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Rz

RS B2 — R IEBE RNA W55, HAS SRl BE R AL RRGH, Aol 2 fh
WP TE . TEAGTE RIS RGBT . BT R 5 1 = A, 2 PR X B A8 &
IR TP BT BT B G HE AR BB R BRI ARG I A R4 CRISPR
RS E T AR R W TR e LT, X erE N T B BTN R )
FE RN PU B AR AL B A A o AR S 8 = T AR BN A AR etk B B R
(Transmissible Gastroenteritis Virus, TGEV)1g 3= Bl 1~ ) 4= 3 K 41 <2 2 i e b & 9L,
FUT8 %Ak ox B3& i TGEV WIS M|, Akt —PIRE FUTS HEIFZI e
W 5 | (1 BAR 7 AL

AT N AR LT NN
1. ¥ TIEEHEF FUTS, AL FUT ZEMIEBRRA, & TGEV EHlpr R
wmEHEF.

T, BAIE T FUTS &R (FUTS Knock out, FUT8-KO)4RL &, Jfilid
EIEFBMIE . TR e A Western Blot (WB)Z55RIIEM] TGEV 7£ FUTS-KO
i R B EH B s R A AR FUT KR HARR 9 (FUT1-5,
FUT7 Al FUT9-13) E#] FUT ZCR AR R 5210 T TGEV E il 120 4% FUTS &
F. i LR, FUTS j& TGEV &l At 75 ) <8 15 £ H 1
2. TGEV HIEHIKIT FUTS B 0o b R A B TE 1 .

NBE—BR T FUTS Bgiixf TGEV ZHI RN, AT FUTS 41 [l Kb s ki Al
BRI O 15 RAZ TR FUT8-R365A i KA [HI 48 FUT8-KO 4tiffirr, 45 H R
SRS O A 5 FUTS Lk " TGEV MKl th4h, 7EfH FUTS BEE 0 HI7)
2PF Ab3RZHM S, FRATRKI TGEV HIEHIRE /) 5K E 2 B k. BLE
LZEAER, TGEV HIEHIIKIT FUTS HIA% 0o SRS R BES E
3. FUTS @it 0a BB IR R pAPN T TGEV AMRHIE .

T Ik fof P 325 SRR LS A i P S RS U FUTS-KO 4l TGEV BUEE RNA A ik
500, FATUEW] TGEV £ FUT8-KO 4 H i) - 52 i 7 B 32 401 o (H EL % 4 TGEV
(R AL E TR J5, TGEV £E FUT8-KO 4HJifl 3 1) 5 il B BLis A7 52 24 o W5 BRI 4K,
S S5 R TGEV MR B 40, 57 L 560AIE B FUTS i@ id By % 4% TGEV
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[INAZ B B . S2B 5E B PCR(Real-time quantitative PCR, RT-qPCR )1 i it & S 56 (1) 45
SFUEW, 7ET6 1400 TGEV 2454 2 55k N (pig amino peptidase N, pAPN)# % i
—HIEH N, TGEV S A& FUTS-KO 4iffl I pAPN HI&CR 5 EB#K. 42 1, FUTS
T A% U 2 B IR AL B TE VR TR % pAPN IS4 TGEV A\ 12 .
4. TGEV 324k pAPN N736 L 5 % LA BEREIL S S TGEV AR,

fEE I NS & S EIE B FUTS-KO #17ifi] TGEV S 215 pAPN 4G )5, A0t
RIJE T pAPN 2K KA T KA pAPN-N736A A8k, i i ek & Sz A s
RilE SR IE A pAPN N736 i sl A% O 5 BB AL T TGEV AR B S L 4% oK,
FRA 38 Ik P R A S B0 B FE T A F APN A RS2 A 1R A A G M RIS 4% 973 B3 (Feline
Infectious Peritonitis Virus, FIPV), iEB izl BE — @) ik,
5. FUT8 @M TGEV S & [ IE % Rk Nl 2k 7 I R«

I T RS Fih £ S ) 45 R B FUTS-KO 4l E3RIAM TGEV S N1RAE 15245,
WB 45 R NKIEW TGEV S & (7 HEK293T-FUTS-KO 4 iy 186 ik ™ B A2 41, 6
TGEV & 4uME v [ Fki J5 , RT-gPCR HI45 R3] FUT8-KO 4l i+ TGEV S ) mRNA
KV SEAERREAEEER, HARGACPIRTE AR, EE#HNNEM WB 45
FRAUEW] TGEV JR Rt 7Bz 28 Z 0] . PLESEREW], FUTS-KO ilid {20
TGEV S 1 [ 1% I KA B RL 1 T8 o
6~ FUTS Fix BRxt HAth e PR I3 2 B 161 K R o

AT M T Huh-7-FUT8-KO FlI VeroE6-FUTS-KO 4l &, FF¥IE T
HCoV-229E #l SARS-CoV-2 HIEHLHUR, K I FUT8-KO Xf T HCoV-229E HK4L %

SO, (HEZE G T SARS-Cov-2 HE . RS SLiiE ] SARS-CoV-2 7E

FUTS-KO 4t I NZBY B 245, WB Fil s ) s fil - 1 38 B SARS-CoV-2 S 2111
RikZ . L EERERY, FUTS-KO it SARS-CoV-2 Z il Z M B .

g bR, AWFFUEN] FUTS & 2 Mo R 8 & i B o /5 0078 36, IRt
T3 B AR R 25 R T B AR .

SR R B AR EBE T FUTS: APN: Al el

i
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Abstract

Coronaviruses, a group of rapidly mutating and widely disseminated single-stranded
positive-sense RNA viruses, are known to cause diverse respiratory, digestive, and
neurological diseases. Given their high mutation rate, vaccines and antiviral drugs
specifically developed against these viruses often fail to provide satisfactory protection.
In recent years, genome-wide CRISPR screening has identified multiple host factors
crucial for coronavirus replication, offering promising targets for antiviral drugs and
providing a theoretical basis for disease resistance breeding. In our research, the FUTS
gene emerged as a significant suppressor of Transmissible Gastroenteritis Virus (TGEV)
replication during genome-wide library screening of porcine host factors. This study aims
at delve deeper into the specific molecular mechanisms of FUTS8’s impact on coronavirus
replication.

The primary objectives of this research encompass the following six aspects:

1. FUTS, distinct from other FUT family members, was pinpointed as a crucial host
factor for TGEV replication.

We established a FUTS8 knockout (FUT8-KO) cell line and observed a significant
impairment in TGEV replication through supernatant titration, indirect
immunofluorescence, and Western blot analysis. Subsequently, we knocked out other
FUT family members (FUT1-5, FUT7, FUT9-13) and discovered that none of them
exerted a comparable effect on TGEV replication as FUTS. In conclusion, FUT8 stands
out as a pivotal host factor for TGEV replication.

2. The replication of TGEV relies on the fucosyltransferase activity of FUTS.

To further elucidate the impact of FUTS8’s enzymatic activity on TGEV replication,
we reinstated FUTS8’s functionality in FUT8-KO cells by overexpressing both the
full-length FUT8 and a mutant, FUT8-R365A, with a disrupted key enzyme activity site.
Notably, FUT8-R365A failed to restore TGEV replication, indicating that the enzyme's
activity is vital. Additionally, treatment with the FUT8 enzyme inhibitor 2PF revealed a

strong negative correlation between the inhibitor concentration and TGEV replication

il
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ability. These findings collectively establish that the core fucosyltransferase activity of
FUTS is indispensable for TGEV replication.

3. FUTS8 regulates the invasion stage of TGEV by modulating pAPN through its
enzymatic activity.

Using transmission electron microscopy (TEM) to visualize intracellular processes
and detect TGEV double-stranded RNA synthesis in FUT8-KO cells, we observed a
significant impairment in early TGEV replication. However, after direct transfection of
infectious TGEV clones, we found that TGEV replication within FUT8-KO cells was not
inhibited. Adsorption and internalization experiments revealed a specific impairment in
the invasion phase of TGEV, which was further supported by inhibitor studies
demonstrating FUT8’s enzymatic role in this process. Real-time quantitative PCR
(RT-gPCR) and membrane fusion assays subsequently showed that while the expression
of the TGEV receptor, pig amino peptidase N (pAPN), was unaltered in FUT8-KO cells,
its functionality was compromised. In conclusion, FUTS regulates the invasion of TGEV
by modulating pAPN through its enzymatic activity.

4. The core fucosylation of the TGEV receptor pAPN N736 is involved in the
invasion of TGEV.

After FUT8-KO inhibited the binding of TGEV S protein to pAPN by flow
cytometry, the full-length expression plasmid of pAPN and the pAPN-N736A mutant
plasmid were constructed, and the core fucosylation of pAPN N736 site was proved to be
essential for TGEV invasion by flow cytometry and membrane fusion experiments. Next,
we further studied Feline Infectious Peritonitis Virus (FIPV) using APN as the receptor
and demonstrated that this mechanism has a certain broad spectrum.

5. FUTS knockout affects the normal expression of TGEV S protein and inhibits the
formation of virions.

Next, the results of reverse membrane fusion experiments showed that the invasion
ability of TGEV S protein expressed on FUT8-KO cells was impaired, and the WB results
showed that the expression of TGEV S protein in FUT8-KO cells was severely impaired.
After transfection of TGEV infectious cloning plasmid, the results of RT-PCR showed

that there was no significant difference in the mRNA level of TGEV S in FUT8-KO cells

iv
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from that of wild type, but the protein level showed that the expression of TGEV S
protein was severely impaired. The supernatant valence assay and WB results showed that
the formation of TGEV virions was significantly inhibited. These results indicated that
FUT8-KO inhibited virion formation by affecting the normal expression of TGEV S
protein.

6. Effect of FUT8 knockout on replication of other coronaviruses.

To further assess the impact of FUTS8 knockout on the replication of diverse
coronaviruses, we generated Huh-7-FUT8-KO and VeroE6-FUT8-KO cell lines. These
were then infected with HCoV-229E and SARS-CoV-2. Notably, FUT8-KO cells did not
affect HCoV-229E infection, but significantly curtailed the replication of SARS-CoV-2.
Membrane fusion assays revealed that the invasion phase of SARS-CoV-2 was
particularly impaired in FUT8-KO cells. Western blot (WB) analysis and reverse
membrane fusion experiments further corroborated this finding, indicating a
compromised expression of the SARS-CoV-2 S protein. Collectively, these results imply
that FUT8-KO suppresses multiple aspects of SARS-CoV-2 replication.

In conclusion, this study proves that FUT8 is an essential host factor for a variety of
coronavirus infections, and provides a theoretical basis for disease resistance breeding

and antiviral drug development.

Keywords: Transmissible Gastroenteritis Virus; host factor; FUTS; APN; Core

fucosylation
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?ﬁmﬁiﬁﬁ(Abbreviation)

RYEE E -y i R ER
ACE2 angiotensin-converting enzyme 2 I B 5K AR i 2
APN amino peptidase N RN
CCoV Canine Corona Virus KR B
carcinoembryonic antigen-related  §& 3 R PT A S 40 B Rk Bt
CEACAMI1
cell adhesion molecule 1 ¥ 1
CoV Coronavirus e AR TR B
DMVs double-membrane vesicles I
DPP4 dipeptidyl peptidase 4 IR KES 4
ER endoplasmic reticulum A 5 A
endoplasmic reticulum-Golgi PN 5 A - s R R A v ) X
ERGIC
intermediate compartment s
FBS Fetal bovine serum fia 4 ifig
FIPV Feline Infectious Peritonitis Virus A et JE B 9% 3 2%
GeCKO genome-wide CRISPR knockout — J& K20 #1455 CRISPR fifi &
GFP green fluorescent protein SRt E
HCoV-229E Human Coronavirus 229E N IR B 229K
HCV hepatitis C virus Y 57 B
HEK-293T Human embryonic kidney 293T NV JiG 4 i
His Histidine HAMR
HR homologous recombination [F] Y EE 4
IC intermediate compartment Hh [E] B T
IFA indirect immunofluorescence assay [ 22 2 ¢ v
kDa Kilodalton TE R
KO Knock out i
LB Luria-Bertani medium LB K557
M g/mol JEE IR i £
MERS-CoV  Middle East respiratory syndrome 1 ZR FEW R Gi 45 A 1L TR 75

vi
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RXHEE WXL 3£ R
coronavirus
MHV Mouse hepatitis virus /NI R IR
MOI Multiplicity of infection RO
NHEJ non-homologous end joining e [FIYR R i i 2
PBS Phosphate Buffer Saline IR 22 h Eh I TR
PCR Polymerase Chain Reaction KA EEE AN
PDCoV Porcine Deltacoronavirus w1 B AR e
PEDV Porcine Epidemic Diarrhea Virus FEIAT N V5 9 B
PEDV Porcine epidemic diarrhea virus AT NS W B
PRCV Porcine Respiratory Coronavirus AN S ERRR N T
RBD receptor-binding domain ARG A I
Ribonucleic acid ) -
RNA R PERZ IR
replication and transcription
RTC i ZEY)
complex
rpm revolutions per minute ¥Rk B
Real-time quantitative polymerase
RT-qPCR SEIN 52 E & PCR
chain reaction
S Spike IR
s, min, h, d second, minute, hour, day S R IRV N N
Severe Acute Respiratory -
SARS-CoV-2 B R
Syndrome Coronavirus 2
sgRNA small guide RNA 1] 5 RNA
TGEV Transmissible Gastroenteritis Virus KA G B g K i
VLPs virus-like particles T B FERURE
WB Western Blot g SRR IRTAPS
pg, mg, g Microgram, milligram, gram o, =5,

uL, mL, L

Microliter, milliliter, liter

ot =, I

vii
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1 XERERIE
L1 ERmFEHA

TR EE (Coronaviruses, CoV) 1] 5|2 2 PR AL A& SR PFIRE . JHALTE
FMNE RGN IR, 7 U N2 S AR (0 A i I = 224

RE SR TEAREE . ARRER. RREEE, & OAR KM IERE RNA
TiEE, FA BN . RNA Jp 25 [ A 1Y e 583 5 0 2 20 A0 1va e A RR % A R 5 M A 1R O
& N AE A A S A (Lamkiewicz et al 2023), X WAHEEAIE H AR A b B W

N 4

AT H

B 1-1 (an B v+ O)FRHETERLKE M (Cui et al 2019)
Figure 1-1 Phylogenetic tree of the Coronavirinae family
CoV ZKEAHWMNIJE: o AR 5 F 2k G AL G4 1 B W & v &

TGEV(Transmissible Gastroenteritis Virus) « % % 4% 1 J€ Bt % %5 8 FIPV(Feline
Infectious Peritonitis Virus). R4 & CCoV(Canine coronavirus). A 7R I7 7%
HCoV-229E(Human Coronavirus 229E) Fl J& Ff Pl i& j& IR %% 3 PRCV(Porcine
Respiratory Coronavirus) (TGEV HIZERS AR FHE) 5, Bl RmaE EE R R A
P 2 PRI OB £ A E 6 5 SARS-CoV-2 (Severe Acute Respiratory Syndrome
Coronavirus 2)%%, —f R ASIY). Ty w R & "Rk 1AL
HME T IR 2 (Cui et al 2019).
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TGEV J& T a 7RG EE, T 1946 FFAE 3 H 1 X, Bl J5 78 tH 54 % R R B
HH 354 HE (Yan et al 2022). TGEV 5] &8 4L ) 3= ZLE R M AE R, ARG K
AN BRI /KRR IETS o ToXF AT A A I UL J5 (R BB T2 2 ] LLIK B 100%(Zhang et
al 2007). H Al TGEV = ZA8 FJs a5 7% v R 4% H] TGEV %4k, 322 R A2 il fe
BEAFLBERE PR AR, PuiRiE s FL AR 45 A R B I B m AT AE R TGEV KT /)
(Song et al 2023). {H/Z, BEE RREHUATE B MIFEAS, SO 1 RS A 23
Wk S -

1.2 ERmEEH A

AR EEE — R IEHE RNA (ARNAD Jisg, HEERAMBIE R, KAE 26-32
ToE (kb)) (A, HIEPHZH 3 Embs A0 R & ppla 1 pplb. DUMH ULI CoV
it (Sv Ev M AIN) PR H A4 B F (de Wilde et al 2018).

CoV 5N RN E AL &5, Bt B S MRS (7 PR b
BO BEATFR RNA R HB R M E Rt . IE5E RNA 515 F4Upiiksi &,
FHle =4k ppla # pplab E il 2 A . XM 2 HEALEZ P AT E OB YIE] Y
B — £ 51/ 3E 45 #) 5 9 (Non-structure Protein, NSP), Bl NSP 1-16. Xt NSP #2455
RNA Sl 152 5 # EH R E &MY R A . Ho a5 DB 5
(double-membrane vesicles, DMVs)——J & & il 41 il #% (Prydz and Saraste 2022). Ji#s
1E DMV H = A A KR JE DR 4K B2 1) 7 B RNA . 5 8 0 59 1 U B8 N Joit D9 S 45
REA TG RU MR RS E . KR (N EEM=FMEES (E. M S,
B2, SHSE R 2 NAZACTE N, FFIE Ik AP 40 M P P HE 2R 1 FH SRAS BB
ZJa, FpEERL T EE A R (HnhSE) B4 (Prydz and Saraste 2022).
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l Viral RARP |

Infibitors. |~ Viral RNA synthesis

Bl 1-2 AR R4 A A R B R A& A (V' Kovski et al 2021)

Figure 1-2 Intracellular life cycle of the coronavirus

121 A&

R e R 2 S ) T B E AN SCBP R, iX — B i R B o R R TR
T S A5 1E EH MR Z AN A B4 A (de Wilde et al 2018).

FEEARTATER) S B A — M T, TR R KB R B (Wang et al
2016). S FEABWFEHANTE S1 A S2, BUA=RMAKIE R TR R Li
2016). S1 WH:Z HHRFFMZARILE S, FHES Nl C s (43519 SI-NTD
F1S1-CTD) (Walls et al 2016), P93 &R 1] LAFE 2490 8 1 52 7445 A 38 (receptor-binding
domain, RBD), H. S1-CTD i@t 1 bR 75 B4 Mg 1 o 10 v B DR 51 1 S2 &=
AL AR HEI 5 - 20 R B R A 1 DG B X 3 (Hulswit et al 2016). J% 7 S 8 (1 Fl XU 32 44
WL, B B 5 0 SRR B 1 5 465 A LA B 5 AR N T SR 4P, TG 51 S K 44 (Guruprasad
2021).

ORI EE S B A TEN TR B RS SR Al R A I R b, R T AR A 2 T
PRHLI 24, 07 EAEBE 40 FA 1 B AT E T V) EI(V'Kovski et al 2021). I
AR, SARS-CoV-2 F FH 4H a5 fiK £2 2% & (1§ TMPRSS2 (1 JI#I1F A sk s R
H M NAR (Gierer et al 2013).
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TR EEN) HA 752K pH (ERBE R E SRS AL, SRR AL IR
b A A i 38 (Whittaker et al 2021). — Ifs7 A B 0K E 25 4 48 77 IR i 58 (feline
coronavirus, FCoV) Rl & 2ISHEXUZ AR FLR B, S 1 T (KB #3001 I 5 75
BELER [ B A FE AN MR PR 8 A B Rl & (Costello et al 2013). A HFE K I MHV 41 i
IR 3R 52 3185 pH {E 5 (Burkard et al 2014). X SEHF 72 R B pH E AR EEA
RIS AN T AR R R 2%

BIE 2, dRmENE TARMIARE =HERRRE: AESEE. HEES
e D) RIAA A ) B 7 I = W R A, DA E o 25 A0 40 0 P SRt & (Whittaker et al
2021).

1.2.2 E¥l54A%

TES SR B A& J5 9 B MR A SETE S IR AN, 17 3 DR ZEL R TS 21 4 A
5, IR B 1 IERE RNA 578 LAz iR 4t &, 51 S RS54 8 B & i (Knoops
et al 2008). L5 EL IR AL TE RNA SHIBGIR VL, 0] il Jak 4 i 1) 2 i P fE
AT S HE U ST FE I L), 3 B DR ZH E L A 3R AT B AN 5% (Snijder et al 2020;
Weber et al 2006). 4 # & il 1] 45 W FE I (double-membrane vesicles, DMVs),
W5 7 RNA K ) A S5 1167 5 (Fehr and Perlman 2015). # F 3K, DMVs F17/%4
(%) 2 PRI ZH R P PR 2H mRINA J8 i 73 1L H DMV(Wolff et al 2020). i3 A5 /5
X8 mRNA ZEXH T A 5T )RR B A roBl e P AR R B T EL MRS, K e i
N U AR S A & B (Prydz and Saraste 2022).

B~ =R E S (BEEA. MEAM S EAD 7R A T R G 4%
iz 3|7 8] g 8] (intermediate compartment, IC). N 2% #1349 7 1 RNA F K 2H 5k
JREhEE; M R A S 50 SRR (virus-like particles, VLPs) I A5 25 H 28 (Lu et
al 2021); VLP [ RE 7 2 E & A (Xu et al 2020); S & AR VLP T4 %1,
R B e PE 2 G L B . X DURPER R AE 1C Pl fr, DL ORZE 28 B Th BE 5% 4 1
75 75 ik (Wang et al 2020).

