for 24 hours
administration. The data are shown as the cell viability of fcwf-4 cells co-cultured with
the strain extracts from (A) Bacillus amyloliquefaciens LN, (B) B. velezensis AC, and (C)
B. licheniformis CK1 for 24 hours. Values are mean + SD from three independent
experiments. Statistical analysis is performed by Student’s #-test. * represent significant
differences comparing to control group (p < 0.05). INT: intracellular fluid, CW: cell wall
fractions, EPS: exopoly-substances. 1X: 100 pg/ml, 0.1X: 10 pg/ml, 0.01X Ipg/ml in

PBS.
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231 TREFEHARESFZIHERE Y T E

Table 3-1. Total sugar and total protein contents (%) of Bacillus exopoly-substances (EPS)

EPS recovery (%)  Total sugar contents (%) Zﬁ‘;tﬁ ;‘s)(t‘:i: I)l

B. amyloliquefaciens LN 0.101%0.026 2.333%0.179 12.8210.36
B. velezensis AC 0.09410.01 1.85%0.299 14.28%0.176

B. licheniformis CK1 0.15710.021 0.47610.05 8.2310.219

Values are mean + SD from three independent experiments. EPS recovery referred to the
percentage of EPS crude extract weight to the culture medium. Total sugar or total protein
contents were expressed as the proportion of sugar or protein concentration to the EPS

extract.
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Control 102

8] 3-2 ~ Feline infectious peritonitis virus ( FIPV ) :f,ia:i ey T E B e
Figure 3-2. FIPV titration by performing plaque assay. The numbers show the dilution

levels from original virus stocks. The results were recorded as plaque forming unit

(PFU)/mL.
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150+

© 1004

Cell Viability (%)
2
*
*
*
g 3

.+
+
-

Dilution level

B 3-3 v Fewf-4 wm?% >t FIPV B 4 24 /] pF2_ %% G5 % -

Figure 3-3. Cell viability of FIPV infected fcwf-4 cells at post-infection 24 hour. Values

are mean + SD from three independent experiments. Statistical analysis is performed by

Student’s #-test. * represents significant differences comparing to mock grou <0.05).
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Figure 3-4. The cell viability of fcwf-4 cells infected with FIPV after pre-treatment with

Bacillus extracts for 24 hours. (A) AC and (B) CK1 post-treatment were administrated

before FIPV infection (MOI = 0.02). Values are mean = SD from three independent

experiments. Statistical analysis is performed by Student’s #-test. * represents significant

differences comparing to FIPV group (p < 0.05). INT: intracellular fluid, CW: cell wall

fractions, EPS: exopoly-substances. 1X: 100 pg/mL, 0.1X: 10 ug/mL, 0.01X: 1 pg/mL.
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Figure 3-5. Cytopathic effect (CPE) of FIPV-infected cells after pre-treatment with
Bacillus extracts for 20 hours. (A) Mock, (B) FIPV, (C) GS-441524+FIPV, (D) AC
intracellular fluid 1X+FIPV, (E) AC cell wall fraction 1X+FIPV, (F) AC exopoly-
substances 1 X+FIPV, (G) CK1 intracellular fluid 0.1X+FIPV, (H) CK1 cell wall fraction
1X+FIPYV, (I) CK1 exopoly-substances 0.1 X+FIPV. The black bar equivalents to 300 um

in pictures.

46

doi:10.6342/NTU202302799



DAPI Alexa 488 Merge

Mock

FIPV

GS-441524+FIPV

AC_INT 1X +FIPV

AC_CW IX +FIPV

CKI1_INT 0.1X +FIPV

CK1_CW 1X +FIPV

CK1_EPS 0.1X +FIPV

47

doi:10.6342/NTU202302799



Figure 3-6. Immunofluorescence staining for FIPV infected fcwt-4 cells pre-treated with
Bacillus extracts. Cells were treated with 10% PBS (Mock and FIPV), GS-441524 3 uM
(GS-441524), AC intracellular fluid 1X (AC_INT), AC cell wall fraction 1X (AC CW),
CK1 intracellular fluid 0.1X (CK1 _INT), CK1 cell wall fraction 1X (CK1_CW), CKlI
exopoly-substances 0.1X (CK1_EPS) for 24 hours before FIPV infection (MOI=0.001).
Distribution of FIPV was visualized by immunofluorescence at post-infection hour = 16
h. The second antibody used for FIPV-N was labeled by Alexa 488 (green) and nuclei

were counterstained with DAPI (blue). The white bar equivalents to 100 um in pictures.
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Figure 3-7. The effect of Bacillus extracts on the RNA expression level of FIPV-N under pre-
treatment strategy. Cells were pre-treated with 10% PBS (FIPV), GS-441524 3 uM (GS-441524),
AC intracellular fluid (AC_INT), AC cell wall fraction 1X (AC_CW), CK1 intracellular fluid
0.1X (CKI1 _INT), CKI1 cell wall fraction 1X (CK1 CW), CKI1 exopoly-substances 1X
(CK1_EPS). Values are mean + SD from three independent experiments. Statistical analysis is
performed by one-way ANOVA followed by Tukey’s multiple comparisons test. Different letters

denote significant differences among groups (p < 0.05).
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Figure 3-8. The cell viability of fcwf-4 cells post-treated with Bacillus extracts after FIPV
infection at post-infection hour = 24 hours. (A) AC and (B) CK1 post-treatment were
administrated after FIPV infection (MOI = 0.02). Values are mean + SD from three
independent experiments. Statistical analysis is performed by Student’s #-test. * represent
significant differences comparing to Mock group (p < 0.05). INT: intracellular fluid, CW:
cell wall fractions, EPS: exopoly-substances. 1X: 100 pg/mL, 0.1X: 10 pg/mL, 0.01X 1

pug/mL.
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Figure 3-9. Cytopathic effect (CPE) of FIPV-infected cells after 20 hours of CK1 extracts
treatment. (A) Mock, (B) FIPV, (C)FIPV+GS-441524 3 uM, (D) FIPV+CK1 intracellular
fluid 0.1X, (E) FIPV+CK1 cell wall fraction 1X, (F) FIPV+CK1 exopoly-substances 1X.

The black bar equivalents to 300 pum in pictures.
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Figure 3-10. Immunofluorescence staining for FIPV infected fcwf-4 cells post-treated
with CK1 treatment. 10% PBS (Mock and FIPV), GS-441524 3 uM (GS-441524), CK1
intracellular fluid (INT) 0.1X, CK1 cell wall fraction (CW) 1X, CK1 exopoly-substances
(EPS) 1X treatment were administrated after FIPV infection (MOI = 0.001). Distribution
of FIPV was visualized by immunofluorescence at post-infection hour = 16 h. The second
antibody used for FIPV-N was labeled by Alexa 488 (green) and nuclei were

counterstained with DAPI (blue). The white bar equivalents to 100 um in pictures.
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Figure 3-11. The effect of Bacillus extracts on the RNA expression level of FIPV-N under post-

treatment strategy. Cells were post-treated with 10% PBS (FIPV), GS-441524 3 uM (GS-441524),

CK1 intracellular fluid 0.1X (CK1_INT), CK1 cell wall fraction 1X (CK1_CW), CK1 exopoly-

substances 1X (CK1_EPS). Values are mean = SD from three independent experiments. Statistical

analysis is performed by one-way ANOVA followed by Tukey’s multiple comparisons test.

Different letters denote significant differences among groups (p < 0.05).
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Figure 3-12. The cell viability of fcwf-4 cells treated with AC and CK1 extracts
combination before or after FIPV infection (MOI = 0.02) at post-infection hour = 24 h.
Values are mean = SD from three independent experiments. Statistical analysis is
performed by Student’s #-test. * represents significant differences comparing to FIPV
group (p < 0.05). INT: intracellular fluid, CW: cell wall fractions, EPS: exopoly-

substances. 1X: 100 pg/mL, 0.1X: 10 ug/mL, 0.01X 1 pg/mL.
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Table 3-2. The mRNA expression level of virus binding receptors, antiviral genes, and

pro-inflammatory genes at different time points following FIPV infection in fcwf-4 cells