1.2.3 B

T LT ARPRE TR TR DRV B A 39T AT T gt D P BR 2 — o SO AR
TR B T IR AR, X SRR 1 SR HEN AR - i 2R S ] X

4
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SR i T 3 WA BRI (VI SRR R 41 i 41 2% 1] (Gudima et al 2023). Fcilx ) — T 78 3%
W, B bR 23 R FH 7 B 412 430 4T PR JB((Ghosh et al 2020).

AR, — 5045t G SARS-CoV-2 ] Vero 4H AR % 45 R EoR, SHH
() R 28 B 76 5 200 s 5 1T s ] (4698 B T BB B, AT o ¥ Ja o P £ A
ML R OR 299 B 00 (Gudima et al 2023) .

1.3 ERHEEEFIREEEEFHR

1.3.1 CRISPR/Cas9 EFREBHAREBEEFiFEPROMA

24 B R oy 4 B A )R ) ] o i [ S BE 2 /741 (CRISPRD A CRISPR AHGER
F1 9 (Cas9) 5 Gt /& 4H & A £ 56 Wik B s Jak e R TR 8 6 BT I A H 10— b B 4 AL 1)
(Jinek et al 2012), HJFHZ KA gRNA 5|5 DNA BN VIEE Cas9, R VIR
1ZHIAUEE DNA, A W22 LLE BB 40 B RO (Gupta et al 2019). BF 78 R4 X Fh iy
P, KB SURON 2 ThAg e e E ok H R AT Sodi Ve ) R 4H 4 48 T H (Cong et al 2013).
CRISPR/Cas9 Z 44 M 22 e i : gRNA HlI Cas9 VIR, HA gRNA 25|
T Cas9 HHKVIE BAnZEFH EHREE DNA J¥%1(Jiang and Doudna 2017)

Cas9

1l 3
Genomic DNA

. HNE .
3 TTTTTITTITTIIT I NE NI S

R\;v(

!

3! o 5'
Ty oo
5l ! I Ll g

Double-strand break (DSB)

Endogenous DNA repairs at the DSB site

Donor DNA
(ssODN or plasmid)
T
| |

Nonhomologous end joining (NHEJ) Homology directed repair (HDR)
TTEEETTTECTTTTTRCTTITIETTTTIITTIITTTIIT ¢ it imecortio T
| 1 nall insertion THU}HH\}HHHHH ‘H HI:”IIIIH
: i 11 Knock: : DNA
i nocked-in DNA
L sequence of interest
R Ry
Ee AR TATRRSRRRRRANAAALL}
Random mutations Precise gene modification
(active in both dividing and nondividing cells) (active in dividing cells: G2/S phase)

& 1-3 CRISPR/Cas9 K %% [ ¥ (Jiang and Doudna 2017)

Figure 1-3 The mechanism of CRISPR-Cas9-mediated genome engineering
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Guide RNA(gRNA) 1 #.4 RNA(20bp)4L k. gRNA [ 5'K ¥ 5 H b DNA 751 H.
#h, NILFERA B AR FIRE 7 (Cong et al 2013). Cas9 2 A 6 MNEEHE,
Horp PAM AH B AR S5 H380 F PAM R, 11 574 DNA 751 )45 & (Deltcheva et
al 2011).

gRNA il it 5 Cas9 B2 A1 5 H A G 7= 4 B0 I 05 (Gupta et al 2021) . 7 Cas9
BB 0SS, gRNA B2 $E [ DNA 751 395 PAM [ FIAEAR 107 S IER B B A5 7
5, M528540 Cas9 EEASHEE PAM _EIFHBHE IS gRNA 9 E A XI5 B %)
(Zhang et al 2014). WA FANX AN H A5 XIS IEFECXT, Cas9 i AT DL 3% 8 FH A%
VIR S eE V)] B A% DNA MM 5[ DNA SRR (—MAL T PAM 751 L
3-4 MIRAEAL ) o I EIY) DNA XUHE2 45 240 i e ik Py UR M 20 M 18 52 i 4% 12 5 (Gratz et al
2013). TIXFME @ H 2 51 AT = HE M 13 N S bR, 1 B bR SR AR 52
A TRAR 3 2K J5A 1) Dy e T 5 350 R £ T BR B 5k (Gupta et al 2019).

AR, Y20 CR A CRISPR/Cas9 A b & 07 205 #3 Sk Yeid 72 rp R 44
ANFEEFE B 7o EER O AR B G N R A, SRR ESE T
75 £ [KF WDR7. CCDCI115 Al TMEM199, FiiF BHIX £4 I [R5 T8 2 E N AT V
A ATP B2 %5 25 ¢ B B (Li et al 2020). Rebendenne 5 A\ i XU ] 4= £ K20 CRISPR
fiiie (ThEgwe ki) CRISPR-KO ¥k M) aE3R1GPE CRISPRa Jifidk) Eom 1 iy
MERS-CoV i 3 [X % (Rebendenne et al 2022). 2 Ja#3E(T ) 55 — TR 78 46 Al b3
A AT T AL A B D A R PR A0S SR, SE R (— N Ea T EREE
HFRR) K¥E T 9 KPP #4F H (Biering et al 2022).

132 BEEFEERRBEEFNEIMER

BRI B AR S IRATHES) 7O T R i1 TR RR K R . 12
ik B 2 WigE X IR # ) CRISPR Y 4= 3 [R 41 i %6 #F 7% (Biering et al 2022;
Daniloski et al 2021; Sun et al 2021; Wang et al 2022), XLUHF 7T RN L E T 2 F 5
FiT e 1 7E 5L

NRW B B, T R B 2 AR SRS R B EE R K.
24 Rk, ©A VUM TE 40 R TR AR D e RO 1 S 1E AR A R B Ak
(Millet et al 2021). Ul o EIRFEEJEA TGEV. FIPV. CCoV Al HCoV-229E fifi F H
% E1E EY R R L ALEE N (amino peptidase N, APN) {E 5321k, SARS-CoV Fl

6
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SARS-CoV-2 CLHFIE S I S5k R Ll 2 (angiotensin-converting enzyme 2,
ACE2) 1E 324k, 15 3T DYRKIA (PR R 23 2 2 4] APN AP A AH Q3 R 1) &
%, W TGEV INAZ(Fu et al 2024). X F b PRI 8 2 A IR R EA W gk 47
H, BT SN2k (ACE2. TMPRSS2) 2 4t, AHWF5CUEH LDLRAD3 1 CLEC4G
PIAMK# ACE2 17 A5 SARS-CoV-2 ) N 12(Zhu et al 2022).

SR B A0 M/ R — B RV 2(CMPK2)id I 34 i1 ddhCTP [ 7= AE R4
HHEM RNA fKHE RNA J4 BERARp) I P A 2R 9% #2109 2 ] (Zhu et al
2023). AR, mLSTS JE[Ailik mTORC MEG T H WS, [FIR IS S50 ik
993 B A2 L FE AR OUBB 3 (1) T F(Fu et al 2023). 15 20 IR A BEAOES 3(GSK-3) T IR
£ MHV FIHZA 72 LLSE4E RNA fi# el DDX1 2 595 8 & il (Wu et al 2014). TMifE £
[K-F FAM149B1. CCAR2 1 ZC3HAV1 {£ SARS-CoV-2 4 A fi5 2 55 LA Bl
FESTE 36 13 R R R 5 AE F (Pahmeier et al 2023).

B B : AR AR BTE £ 00 Arf B/ GTP B Arl8b 2 575 B sl R 251 H
VBRI AT H D (93 R (Ghosh et al 2020) . 2502 fid F 3£ B LSD1 3 A (1)
iR 22 BT SARS-CoV-2 i it 7 Jit 88 B8 B i 28 40 g SM ) i 42 (Mazzarella et al 2023).

14 BEXESHFENEELESHFESH
1.4.1 BEFEAREELEM

PEILAG R R AR W B RLRIRIIR G B M 2 — . B AR B ok
W5 5 R P R R RS E B A . SRR R I R M B R,
BASEAREANR SR, AR EORNITE. WM Reily et al 2019). H
I 2R 1 0 0 A R T A O O R R R B R R AT, Z RS SRR E M
(>85%) /WA 2R [ [P A £ 1k (Schjoldager et al 2020).

Hl & IE 1 UM R F B A BRI b . N-BEIEAL A& — Pl R B AR 0 I B AT
RGO P IR, N-FEE LM EAE — MERRESF (NXS/T, Hf
X REE R E M) (Breitling and Aebi 2013). N-WEFEALKG & R BEA S R0 (455
BERE. CEIUNE. AR EENESE) R PA AR BIOR ARG (BRI IR &
f?) %3 (Cherepanova et al 2016). 1I7E O-FEFEAL A, T 3= B0 B0 Bl SR 48 N
B 22 5 R« 732 MR (Cervoni et al 2020). F ARSI A FBEEAL, H14n C-HizEIL (3L
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W T IR H SR B ), DL S-HEFEAL (A IR R B ) #AS K IL(Eichler
2019).

A N-g O-g C-gt 1 S-glycosylation  P-glycosylation
(Ara, Fuc
Gal, Glc
GalNAc
GlcNAC
Gle Man, Xyl |
| GlcNA: [ oa )
Gal, Glc. e
‘ GalNA 1?“3* = 3
) ucNAc [ GleNAc —
\GichiAe Gal L ) Gowerp
[aiNAce; GalNAC ( : Gic i Man-1-P
| Rha |Man, Pse, Man GicNAc | Xyl-1-P )
T Mar. a9 ) = \ a2z}
HOOC —— Asn-X-Ser Se Trp-X-X-Trp—— Cys Ser NH,
Arg Thr Thr Thr
Cys Tyr
Hyl — = — .
Hyp (] Eukarya | Archaea Bacteria|
B
—~N— Glycosylated
Asn in protein
Poly/ol
Monos aride | ~N—" (—j\ﬁ;} ~N—"
3 :
Phosphorylated ‘ + g
lipid glycan carrier | e\
¢ i ot N— I'\S/‘ AN/ A\ B\
A e T (W2)E)
(3) 32 Eukarya
N ( Archaea
‘ ; —~ Bacteria
— ), (b
LIRSt ) o (4) Eukarya
) s,
&y~ Archaea
o 5 (%) =
}3,' s (4a) Archaea
AN\ PN N
=0z @®E®
it Eukarya
Curren t Bioloay

& 1-4 AR H B8 B R FERE4L (Eichler 2019)

Figure 1-4 Protein glycosylation across evolution.

142 BEEARENSSHRESHINMRER

ZIHLERHFE Y, 15 A0 AR AR 2 P B 0 N R R R T AR
F o 23R40 N-FEFAL rT b N s AT 4R i b N\ B4 8 R gy, HOX P il /e
N-BE AL S5 1 25 (Zheng et al 2020). 7E{# | PNGase 2:FR4H A (1) N-FEIEAG S,
HIV &L % B 2% W% (Spillings et al 2022). G WFFER, 43 H /N1 40 57
kifunensine 7£ 5% H #5 5  B SELIT N-SWE 1AL & AT 2 2 0> SARS-CoV-2 A
X ACE2 ) HEK293T 4ii/fi(Yang et al 2020). 1 3= 400K & AT R4 Vero 41 A2
HCoV-OCA43 B % , 171168 1o M 3 I i 25 o3 ol o 11 o P AR R U 2 Y B X P £
P11 Fl(Wardzala et al 2022), Kt A SRR A S rE o R T R
(Behren et al 2023). VA JRAMFKNE 35 Bt Al (SLC35A1) SEMER R A BUE 1 H 1)
KBESY 1, mibR SLC35AT1 5 [Fl 2> 5 B4 Mo 2% 1 e Vi IR A1 PDCoV Wi Bt 1Y B9k 2> (Wang
et al 2022).
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TGEV 1524k pAPN [¥] Asn736 $EZEALAL S IER K 2Bk TGEV RBD 5 pAPN
(1456 (Reguera et al 2012). R Jifi APN H [RIJE SN 6 2% AL AT LAD7 IR0 . RN
KSR B A BRSO IX AR SR BB R B  APN U2 LME A TGEV 1)
24 (Tusell et al 2007).

1.43 BERFRERESNEE(LEN

B T 1 E AN AOE R LA, 5 3 E AR By R A o T B 1R B i A T
BRI . LL SARS-CoV-2 A, THEHIEIIEFh A5 B FN 45 R 7R, SARS-CoV-2
K2 H w8 TR R O, (HIE A ik G DB A B U (R B S A A7 254K 7 (Gong
etal 2021). ARFTEEI, SEARMIEEND, H EBWRIRE S T4 40%01K S &
H = FAAR M (Rudd et al 2001). HATRILHRIE T 23 Fim H5E R KB 8>95%)
(¥ N-JZEHeHE 5 (Zhang et al 2021). FHHZ N, TEFTA O-FEHMEMEY, HABMLA
R AR B TR ) 5 5 R (Watanabe et al 2020) . BF 75 % B SARS-CoV-2 S 2 A E I 1
N-FEEACIE TR EE R T TR HE T HEAER, (EH RNA T3S0 675 LB
A1 SARS-CoV-2 S 4 I N-Bl Al rl el D I Ge i A5 1, 7RI S8 S0 AR B AR o B kL
FHED, BTN RERLT 5642k 25 T P (Casas-Sanchez et al 2021).

$1 subunit - - $2 subunit

RBD

c 0909009 Pc90c02900000

SInnnnnnl DafNeannnonmg

b o D 17 .o
8 @ T B\ P P B S S e B e

0000CCOOP - SOCCOOCOCC 0000

SRR Y A A A TR TSI

& @ PP G P S O P S

2. 000000000 0000000000000

1.5

-NNAAAANNN ANNAAAAAAAD

b o ab ¢ 1>
8 O 0 8 P o e S P e e e e e e

@ Oligomannose-type [ Hybrid-type W Complex-type V Cleavege site

12
10

8
6
4
2
0

OC=2NWrOO
PR

L A A R
Q' AQ” AT AAD ANV ON
QSRS

& 1-5 SARS-CoV-2 S F H i) N-FHES2 (Cong et al 2013)

Figure 1-5 N-glycan types of SARS-CoV-2 S proteins
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SARS-CoV-2 ] E 2 FATERG 55 1428 MR R FE B ThBE . AR 5 41 T3,
{E B A MBI R Bob (1) N48 1 N66 A7 B ] BEA7E P FMEE ) N-7E B2l 447 45
(Duart et al 2020). M % /& SARS-CoV-2 F& ERFEENEREH, S50k
g3, 5 EEAELL, M EA MR ARSI Z R AR TS
WM T 8 B N-BEIALAL AT, AFE N5, N21. N41. N43. NI117. NI21. N203 Fl
N216 iX 8 N-FEHHEEAL I DI Re 73R F 5 7t (Dawood 2021). ORF3a s —FhIEZ5 14
H, £ SARS-CoV-2 Kifi. RIZHUKMESFrASFNERT, £ S27. T28. T32
1 T34 FRIEALFTREAFLE 4 P O-VEHMERE, (HAAELE N-FEHEALAL i . X ELRE R 1Y
Ihee 4 £33k — 25 fIF 7T (Majumdar and Niyogi 2020).

1.5 BEEF FUTS iR

HEEREEAY, — PR AR TE RSN DY S P9 R R M (Fujita et al 2021).
HWHEFTLLB N N-u O-BUR U W SERERE (MR 3 7, BUBE G N-ZRHE 1
1%0>(Schneider et al 2017). & EEREIEA KT € T 0 BRI He AL BTG S LA AR
V) — B2 5517 (GDP)-& B 0% & MG 1) 7K - (Takahashi et al 2009). 7 35 5L 5 72 il 5%
HRIAE 13 ARG, EERT DL WAl A i N R A O N R Rl
(Bastian et al 2021). fij FUTS (Fucosyltransferase 8), tH5t/E o-(1,6)- 7 154 FE 54 15 il
(Alpha-(1,6)-Fucosyltransferase), & & M — — Bl 47 57 1% /00 55 86 0 25 A0 1) % % Iy
(Miyoshi et al 2008).
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H blood group aFUT1 H :gtige:, type 2
a2fucosyltransferase

H antigen, type 1

Secretor (Se) blood group 2FUT2 a2_p3

a2fucosyltransferase DH-O——
Fuc-THI aFyUT3 Sialyl-Lewis*  Sialyl-Lewis® Lewis®
a3/4fucosyltransferase 2384 a3 83 o263,
o a a

Lewis blood group
fucosyltransferase Lewiz: Lewlst Wiy

B4 B3 a 4,

ua aa a
Fuc-TIV FUTA B4 B3 B4 Ba_p3 B4 a3 B4,
a3fucosyltransferase C a{ - O :a{ :u{
ELAM-1 ligand fucosy! B4__B3 B4 a3 B4_p3 B4
transferase qa aa aa
Fuc-TV 3FUTS B4, a3 B4
a3fucosyltransferase aa %
Fuc-TVI FUT6 B4, a3 B4
a3fucosyltransferase aa ;a
Fuc-TVII BFUT7 a3 B4
a3fucosyltransferase qa

<, b B

:fjs(f:ut:\cl)lsl:/ltransferase A 5 B4__B4 :—Core structure of all N-glycans

B2 9

@ e

<—“Core fucose”

Fuc-TIX 3FUT9 B4

a3fucosyltransferase O:{_

Fuc-TX ‘FUT10 K

a3fucosyltransferase Unknown

Fuc-TXI ‘FUT11

a3fucosyltransferase Unknown

Protein O- dPOFUTL / a3, 8483, a 068483, a
fucosyltransferase 1 FUT12 Ser/Thr Ser/Thr
Protein O- €POFUT2 / i

fucosyltransferase 2 FUT13 .E‘_Se' /Thr

& 1-6 13 P A BN EAL B EE(Schneider et al 2017)
Figure 1-6 List of 13 known fucosyltransferases

VE N ME— BRI O 5 T B JE AL RS I, FUTS 7EIR 3L 5h 4 0 v /R FE A rh i 5
B GDP- 34 (GDP-Fue) ¥ 4% 31| N-ZEBE ) 5 N /2 N- £t 2 53 %) 58 (GIeNAc)
BREEH) o-(1,6)8 (Lin et al 2011), M 78 it O B FERE AL ) DA o I4 GDP-Fuc
[ 7K S B e 1) i R AR B 38 i TR € T R BT B A D A TR 2 4K 7K - (Norton: and
Mehta 2019). [FIF, —I00X T FUTS B B35 Rl e R 0, A 2 BRI H: 365 fir
MR R IR 2 52 FUTS HIBEE 5¢ 4 1% 2% (Takahashi et al 2000).

11
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FUT8 Core fucose

A Fucose . GlcNAc . Mannose

& 1-7 FUTS #4611 < . (Bastian et al 2021)
Figure 1-7 The reaction catalysed by FUTS

WO B R S, BRI 5 22 T AS [ (1 72 1] 45 K A0 A 3 14 (Golay
et al 2022). FUT8 15 2 Fh AL i) A BRI B R AT S8 SR, g A K. K
Bty SZABCE . ADCC. i % B AN B IS e AR o S B DA % B il &R 4 1 R %
4 W) 1 15 (Cantero-Recasens et al 2022; Chen et al 2013; Shi et al 2024; Takamatsu et
al 2016). %O BERE AR A KA 2 ki EEAEH, W0 TGF-p1 A1 EGFR /&
[ A2 T RE (Kelel et al 2021; Tu et al 2017). fE/NER A, FUTS 4l & @ik 415 3™
H A KIB A H A J5 R B AR 5L HAE T (Wang et al 2006).

TREEIAETE 5 R WO T 18 AR & IU4h i, IR FRTE 2 4 A A LA ok
ST L RS JECHT 199 25 0K (Kim et al 2019), 15 32/ FUTS 3 R 7555 75 & il (1)
MRERE T EEN IR, ARIERR, HCV 7] LUB I E E55 5% K F SNAIL 3k
0% EGFR-AKT-SNAIL 3 # MM % S FUTS ik Bl . T FUTS Rk &1 ETH4&
et RIM40 /131 RIG-1 K48-i2 Ak, JFlHIHUR = TR (IFN) -I 1) (Pan et
al 2024).

ARSI AR TGEV 1 B 7 IR Ik, FFH 42 K121 CRISPR/Cas9 5%
MEEHTE T 2 AR TGEV il 1) 585 3-8 7~ (Sun et al 2021). AHT 5T KB FUTS
BN R S 0] TGEV M, FULFATHEMN FUTS vl {E N —ANHiTE 1
2 5REAE G N B W R B 1 S 1



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

1.6 BRFRBESHSHMARIMR
1.6.1 BRFREEEH LR

H SARS-CoV-2 Jk LAk, R & ZLm g By A7 SR, BT mn
AU R R RIS R, HARY RCRIRZ 5 52 319 3 R AL (15210 (Xia
et al 2023). HHETH COVID-19 % ¥ 7 5 #HBY Bt ik B 7838 il K47 7 T 3B % A 2%
H A REIE 3 T 37 UL SARS-CoV-2 Omicron 255 Wk K K HI 55 1 24 Hif 2 1 78 T /K
YL AL 3% 77 TH 45 R (Zhou et al 2022). IXIERL T —ANPEMESEHL,  BIJRE I AE T
77 7% B 7 TS ARG A0, AR (R SRR S TR 1 0 1 73 o 7K TG 1 b 5% £t IR PR T R
(Tan et al 2023). [FIW}, MR 7 —SEEHSA R KM . SARS-CoV-2
BEHE A RN EZEARELLT LA 8RN CREA /2 mRNA 5 H D
(Shimabukuro and Nair 2021)~ A% % BRI /INR I8 ANRE  CHREI 2 As 35 304008 1)
(Mehta et al 2021) DLA CRElZ mRNA 1) (Heinz and Stiasny 2021)F1#H1£5 5
GARRN (5REHMAEE A ) (McKean and Chircop 2021). [FIN, %7 BEAGH
JE Al PETEHE T SRR, X Ee e 7 T R S R TE 32 P 5] e — L E R F s
% 2 N (Joshi et al 2021).

$E AT MR VE %5 B (Porcine epidemic diarrhea virus, PEDV)X 4t 5 () 77 5 Wb i
T BRI, HH AT AT 2 A R B R SRR Y R R A A
TILs: (1) HAlH IM B GERIBCKIERD 5 SRR 7L S IR RE B 2

(2) FEHERNT B 5 AT BN [F] (Jung et al 2020); (3) 3833 04 Mo 355 57 338 B
JIEAE PRI v A () S F 5 AT e Yk 2 R #EPE SR PEDV 85 HI (8] PEDV 24k
HHTAH A LU A BT I B R (Hou and Wang 2019).

1.6.2 REEENNBEERY

ZAER, REHUERIURTEL YNNI R IE BB G B AR 5 1 45 K 5 iy
SRTAT,  BH T3 B AR B DR AR 7 5 SO0 T 24 1 3 2 PR A I — SRS A A A7 A —
5E IRy PR

AU S-FURMERE (5-FU) FAFIEFHM (RBV) BERGDRGEE RNA K&
B (Eltahla et al 2015), HEARFEEENT 3°-5 IR SMDIEE (ExoN) B 25k T2

13
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WS NIIAZEE I, S 80T i 250 097 A (Smith et al 2013). — i F T HU0% 219
Z g aRIE, A ML BT AL M2 BT I IE M 1k 2 A A
RNA B8 3] 2013 4, ABRIRAT I ARSI 2945 45% 0 SRIKERT 25 (>69%
) H1 7 AN 43%0 H3 WA (Hussain et al 2017). HIFiif 25vEantt 2 &, &Rk
YA B IR T 97 H LU (Hurt et al 2012). f5 7R W] SARS-CoV-2 1R %%
GyrE R RIS (—FpEE R 3CL 1 ARPUR F25) 1ESbEK PR 251, JFH.
XA 24 1 T LLdE I 2 Fh g 45 7 AE (Tketani et al 2023).

1.6.3 EEXHENAETHY

TEIW R L] (1 2W0 I A S L, FF i = 38 ) (B0 53 240 LA ol 2 i e ]
BE A& — ol 5 A5 2K 038 FH 7325 (Goris et al 2008). i RE£E 2 Hilid b 2 5 2 fpg 1R 1
FUREES A EARH, IEERMNE T —RE R R E ERFRIyURS4Y, X
P 25 AR T 5 B R (9 B0 75 259 (Kumar et al 2020). H A0 50 32 2@ B A7
e AN/ T RNA(siRNA)EL CRISPR ik, 1535 BYum &8 AH BAEFH 3+
T A0 MRS R R, RSk B R T K /N 431 4L ) (Venter et al 2015).

A Agents targeting host-dependency factors

VN

. 7~
\/: e %‘2’3 F . D)
Pa \ -:Ssx : -:g’i: / “ \ . Reduced vi duction
o P S < . 2 \ %= Reduced virus production in
\\ ) “:ﬁg \ K 4 “i7v absence of host dependency factor
&

— -_

B Agents modulating epigenetic changes in host/viral genome

Viral genome
o 4 \?
= = DNA methyltransferase
A Histone methyltransferase
&) Histone acetylase e _:‘;'2:_
2,

Histone deacetylase .:h“: 3 2f Altered virus production

L%, A due to epigenetic modification
T 2 ’ :
o)

in host/viral genome
&

Host genome

1-8 FUIAEE LT K HIFT SR BE (Krarup et al 2015)

Figure 1-8 New strategies for antiviral drug development
HI 15 32 AL AL 5 2 SR S AR L AR HAIC, 18 1 3 1 B BUR R 25 R R0 T LA
R KL (Kumar et al 2018), th4h, 8] BEE FH T 2 R0 R L [F) 4> g 2 i i
(Pichlmair et al 2012). 15 3 5 A FIPUHREE 2590 X AT LA ARl — Bl B 05 25
YA SN TE FIES), W ER (IFND R S fh % IR 25 (Wallis et al 2023),
X LLZG AT DA SO SRR G (R 45 5 o 58 P U 2 A [ s 1 A 1A RT BBR ) 1 R R
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.

O 2 I 7R B, FEBes0 1 A B SN AN R 15 3 R 300 2 S i 28 R L 2L
WFREHEE (MeV) ] RNA & SR B 38 B 75 (1018 F 4R 3R, AL4% HSP72.
Prdx1. & & A7 FEET S (Delpeut et al 2012). Lasswitz L S5 A RESREH
CD81 fifi & Jy kAL 1 e 75 (CHIK V) & 1l fir 5 1) 1ig 32 K1, CD81 HI Rk 5 8 CHIKV
(A% DB RRAR, T 3k 3k DU 4 50 1 JB% 4% (Lasswitz et al 2022). 75 X7 TRIM21 &
FHE R BT ER A 1M FZ AR B AR R A TR0 35 (TAV) Y il (Lin et al
2023).

AT X 18 T2 BP0 R 25t CaZ P R T IR K . PIREET 2 SCRF TAV S| B 75 1
76 1 8 A H WL B 75328 5 A 30 H57 (Perwitasari et al 2013), ‘ELEIGK ERIHE T
RO I P00 B 1k o I R b mT 0% 1 32 200 M P ] I B B SZ A (NPCILL) X L 571
Ezetimibe 18 15 5105 #2-4H S 5S-G 7 705 5 E [0 W< st 20 B, ZE AR A1 03] 17 P A
F= R R BF 2% 9% 5 (hepatitis C virus, HCV)JE [K B 1) & 4 (Sainz et al 2012). rILZ 4h,
AT 2 b 1) 95 £ P 55 PR 32 DR R4 o) 790 S5 455 1 RO

2 HHEEX

TR DRI BELE A K B N AT X 3h 0 5 N R BEE i 1 BRI . T2
Tl TeL PRI 25 A FLAT AR R DA s, 2 BURAT B T TR 0 0 AR B B0 2 e 1Y
LN A A, s B R T BRI e SRR R s R A, &
Hia EEA TN AR ERIRE, NE B E SIS R AR . Kk, &
A AL YO R R A AR e BT, AR B LR SF PR R 4L AL

S % AT A % 42 5 K12 CRISPR/Cas9 gl SC I il D) it i 21 1 25 TGEV &
A AOME LT, Hrf FUTS AR08 R PERIE 2 5 7 0 35 2 1 13B if fig
R, FEFRATT I 26 45 TR b e B o A o DR KR SAIE, FRATTA IR FUTS
A LUR Z PG TGEV IR, HEAR N —M& O BRI A B2 T 4% TGEV
SRR ED . ARBUE RS RG . R BRI O RS TR T IE
e G AR IR o T . BER AR A Bt — D B IR w 51
LHARMIZE, BT RO HE I TUR DO 22 25 V)52 008 BB AR, N PUm & Rl
W FCHR LT AR (R HE
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3 MR ER®%
3.1 SEIEHH
3.1.1 4Apa. Ekk. T

YHf: FEE MR (Pig Kidney 15, PK-15); &S /N& F 4 (pig kidney
proximal tubular, LLC-PK1); 54l i (feline kidney cell, CRFK); A& R B 41 ffy
(HEK-293T); FEIMEEMEE 1M (Vero) M ANFF¥E 40l (Human Hepatocellular
Carcinoma Cells, Huh7). /R 4E4IHE 5 (Mouse Fibroblast, 1.929) A7 T 4S5

2
2o

FPk: KM DHSa {6 58852 25 20 B AR SR 5 ORAF

BiPk: TGEV WH-1 {5 22 i, fRAF T ALK S; MHV AS9, {RfFT
AR5, PDCoV CHN-HN-2014 fife bl Koy H A S, FIPV-79-1146
Bk A SEIR PR 17 . HCoV-229E VR740 T H ATCC, HHASLL % RfF. SARS-CoV-2
BA.1 3k H o FERL 2 B iDUR 35 BT ORAT, K SARS-CoV-2 17 25 5246 15 1 U
T AT B AR BER N ATE P3 SEG & SR A

3.1.2 x5 MERRKN

sgRNA 18755 2 £ 1A K Lenti-sgRNA-EGFP /A H AV K27 1 A 22 Ui 4o s 1
3-1A). &I E BB R psPAX2 (Addgene, #12260) A1 pMD2.0G (Addgene,
#12259) N8 E £k 84K pLVX-EF1a-IRES-mcherry (/& 3-1D) W[ Addgene,
pcDNA3.1 (¥ 3-1B). TGEV-Bac (¥ 3-1E) I AL R 47 . pcDNA3.1-OptiG-3xCFlag

(E3-1C) B A R 2E - w2 22 s .
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5'LTR 3'LTR

|
—-CPRU6 sgRNA scaffold - Psv40 -m- —

PCDNA3.1
5428 bp

- g

SV40 poly(A) g
@ prOMOET Inay
@'

o

mR | CMV pr,
CV enhancer Mote,

pLVX-EF1a-IRES-mcherry
8935 bp

& 3-1 Lenti-sgRNA-EGFP. pcDNA3.1. pcDNA3.1-OptiG-3xCFlag. pLVX-EF10-IRES-mcherry
& TGEV-Bac FRLEI#
Fig. 3-1 plasmid maps of Lenti-sgRNA-EGFP. pcDNA3.1. pcDNA3.1-OptiG-3xCFlag.

pLVX-EF1a-IRES-mcherry and TGEV-Bac

3.1.3 EERFFEHM

MR FRA DGR FIRER . JEEER . FE Y70 jetPRIME® I 28R G H/RBHEA
7] (Thermo); 293 ¥iFek: CLIMiE) MW HKBKAEDRH (Ll GRAF; 1.5gL
EHERE 72 DMEM. 4.5¢/L Fikits 33 DMEM W H Gibco A F]; fiZFIiE (FBS)
W B O AR AR A R A R 55 R -5 % R PUE R VECL AL ROt WA . RIPA
FURE -3 RAEMB AR BR A 7] (Beyotime ); 8% [ Marker. Alexa Fluor*488
anti-mouse IgG (H + L) iR BB KA ARG FR (96, 48, 24, 12, 6 1L

17
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O, BLOE (15 8150 mL) AR IR (T75 M1 T25) i EH NEST AH]; 10 mL
FWE ANGEAZE I A BT /A7) (Corning); —HFEIH (DMSO) I H Sigma 2
18955 25 0. 3 55 YL 7] TetPRIME (PolyPlus, B180306) 4[4 PolyPlus 23 &) ; 1897 #ik
G BB AE] . ARG (4,6- PRIE-2- LN, DAPD WWHE LR
NF) o g5 BENEIEALHH 7 2F-peracetyl-fucose (2PF) M H MCE A7, K KL R
Pt i R DR e AR S 2R 2R A ]

TR, fuikkEZLH (D REPENTIEE: Bbsl (NEB, #R3539S). UM
Nhel-HF.KpnI-HF .BamHI-HF . EcoRI-HF ) Ef NEB A & . (2)2xPhanta Max Master
Mix T8 H 7 R S MER AR A IR A 2xMIX Taq B HJL s E R A A A
Phanta =fRHE DNA RE&HF (Vazyme) W H Rt inMERE A AR, (3) T4 DNA %
FEF (NEB, M0202L) W [ NEB A 7 ; DNA Marker (DL2000. DL5000 A1 DL15000)
A e 4l FEAIS F B B e I B DU R BT AE R BR A 7] 5 #Z R G4k} Goldview T
H 75 LA IR AR AW . (4) DNA BEBURI SRR EGR A &: 1L 5/40 /4147
R4 DNA $HGAF & (TIANGEN,DP304) 1 H RAR A RHE (b5 AR A A
ZHNFERFA /DR P EIRXF S EZNA® Endo-Free Plasmid Mini Kit II

(OMEGA,D6950-01) g H 3£ E OMEGA A F]; i 2E R 41 RNA/DNA $EGR &
TaKaRa MiniBEST Viral RNA/DNA Extraction Kit Ver.5.0 (9766 Takara)l4J H TaKaRa
AF. (5) BRIt ik & : PCR =4 i U 4 F & EZN.A® Gel
ExtractionKit (OMEGA, D2500-02) ¥ H 3% [E OMEGA A 7], (6) LB KiFrIEM4HE
PuA & B8 A R (Tryptone ) (OXOID, LP0042 ) Fl % BEHZ B4 ( Yeast Extract)(OXOID,
LP0021) W H OXOID Aa; FiflE (Agar) (Biosharp, BS027) ¥ Biosharp A a;
Z N3 (BioFroxx, 1146GR001) W[ MHEEE MR ARAF . (7D Pifhk:
BRI E Yl (HRP) bricd BIEPUR. Fhifk 1gG W H RS 8 AF;  FLAG
Uik H MBL AH]; 41 TGEV N & A RIEZ s EHUIA ARSI § 2 - ORAF: Alexa
Fluor594-conjugated goat anti-mouse IgG (H+L) ( Thermo Fisher Scientific, #A-11005)
TP E R KA ] (FUTS ik FucT-VIIL: sc-271244) 14 | SANTA CRUZ /A 7 ;
SARS-CoV-2-N $i/&(SARS-CoV-2 Nucleocapsid Protein (HL344) Rabbit mAb #26369)
e H CST Aw] (8) HeWlAFEM: EPE (2mL # 1.5 mL) Fkek (3. EAED
W B RDERAVE R AT AR, FrER. R, TKOEE. WEE. UKES
2 Tween-20. 84 JHEEVR . 5 FHIRG - =S v RS0 B 1 251457 A =] ; DEPC

18
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W H % E Sigma A F]; ECL 625Kt W . RIPA ZLERIER BRI H E & RN
"l 4%2 RN H R DUE AR S0 E & PCR A &IE H Bio-RAD Al ;
LR B B FURLE A A AT AR TA TRE (Rl A5 IRA )80 5 & i A=
YIRIHE IR A F 52 . 0.22 pm JE2S. 0.45 pm JESS B IEE W H Millipore A & ; PVDF
fE. 30% A MEMEIZ . 0.22 um JELANW FAA SR AR BEARER I B RET A

3.1.4 TENHFBEF

PCR {XJlJH Applied Biosystems 2 7l; fEiRE/KE# IR IKACSE R &0 B L
N HERHCA R A F]; SDS-PAGE HLJK{X . Western-blot % A% . &5 FH HLUKAE AN
TEUE K L ¥k{¢ . FPLC (Fast Protein Liquid Chromatogram) £ H#ifbA%. & H LFF
FWBEARAT 2R MBS A R AR Tl KR
AR B O AL S AR S AR W H A4S E Eppendorf W] IRIRVKAR W H /R A ] ;
LT RF I B Mg -5 2 4 w5 i iz 2 U8 B AL s AuE RO i s A BR A 7]
HAMA RS A XN ERAEYER A a2 3£ Becton
Dickinson 2 & 7= it ; Nanodrop-2000 spectrophotometer 4366 A 8] B 2% 't B ss «
AV AR AMER CO, B IR M R L E IR KA F] ™ i BEFR{X SpectraMax 190 /& 3&
Molecular Devices 2 Rl 7™ il eyl ¥ ¥ 25 0L H Hitachi 2 7] 405 KOGHUE &
4t G: Box Chemi XT4 »& % [H Syngene A R/ dl; 100kV iE 45T F5E & H A< HITACHI
NE A EE ARSI E HDL A

A HTAE R MO 32 Z ARG . NCBI BLAST M 3% Al T % 41 b X

(http://www.ncbi.nlm.nih.gov/BLAST/); SnapGene [ Tl /F Jii ¥ P4 1% ; Primer Premier
5. GraphPad Prism. Adobe Illustrator CC 2017 I Adobe Photoshop F T~ il Al 4 45
SEI0 S5 RIE; sgRNACas9 F T 15011 sgRNA Al 2 9F-£% ; CRISPR-offinder F T sgRNA
X E T Endnote T SCHRE B UniProt F T 43 A $E 5 A 1) R AE 5 4 H

Chttp://www.uniprot.org/); Microsoft office F T SZL0 44 143 ; Image J H T-5256
KR RS v &t e

3.1.5 BREMARSTRECH

LB WifAR 783 & 850 mL ddH,O T-He#rrr, Rl ANBEE A 10g, BE
P 5 ¢, NaCl10g, #HHEMEERE 1L, KE/GERAAEH,
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LB [E AR 755 SH 100 mL LB AR 7558, IO 1-1.5 g Biflg, KEEHEIHE
Rt fm ML R B PR, B IR PR A

AN HEHR: B 100 mL ddH,0 T HFREMH, IIA 10 g A R HHERHA,
PEPEVERR, TR TAEG T 0.22 um JEST EIE 2, (74F T-20 °C& .

ZCREAR LB TR : KA1 LB BRI A HIE 50 °CA AT, IMANKIREN
100 mg/L I EHEEE, WABBNFILY, §4% 10 mL, #H2AESHE, B
JE RIS, 4 °CIRTT

IR UK e (S0XTAE): [H] 400 mL 25 & F/KH I Tris base 121 g, EDTA
Na,2H,0 18.6 g, Zo/0diidk, hOA 28.55 mL FilE, EAZE 500 mL, =ILARIES.

1.5%3 IR bEEE G . Fifé SOXTAE £ 1xTAE (20 mL 50xTAE + 980 mL ddH,0),
L 40 mL 1xTAE, I 0.6 g TEIEHE, TS, WEIZ 50 °CA L, SA/EIMA 3 ul
Goldview JfR5T, BINKHE, 4G LTS R/DRIRT, fFHAEEEH.

PBS: FHL 800 mL 2 & T /K THEM 1, KA NaCl 8 g, KC10.2 g, Na,HPO,4
1.42 g, KH,PO, 027 g, $iFEZEWEME, W pH 7.4, HFERZE 1L, FEEH 0.22 pm
JEARIEUE, HRIRAEEH.

PBST: T PBS H A 0.05%ff] Tween-20, & ~J (1L PBS H I\ 500 pL Tween-20).

TBST: &1 800 mL % B /K T, MK IIA NaCl 8 g, KC10.2 g, Tris base
3g, TiHEERVEME, WA pH 7.4, FEERE 1L, MA 500 uL Tween-20 J& 2] .

5xSDS-PAGE loading buffer: T 50 mL &0/, KK pH 6.8 1 1 mol/L
Tris-HCl 10 mL, SDS4 g, i 0.2 g, H 20 mL, B-$iELEE 2 mL, MEET
IKVEMRIGSEAZE 40 mL, 4335 J5-20 °CHRTE .

10% 3 WiEE % (APS): f£ 15mL &.O08 %, 10 mL 557K, HIIA1git
R, TR HEIET-20 °CIRAF.

10% SDS: 7£ 15 mL B.0&E ™, 10 mL £ 1/K, BN 1 gidmimis, |
)3k =R IRAT -

1.5 mol/L Tris-HCI (pH 8.8): FH&#f /i 800 mL 252 77K, FREX Tris base 181.7
g, THFEEVEM, A pH N 88, EARZE 1L, FIIRT.

1 mol/L Tris-HCI (pH 6.8): T-HEA I 800 mL 25 £5F7K, FRHX Tris base 121.1
g, PWHZREM, AT pH N 68, EAZE 1L, HERMHESF

5xSDS-PAGE HLUKZE M : THe#Fn 800 mL 2 85-F7K, FREX Tris 15.1 g, H

20
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IR 94¢g, SDS5g, ASHMIBMEERE 1L, FiRMRFEH.

8% SDS-PAGE 7 B J)% (15 mL): 7RI XU, AR Km0 AR in ddHO
6.9 mL, 30 %A MEEIZ#E R 4.0 mL, 1.5 mol/L Tris-HCI (pH 8.8) 3.8 mL, 10% SDS
0.15mL, 10% APS 0.15 mL, TEMED 6 pL.

12% SDS-PAGE 73 &1 (15 mL): 738 XU, AR K [ -4 BRI ddH,0
4.9 mL, 30% P} Bk i 6.0 mL, 1.5 mol/L Tris-HCI(pH 8.8)3.8 mL, 10% SDS 0.15
mL, 10%APS 0.15mL, TEMED 6 pL.

5% SDS-PAGE #4iifid (6 mL): fE#KUsFHr, AKX AT AR A ddH,0
4.1 mL, 30%P/EFEIE W 1 mL, 1 mol/L Tris-HC1 (pH 6.8) 0.75 mL, 10% SDS 0.06
mL, 10%APS 0.06 mL, TEMED 6 uL, iR,

HRRGE MR : T 700 mL 2 BT KRN H &L 2.9 g, Tris 5.8 g, SDS 0.37
g, DEFEEEMR, RIGMAFEE 200mL, EAZE 1L, ZFEHRST.