pih=0h pih=10h pih=20h
Amplicons Mock FIPV Mock FIPV Mock FIPV

FIPV-N N.D (log10)0.016%0.56° N.D (logio) 42413 46" N.D (log1o) 6.28+5.93"
fAPN 1.2240.81 1.96%1.11 1.10%0.46 2.1310.09" 1.91£1.27 1.70£0.18
Mx1 1.05£0.32 0.9910.2 1.0310.25 1.24%0.3 1.05£0.32 1.08%0.12
ISG15 1.0510.31 0.79+0.18 1.00%0.12 1.2710.32 1.01+0.15 1.5110.34
IL-6 1.18%0.6 0.36%0.18 1.0210.2 0.86%0.17 1.1110.51 1.69£0.63
TNF-a N.D N.D N.D N.D 1.0310.23 1.29%0.5
INF-p 1.1610.54 0.2710.18 1.01%0.17 1.54£0.19 1.1610.65 2.46£1.03

Values are mean + SD from three independent experiments. Statistical analysis for FIPV-
N is performed by one-way ANOVA followed by Tukey’s multiple comparisons test.
Different letters denote significant differences among groups (p < 0.05). Statistical
analysis for others genes is performed by Students’ T-test comparing to Mock at the same
post-infection hours (* p < 0.05). N.D represents None detected, pih represents post-

infection hour.
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Figure 3-13. The influences of mRNA expression level in fcwf-4 cells pre-treated with
Bacillus extracts. (A) fAPN, (B) Mxl1, (C) ISG15, (D) TNF-a, (E) IL-6, and (F) IFN-B
were quantified by qPCR and compared to control group. 10% PBS (Control), AC
intracellular fluid 1X (AC_INT), AC cell wall fraction 1X (AC_CW), CK1 intracellular fluid
0.1X (CK1_INT), CKI1 cell wall fraction 1X (CK1 CW), and CK1 exopoly-substances
1X (CK1_EPS) were treated to cells for 20 hours. Values are mean £ SD from three
independent experiments. Statistical analysis is performed by one-way ANOVA followed

by Tukey’s multiple comparisons test. Different letters denote significant differences

among groups (p < 0.05).
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Figure 3-14. The influence of Bacillus extracts pre-treatment on the mRNA expression
levels of virus binding receptors, antiviral genes, and pro-inflammatory genes, with or
without FIPV infection. The quantification of (A) fAPN, (B) Mx1, and (C) ISG15, (D)
TNF-a, (E) IL-6, and (F) IFN-B, were performed using qPCR at 20 hours post-infection.
Values are mean = SD from three independent experiments. Statistical analysis is
performed by one-way ANOVA followed by Tukey’s multiple comparisons test. Different
letters denote significant differences among groups (p < 0.05). AC intracellular fluid 1X
(AC _INT), AC cell wall fraction 1X (AC_CW), CK1 intracellular fluid 0.1X (CK1 INT), CK1

cell wall fraction 1X (CK1_CW), CK1 exopoly-substances 0.1X (CK1_EPS).

58

doi:10.6342/NTU202302799



(A)

2.04

fAPN

Fold Change
S

\\\\\\\\\

20 c

Fold Change

B 3-15~ CK1 FB 3055k T 4 fowfd e ¥

=20h)-

B) Mx1
20- R
ab
o 15
&
=
H
v 104
=
= 5. by
Y IPTAlE
ol | 1l 1P Eml 1] 100
g rLS SN
7 P *:\/p/\/
[l el

Fold Change

ISG15

Fold Change
.

Fold Change
i

im
I

Figure 3-15. The influence of CK1 extracts post-treatment on the mRNA expression

levels of virus binding receptors, antiviral genes, and pro-inflammatory genes, with or

without FIPV infection. The quantification of (A) fAPN, (B) Mx1, and (C) ISG15, (D)

TNF-a, (E) IL-6, and (F) IFN-B, were performed using qPCR at 20 hours post-infection.