B 2B 30 mL ) TBST, MIABIEDHY 1.5 g, Feo0iRS, B EIEA Bk

YA KR : £ DMEM 553759 NN 10% FBS Al 1% 5 B &-#E 5 K, I8R5 4 °C
RAFEH

MMPYERFR: £ DMEM i FREE PN 2% FBS, TR2] 4 °CIRAFAH -

0.25%]JF#F: #REL NaCl 8 g, KC10.2 g, —/KFFEEIR =% 1 g, 2H,0-NaH,POj; 0.056
g, NaHCO; 1 g, #i%&j## 1g, EDTA02g, JiElE2.5g% T 1 LddH,0 /5, L%
TAEGHH 022 pm JERRLIESE, -20 °CLRAF, MR T 4 °C.

10 mg/mL fERG: FREL 1 g JEEF, IO 90 mL /K, TR GEERZE 100 mL
KA, G TAEG A 0.22 pm JESRIEIESS, B8 1 mL 35, T-20 °CIRAE,
RPAEFH RAFT 4 °Co

3.2 EWHE
3.2.1 #33 sgRNA BF S8 REL

3.2.1.1 sgRNA &3t
REH R ST R R E I T ATG S — AN ME 7. FIF sgRNACas9 7E
e Wi B4 CRISPOR  (http://crispor.tefornet/) 4 5 4KF 7 MER =) sgRNA 1E M {E#k
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sgRNA. W50 H B A R LS sgRNA 1751 IL3& 3-1

F 3-1 sgRNA F5)

Table 3-1 The sequences of sgRNA

FERAR Pphd 51 ¥4 Fx sgRNA 7%l (57 -3’ -NGG)
Gene name  Species Primer name sgRNA sequence (5’ -3’ -NGG)
¥ (Sus Scrofa) F8-PIG-1 CAACGCCACGAACCAGTCCA
A (Homo sapiens) F8-HUMAN-1 ATTGATCAGGGGCCAGCTAT
FUTS eI 3 F8-MONKEY-5  ATAAAATAGCAAGGTCCCCC
(Chlorocebus sabaeus)
XK (Musmusculus) F8-MOUSE-4 TCCAAGATGAGTGTTCGCT
M (Felis catus) F8-CAT-4 AATGAGCATAATCCAACGCC
FUT1 ¥ (Sus Scrofa) FUT1-KO GCTTCACGACTGGATGTCCG
FUT2 ¥ (Sus Scrofa) FUT2-KO TGGTGAAGATTCAACCCACG
FUT3 ¥ (Sus Scrofa) FUT3-KO CCAGCTGACTGACAACCGCG
FUT4 ¥ (Sus Scrofa) FUT4-KO CCGCCTGCTCACCGATCGCG
FUTS ¥ (Sus Scrofa) FUT5-KO CGGTCAGGGTGCGCTACTAC
FUT7 ¥4 (Sus Scrofa) FUT7-KO CGCTCGGAGCTTTCGTGTTT
FUT9 ¥ (Sus Scrofa) FUT9-KO CTGAAGATCCAGCTGTTGGT
FUT10 ¥ (Sus Scrofa) FUT10-KO GCAGCATGGTTCGGATACGG
FUT11 ¥ (Sus Scrofa) FUT11-KO GAGCGCATCGAGTGCGCGCG
FUTI12 ¥ (Sus Scrofa) FUT12-KO CAGTAGAGCAGATAACCGGC
FUTI13 ¥ (Sus Scrofa) FUT13-KO GTCGGCAGCCGACATCTTGT

3.2.1.2 ERHEHRFIINER
(1) ARYE B bR E B 2L B VI 2 8 sgRNA 781 [RRG 14 A v B 5
(2) AHFFALH HI1S B 344 FTURE lenti-sgRNA-EGFP 4745 Bbsl BV £, FAH N
FRIBR 1)1 P DI LR PEAL B I 2 AR O PE AR . BRI, 75 24 By A3 EL AR SR
Rt I EAZE R4, BILE 20bp sgRNA JF%1] 5> AN cace, R cacc + 20bp HI
Forward J7%1]; 7£ 20bp sgRNA 47 I [A] BAM & IFAE 5 U N aaac, 2B cace + 20bp
[ Reverse J7 %1

(3) & sgRNA FEZEHBR 5], WEN 100 M.

3.2.1.3 @R EH Y]
18I 8K lenti-sgRNA-EGFP i/ Bbsl BEUIN7 AilgY), BEUIAR N T £,
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R 32 BEYMAR

Table 3-2 single digestion system

&y o
lenti-sgRNA-EGFP Jiii i 1 ug
10xCutSmart® buffer S5uL
BbsI-HF® P 1§20 units) 1 uL
ddH,0 Up to 50 pL.

AR 37 CEEYI 15 min, 85°CKi% 5 s.
3.2.1.4 SRS HRMLEIFZRER R B kR EIU
PEHT 30 min BCE UFIRFE 1% B IEMEELR, fFRGYI RS R)E, T RMNEZRF

TINZ) 1/10 AR K 10 X loading buffer FF1EET o ZINCoH H Bk ] A0 B R bR e e, TN 285
A TAE HUKIBIAZ IR KA o B SR AR OB LA, [R5 — LA
A IE ¥ DNA marker, 7EHLE 130 V FHEAT UK. W3 H &7 RUH RN, k85
ERTHIKETR], GRAEZR X IR, kGRS, NOBUHEHR, R8RSR RS
TSI, ERPPERIMES
3.2.1.5 BEI

(1) TE AU DNA B K =PI, TEERBUE RS YN &H BT % B R/ &
LIRS s VRIS T e R4, I8 S8 AR AT I8 B DNA Jr BESAE,  [RIIAT /Iy
(RID) R R HLA & S B H B 2%

COVIBEELE TEN T4 2 mL EP & 7, I M4 ¥ i B 7R AR ) Binding Buffer,
56°C/K¥%) 10 min, % 3-5 min 4§ BP &EHIENES], HZEA R

(3) AAVGEHIRERIEW, ¥# 35 Spin Column P, 10000 rpm 5.0 1 min, sk
BRI

(4) 1) Spin Column H F- XN 500 pL Bingding Buffer, 10000 rpm 250 1 min, 3
SR R

(5) [A] Spin Column HA 700 uL ) Wash Buffer (Wash Buffer {8 F 5l 75 4235 B in
NHRARFTEK RS, FiRE E 2 min, 10000 rpm &0 1 min, FFEYEE
FHER. ERDES.

(6) 12000 rpm 0> 2 min, K Spin Column FEFEFIH A 1.5 mL EP &, EiREHE
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8 min, FEFEE TH I RMLMHG TEG T,
(7) [f] Spin Column i\ 40 pL ) Elution Buffer, &% & 1 min, 12000 rpm 2
O 2 mine W5E B PREE, i pic.
3.2.1.6 sgRNA TR X
FHUS uL 19 100 uM FRZHR, R, BARRMNAERIMT: sgRNA L5149
5puL. sgRNA FiFE5I4: 5pLl. WIERGIRS, Bl BANBHKF, BRAHNRE
T IR KT S ) sgRNA Bt FEB 46K 4 1:100 Fikk.

3.2.1.7 %
¥ sgRNA AL T REE %123 lenti-sgRNA-EGFP #ik . RMi&ARWIT:
K 33 EBRR
Table 3-3 Ligase reaction
R4 R

LR AL I lenti-sgRNA-EGFP il 10 ng

sgRNA ZERZHRZIR K4 1 uL
2xT4 DNA Ligase Buffer S5ulL
T4 DNA Ligase 1 pL
ddH,O Upto 10 uL

RIS ZAEN 16 CREROE B s 200 % 42 2 h.
3.2.2 KIBFERZAMEAEIE (S5

(1) #4-80 °C¥#%: A7) DH50 B DH10Bac MR Z M T LB [R5 FR3e-FA b, T
37 °CUAEREFR 12-16 h B 48 h J5 HEHUA LA T 5 mL LB WU 573, 37 °CHi
IR 397 8-10 he

(2) BEiE A0S BB A% 1:100 (9 H @R E] 50 mL 1) LB ARG R, 37 °CREIR
IR 2-3 h, (1 OD600 nm fHIAF] 0.5-0.6. 4 B HEE A2 BITC I 1 50 mL B0
H, YK EJSCE 30 mins

(3) 4 °C 4000 rpm {50 10 min, FRREFEHFT EH. JIA 10 mL IKFA 1
0.1 mol/L HJ CaCl, B :&UTiE, UK LJIE 30 min,

(4) 4 °C 4000 rpm &0 10 min, THEFEEHFE IR EE. I 2 mL KB4 H 0.1
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15 T FUTS 85 5abtR00 75 5500 04 WL 5
mol/L 1] CaCly S 2R FEN 15% B o Hil, BEEUUE. 703 100 uL/E , WA EG,
-80 °CIRA74%

3.2.3 EEYINENL

(1) MIKFE-80 ‘CHIZE 24 (DHSo) 41, & Fik Bafk.

(2) B (10 uL) £EI DHSa 40, 780184 50K 30 min.

(3) 42°CKBEH I 1 min30s, HEFUKLE 3 min.

(4) M 450 uL Tohu ik LB #5575, BT 37 CRIKTHIE 1h.

(5) 3000 rpm 0> S min. W B3, MES, HERET RO EAETNEE
PR BRI SR A T2 Amp FFEMRERE AR PAR .

(6) “FIREIE T 37 CHFMTHIFF 14 he

3.2.4 BRENSR TREEE K E® PCR

(D #@FTAEAT, BT IBOKE Ak BRI HEEL 5-8 ANhEE VA, 40 Al
% 1 mL 7 Amp MK LB B33t

(2) 37 ‘CHEPK 220 rpm #2566 h.

(3) PR TS W R BV, TEEF TAFE & PR TR PCR %58, FIRE
WEHFT 4 C.

T PCR AR R80T -
R 3-4 BB PCRAER
Table 3-4 Bacterial liquid PCR system

%l AR (uld

R 1

2xF5 Taq PCR MasterMix 5

F(10 puM) 0.5

R(10 uM) 0.5

ddH-O 3

N s 98 °CTRARM: 3 min; 98 °CAR 4 15's, 55 °CiB K 15 s, 72 °CIEAH 15 s,
35 MEH; 72 °CHIJEKIE{H 3 min. BEI PCR 52YefE, #HATE S BESIR Ik 40 ¥, &k
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B 2-3 AN%0E IERA IR B VOE A IR RN T o BE SRR AR P45 5%, EonHrh—SC Bk
B - HX 300 wL BRI 100 mL 7 Amp [P LB 15773894 .37 CHEIRKFFE 16 he

3.2.5 ZABFR/NMERAL

(D) BHEBEFEZE 50 mL =08, 5000 rpm 10 min 225 .

(2) 3£ E3#, BN 500 puL solutionl, jZ %1% F B4H T UTIE o

(3) BRIEFEFREHM 2 mL EP ZH, A 500 uL solutionll, 7877 EifFVE] 10
K, WERRIRE, RGN, iR E 2 min.

(4> fIA 250 pL T4 Buffer N3, A7 5 BRI E0KR, B2 ~4 B EE0RIT
V€. 4 °C, 12000 rpm 20> 10 min.

(5) ## FiE%E 1.5 mL EP B, A 0.1 A1 BTR Wik, TRAIEIR, Wil
VM. UK EWEE 10 min, AR EUENR SIER LK, A TRIARTE .

(6) 42°C/KIBAKI 5 min, BUFENES], B5.0HL 12000 rpm, 5 min.

(7) ¥R LiE%E 2mL EP B, A 0.5 AN K A8, BiERS), =EFHE
2 min.

(8) MALWAA % DNA Wi, &0 10000 rpm BS540 1 min, 5.

(9) [fi] DNA WA 500 uL HBC Buffer, ## & 2 min, &-0H1 10000 rpm &
> 1 min, 3K

(10) [ DNA WEFftA3: i 700 uL DNA Wash Buffer, # & 2 min, 25041 10000
rpm B0 1 min, FEWH, #HEPE 10,

(11) B0 10000 rpm 2= 3 min, B Z B 8 min.

(12) % DNA WP RNHT 1 EP & rh, fiittfdnic, JA 80 pL Endo-Free Elution
Buffer, ZiLFtE 2 min, E5.0AL 12000 rpm 250> 2 min.

(13) K N B O DNA WA, 12000 rpm &40 2 mine. 43 Y66 iHllHk
FE, 20 CLRAF.

3.2.6 MRAEH G

3.2.6.1 ARET
(1) fEKBHAF T 10% FBS DMEM %973
(2) MIREFEFE— SCEAE A0, BT/ 37 °C/AK R Rk,
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GO L 5, =3 1200 rpm Z.0r 5 min, 7 2 L3, I 1 mL ) 10% FBS DMEM
B IRk,

(4) FE L4 T25 s 7R+, M 4 mL 10% FBS ) DMEM §5 5%
Beo AFbRIC, BBAIEICE TE&H 5% CO, 1 37 °CREFRA B 3%

3.2.6.2 WK TE

(1) #%M@Aa4-MiE : DMEM: DMSO=7:2:1 [ LW e & % A7 -

(2) HBEEEREE T25 P RAREAL TR, B2 2mL EP &,

(3) B OHLESG 1200 rpm, 5 min, FEEFTA LIFH. IARHIFEHEAR, BFRRITH
SN

(4) BB EHAE T, B8 1.2-1.5 mLo KA 05 B A7 & T S A ) e
PREIERE

(5) FHRAE B NN 7 P B ) 20 LR A7 b OBONTT R IR A S R, TON-80 °C
UKFE, 24 h JE U T AT

3.2.7 BREEER

(1) BUWE I3 HEK293T 40f, 3557 2 RGBTy . FERE QLT — JOR 2 M 2
Flia T75 dHHRE TR0 -
(2) FRAfMLIAF] 80% % JE N BEATFE Gy . FeQLnT PR IART 745, PBS rhist—il, A
15 mL #rfif 2% FBS DMEM Ki 53 CEPiAER), B TRFAP AR
(3) HYARR W T *

£ 35 ZRAEREaEER

Table 3-5 Three-plasmid lentiviral packaging system

J&ar i
Vector 12 ng
psPAX?2 8 ug
pMD2.G 4ug
jetPRIME reagent 48 uL
jetPRIME buffer 500 uL

DL Er B HIRS, EIRFE 10min, BREMANMEFRET, BRE5.
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(4) ¥%4L)5 8-10 h, 7+% EIE, BEIASH 1%03t, 2% FBS ) DMEM #5774,

RSB

(5) 60 h JEIREEEF FERE SO0 mL BOE Y, RGFET 4 C, EHIMAEAH 1%
P, 2% FBS [f] DMEM k; 373, 44498,

(6) 84 h JGUR&E A LG A 50 mL &L, 3,000 rpm, 4 C &Ly 10 min. (7)

B0, MO A B OB, K BB 0.45 pm JERRITE.

(8) I IESE I EIF I 4:1 W LLIm AR B3 4105, 30 min RS — X,
=K. 4 CHlmEE.

(9) 4 Cit A FE G A A EPiE, 448 5000 rpm, 4 CESC 30 min.

(10) BLE5H, BUR B3GR, FBKAR TR WERAEE R, FEA 200
uL T4 (1) DMEM 5% 35 3k & B %5 .

(1) BFE5%E 50 uL, 73R E T-80 CLRAF-

3.2.8 TiiZPEM P EMPa R

3.2.8.1 1BiRERER Cas9 MR

(1) ¥ PK-Cas9 Ui 6 FLAH, 455 3% BEIE 30% 5 REALINA 50 pL 18 EE
TR IERRSIRE TR . 37 C, 5%CO, 537 12 ho

(2) BJFEHHN 10% =M DMEM B2 353, 37 ‘C, 5% CO, 577 36 ho

(3) IO BB M EEN E R A ERE SR . B 6 JLRTAMMHLEEEE
T25 B F b B35
3.2.8.2 HRERETELEMR R

(D) H a3 g R AN S, AR 6 pL 20 My 5% 7 22 4 i %
B FRILA, I 15%E6E DMEM 55338, 5d )5, #ERPREUR TR,

(2) KB FR L E T O R T E R e RO S, PhkO6RMgni, #
fr B FHIC S B HEbR L. =i DMEM R 805 TE 2 K.

(3) 1E 48 FLB I 200 pL 20%=: 4 DMEM 1593, S0 T~ KB At L F)
ARG R ERE, A2 48 fLih. 37 C, 5% CO, K557

3.2.9 Sanger M FFHRL5 5 52 FE 40 i R B EI R PR

3.2.9.1 EEN4EpEEEHELA
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(1) £F 48 FUAR P AP G 1L 22 12 FLAR, 12 FLARP4i i — 23 3 N 4 .

(2) ZHifeZ 9% 2000 rpm &0 3 min, 75 1iF, I 200 ul buffer GA. fEZIRAIR
2 A SRR

(3) JN 20 pl proteinase K, 7#%J. JIA 200 ul buffer GB, 7843 Hif#¥E%], 70 C
K 10 min, ARG . TN 200 pul K ZLEE, FTHBHRS 15 s,

(4) CB3 WMAFBANERE S, K E— DU lnyiiE %% 2 CB3 Wkt
1000 rpm 0 30's, FF Fillo

(5) AW BRHAE A in N 500 pl buffer GD, 10000 rpm 250> 30's, 3 il

(6) JA 600 pl EFHH PW, 10000 rpm &0 30s, F Fi. EE K.

(7)7% i 12000 rpm 2 min, 5 R« WAL ONETHT 1.5 mL EP &, IR #6051 8 min.

(8 HET I B A S rp e (EAS LA RS, N 50 ul ek TE, ## & 2 min, 12000 rpm
BS0 2 min, K FREFIMANELZ —R. Sl TE E2 G, 2 JeerE it
W
3.2.9.2 Sanger ¥

FERG B DR ) B (R 4 B R sgRNA BRI 100 bp LA ERIALE %51t — B ECTH)

W5l (£ 3-5), PCRIY I (K 3-6), KA 328 A 5L B A =10 5 .

% 3-6 Sanger W /F 5| ¥/75)
Table 3-6 The sequences of sanger sequencing primers
SRR DF ElE 2R ek
Gene name  Species Primer name sequences of primers
¥ (Sus Scrofa) F8-PIG-1-F GCCTGTTGGCCAGTCAATAC
F8-PIG-1-R ATGAAGCCCTGGCACCTAAAA

A (Homo sapiens) F§8-HUMAN-1-F  ACTGATCATGGTACTCTGGGGA
F8-HUMAN-1-R ACCTCAGGTACTCTTCGCCT
FUT8 IR/ F8-MONKEY-F  CCACAGCATGTAGAGTCCATG
(Chlorocebus sabacus) F8-MONKEY-R GGCCCATGGGCTGTGAGTTG
K (Musmusculus) F8-MOUSE-F TGCCAGTCCTTATGATGAATC
F8-MOUSE-R CCCCAGACCTGCAAAGAATAG

M (Felis catus) F8-CAT-F TGCCAGTCAACACCAGAGTG
F8-CAT-R TCGATGAATGAAGCCCTGAA

FUT1 ¥ (Sus Scrofa) FUT1-KO-F CGTGGTATCATCTCCCGTGG
FUT1-KO-R CATCGCCAGCAAAGATCACG

FUT2 ¥ (Sus Scrofa) FUT2-KO-F GTTTCCACGCACCCACAAAG
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FUT2-KO-R AGGTGGTGGTAGAAGGTCCA
FUT3 ¥ (Sus Scrofa) FUT3-KO-F CAGGACTCGTGAAGATTGAC
FUT3-KO-R TCAGGTTGAAGTACCCGTCCA
FUT4 ¥ (Sus Scrofa) FUT4-KO-F GGACCCGTGGAGCTTTAGAT
FUT4-KO-R GCTAGGATGGGTCCTAGGGT
FUTS ¥ (Sus Scrofa) FUTS-KO-F GCAGCCCAAGAAATGGCAA
FUTS-KO-R GTTGAAGTACCCGTCCAGGG
FUT7 ¥ (Sus Scrofa) FUT7-KO-F AGATGAAAGGAGAGCGGTGC
FUT7-KO-R GCCATAGGGCACGAAGATGT
FUT9 ¥ (Sus Scrofa) FUT9-KO-F TGGTGATGGCAGTCTTTGTCA
FUT9-KO-R GGGGTGTGTGAGTTGGTGAT
FUTI10 ¥ (Sus Scrofa) FUT10-KO-F AGATCTGCTCTGATGGGCTC
FUT10-KO-R ACCTGACACACCCACTCACTA
FUTI11 ¥ (Sus Scrofa) FUT11-KO-F GAGCGCATCGAGTGCGCGCG
FUT11-KO-R CAACGGGTAGTCCGAGTGAC
FUTI12 ¥ (Sus Scrofa) FUT12-KO-F CGTGGGCATCGTCGC
FUT12-KO-R GGAGCGTTGCATCAGTGAC
FUTI13 ¥ (Sus Scrofa) FUT13-KO-F CGGTCGCCGGAAGTGTG
FUT13-KO-R ACCATCTCTACACCCCGCAT
# 3-7TPCRI AR
Table 3-7 Amplification system of PCR
%l AR (ul)
f5H DNA 2
ISP F(10 uM) 2
NG R(10 pM) 2
2xPhanta Max Master Mix 25
ddH-0 up to 50

SN SAE N 95 °CTHARYE 3 min; 95 °CAFH 15 s, 58 °CiBk 15's, 72 °CHEL/d
15s 3] 2 min, 40 MEKA; 72 °CHIJERLEM S min; 16 °CAHI . 4 °CIRIELRAF .

3.2.10 Western Blot #2838 5 77 b 20 it 22 2 R R B3 =R

(1) FC B
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# 3-8 SDS-PAGE 4} B R H /7 (10%)
Table 3-8 SDS-PAGE separating Gel Formulation(10%)

% AR (mL)
H,O 59
30%Acrylamide 5.0
1.5M Tris-Hcel (pHS.8) 3.8
10%SDS 0.15
10%3 1 R 0.15
TEMED 0.006
% 3-9 SDS-PAGE R4 IREC 7
Table 3-9 SDS-PAGE stacking gel formulations
%y A (mL)
H,0 3.4
30%Acrylamide 0.83
1.0M Tris-Hcl (pH6.8) 0.63
10%SDS 0.05
10%d B R 4% 0.05
TEMED 0.005

(2) BERHIFE i Ak 22
a FE R IREL, HE AN RIESR EP . BONURE B OUTIEM, b
7, N 80 pL WB 2 5 2 40 R TTIE -
b4 CA AT 30 min, 7857 @ .
c.B ML 4 'C, 12000 rpm Z5.0» 15 min. HU E3E, B 20 uL 5x loading buffer.
d.7#7KZ& 10 min, VK¥ 5 min B 1EE M.

(3) SDS-PAGE: 5000 rpm 0> 3 min, #fLAFE 20 uL, #5H Marker & 7 uL. 80V
i3k 30 min, 120 V HL¥K 60 min.

(4) FEJEE: 120 V JRVEFEEN 2 PVDF 5, 120 V 35 40 min. 522 : 80 mL 10
FE NGz pP+720 mL 7K+200 mL AR . KRR IO e A i I G il K & -
VI ZWRGAIRE, MR BRI RS IR A 4E e TN M &P . 0% 2 min.
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FrokE, PIEFZIEBOK, OKIREY). BOR PR, . B 54K, HRE
B, R TN, BET RO, R R AN, R AR
— 0], AR OKAS . ERIETAMNL, HIE 120 V, RIEE A KN BE A, 1
KDa/min.

(5) B : 1 g BilEWHVET 20 mL TBST ¥R EC B 1. PVDF BEEON B 1
H, 4 CRERE R E .

(6) TBST Wi, =i E —H (GAPDH: TBST=1:3000; FUTS antibody: TBST=
1:300) 3.5h. TBST %=, %X 5 min.

(7) =IEHEE P CEPUR HRP: TBST=1:3000) 1.5 h. TBST ¥t =i, /X 5 min.
(8) T A, BIRAAHL 500 uL, ¥E5). HWAIRMINE O, 6, KRG &R
G, fRA1F.

3.2.11 MTS 3Z#M 8 5 BERBRIE 1

(1) FE— 96 FLIR HEFh A, Fre 40 PK-Cas9 400 & 12 MNEE, S5
A 100 puL 10%=FE DMEM 403573 . RS LM E 2 — 5, 0P
6000 .

(2% 96 FLIRE T 37 C,5% CO, AT FRFa 1, 7577 E AL ZE N 80% -90%.

(3) ZiRFHE 2 h il MTS ¥R &%, FEEMMEEIRE, LA 10 uL MTS
VRN 100 uL 2% =14 DMEM 4i 5 753E; 37 'C, 5% CO, #1557 3 he

(4) WERMPEA AR, 490 nm. Kl &L OD {H.

3.2.12 BB I SLLL(IFA)

(1) [EE: TGEV &Y 24 h 5, W 24 JLIR T4 B3E (20 CRRA , BfLE
ZZINN 500 uL 4% % K H I, =ZEFE 30 min. PBS &% E—X.

(2)383% : FEFLIN 300 pL 0.3% Triton X-100 (PBS & ALH]) , EiRE E 10 min.
PBS #&¥E—K.

(3) #H: SFFLINA 300 pL 2%BSA &, 37 CH%E 30 min.

(D EE —Pi: R, BFLEBEINA 300 pL —H1 (TGEV-N £ $1: PBS=1:1000
FCHlD) , 37 CHEE 1-1.5h. PBS BHPE=IK, X 5 min.

(5) BE 9. B, LA 300 pL Pt CGEPif 594: PBS=1:1000 At #)) ,
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37 CH¥H 45 min. PBS EZ¥ =X, &KX 5 min.
(6) DAPI 4+t LN 300 uL DAPI (DAPI: PBS=1:1000 fig#l]) , 4¢f% 1 min.
PBS B Ve =K, &K 5min. BFLIIA 500 L PBS, %% EMEL F M.

3.2.13 FREHE (TCIDs)BIME

(1) K250 H40M (FUT8-KO) FIXfREZHAA (PK-Cas9) H:Fh T 24 FLARH,
FLARM 55 FE 3% 70%-80%0 IR 6] MOI TGEV J% & . 12h, 24 h, 36 h, 48 h Yit4E
FIEW ORERESD . HET-20 CUkFT.

) B4R T 96 FLIRH . BT 37 °C, 5% CO, 85 I- 40 i i 95 405 B 70%.

(3) #E# 2 mLEP %, iR 2% DMEM 359375 10 (515 LA, meE)R
W FRRUE IR . ARSI E-3 £-8 3k 6 MR, AR E R E
SAMEE L. BN 100 pL KR . T 37 C, 5%CO, 7 Hi3% 3 d Ja1E
BT IS A o

(4) Reed-Muench i8R # i E: LogTCIDsy =i T 50%J7 A% 975 25 Bt o W e JEE
F st 5+ B S EL A

3.2.14 fREY LW

AR RS, BURAIM, T#8% T/EG R KR PBS K4 iid vt mi,
B4 2%M7 DMEM #5383, SR)5 LUE & MOT ks S JL i . 5 35 8L 48 h, W2
HRAR G, B T-80 CUKAR S E A Et— =¥k, 8000 rpm B> 10 min %
MHFE R, KT BIE RS S 0 R R A T-80 CH& .

3.2.15 Western Blot SLI8I81F TGEV E§1F R

FEPOIRAS R U7 FUTS-KO 4 T~ 24 LR+, [FIN 1% B PK-Cas9 X HRAL . fir4
P I 3 70% 0, F4 4 AT 7RI AR 2% =i DMEM 5787 B£LINA 0.01 MOI
TGEV R, BT 37 C, 5% CO, R FATREFE. 24 h I ISCHE AN A n A\ 41 il 24 gt
W, 31T Western Blot /i A0 FH . A5 FF i AL EE 58 )5 17#E4T Western Blot S

3.2.16 RNA B REEF

H Trizol {42 HUE RNA, BARSEUIT:
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(1) FrEESIIA 1 mL Trizol AR R Z RS, EiMFFE 5 min.
(2) F7C RNA BRI 200 uL &4, %% 2 min, B T0K L 10 min, 4 C,
12000 rpm 0> 15 min.
(3) Ht_E3E 500-600 pL T %5 —ANJ RNA B 1.5 mL EP &, FEINNZEARFAK) =
PR, BREENEEES, vKEHE 10min, 4 C, 12000 rpm &L 10 min.
(4) BEO5EE MEBEH AT WA ayiiE, BEFE LIERE, B 1 mL 75% 8
PRI DlvE, BHyiiE, 4 °C, 10000 rpm &0 7 min.
(5) B3 Fig, ¥ EP HHK 4 °C, 12000 rpm 250 5 min, FJ 10 pL B 2SI
FEE BERRRTBAA .
(6) ¥ EP HE T 6 ik E B AT 5 min.
(7) £ EP &I 20 L DEPC /KB EE N H A RNA Ui, RH sy, B,
TR
SO T B B R P VLU i SRS T E B 22 100 ng/pl, TR REDR #% DLEL
i e SR L BRI DAL, 8 T B 0 ) 1Y) RNA S S BH R Gk AT S e, 1R &
LU
£ 3-10 ZEFE4 DNA 2B

Table 3-10 Genome DNA wiper system

il PRRR (ul)
i RNA 8
4xgDNA wiper Mix 4
RNase-free ddH,0O 4

BB ZS R R RITIES). 42 'C 2 min.
15 SN A ELEEINN 4 L 5xHiScript I gRT SuperMix. N4 H: 37 C 15
min, 85 C 5s.

3.2.17 RHEE PCR

AT 5 A FE B S OK 5 B PCR J7 AR AR b At s kv, ELUAB 90
T
AR kv CACBIT T A 92 506 2 Bt PCR 514741 I3 3-9):
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R 3-11 LHREER PCR KBER

Table 3-11 Real-time Fluorescent Quantitation PCR system

0%y RFL (ul)
2xSYBR Green Mix 5

51 #1-F(10 uM) 0.5
F19)-R(10 uM) 0.5

BB cDNA(100ng/pL) 1
RNase-free ddH,O Up to 10 pL

NSk AF A 95 CCTUAEME 5 min; 95 °CAEHE 10s, 60 CIBK 10's, 72 °CHEfH

15's, 40 MEH; 72 °CHIJELEH 2 min.

Kol AL T 7 i 27T ik (Livak 155
(1) THEAHNZHE sgAction CT $1H.
(2) THHEHE— ACT, BIEHMAR H R L ) S HE R CT 4.
(3) THEXTIRA A ACT I5ME, LI A A — A ACT I8 22 MINITH S et HE 2
) ACT $4{H, 193] AACT.
(4) HXFRIBEIH, WA I A F XA 2747,

2400 7€ B
(1) PCR #"'#§ TGEV WH-1 i N £ [&, 7il% % pCDNA3.1 &k b, 7 %55 IEH
JEEREUTRL, W RE, T s DU K TURCE SR 10 R A ERiRE 1 bm it
d, FH T HIERRAE 2R
(2) [R5 AR FIAR XS T8 S R HEATHE o b, — e TR T 25 S
AN A THELH RME A kR Azl RPHEEED 0.99 BLE,
(3) BRI R CT EARNRHEZer, 15 303 DU
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R 3-12 FHEEPCRIY

Table 3-12 The primers for Fluorescent Quantitation PCR

CIEEZY i 1MEs) (57 =37 )

J#Vi B-actin-QPCR-F CGGGACCTGACCGACTACCT

$# 5 B-actin-QPCR-R GGCCGTGATCTCCTTCTGC
TGEV-N-F GAGTTGTCTGGGTTGCCAAG
TGEV-N-R TGAATTGTTGCCTGCCTCTA
FUT8-QPCR-F-1 CTGGACATTGGTCAGGTGAAGT
FUT8-QPCR-R-1 CAGGATCACCATGGACTCGT
pAPN-qPCR-F TGTTTGACCCACAGTCCT
pAPN-gPCR-R TCCACATAGGAGGCAAAG

3.2.18 EHTHEEHRBIF

(1) REFRUFHIANMFER 7738, PBS VEMIIE, IAJEES.

(2) JEBEHALT G (N AR, FRFFREEZRH, HRE TR~ k. )
N, B0 2000 rpm, 3 min, 400 FEA S RN,

(3) F¢ BB 2.5% 10 I B e v, HE40 R B2 R ke B 1 e il
R E 30 min, PR 4 CIRAF, UKESEH, TELRAFEALEH R H [ e i
PIIIAUREEUK . IR FRYE IR A R I BB RE

3.2.19 WEsYI X [EIRELHR

(1) MEFTIMAE R T
£ 3-13 JEETME R

Table 3-13 Double digestion system

D% AR (ul)
Hfk 2

BEL 14 PN 17016 1(20 units) 1

B 1] 14 PN DT 2(20 units) 1
rCutSmart™ Buffer 5.0

ddH> O Up to 50
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PCR X H': 37 °C 15 min. B P24k 1m0,
(2) BHWEK SRV EAARFEIREHKRWT;
x 3-14 EHRNER

Table 3-14 Ligation reaction system

el R (ul)
ENHE Y78 2

BWAK 1

Exnase ® 11 1

5xCE II Buffer 2

ddH-0 up to 10

PCR {%H': 37 °C 30 min.
3.2.20 TGEV-BAC JRHHEEL

(1) $EHE: WHIE 1:2000 FAFEZR (34 mg/mL) ) 300 mL Wik LB B9, A
200 uLBAC B, 37 CiIw#zH -

(2) EW: = 5000 r/min &0 10 min, 3 B, SO0ERMTARLE, BT EE.

(3) HE&: H 9mLsolution I EHAEAJIE (JiEidZ, MANLEYZ N4 solution I, 40
12 mL), J5 I solutionll/IIT 4% LL B INRA AT, AIERLE KBS0 T, 200 L Bl
REETE-NMETH.

(4> A 9 mL solution II, Hiff[¥E5J, ##H& 3-5min; MIA 12 mL solution III, Hif3|
R2), #E 1-3 min.

(5) =& 10000 rpm & 0» 20 min, HIEEBITE.

(6) HULiE, A 0.7 AR ARE (R B3 30 mLJANA 21 mL AR, 7
SPIRZ), ZIR 12000 rpm &40 20 mins

(7) B FIEWEEE, TR R R RS GBS DNA JiiE), ¥4
BRI T 4K B T R SR AR, R E S min, JI\ 500-1000 pL Elution Buffer /&
fift DNA JiiE (PR B OE N 56 CKIS R ik JTIE B iE) -

(8) 4 - — D fRE) DNA (4 250 pL), fNA solution 1250 pL, =i ##E 3-5 min.

(9) SN solution IT 250 uL, i FHERS 5.0 4-6 I (RIZIE &2 DNA Wiz, [%
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RBRLALRE), RMETEMAMN, FRIFE 2 min.

(10> WA solution 11 350 pL, FEANEUEIBGRIE A, 2 H I E EZUIRYTIE . E iR 12000
rpm 20> 10 min,

1) /NI EL T, B IAR 2 mL B0 WA QA AR o i
BN RIS R FE R B A, DENESE T, 5 T BRI, ORUEBEA AT Fr o =
75 10000 rpm B50r 1 min, 25 24T 58 4 i W B AT .

(12) FFyEW, hoA 500 uL HBC Buffer, 10000 rpm &.0» 1 min, JELEWMFE, B
FIRARE A ALRIE DNA 2l DL 5 S2se i fi i

C13)FEE R, FTE/K ZEERGREI) 750 uL DNA Wash Buffer 15 e 4, 10000 rpm
B0 1 min, FFUEW.

(14) KW FFAE 10000 rppm B50r 2 min, #LREERERE; TEIREE 8 min, WT
W BREAE P 2T

(15) KW B AE AN T4 1 1.5 mL EP &+, i 30-50 pL Elution Buffer 7EJEE L,
FIEFHE 2-3 min, 10000 rpm &0 2 min. Ff BP & AR B SR SERS F, IR
12000 rpm &0 2-3 min, Z 3 FHAE.

(16) WM E . A Elution Buffer JEWHIFE /WOGET, faHIHZEFI 1.2 il
FRERCARE R FOR 20 CORAFAH .

3.2.21 ERHE S ERNMSHAMRE-ARERH &KW

(D) PRSI EE S H AR
WT-293T/293T-FUT8-KO 4 it 4% 4% PBD-NF-kB it ¥ii Ml pAPN JFi .
#YL PFR-LUC ikl 24 FLAR 0.75 pgo
BL TGEV-S ikl 24 LB 0.75 pg.
(2) A2 R AH B e R0 55 32 4 4
293T U454 pFR-Luc ikl 24 LR 0.75 pg.
293T 4% 4L ik TGEV-S 24 FLAR 0.75 pg-o
(3) ¥EQesh3% 24 h Jo, ¥ 293T HMMEAT AL, ARG 2:1 oI & &
WT-293T/293T-FUT8-KO 4 L.
(4) 24h o, UMM, MPGIE.
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3.2.22 AR REGIRESSE

(1) RAMPRFER, 24 FLBINAN 200 pL U0, R He i 1 IR e A
SEATE A A .

(2) VKEWEE 5min, 705 24E40M.

(3) KHME DT, WS4, WERIE 10s, W5E RGN 2 s.

(4) B 50 pL 2B DU &8 b CORFFARE ORE S IO INFE R — B0, 534MIMA 100 pL
K R G IR A, SRR S 2-3 IR, 7840 1R 51 JE I E RLU(Relative light unit)

(5) Sy Hr s
a. S EN A TR P KRB YLl i+ B K RO R BRI o 2 B0 EZEL AR o
RS SRR AR, B S SRR R R B R A S, IR b 5E 4 A
[A] AR Tk 7
b.SEIRAH : HR A St E YR (RISEEH F) .
cHTHRA: HQAMIA LT, USRS R (EINTIRA F).

(6) THELER. SLIH=S0IbH F-15 5 Fo WIRA=XE4H F-15 5 F. RiAMEH=5x
B 21 /%) HEL2H

3.2.23 wERM A RS

(1) TR Bt iz s
AR B AU BE TS, 24 FLAR S MOI&4s, 4 CH¥HE 1h, HUAM PBS =
i, B LI 1 mL TRIZOL JG 42 RNA 223 R4 s 4% i cDNA, #4710 5% € & PCR
G
(2) WHSEL
Fl TGEV(MOI =5)1E 4 °C 1F N J##4s PK-Cas9 Al FUTS-KO 4Hjig 1 h, ¥4 PBS
MR R AL AR, YR IR, 1E 37 °C K53% 30 min, R PBS-HCI (pH=3.0)
TG 25 A 4 0 2 T 2R P AL PR 5 UK 5, VAU R A PR AR A ) A7 10 7 3% 5 B PCR 73T o

3.2.24 RAGERSITER

(1) BEYAb BT (4R FLION 15 ng/mL TGEV-S 2, 37 CEE 1 h.
(2) 3 L3E, N 800 uL 2%BSA &, 37 “CHH] 10 min. JEEFHIL 2 min, 1200
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rpm 2L 5 min,

(3) 3 b3, TGEV-S £41 (2% BSA fitiil) 37 CHFH 45 min. 2% BSA H &, 1200
rpm &0 S min, FF B3, 1200 rpm &40 5 min.

(4) 37 By, FPiR 594 (1:1000) 37 CEEEIE 20 min, 5 E HEER 10 min
BN — T S S B 1k 40 B T R B .

(5) 1200 rpm 20> S min. 3+ L7, 2% BSA E & 1200 rpm &0 5 min. # /)5 800
uL 2% BSA R E B4, JiX M4 73T mCherry 3818 BH 4405 &

3.2.25 f&3 RNA B2 EL

(1) HX 200 pL B%E R, A 200 pL [ Buffer VGB. 20 pL [ Proteinase K Al 1
uL [¥) Carrier RNA, 7845MREAIT 56 C/KIFIRA 10 min.

(2) [ I 200 uL B E/K OBE, 7850 AT .

(3)¥% Spin Column % & T Collection Tube I, ¥ £ Spin Column 1, 12,000 rpm
250 2 min, FEIEWR

(4) ¥ 500 uL [ Buffer RWA JIIA Spin Column H', 12,000 rpm 1 min, FFJEHR. (5)
# 700 uL f) Buffer RWB I\ Spin Column ", 12,000 rpm 1 min, F¥E#H. (6) =
HAEBIR 5.

(7) ¥4 Spin Column % & Collection Tube =, 12,000 rpm 2 min.

(8) % Spin Column % & T-#r Y 1.5 ml RNase free collection tube I, 7E Spin Column
FELRR HR AR N 30~50 pL ) RNase free dH20, ZEiEF#HE 5 min.

(9) 12,000 rpm &> 2 min ¥ fii DNA/RNA .