Values are mean = SD from three independent experiments. Statistical analysis is

performed by one-way ANOVA followed by Tukey’s multiple comparisons test. Different

letters denote significant differences among groups (p < 0.05). CK1 intracellular fluid 0.1X

(CK1_INT), CKI1 cell wall fraction 1X (CK1 _CW), CK1 exopoly-substances 1X (CK1_EPS).
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Fr g e

WEAMELEE (FIPV) - BEREEDFRES HSHREE
2z 3424 FPRF2AEY B (Tanaka et al, 2022) ¢ G ¥ ¢ 55 Fa ks
Ao %k 7R E o P oo ’ﬁF"?E:}F] A1 — 2 4e GC376 ~ GS-441524 % & 4 it 43
RS SR ERERR P EEFPERS ARE R RFIIRELPRY - F 2
AR i n ey T8 R RARIF I BFFAFRLFpd a0 T8
BEFLALE RS2 8 v’F*Fp"J:}rﬁfr AHARLBEEETE AN T ERS AR
RA2EY pBrER A P F A REL T IERS 2 AR Py Ao dr B GO
RARE > A Y S R E F A RE L T 32 4% ) Bacillus amyloliquefaciens LN
(LN) ~ B. velezensis AC (AC) % B. licheniformis CK1 (CK1) B4 » & 7 % p
i# (INT)-~ fm®e k& (CW) % 5 #h B & 3 (EPS) 2 # FIPV i 4 # % 4 m¥% 4 2

QEER T S PRty

-~ FREFHIFF LIRS BILER

AEFIEFASE N A R RRFR L KL E 2 AL TR E B
amyloliquefaciens LN (LN )~ B. velezensis AC (AC) % B. licheniformis CK1 (CK1 )
At B EF P 0 AC & CK1 # fowf4 wme a7 £ 5 1> ¥ 3§ &% 030
FHUpS % 0 LN % ) & mie BERI A BT e e LG AR g cd 1 R
BEEFARk LAy 5 ATHRER AL Eedrd s amylosin § FRef LB H
Ppdm S N & e SR8 o3 4& ¢ (Rasimus-Sahari et al., 2015) » # B %8 ¢t R

BINZAPI IR 2R LM RBL AL T AAFETY R T ZFREET

]

% FIPV g R lmie2 3855 ¢ ZIEF ~ ok 2 B & 2 - CKI E’TF%WEF\ AR
PeREE PR b B Bt :‘—féﬁ\““ TR e A2 P R 0w CKI FepoR

(0.1X) ek S ditsm AC % P22 e BRI AL Kok ¥ § ks ek s
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AR B2 AR R EASL K AN S EEF R S HARISR &

iﬁﬁiﬂ%dﬁfbm%W@%A% g el i 7 8 R B A

FRET LT R H B ETF oAt BB CKl ¥t i s 2ok
5B E M SR T AC ¥ CKI 734 e (7% cnfd] ¥ & Flddam 3 4p
Fprak i F 2 CKl 5fofppe R X pd g 42w LG {4 Wb
R BT WP A AJEeni T CK At i mie 3ok 85 0 I kB R AR
B R RS hEA S Mo B e AT RS PR & 3R
% B R PR ot AR GEEFRLF VA FIEFF A T A
Sl4e2 2 F o AR * ¥ 4 k3F 5 iRg (Shyretal,, 2021 ) 2 iEf* £ 5 ¥ %
A4 FBERE AT fOTEY L LR S &b FIPVN S RE > &7
B ia R Rk ¢ ABLR T T B g > B M T Y 3P F I B4 &2 4] FIPV
AL A ARk R g A e P T

BARBFATY L CKl $P b dgrz SR 4 me b= fEk? FPREBDR
fewf-4 twie iz B3 hiv 4 o B licheniformis w3 53 ¢ v LG fupa
o ? oo Bt AR S A s EE 02 & % surfactin ﬁ?:}“@:fﬁﬁi TEAAE PR 49 "8 X Vero wmre
¢RI AT AR F & R (Pengetal, 2019) 0 &R H A A 2wt S BERL S
(EPSp) it #34r+| enveloped & i& » % 1 W% > 7 ¥ ¥ non-enveloped 54 i
£ 10 I 2% (Sanchez-Leonetal.,2020) » Tt 5 4 coffsg s E4 o {27 b > 7 i
ERoxt A o e AP T W AERT R AZBF TS AT HALRE
# EPS #rz e A¢ (Bl 4-1)d % 20k F0 Bied 12 5§ o P & Pijik
B RLAFPAFEAF RSB I SHEREF Y FERS A AT R
TP EA BB BARI RS AR PERF IR A KA S E