3.3 it ot

Fi g gi it A iE it Microsoft Excel 2013 ¥4 A1 GraphPad Prism 8 #EE47 .
AR R 7 20T R ¢ KB T VPG . ns AEREER, P{H<0.05 NESIH#E
X (%), PE<0.01 NERFEGIEER (**), P{H<0.001 NEIEFE EERRIT
FER (k) PAE<0.0001 AFRHEZENGITFEES (k)
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4 BREDH
4.1 FUTS BEER4HRE R B3 K 3SR UG E

4.1.1 F|A CRISPR/Cas9 H{R7E PK-15 4R L EgFR FUTS EH

4.1.1.1 FUT8-sgRNA 18R B RIAH Fa0HE

B, BAVEHAAEL sgRNA it T H (http://crispor.tefornet/) Wit 1 T i
FUTS 1) sgRNA, 4 sgRNA 1B ‘K il AUk fm i 422 21129 T2 2014 lenti-sgRNA-EGFP |,
BTG, W IR S = R A R SR

sgRNA

G GG C CiC GIIC CiGICE CG CC GRIRCIC G

X A
A /,'\\ /\\ A /\ A N N A
/\ \ [ AW A /\ N[\ A B A
AN\ £\ / I\ \A / [\/\
[ IV VYV /) / f V \V\/J \ /| V | \J\
/\ X A A S N X X A X X A JARNESY

4-1 FUT8-sgRNA 18R BERIEBENFER

Fig. 4-1 FUT8-sgRNA-lentiviral expression vector sequencing results

4.1.1.2 FUTS BBR4AR A RIHE 5 B e BE ik

FATFH A B 47 1R 187 R IR e e KK cas9 FEA I PK-15 B R (RS L)
30%), 48 h JE TG BB FUMET . W E BT EAIA, FF40H M A
KL 50%LL B, R RIEFR LT T — 5,
4.1.1.3 FUTS Rl B B 5a B 2 B 2R BB PR SUSR &% 4 a3 36

o, FATPREC T P FEE MR BE R, § 1Y sgRNA BisinZ) 400bp 1 B IE
Fr, MFPEi R (B 4-2A) Box FUTS EERIRFR). WB (14 4-2B) 45 RAIEH],
7E FUTS iR 400 R FUTS & A MRIA & R E MG 8 1ok, BATET MTS 44
W7 AN S FUTS MR R A0S /g, 4553 (B 4-20) &R FUTS iR
PSR} AR SR 3 LR
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PAM sgRNA

sefcciics 66 GTGGCGTT G

T /\/v\__/K VAN

del ACTGG
l

GC GG GI1GGCG GG

FUT8-KO,

s nfinaa/ _/ W A AN

B 5 C
* - 150~ e
&Q’ < 120- o
) z g
$ < £ 3
Futs [ =]
S
GAPDH -E 30+
0 L] L)
o
& o"%*

& 4-2 FUTS RBRCR K S v R 4 T ik
Fig. 4-2 FUT8 knockout effect and cell viability verification of monoclonal cells
A: FUTS JER AT 4558 B: WB Kl FUTS 2 [ 3RiA & C: MTS il 40 i /1
A: FUTS genome sequencing results; B: WB analysis the expression of FUTS protein. C: Cell viability was detected by

MTS assay

4.1.2 FUTS EEREEZINFHN TGEV Sl

FERCIIMEE FUTS mBRAM AR5, FdAI 7 A 1 MOIA10.01 MOI H) TGEV /&
JeBF A 5 FUTS mgbRANAE, 24 h JRREEANM, SRS H AR 2O (DFA) E
R4 TGEV N HREHIREKF (B 4-3A). 48R E7R, 1E FUTS @R
e, TGEV N &5 H 13k &8 B E 0T B A Y. [Fi, 2K %4 0.01 MOI TGEV
JaXf FUTS mifR4ifiit TGEV i 28 i — B Fi 7R, FUTS8 w4 M £E A [F]
i) (124 24, 36 f148 h) R X TGEV & HIFFEEMEIER (K 4-3B). 5

WML R, WB 4R (K 4-30) B8 FUTS M4+ % TGEV N &
R, XL REN, FUTS & TGEV &l BT 75 o<t 15 £ 1 1
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3 & S
2[15] Teev [I ]
=Y | -
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& 4-3 TGEV 7 FUTS RiFR4 A L HI R I o
Fig. 4-3 Replication of TGEYV on FUTS8 knockout cells
A: IFA ARG TGEV N 4l N R IETEA Chs R EN 200 um); B: BG40 &S0 E 5
C: WB Kill TGEV N & [I£ ik &=
A: TFA detects the expression of TGEV N protein (scale bar, 200 um); B: Determination of supernatant virus titer on

infected cells; C: WB analysis the expression of TGEV N protein

4.1.3 FUT SR fth 5% 53 B PRSI SR 38 iE

BN RE KE R T FUT8 #MEH 12 Mt B FUTS 4b, FUTL-7,
FUT9-13 K b 4 BN AL B, O TR &R FUT SR H AR 6 TGEV E il
S, FRAIE PK-15 4080 L% T FUT1-5. FUT7. Al FUT9-13 3£ [X (3% FUT6
BRI FFIM AR MR R, FERAMFER (B 4-4) AR R IRk .
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G C ce6 GGAT GTCCGAGG T G¢ GAG G 6 GCGI( T G
[ CGACT GGAT 6 CCGAGG T 6( « 1 GAGAG TAC TCC G C T G
FUT1-KO f FUT7-KO
Al AN 0 o\ \ s laa ANANAAAL!
G T C C CGT GGG G1 ( G
WT WT

C.C GG T GC( ( T c6
FUT9-KO e
FUT2-KO /\/\ WAV AL AAARAAASAAAL
‘ G C G GG 1C66 C66 GG G
wT
Aaann MaaAN s AN )
wT /\ GCAGC GG CGGAT GAAGAAGCTAT
FUT10-KO »
AN LA s\
FUT3-KO WT
s pina M
FUT11-KO - ‘ ‘
wT
G 6 G A
FUT4-KO . I\/\ Ao find /\/\ /W\ = /\A
o ‘/LLAA.Q-AA/_\ ‘ FUT12-KO :
TETTTETT TS - ST T E T W AA__A__A_A__AA‘M_AAAAAMAAAMM\&M
wT . WT K G C6 G ( GCCG C cT G TC66G6GG6C
o AMAAN A AN AR
€66 C GGG GC G G G G GG C G C6 G« G ce C C GGG666G6G6GG6GC
FUTS.KO /\/\ A FUT13-KO
Aaaa/ialA A i

B 4-4 FUT1-13 ZF g o R AW 7
Fig. 4-4 Genome sequencing of FUT1-13 knockout cells
BN RIATSr AH 0.01 MOI TGEV 244 R A M, 18] #2 Fa g% 2 45 R (] 4-5)
KW, FUT R HAM R 530 T TGEV S Hl M5 FUTS &35 . LS5 R,
FUTS 5& TGEV & il fir b 75 #) B 15 K1
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Anti-TGEV N protein | Anti-TGEV N protein I
Merge " DAPI | TGEV-N Merge DAPI TGEV-N

|Futs-ko| |FuTt4-ko| |FuT3-ko| |[FuT2-KO| |[FuT1-KO|| WT |

|[FuT13-KO| [FUT12-KO] [FUT11-KO] [FUT10-KO] [FUT9-KO] |FUT7-K0|

& 4-5 TGEV 7& FUT1-13 ZH kR 40 i o i & s

Fig. 4-5 TGEY replication on FUT1-13 knockout cells

4.2 TGEV S5&k#HTF FuTs B L EEEEEREEM

4.2.1 [E# FUTS E§/ERT X TEEE TGEV RIE

ALY, AN FUT8 FEH 365 £ Emid ks 2k 2 33 FUTS
B 175 1) 56 42 7 2% (Takahashi et al 2000) (] 4-6A). FUTS /& FUT ZK G iE——Fli%
O NS RG .  THE FUTS SR EE E ARG REIER, FA15 mi
T FUTS8 JE KA K iR AT FUT8 JE ] 365 7 sl RAZ KL (R365A), F43 il ok i) % e
T FUTS 2[Rl B 4t g DAEAT I SR IA [ 45256 . 1 MOI TGEV B4 24 h J5 Kl 24 A
P FUTS L[ ik & M 7542 D1 3. RT-qPCR 145 B 78 FUTS A FUT8-R365A R
BRIE FUTS mlRaifeh s h i #h (Bl 4-6B), HY FUTS BFAERIAK AR,
FUT8-R365A RALMK K RIAMCiE K m T4 (& 4-60).
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A B Cc

T g0y )
s ns ;’ | —
2 60 — Z
8 o0 W 4x100
s [
FUT8-R365A 3 40 s
g 3
2x108-
‘s 20 s
2 g
K 2
¢ 0- 8 o
SR o N R
& O S ¥ S
F © & S © &&
R & S RS
O & < O &«
& & O > < O
K & & *
< & Q &
QO Q\>

&l 4-6 [El#h FUTS 2K REHE P R R H R
Fig. 4-6 Supplementation of FUTS full-length and enzyme activity loss mutant genes
A: FUTS BRFAL i A S B: i RIE FIAMIR FUTS FiA/KF; C: i RIA R T TGEV &5 5L
A: Schematic diagram of FUT8 enzyme active site mutations; B: FUT8 expression level in refill cells;

C: TGEV replication in reclaimed cells.

4.2.2 BEEENEZEHDEIT 2PF &l TGEV HEH

4.2.2.1 $HI5RILRBETE I

N T B BIAE FUTS IRIA% Lo g BERH B A% g 5 V2 1 0 R i e B 00 2
FRATASE FH AN TRV B2 114 25 bl B A % 7% B4 771 2F-Peracetyl-Fucose( LA~ & #7 J9 2PF)
AbFE PK-15 4l 7E435)F 50, 200, 400, 600. 800 uM [{] 2PF 4b¥E4H i 5d Jo5,
8 H MTS 20 HE Akl 7 40ivs 7, a5 SR (B 4-7), 50-800 uM L ()
2PF Xf PK-15 4 ) 40 i ) 50 A7 B3 R i

ns
ns
125 ﬁ ‘
;\?100— =1 []
>
£ 754
3
©
S 50+
T
O 254
0 T T T
O O O O O
§‘so(“% ° ‘19 ® & S

2F-Peracetyl-Fucose concentration (M)

&l 4-7 MTS LR RUIMHIF 2PF K25 40 HTE 71

Fig. 4-7 MTS method measures the viability of cells treated with inhibitor 2PF
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T E T FUTS P om 48 5000 4 F AL
4.2.2.2 {01 TGEV SHIHRE
BNk, AT A 0.1MOI TGEV &4 1 H 50, 200, 400, 600, 800 uM [
2PF 4b¥H [ 5d 1) PK-15 40/, 24 h 5S40 EIEWOFE e 4. BIE #0025
R (E4-8A) Fdiffarh TGEV-N FEHERAGA (K 4-8B) 7R, 400 A1 600 uM
2PF % TGEV W& HilH — & rIFMHIE, 17 800 uM [ 2PF NI mJ LA Z #if] TGEV
M. 25 ERTR, FUTS XF TGEV & il ¥ 5Zma i T H B .

A B Anti TGEV N protein
DAPI TGEV N Merge

% e Jed ---
kX
8_ x % |
— } -
7
1 1 1 ._.-._
S O O OO
KL S
S
2F-Peracetyl-Fucose concentration(uM)

Bl 4-8 24 BEEEL (LADHIF) 2PF #i] TGEV K

Fig. 4-8 The fucosylation inhibitor 2PF inhibits TGEYV replication
A BN ERERMIE; B: IFA AN TGEV N & AFREHH r/RKJE N 100 um)
A: Determination of supernatant virus titer on infected cells; B: IFA detects the expression of TGEV N protein (scale

bar, 100 pm)

Titer(log4o TCIDso/mL)
T
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4.3 TGEV £ FUTS BRER4ABE R 9 & HIZ M B IR

l

4.3.1 FUTS BT &M TGEV FEHBEANES

N T BE—BRIT FUTS S0 TGEV B il iR ARHL, 3 18 I 0 i 58 EAE

7 MM R R I B S L. AR BN (K 4-9A), FUTS miBR gl b JL-F 1% B M
LRFER TR . &Y TGEV 8 h (MOI= 0.1))5 40 5 2 dsRNA FRS I35 1,
o8 (8 4-9B), TGEV f£ FUTS B4 il & dsRNA 14 32 FH

__FUT8-KO

B Anti-dsRNA

Merge DAPI dsRNA

& 4-9 TGEV 7E FUTS-KO 4 A KB B H] 1M

Fig. 4-9 Early replication of TGEV in FUT8-KO cells
CFCRIR R AL T LG TA ARG DMVs: N: 4i04%; ER: A B B: IFA
AT dsRNA & UL (b R FE N 200 pm)

A: Transmission electron microscopy observes the inside of the cell; The blue arrow points to the virion; The red

| Futs-kKO || WT-PK-15 |

A GBS HBERAL PYARs E

pentagram marks DMVs; N: nucleus; ER: endoplasmic reticulum; B: IFA detects the expression of dsRNA (scale bar:
200 pm)
H1T TGEV £ FUTS G 54 i A 1) L3 S b 52 31 1 P2 B A ], AT T R AR
T AR B G324, A1 A& T pAPN R4 pAPN-FUT8 XU i 4H
MZR, FHoAAEX PRI R #5Y T TGEV-BAC. %t & PCR 4554 (& 4-10)

7R, pAPN BRI A1 pAPN-FUTS XU 40 fL 1) TGEV R &35 B B R E E H -
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£i LRnd, FUTS8 MR AN TGEV £E4H ) N i = il B

ns

Copy number of TGEV-N gene (logio/ml)

TGEV-BAC

& 4-10 pAPN FXFR4H A pAPN-FUTS XE4I TGEV-N (12 %

Fig. 4-10 Copy number of TGEV-N in pAPN-KO cells and FUT8-pAPN-KO cells

4.3.2 FUTS &I ESFE BT TGEV NRMEX

N T 5HIE TGEV £ FUTS MR BRI B B2 B, A5 5l BT
A=M4. FUTS-KO H1 pAPN-KO ZHJifd FiEAT 1B AN B ske . S5 IR, TGEV £
FUT8-KO #ilJfd bt (Bl 4-11A) 322 1 = E 4], NEFrE (& 4-11B) 3%
B RN . AT PR IT TGEV AENRMBUZ BN, AR A R B3%
X7 TGEV S JE[H, 43 HIF1E A A4 A L & FUTS-KO 4HfidkAT 7 BSR4 st 453
Z7x (A 4-11C) TGEV S HHH AZ FUT8-KO 4 il i) 303 2 Z FE I

Attachment assay Internalization assay  __
X
i . ‘6’ 40— *kkk
4x10°+ |—|_| 1.5%105 = f 1
=
e N o c
Z 3x10°+ — z s301 ™
w w  1x10°4 ET3 n
2 (4 =]
-
% 2x1054 s q,
H H € 20
£ £ 5x104 o
2 1%10° 2 S
5 2 g
Qo o —
0- 0- £ 10
o
& o0 2
& 5
< v < 0 T T
= WT 0 WT x WT FUT8-KO
=1 FUTS-KO 3 FUT8-KO
=3 APN-KO 3 APN-KO Membrane fusion

& 4-11 FUTS ZF i RR%] TGEV fE40 M _E M NIRRT B

Fig. 4-11 FUT8-KO inhibits the invasion phase of TGEV on cells
A/B: TGEV W FIN 256 C: R & SEiGill TGEV S AN RAE

A/B: TGEV attachment and internalization assay; C: Membrane fusion assay detects the invasion efficiency of

TGEV S protein
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BEROR, BAVEIRT FUTS MBS AT TGEV MR BAFAER . BATHI R ST
FI1¥7 800 WM 1125 LM B AL BRI 77 2PF A0 #E PK-15 40 5d J5, 4T 7 TGEV Wt
I ESLL . 53R ER (K 4-12), 800 uM FI#IHI 7 2PF Af LLE 40| TGEV HIW)
MR R B, 2 EATA, FUTS @i HEHS 25 TGEV AR B

2F-Peracetyl-Fucose

4x105 *okok
1

2x105+

e e

Attachment Internalization

Copy number of TGEV-N gene

=3 Control [ 800V

B 4-12 3 AL EE J R Y A B S

Fig. 4-12 Attachment and internalization assay after inhibitor treatment

4.3.3 FUTS Bif&iEZ RN pAPN #P] TGEV A&

B ROk, BATEIRF FUTS ZEFRERNT TGEV NR MR AREEm, FoATTH et
T FUTS mfr4Mit pAPN [REE . 458 ER (B 4-13A), pAPN 7£ FUTS @il
M REAE S AERRARERER. AT PRI FUTS mibr4iMi+ pAPN
e, FATE T HEK293T-FUTS ifraifi i (&l 4-13B), FHoralfERr A= 1Y
HEK293T #fiffif1 HEK293T-FUTS w4l E3KiE T pAPN, Fff5 KL T TGEV S
A R AT IR R A S, A5 R B (& 4-13C), fE1E £ pAPN Kik
ESIEUUR, TGEV S A2 FUTS-KO 41 I pAPN 0K .3 FA% . 45 LT,
FUTS rit i3t 521 pAPN #li#] TGEV A1 .
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& 4-13 FUTS r&%éﬁiﬂ’@t pAPN HIRIEBI

Fig. 4-13 Expression of pAPN on FUTS8 knockout cells

A: pAPN [JRIAR; B: & HEK293T-FUTS R4l &R, C: BRMLA SLI8 A0 pAPN [ IhR%
A: Expression of pAPN; B: Construction of HEK293T-FUT8 knockout cell line; C: Membrane fusion assay
detects the the function of pAPN

4.4 FUTS Bt #ZzOEEEE L IBIEEE pAPN £l TGEV AR

4.4.1 FUTS Rif&F&{K T pAPN 5 TGEV-S AWM A WX

N T BB IR TGO H B R RS Bl FUTS B0 T 35 APN HIR2m, A1
4y H#E HEK293T 40 Al HEK293T-FUTS-KO 4Hjifl ik T pAPN, ZE4# F 15 pg/mL
TGEV-S & A & G AT T N4 A I se5e, 2R ER (K 4-14), 05 B
LB B BRK T pAPN 5 TGEV-S & A 45 & K.

WT-pcDNA3.1
o e dede
—~ 50 1
X
WT-pAPN| £, |
o
£~
| - M\ E 304
D 504
FUT8-KO-pcDNA3.1 £
'E 10
m
ol I . I
FUT8-KO-pAPN & &
F F
& ©
&
e &
1] 102 10 10

Intensitv of fluorescence

B 4-14 BRAMAKIN TGEV S 5 pAPN && %%

Fig. 4-15 Flow cytometry detects the binding efficiency of TGEV S and pAPN
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4.4.2 pAPN N736 (L S BB EREENTNI TGEV AR

F T %00 5 BN AL B PG TE N-FE b, O 73— DR AU O 2 B AL 1
TR FAARR R T pAPN _FBBEEAT s AT 550 TGEV S 45 & 3200, FRATE BT T
pAPN EHJ N-#EEALAL . AT 08 7 & #kIE K pAPN-PRCV-RBD E &)
(PDB:4F5C) 14514 (TGEV-RBD 5 pAPN & & W1 éib (4 45 44 1w A f tH , H PRCV-RBD

5 TGEV RBD [ 51 [6]—1E &1k 97%) . gE ) o B AN BEE 4 b, AT R B RBD
1] GIn306 fl|5% 5 pAPN ] Asn736 %k f2 He b 1) N-#E LT sl S AR ELAE 2%, 7
H 2 IR KA EAER 17,
A
”’V\ 2
PAPN \ /
. y\‘
B

'Wﬁ&h%%ﬂﬂ

&| 4-15 pAPN- RBD BE&&WHAHT

Fig. 4-15 Structural analysis of pAPN- RBD complexes

A: pAPN-PRCV-RBD & &¥II0 51454 (PDB:4F5C); B: TGEV RBD 5 pAPN 22 [a] f1AH H.1E
A: Crystal structure of the pAPN-PRCV-RBD complex; B: The interaction between TGEV RBD and pAPN

N T BRI FUTS bk T 800 A% O R A IR Bl R 2 5 258 pAPN N736
PSR . FRATHIEE T pAPN-N736A ik Ck 736 £7 s EFEIR N N A & ff
736 f7 A TE R N-FEIEAL ), H 433 % 4 7 HEK293 T 4l iy f1 HEK293 T-FUTS-KO 4l ffd
BNk, BATES RS A LW BN T TGEV S A EAIME &%, 455%
®W, TGEV S SR FIY pAPN 4R BEm T H =% (K 4-16).
[Eif, TGEV S 5HAMAI FUTS-KO 4iifiid 381K 1) pAPN-N736A 45 AR ER
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REES, XKW pAPN HARAL A% O A EERE AN T TGEV AR LT R
Mo [F]H, 76 FUTS mitbR4i i 3Rk /) pAPN 736 £ s RAF 5 5% TGEV S 45 & 3%
RRARELW, PR R OSEREG 736 AL N R LEE A 520
TGEV S MIA1Z. Bl pAPN N736 {7 sl 1% O R 2 5 T TGEV IR .
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B 4-16 HAL ALK TGEV S 5 pAPN K &% &R
Fig. 4-16 Flow cytometry detects the binding efficiency of TGEV S and pAPN
N IR ZSE B, Pl 14 BIFE HEK293T A1 HEK293T-FUTS-KO 4 fifl I
1L | pAPN M pAPN-N736A, 531k TGEV S i) HEK293T 4 ik AT iml &
SeaG, R 4-17.

53



Herpfol K2 2024 AR 2460 CHEED 83

[
@ | TGEV-s
-
@
1 @ pAPN/pAPN-N736A
/ ® N pBD-NFkB
J . pFR-luc
..
N J
/) . f)
=~ l \_//’.
@
® luciferin
-
‘e @ L2

560nm
Bl 4-17 REERHRE (KEMER Figdraw 24
Fig. 4-17 Diagram of membrane fusion (By Figdraw)
— NS Y PBD-NF-xB Fll pAPN ik, 75— M4 pFR-Luc fl TGEV-S Fiki, fifili& 5 PBD-NF-«xB
AN pFR-Luc FE[RIZIA w0 K B2 Mg, RSO BRI, & 560nm P ICAH -

One cell was co-transfected with PBD-NF-kB and pAPN plasmids, and the other cell was transfected with pFR-Luc and
TGEV-S plasmids, and after membrane fusion, PBD-NF-kB and pFR-Luc co-expressed firefly luciferase, and the lysed
cells were added with substrate, and the 560 nm luminescence value was measured.

45 RN, FUTS MR AT 736 A7 iR ASXS T pAPN HIZRIA B IRA M (K 4-18A),
iR &k (] 4-18B) SIS GRIMAENREART G- 23 LPNE, pAPNN736
B SR O BERE AL AE TGEV IR i T EZ W A .
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Fig. 4-18 pAPN-736-site mutation assay

A: pAPN FEFARIEE; B: BEGSRKN TGEV S MR AH
A: Expression level of pAPN protein; B: Membrane fusion assay detects the invasion efficiency of TGEV S

4.5 FUTS X E MLl APN AZEHBERFENZRTIEN T
4.5.1 fAPN N740 i 2 9800 B EREEL N FIPV AR

N T BRI NT36 AL s A% O BN S AG T TR0 25 s, Fefi s
ST 4 DASFEPIRI APN F 41 (GX 4 Bt APN 23 552 [F b D0% 25 10 32 44, R IR
pAPN L[] 736 fii s AEH LR5F (B 19A), 7E cAPN LAl fAPN _L#F 5 2 AHX L)
fri (cAPN ] 747 £ siF0 fAPN ] 740 A753). cAPN [ 747 £ sl O F SR H 7
Bz HEEPERAL (B 19B) (PDB: 7U0L). fAPN [FJEARSE M M A M, {H fAPN
FEXRLRIAL B (N740 A7 50 BA NBEIEAGEEY (B 19A).,
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LA BN Y LIK OV NP LF NH F 1) QI T D H1O (T IAT E [SRqNiA T SP\V ER W N T| Y[ V1K K DL v|S|T AE
fAPN REQAK)ONAT BN )8R R VENK AT D HigO(TpAMD (oRqSiA 1 1PNV ER Y- Ned S|y [e]vigdE(drK|LAA|T Al
*

ASN747

CCoV-RBD )

& 4-19 cAPN N747 LS FRFERE O E BEE IR AL

Fig. 4-19 The N747 site of cAPN is modified by core fucosylation

A: TOANAREYA APN (755 L B: cAPN-CCoV-RBD & &4 (1) 4445 ¥y (PDB: 7UOL)
A: Sequence comparison of APNs of four different species; B: Structure of the cAPN-CCoV-RBD complex
N T BRAIE FUTS @ fronf 1 FIPV 520, JATTEES B 40 il CRFK (feline kidney cell)

M T FUTS MiR4ii & (I 20A). 7EH 0.1MOI #) FIPV E4L4if 24 h J5, L
HEREU A E 45 5 o8 FUTS-KO ] 1 FIPV & H] (K 20B). N RELATHEAT

T fAPN N740A S RAFER & 5206, 45 58UF8] (& 20C) fAPN N740 A7 S K% O
M S5 T FIPV AR .
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GCGGCCATGGACT GG c GGCG G G G C

Delete TTCCTGGCAGTTGG

CRFK-WT

T GC GG C( G G C G G T G ¢ T
CRFK-FUT8-KO /\/\/\ . Al /\/\ /\
B ? Fekdkek C
% 129 == FIPV
| 2 Xk 10 * ok
< * Kk — 1
.0 —ins -
g 08_ E 8_ Oﬁo
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[} ) 5
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Q
£ 0.4 i
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5 3
2 =
300 P9 o9 000 S 24
&, I 1 1 I ':
xvge«‘pv\‘?ge«‘sv 0 J ;
PRSI WT FUT8-KO
NSRS
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S
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&
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& 4-20 fAPN 1Z.0E BEREELXT FIPV &R m

Fig. 4-20 Effect of fAPN core fucosylation on FIPV replication

A: HJ% CRFK-FUTS 2R 41 2 B: JEERS KRN FIPV S NZAE; C: FIPV _EiESME
A: Construction of CRFK-FUTS knockout cell line; B: Membrane fusion assay detects the invasion efficiency of FIPV;

C: Determination of the virus titer of the supernatant on FIPV S

4.5.2 FUTS Bif& A &M HCoV-229E BINIR

W FEH M, WATEIN APN 5 736 £ SR R A7 B = N-FlE AL 5
FP, BIAHNAL SN S N-FEHEA . BATE HuH-7 CARFE40A) 40 -/ f%k 7 FUTS
FR (K 4-21A) FREY T HCoV-229E, &5 %KW FUT8-KO X HCoV-229E (1 & ]
BAEZm (K 4-21B. C).
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A CAGGGG G GG GAG GCG G GAG

= s WA VM

Delete TATAGGAAGAGTACGC

l .

G GGG C( G G G A 6]

\ MM AR

HuH7-FUT8-KO

B C
HCoV-229E
DAPI " 229E-N | Merge |
6 ns ]
) f 1
E o020 Q0 E
2 ]
a 44
o J
2 g
3 24 =
= =)
s r
= I
Ed
0 1 1
WT FUT8-KO

& 4-21 FUTS riBR A M HCoV-229E )& )

Fig. 4-21 FUTS knockout does not affect the replication of HCoV-229E

A: % HuH-7-FUTS-KO 4ijfi #; B: HCoV-229E LiE#MMIE; C: IFA Kl HCoV-229E & Hil1% i,
A: Construction of HuH-7-FUTS8-KO cell line; B: Determination of the virus titer of the supernatant on HCoV-229E; C:
IFA assay detects the HCoV-229E replication

4.6 FUTS B{FR%M TGEV S A FRIENMINFIR BRI FRAR

N T BRI FUTS @b TR 8 A S 52, JA170 7I7E HEK293T 41 g f
HEK293T-FUTS #if& 4 E%iA T TGEV S, 5%k T pAPN K HEK293T 4 jifd 3k
17 T RS L. 25 R oK FUT8-KO 41/l F3REH) TGEV S %4 (K 4-22A), H
KIEEFL (K 4-22B). At SHH TGEV KL FEH TGEV S Rikm, Al
£ pAPN-KO A1 pAPN-FUTS M4l 54 44 T TGEV-BAC, Z53REH, TGEV S
£ pAPN-FUTS-KO 4fl fig # ) mRNA 7KF- 5 pAPN-KO 41 fd 3¢ i 3% 2= 53 (] 4-220),
HEARIEKFAHEK T pAPN-KO 4 P4k (Kl 4-22D). [FF FUT8-KO 4l
PEAE IR TR R T AR EC T pAPN-KO 40 (|8 4-22E.F). BL 45 R 361, FUTS
MXERECIE TGEV S B RIA, BT J G 301 I TR
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A _ B C

9 LE i .
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g 20

3 WT FUT8-KO o WT FUT8-KO
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& 4-22 FUTS FB4Mt] TGEV S & F HIZRIE DA BRL T FITE B

Fig. 4-22 FUTS8-KO inhibits the expression of TGEV S protein to inhibit virion formation

A: FUTS-KO 4iiffi E3%ik5 ) TGEV S %4t; B: WB /il TGEV S Kikf; C: TGEV S ERE#II%, D: #Hi
TGEV-BAC JG4Hii9 TGEV S B FRiAE; E: LiSEMIE: F: LEHER 7506

A: Construction of Vero-FUT8-KO cell line; B: WB analysis the expression of TGEV S; C: The copy number of TGEV
S; D: Intracellular TGEV S protein expression after transfection with TGEV-BAC E: The virus titer of the supernatant;

F: The virion count of the supernatant

4.7 FUTS Bif&%T FIPV #1 HCoV-229E S AR

FeA 14 WA HEK293T B4 AU A FUTS-KO 4 il 33% T FIPV S f1 HCoV-229E S
FEREIN T k=, 85 51K, FIPV S 7F FUTS-KO 41 b %R iA B 2 EFE(E 23-A),

1M HCoV-229E S 7 FUTS8-KO 4ifi b HIR A& 5B ARG A Z R (K 23-B).
A B

WT FUT8-KO WT FUT8-KO

FIPV-S t HCOV-229E-S “|

& 4-23 FUTS RB&%T FIPV Al HCoV-229E S & H KIS

Fig. 4-23 Effect of FUT8 knockout on FIPV and HCoV-229E S protein

A: WB #:l FIPV S 2 4; B: WB k&ill HCoV-229E S & 4
A: WB detects FIPV S protein; B: WB detects HCoV-229E S protein
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4.8 FUTS BiE&3D%] SARS-CoV-2 EHIHIZ N ER

4.8.1 SARS-CoV-2 7£ FUTS RS 4Hpa_F R E ISR

N T BIE FUTS Ftp X T HoAth 7w IR v 7 52, FRATTTE VeroE6 4 ff A4 ad |
FUT8-KO ZHfift 22 (& 4-24A) FFEIE T 0.1 MOI SARS-CoV-2 (IR R, 4501 %
B, FUTS mil& 5 4MH T SARS-CoV-2 & H] (& 4-24B. C).

A ( G G GG[GG ( G G
VERO /\
Delete GG
+
G GGG C ( G G
VERO-FUT8-KO
AN A A
B C

*%¥

4%105— f 1

3x105+ %

2x105-

WT FUT8-KO

[

1x105-

o

Copy number of SARS-CoV-2-N gene

V\;T FUTili-KO
4-24 FUTS R34 SARS-CoV-2 K= #i

Fig. 4-24 FUTS knockout does not affect the replication of HCoV-229E

A: FJ% Vero-FUTS-KO 4B &; B: WB Kl SARS-CoV-2 i ft; C: SARS-CoV-2 i N %
A: Construction of Vero-FUTS8-KO cell line; B: WB analysis the viral load of SARS-CoV-2;
C: The copy number of SARS-CoV-2 in supernatant

4.8.2 SARS-CoV-2 #£ FUTS BFR4ERE_ERINRFN S EAFIEFZ I

N T HRFT SARS-CoV-2 £ FUTS-KO 4 ffl 7 H & il 1) SZ 45 B B, FA117E HEK293T
i A HEK293T-FUTS-KO #liffd %15 T SARS-CoV-2 S Z:[K FE AT T R4 S5,
g5 R3] (K 4-25A) SARS-CoV-2 S #EFTE FUT8-KO il E AR 24, HHk
FAIHE HEK293T ¥7 4= AR FUT8-KO #fiffl 13535 | SARS-CoV-2 S R 5id &kik
1 ACE2 1) HEK293T 4ffik47 1 Jml&5e%, 455K E W] SARS-CoV-2 #£ FUT8-KO
Y b S B RIEZM (B 4-25B. C). 25 LA, FUTS Rl 7 SARS-CoV-2
FINRA S RARIE.

60



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

A B C
S _
g 1.2 PO X *okk
5 " o1
c ®
S A c
S 0.8- WT FUT8-KO 8 0.9
ol >
o SARS-CoV-2-S ‘®
& - 2 0.6-
& g
- e}
.
£ £ 0.3
2 [ ] 2
E 0.0 T T % 0.0 T T
k) WT FUT8-KO o WT FUT8-KO

& 4-25 FUTS8-KO %] SARS-CoV-2 FIANBRFI S BHKIE

Fig. 4-25 FUTS8 knockout inhibits SARS-CoV-2 invasion and S protein expression
A: SARS-CoV-2 S H F7E FUT8-KO il LI AR5 41; B: SARS-CoV-2 S KikH;
C: JR A BRI & 5256 B SARS-CoV-2 S & (13451
A: Invasion of SARS-CoV-2 S protein on FUT8-KO cells is impaired; B: Expression of SARS-CoV-2;

C: Reverse membrane fusion assays demonstrated that the SARS-CoV-2 S protein is impaired
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5 g

IR B T I 7 T S ORI R G A, TR T B R S R AR
BT, HRZ 2 RO B35 101 B T DA T R B 24 B A SRR
i 8 AT (097 15«

51 BEXEETFERRBEEREREFLREFRA ENFEIER

bt 5 2 P el R T LE A ERVE B S IOIRAT R e B AT 0] Se HRoms 7 5% 2 A LA
IBUI B 1R YT T SRIEAE R IRE o et DR B SRR 1R 03 2 TR A7 7E 221 v BE DR ST 1R 67 A
(Chan 2020; Wang et al 2021b). R E/EA TR 2T 218 LR TS5, T Rk
FIEMRTE, X ELTE 3 R AE 2 PR 2 1 & i R

b 1 A BRI A I BRI AW R R, BTN AR b i 3 1 22 P e IR 55
A R E B ARG . Wn#s R 9 41B(transmembrane protein 41B, TMEM41B)/&
SARS-CoV-2 FI=F HCoV VAR 23 T A= 5 B SV ¥ J LRh #8975 25 B e i 75 1) S B i
F ¥ (Hoffmann et al 2021; Schneider et al 2021). it E- K & R IR & Al
caspase-6 1 I PIEIREIR I BEAZAC 7 8 R AAMEA T RSP B, i
SARS-CoV-2. MERS-CoV fil SARS-CoV fJ & #ll(Chu et al 2022). It4h, —IifdH
Huh7.5.1-ACE2-IRES-TMPRSS2 4 Jfg f) 7 126 11 S 16l A IR AL IR s 22 1) A= 4906 FORT A [
BEFa A5 /& S FF SARS-CoV-2. HCoV-229E Fl HCoV-OC43 = Fftjaf 1R B JE Yo 1) it
15 845 (Wang et al 2021a).

A6 S B IS 42 41 CRISPR/Cas9 i SC P 76 3% IR iR 1B 4 AR (PK-15) -
BEAT 7 TGEV 18 £ F 1L, & T 250 TGEV &l i) CH1E 8 (Sun et
al 2021). FUTS E:[HI[#) 9 243k sgRNA TERTI sgRNA SRk h pt ik s, H.
TE/NEE SR T HEAG 35— AERE— D B0AIE J5 FRATT A I FUTS 5 Rl i bk &2 2 41 TGEV.
FIPV 1 SARS-CoV-2 HJE ], KIMLIATHE FUT8 52 2 i e IR yp 2 5 il B Zi ) g
FH T BE T EE A RS IS R RLRALA B T BATIE 7802 e R # B0 B SR
B, CATRBIS 4 HTAAT BB & B A R e bR 7

5.2 mEZHEELIZIENREERRRIE

FUTS 3K 4 GDP-B-1-‘& 8 (GDP-Fuc) ) L-& M 5] N-BR & N 2
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GleNAc b, T2 o-1,6 BRI IR A% 00 Rl HL AL (Bastian et al 2021). HATC
A Z Tt T ARGE T E A N-EEALE R RN RIS AR P A F . pAPN
Asn736 HEHI N-ZEHEE RBIZN ARSI ) APN 2 RS 1K, A APN
B 1X PP B (Reguera et al 2012). H i 7L 2R, 75N APNCAREEN T CCoV YY)
fr) N739 £i7 5] N N-ZHE 2= fd 40 i %+ CCoV-HuPn-2018-spike /M SR HUK, H L%
CCoV-HuPn-2018 M) & 52 fk K APN [ N747 £i ) N- 3 B & 7™ 5 47
CCoV-HuPn-2018 ] \ 12 (Tortorici et al 2022). WA W FTIE1E 32524k b1 A Rt
TR INR AT B, 58RI 5 52 M 4 211 74 Bt i (histo-blood group antigens,
HBGA) I [ B2 5 N5 R 7% DS-1 A1 RV-3 %4 A\ 42 (Bohm et al 2015).
EEHEFRFRM, HCV SR 54 S FUTS Rk & 1055 1 M T % 00 2 5 i 5
{b-EGFR-JAK1-STAT3-RIG-1 15 515 F P E TP & (IFN) -1 K V(Pan et al
2024).

A R IRAUE T pAPN N736 17 s i% U BERE AU T TGEV MR 1 E
Fk, JEHETFILL APN AZZIRH (KRR cAPN N747 47 55+ 7 fAPN N740 47 55)
FIPV 1 CCoV . HEIAIE, pAPN N736 5 fAPN N740 £ s5_E ) HAA RSk 45 7y
FARMEH, AT APN SCEBEREA AL S E— D AT IR Bt T 5% .

5.3 mEBREONEELIEIEREEREM

ARG ER . — RN E OIS 4. 2k, st
P 1 521 (Watanabe et al 2019), LA N-BEEEAC Ay 5] (B B0 A2 U A AR IR B 3958 T 2
VAR I AT 2 BE JJ (Hebert et al 2014). N-ZE0% 4 7] DL A A S A AR A “ Hh e
B 7 ARG IE B (I HT S, %L V2 SROBE A A A/ SRS R R (SR
XEERFELR AR A . R MIE A N-SRHE ks 547 B A2 % (Wormald and
Dwek 1999). #Wies E & [ N-FERALLE B & A3 8 . 95 5 BRI 4125 AR st 72
WOk T EEP/E H (Ishida et al 2023). FIRAHFFLERH, 2B SARS-CoV-2 S HH
RO (N331 FT N343) 1 N-BEZEEAL S, HALGLPEFREAS T 1200 5 CRHXHAE
Yok FRE A 0.083%) (Zong et al 2021). X JLANR 74 25 (4 1) B N-IE BRI AL A
R R TS A, AR BB A O T 18 B SO A B ML R IERf 47
B TR A DA AR B (Mayr et al 2018). ASHTFT R I, A% 0o 2 TR AL (kG 72 5
SN T TGEV S HEHAMERIL, A RA T8 7R3 S & M H
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CERIFI TR I, (B LB 2 (1 5 B B () B AR WL A 3k — S B 4
5.4 BB EREELEN) SARS-CoV-2 B pEIRTT

ZRRFERIE A 2 _EARAEAE R R A% O 5 B AL A, D R B
25 7 X e B A I FE R AR FI B . AR, RIS HBV 152 44 A i HH R
FHH49Z £ ik (taurocholate cotransporting polypeptide, NTCP) % 0o i i bl Ak K P £
& E M H HBV H K Y% (Takamatsu et al 2016). H —IRHF 552041 1 P AL T
SARS-CoV-2 S1 RBD I, HAES K7 e id 15 o 22 50 B S A H A A7 U N331 F1N343,
O T 48 R TR AN S5 BB AFAE 5 A% A% O SRR JE 1K N-2R B (Antonopoulos et al
2021). AT 7L R E7R, SARS-CoV-2 7£ FUTS b4 b2 #5225 1 B2
o PERRA ISR, B0 A EEREEL I BR 22Em ACE2 ThRE, XTI REZ
F T8 B AR P 7 (10 OGS B AL (87 iU PR 5240 3 30 (il N331 T N343 AL D RIA]
Rl G SEE 25 R R B, FUTS Rl SARS-CoV-2 S HHIEH KiK. X
IR FAL AN EERERALAE SARS-CoV-2 Il FEh RIEIERSRE T 2%, Hh
Tt B TR A B AR IR B R AR R AR RIE A

5.5 EERTFHHIFIREN AR

BH T TMPRSS2 ¥ 14 1) 22 2 1R B 11 B4 1l 771 B i R R 52 =)t (Zhou et al 2015) 2
TE H AW F TR 7 A O IRE REAE,  1f]— TUAE NI R 40 Calu-3 _E3EAT IR 5T
F ], SARS-CoV-2 7E Calu-3 4iijifg - [ Ge o> 7 F R = 22 =] A 4011 (Hoffmann et al
2020). [FIS 55 —IUfE K18-hACE2 /) ERB A i AT I FE 87~ , TMPRSS2 [ —F/)s
43 B TR0 77 N-0385 7E44 N 7] 5642 Bjj 1E: SARS-CoV-2 5 S MFEL:, I HAE/E YL
JEIEHRAE T B AR S AR i AR N T B e ¥ S M R (Shapira et al 2022).
F IR - R A Z R 1 caspase-6 HF 57 MEAIHI 7] z-VEID-fimk 7] DL 2 )i
SARS-CoV-2 255 R #5 [ & il (Chu et al 2022). {H1F 321, A SCH 2 6% AE
LT TR 0 1) 7510 60 LI e e A5 U 77U E XM SARS-Co V-2 & il AL & 4 i i Hh
e % # (Riva et al 2020).