2 EPS i ¥ i 7 2 g A e U % 5u (Bello-Morales et al, 2022) 3 @ 7 32
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B~ &1 > ¢33 MyD88 dependent pathway # TRIF dependent pathway -3t 5L
BT ET FE T+ (IRF3-5-6 o NF-kB) #3R > i&d &% - 3|+ 3
% IFN-a 2 IFN-B £ s> #£F T A %4 Mxl 2 ISG £ A X D psis ¢ 4
BIAE® @ D e R4 G F o TLR iy Bl g LA F Bankic? &
4k (Lundetal,2004) FIPV B H 3% RNA 4 > kdjm R AL E R %%
5 H¥itd TLR3 = TLRY F%3k o @ ¥ b5 7 B FIPV nspS F-v¢ €35
¥+ 2] NEMO 4 & ##r4] IRF3 mipeiti&m Fr % - A F 2 04 4 > R
FIPV 54 i sg @ fl e & & 5 (Chenetal ,2019) (B 4-2)- { § &%4pdi >
fowf-4 m% @ IFN-B eh% E g 4 type[IFCoV (79-1146 ~ 79-1683) 5 ¢ &f
F 13t % typeIFCoV (KU-2~UCD-2~UCD-4~Black) 2 Mm% > & ® % %5:iF UV-
inactivated 18 £7 7% g 4 s % 4 1 R (Doki et al, 2018 ) o ¢ 3% type II FCoV
td type I FCoV fr type Il £ 554 (CCoV) 2 FenfiFllod w4
(Herreweghetal., 1998) » @ &€ W A F1 % #4235 &30 2 @ 5k 54 <0 ORFIb ¢
9 nspld (1ot 7 5 )~ nsplS (PR tipeph *» f%) fv nspl6 (2-0-7 A& # pF)
§4rd] IFNB A T4 d > 24 nsps 4325 7 2k 2 PRR @45+ RNA -

TEREE R Z2TRIENEEEN RTEF LI E A EE A HEAT G
Tz FE 4 AR 0 b FIPV B % w530 20 ] pER 552§ g s] IFN-B 4
RBHE o2t~/ M2 FIPV g %8 fAPN - TNF-0 2 E 9 { 87 >
Eviimbe L A0ty > GRAEERE L ed fAPN 2 REF 2 FALE > 7
W S R 2V il » B ERFHELARE X P2 E w TNF-a hkR
F it 4p k¢ (Takano et al.,, 2007 ) > &A% 3 ¢ 12 FIPV R %4 {éenfm®e @ fAPN -
TNF-a AFl2 2R EMFEGLE AR LE > FH LGS CKI FHE P4l
A HA g tAp o TNFa 2R E X fljn &2 hiFin™ & @ dj fish

fAPN 230> |7 B 458 L AP LR > o4 CKl %t R & k2™
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PKR %A F|4pF > Mx %@ IFN-o/f 2 IFN-A enfijge> 7 2 8 5 ‘w2
#ck 4o IL-1 & TNF-o {7 3 5 Jis (Pletnevaetal., 2008 )o ¥ #b »» 5 7 5 45 ) & IFN-
a flxT ISGIS sfysg2 = > @ ® ppFrr FIPV (MOI=1-+0.1~001) g %

e R FIRE A ILE e % (Chenetal, 2019) ¢ i > AFE ¢ 7 Y

BLET] fowf4 fwmre X FIPV R % {325 f§% ISGI5 & Mx1 F Ji 5 7 i &
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CKl1 #2 pjg ~ fmPe k23 AC P2 % chad® (8 i S % 1 ISG15 bk’—rﬁ%:}’m))—%é
Fl Mxl F RH Rt v L ERwe 3EF A PRFL- od i P
Bie mj AP £33 RkpE (PICV) RBAMEio 2% B
velezensis & 2 FBRE(T S B 7 o AR 18 Ay 59 "F ML T B R0 -‘[fﬁ«%%ﬁﬂ!’_@_ » I
#= 7 IFN-y~Mx1 % signal transducers and activators of transcription 1 ( STAT1 )
e ILE (Tsaietal., 2021) °

B kFE o AC & CKI 54 % fAPN-ISG15-Mxl 2 TNF-a 3 7 F 4%
R FEAE > m ARV R WAt L 8- HhiFFaits e 726+
% IFN-a &2 #8 TLR 2 x @582 H i AF LR B @4 NECIERE R CR Ll
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