ASHFF 9 A A5 P P 5 R Ak B 577 2PF W AR FUT SR BT o 0 1) 2 S i ik
WIhhe. FATH AR T FUT KGR HA R 2 FUT1-13, 4550878 FUT KEHAh
BT TGEV B HIIEm %A FUTS 3% . 1Mi4iA 2PF 4T TGEV & Hl )%
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FHIEF , AT R T80 25 S AL (R 1) /2 2PF 40| TGEV & il ¥ 3 225 A
FREFEFRIA, 2PF AT AHI i 28 B o Jed A i 1) 25 SR MR AL, I i b 28 R TR VR 9T 24
Y 5L (temozolomide, TMZ)X # 42 Ji 5 Jed A0 i B2 8, JEBEAR4E RS TMZ V597
(RIS 25 14 (Wei et al 2021). H AT 06 2PF ZEHUWR RS R N« TAEARRF 7L, 3K
I FUT8 |51 2PF 7EAASN SEAT N 2240 7 TGEV B & i, IXHiEH] | FUTS
R FRELEAE B TES U IRIR B 2 AT e e . SRR, ARG FLRH T KL 75
T LI TAE, Ik s G G R AG E R . RS EAN S = (KR S K /N 3
wE.
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6 it

1. iEW] FUT8 /& TGEV B il b 75 ik 8815 381, H FUT8 X F TGEV & fil
PR 28 1 AR T LT 0

2. WEB] TGEV f£ FUT8-KO 4 fitd A HI N AR i A& il b Bz 21 1 =g 4], H
TGEV %1k pAPN N736 {i sl IUR% 0o 546 2 5 TGEV MR, IR — 4504
7 EIfEEH APN YE 92411 FIPV . [RIINE &I FUTS mBR520 TGEV S B H IEH
ESuy NITE UG R VAR 0

3. BOUE T FUTS miBR% SARS-CoV-2 SHilHMI 2, HAKI FUTS ik
SARS-CoV-2 FJNAZ I B S t H IR I

gE ERTR, AWEFUERA T 15 F K7 FUTS S LS 7E 2 Fhrb IR S8 e b (1 &
LV HARTT 1 HAE FBLH], S B B et R 2 250 i) T AR BT & AR At 137 LK

66



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

S5

Antonopoulos A, Broome S, Sharov V, Ziegenfuss C, Easton RL, Panico M, Dell A,
Morris HR, Haslam SM. Site-specific characterization of SARS-CoV-2 spike
glycoprotein receptor-binding domain. Glycobiology, 2021, 31:181-187

Bastian K, Scott E, Elliott DJ, Munkley J. FUT8 Alpha-(1,6)-Fucosyltransferase in
Cancer. International Journal of Molecular Sciences, 2021, 22:(1):455

Behren S, Yu J, Pett C, Schorlemer M, Heine V, Fischoder T, Elling L, Westerlind U.
Fucose Binding Motifs on Mucin Core Glycopeptides Impact Bacterial Lectin
Recognition. Angewandte Chemie (International Ed. In English), 2023, 62:
€202302437

Biering SB, Sarnik SA, Wang E, Zengel JR, Leist SR, Schéifer A, Sathyan V, Hawkins
P, Okuda K, Tau C, Jangid AR, Duffy CV, Wei J, Gilmore RC, Alfajaro MM, Strine
MS, Nguyenla X, Van Dis E, Catamura C, Yamashiro LH, Belk JA, Begeman A,
Stark JC, Shon DJ, Fox DM, Ezzatpour S, Huang E, Olegario N, Rustagi A, Volmer
AS, Livraghi-Butrico A, Wehri E, Behringer RR, Cheon D-J, Schaletzky J, Aguilar
HC, Puschnik AS, Button B, Pinsky BA, Blish CA, Baric RS, O'Neal WK, Bertozzi
CR, Wilen CB, Boucher RC, Carette JE, Stanley SA, Harris E, Konermann S, Hsu
PD. Genome-wide bidirectional CRISPR screens identify mucins as host factors
modulating SARS-CoV-2 infection. Nature Genetics, 2022, 54: 1078-1089

Bohm R, Fleming FE, Maggioni A, Dang VT, Holloway G, Coulson BS, von Itzstein
M, Haselhorst T. Revisiting the role of histo-blood group antigens in rotavirus
host-cell invasion. Nature Communications, 2015, 6: 5907

Breitling J, Aebi M. N-linked protein glycosylation in the endoplasmic reticulum.
Cold Spring Harbor Perspectives In Biology, 2013, 5: a013359

Burkard C, Verheije MH, Wicht O, van Kasteren SI, van Kuppeveld FJ, Haagmans
BL, Pelkmans L, Rottier PJIM, Bosch BJ, de Haan CAM. Coronavirus cell entry
occurs through the endo-/lysosomal pathway in a proteolysis-dependent manner.
PLoS Pathogens, 2014, 10: e1004502

Cantero-Recasens G, Burballa C, Ohkawa Y, Fukuda T, Harada Y, Curwin Al,

67



Herpfoll R 2 2024 JER 00 CHENED 83T

10.

11.

12.

13.

14.

15.

16.

17.

Brouwers N, Thun GA, Gu J, Gut I, Taniguchi N, Malhotra V. The ulcerative
colitis-associated gene FUTS regulates the quantity and quality of secreted mucins.
Proceedings of the National Academy of Sciences of the United States of America,
2022, 119: 2205277119

Casas-Sanchez A, Romero-Ramirez A, Hargreaves E, Ellis CC, Grajeda BI, Estevao
IL, Patterson EI, Hughes GL, Almeida IC, Zech T, Acosta-Serrano A. Inhibition of
Protein N-Glycosylation Blocks SARS-CoV-2 Infection. MBio, 2021, 13: €0371821
Cervoni GE, Cheng JJ, Stackhouse KA, Heimburg-Molinaro J, Cummings RD.
O-glycan recognition and function in mice and human cancers. The Biochemical
Journal, 2020, 477: 1541-1564

Chan S-W. Current and Future Direct-Acting Antivirals Against COVID-19.
Frontiers In Microbiology, 2020, 11: 587944

Chen C-Y, Jan Y-H, Juan Y-H, Yang C-J, Huang M-S, Yu C-J, Yang P-C, Hsiao M,
Hsu T-L, Wong C-H. Fucosyltransferase 8 as a functional regulator of nonsmall cell
lung cancer. Proceedings of the National Academy of Sciences of the United States of
America, 2013, 110: 630-635

Cherepanova N, Shrimal S, Gilmore R. N-linked glycosylation and homeostasis of
the endoplasmic reticulum. Current Opinion In Cell Biology, 2016, 41: 57-65

Chu H, Hou Y, Yang D, Wen L, Shuai H, Yoon C, Shi J, Chai Y, Yuen TT-T, Hu B, Li
C, Zhao X, Wang Y, Huang X, Lee KS, Luo C, Cai J-P, Poon VK-M, Chan CC-S,
Zhang AJ, Yuan S, Sit K-Y, Foo DC-C, Au W-K, Wong KK-Y, Zhou J, Kok K-H, Jin
D-Y, Chan JF-W, Yuen K-Y. Coronaviruses exploit a host cysteine-aspartic protease
for replication. Nature, 2022, 609: 785-792

Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, Hsu PD, Wu X, Jiang W,
Marraffini LA, Zhang F. Multiplex genome engineering using CRISPR/Cas systems.
Science (New York, N.Y.), 2013, 339: 819-823

Costello DA, Millet JK, Hsia C-Y, Whittaker GR, Daniel S. Single particle assay of
coronavirus membrane fusion with proteinaceous receptor-embedded supported
bilayers. Biomaterials, 2013, 34: 7895-7904

Cui J, Li F, Shi Z-L. Origin and evolution of pathogenic coronaviruses. Nature

68



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Reviews. Microbiology, 2019, 17: 181-192

Daniloski Z, Jordan TX, Wessels H-H, Hoagland DA, Kasela S, Legut M, Maniatis S,
Mimitou EP, Lu L, Geller E, Danziger O, Rosenberg BR, Phatnani H, Smibert P,
Lappalainen T, tenOever BR, Sanjana NE. Identification of Required Host Factors for
SARS-CoV-2 Infection in Human Cells. Cell, 2021, 184:(1):92-105.e16

Dawood AA. Glycosylation, ligand binding sites and antigenic variations between
membrane glycoprotein of COVID-19 and related coronaviruses. Vacunas, 2021, 22:
1-9

de Wilde AH, Snijder EJ, Kikkert M, van Hemert MJ. Host Factors in Coronavirus
Replication. Current Topics In Microbiology and Immunology, 2018, 419:1-42
Delpeut S, Noyce RS, Siu RWC, Richardson CD. Host factors and measles virus
replication. Current Opinion In Virology, 2012, 2: 773-783

Deltcheva E, Chylinski K, Sharma CM, Gonzales K, Chao Y, Pirzada ZA, Eckert MR,
Vogel J, Charpentier E. CRISPR RNA maturation by trans-encoded small RNA and
host factor RNase III. Nature, 2011, 471: 602-607

Duart G, Garcia-Murria MJ, Grau B, Acosta-Céaceres JM, Martinez-Gil L, Mingarro 1.
SARS-CoV-2 envelope protein topology in eukaryotic membranes. Open Biology,
2020, 10: 200209

Eichler J. Protein glycosylation. Current Biology : CB, 2019, 29: R229-R231

Eltahla AA, Luciani F, White PA, Lloyd AR, Bull RA. Inhibitors of the Hepatitis C
Virus Polymerase; Mode of Action and Resistance. Viruses, 2015, 7: 5206-5224

Fehr AR, Perlman S. Coronaviruses: an overview of their replication and
pathogenesis. Methods In Molecular Biology (Clifton, N.J.), 2015, 1282:1-23
FuY,FuZ,SuZ LiL, Yang Y, Tan Y, Xiang Y, Shi Y, Xie S, Sun L, Peng G. mLST&8
is essential for coronavirus replication and regulates its replication through the
mTORCI pathway. MBio, 2023, 14: 0089923

Fu Z, Xiang Y, Fu Y, Su Z, Tan Y, Yang M, Yan Y, Baghaei Daemi H, Shi Y, Xie S,
Sun L, Peng G. DYRKIA is a multifunctional host factor that regulates coronavirus
replication in a kinase-independent manner. Journal of Virology, 2024, 98: €0123923

Fujita K, Hatano K, Hashimoto M, Tomiyama E, Miyoshi E, Nonomura N, Uemura

69



Herpfoll R 2 2024 JER 00 CHENED 83T

30.

31.

32.

33.

34.

35.

36.

37.

38.

H. Fucosylation in Urological Cancers. International Journal of Molecular Sciences,
2021, 22(24):13333

Ghosh S, Dellibovi-Ragheb TA, Kerviel A, Pak E, Qiu Q, Fisher M, Takvorian PM,
Bleck C, Hsu VW, Fehr AR, Perlman S, Achar SR, Straus MR, Whittaker GR, de
Haan CAM, Kehrl J, Altan-Bonnet G, Altan-Bonnet N. p-Coronaviruses Use
Lysosomes for Egress Instead of the Biosynthetic Secretory Pathway. Cell, 2020,
183(6):1520-1535.¢14

Gierer S, Bertram S, Kaup F, Wrensch F, Heurich A, Kramer-Kiihl A, Welsch K,
Winkler M, Meyer B, Drosten C, Dittmer U, von Hahn T, Simmons G, Hofmann H,
Pohlmann S. The spike protein of the emerging betacoronavirus EMC uses a novel
coronavirus receptor for entry, can be activated by TMPRSS2, and is targeted by
neutralizing antibodies. Journal of Virology, 2013, 87: 5502-5511

Golay J, Andrea AE, Cattaneo I. Role of Fc Core Fucosylation in the Effector
Function of IgG1 Antibodies. Frontiers In Immunology, 2022, 13: 929895

Gong Y, Qin S, Dai L, Tian Z. The glycosylation in SARS-CoV-2 and its receptor
ACE2. Signal Transduction and Targeted Therapy, 2021, 6: 396

Goris N, Vandenbussche F, De Clercq K. Potential of antiviral therapy and
prophylaxis for controlling RNA viral infections of livestock. Antiviral Research,
2008, 78: 170-178

Gratz SJ, Cummings AM, Nguyen JN, Hamm DC, Donohue LK, Harrison MM,
Wildonger J, O'Connor-Giles KM. Genome engineering of Drosophila with the
CRISPR RNA-guided Cas9 nuclease. Genetics, 2013, 194: 1029-1035

Gudima G, Kofiadi I, Shilovskiy I, Kudlay D, Khaitov M. Antiviral Therapy of
COVID-19. International Journal of Molecular Sciences, 2023, 24:(10):8867

Gupta D, Bhattacharjee O, Mandal D, Sen MK, Dey D, Dasgupta A, Kazi TA, Gupta
R, Sinharoy S, Acharya K, Chattopadhyay D, Ravichandiran V, Roy S, Ghosh D.
CRISPR-Cas9 system: A new-fangled dawn in gene editing. Life Sciences, 2019, 232:
116636

Gupta R, Gupta D, Ahmed KT, Dey D, Singh R, Swarnakar S, Ravichandiran V, Roy
S, Ghosh D. Modification of Cas9, gRNA and PAM: Key to further regulate genome

70



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

39.

40.

41.

42.

43.

44,

45.

46.

47.

editing and its applications. Progress In Molecular Biology and Translational Science,
2021, 178: 85-98

Guruprasad L. Human coronavirus spike protein-host receptor recognition. Progress
In Biophysics and Molecular Biology, 2021, 161: 39-53

Hebert DN, Lamriben L, Powers ET, Kelly JW. The intrinsic and extrinsic effects of
N-linked glycans on glycoproteostasis. Nature Chemical Biology, 2014, 10: 902-910
Heinz FX, Stiasny K. Distinguishing features of current COVID-19 vaccines: knowns
and unknowns of antigen presentation and modes of action. NPJ Vaccines, 2021, 6:
104

Hoffmann HH, Schneider WM, Rozen-Gagnon K, Miles LA, Schuster F, Razooky B,
Jacobson E, Wu X, Yi S, Rudin CM, MacDonald MR, McMullan LK, Poirier JT,
Rice CM. TMEMA41B Is a Pan-flavivirus Host Factor. Cell, 2021, 184:
(1):133-148.e20

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T, Erichsen S,
Schiergens TS, Herrler G, Wu N-H, Nitsche A, Miiller MA, Drosten C, P6hlmann S.
SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a
Clinically Proven Protease Inhibitor. Cell, 2020, 181:(2):271-280.e8

Hou Y, Wang Q. Emerging Highly Virulent Porcine Epidemic Diarrhea Virus:
Molecular Mechanisms of Attenuation and Rational Design of Live Attenuated
Vaccines. International Journal of Molecular Sciences, 2019, 20(21):5478

Hulswit RJG, de Haan CAM, Bosch BJ. Coronavirus Spike Protein and Tropism
Changes. Advances In Virus Research, 2016, 96: 29-57

Hurt AC, Chotpitayasunondh T, Cox NJ, Daniels R, Fry AM, Gubareva LV, Hayden
FG, Hui DS, Hungnes O, Lackenby A, Lim W, Meijer A, Penn C, Tashiro M, Uyeki
TM, Zambon M. Antiviral resistance during the 2009 influenza A HIN1 pandemic:
public health, laboratory, and clinical perspectives. The Lancet. Infectious Diseases,
2012, 12: 240-248

Hussain M, Galvin HD, Haw TY, Nutsford AN, Husain M. Drug resistance in
influenza A virus: the epidemiology and management. Infection and Drug Resistance,

2017, 10: 121-134

71



Herpfoll R 2 2024 JER 00 CHENED 83T

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Iketani S, Mohri H, Culbertson B, Hong SJ, Duan Y, Luck MI, Annavajhala MK, Guo
Y, Sheng Z, Uhlemann A-C, Goff SP, Sabo Y, Yang H, Chavez A, Ho DD. Multiple
pathways for SARS-CoV-2 resistance to nirmatrelvir. Nature, 2023, 613: 558-564
Ishida K, Yagi H, Kato Y, Morita E. N-linked glycosylation of flavivirus E protein
contributes to viral particle formation. PLoS Pathogens, 2023, 19: ¢1011681

Jiang F, Doudna JA. CRISPR-Cas9 Structures and Mechanisms. Annual Review of
Biophysics, 2017, 46: 505-529

Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A
programmable dual-RNA-guided DNA endonuclease in adaptive bacterial immunity.
Science (New York, N.Y,), 2012, 337: 816-821

Joshi G, Borah P, Thakur S, Sharma P, Mayank, Poduri R. Exploring the COVID-19
vaccine candidates against SARS-CoV-2 and its variants: where do we stand and
where do we go? Human Vaccines & Immunotherapeutics, 2021, 17: 4714-4740

Jung K, Saif LJ, Wang Q. Porcine epidemic diarrhea virus (PEDV): An update on
etiology, transmission, pathogenesis, and prevention and control. Virus Research,
2020, 286: 198045

Kelel M, Yang R-B, Tsai T-F, Liang P-H, Wu F-Y, Huang Y-T, Yang M-F, Hsiao Y-P,
Wang L-F, Tu C-F, Liu F-T, Lee YL. FUT8 Remodeling of EGFR Regulates
Epidermal Keratinocyte Proliferation during Psoriasis Development. The Journal of
Investigative Dermatology, 2021, 141: 512-522

Kim J, Koo B-K, Yoon K-J. Modeling Host-Virus Interactions in Viral Infectious
Diseases Using Stem-Cell-Derived Systems and CRISPR/Cas9 Technology. Viruses,
2019, 11(2):124

Knoops K, Kikkert M, Worm SHEvd, Zevenhoven-Dobbe JC, van der Meer Y,
Koster AJ, Mommaas AM, Snijder EJ. SARS-coronavirus replication is supported by
a reticulovesicular network of modified endoplasmic reticulum. PLoS Biology, 2008,
6: €226

Krarup A, Truan D, Furmanova-Hollenstein P, Bogaert L, Bouchier P, Bisschop 1JM,
Widjojoatmodjo MN, Zahn R, Schuitemaker H, McLellan JS, Langedijk JPM. A

highly stable prefusion RSV F vaccine derived from structural analysis of the fusion

72



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

58.

59.

60.

61.

62.

63.

64.

65.

66.

mechanism. Nat Commun, 2015, 6: 8143

Kumar N, Sharma S, Kumar R, Tripathi BN, Barua S, Ly H, Rouse BT.
Host-Directed Antiviral Therapy. Clinical Microbiology Reviews, 2020, 33:

Kumar R, Khandelwal N, Thachamvally R, Tripathi BN, Barua S, Kashyap SK,
Maherchandani S, Kumar N. Role of MAPK/MNKI1 signaling in virus replication.
Virus Research, 2018, 253: 48-61

Lamkiewicz K, Esquivel Gomez LR, Kiihnert D, Marz M. Genome Structure, Life
Cycle, and Taxonomy of Coronaviruses and the Evolution of SARS-CoV-2. Current
Topics In Microbiology and Immunology, 2023, 439: 305-339

Lasswitz L, Zapatero-Belinchén FJ, Moeller R, Hiilskotter K, Laurent T, Carlson L-A,
Goffinet C, Simmons G, Baumgirtner W, Gerold G. The Tetraspanin CD81 Is a Host
Factor for Chikungunya Virus Replication. MBio, 2022, 13: e0073122

Li B, Clohisey SM, Chia BS, Wang B, Cui A, Eisenhaure T, Schweitzer LD, Hoover
P, Parkinson NJ, Nachshon A, Smith N, Regan T, Farr D, Gutmann MU, Bukhari SI,
Law A, Sangesland M, Gat-Viks I, Digard P, Vasudevan S, Lingwood D, Dockrell
DH, Doench JG, Baillie JK, Hacohen N. Genome-wide CRISPR screen identifies
host dependency factors for influenza A virus infection. Nature Communications,
2020, 11: 164

Li F. Structure, Function, and Evolution of Coronavirus Spike Proteins. Annual
Review of Virology, 2016, 3: 237-261

Lin H, Wang D, Wu T, Dong C, Shen N, Sun Y, Sun Y, Xie H, Wang N, Shan L.
Blocking core fucosylation of TGF-B1 receptors downregulates their functions and
attenuates the epithelial-mesenchymal transition of renal tubular cells. American
Journal of Physiology. Renal Physiology, 2011, 300: F1017-F1025

Lin L, Wang X, Chen Z, Deng T, Yan Y, Dong W, Huang Y, Zhou J. TRIM21 restricts
influenza A virus replication by ubiquitination-dependent degradation of M1. PLoS
Pathogens, 2023, 19: 1011472

Lu S, Ye Q, Singh D, Cao Y, Diedrich JK, Yates JR, Villa E, Cleveland DW, Corbett
KD. The SARS-CoV-2 nucleocapsid phosphoprotein forms mutually exclusive

condensates with RNA and the membrane-associated M protein. Nature

73



Herpfoll R 2 2024 JER 00 CHENED 83T

67.

68.

69.

70.

71.

72.

73.

74.

75.

Communications, 2021, 12: 502

Majumdar P, Niyogi S. ORF3a mutation associated with higher mortality rate in
SARS-CoV-2 infection. Epidemiology and Infection, 2020, 148: €262

Mayr J, Lau K, Lai JCC, Gagarinov IA, Shi Y, McAtamney S, Chan RWY, Nicholls J,
von Itzstein M, Haselhorst T. Unravelling the Role of O-glycans in Influenza A Virus
Infection. Scientific Reports, 2018, 8: 16382

Mazzarella L, Santoro F, Ravasio R, Fumagalli V, Massa PE, Rodighiero S, Gavilan
E, Romanenghi M, Duso BA, Bonetti E, Manganaro L, Pallavi R, Trastulli D,
Pallavicini I, Gentile C, Monzani S, Leonardi T, Pasqualato S, Buttinelli G, Di
Martino A, Fedele G, Schiavoni I, Stefanelli P, Meroni G, de Francesco R,
Steinkuhler C, Fossati G, lannacone M, Minucci S, Pelicci PG. Inhibition of the
lysine demethylase LSD1 modulates the balance between inflammatory and antiviral
responses against coronaviruses. Science Signaling, 2023, 16: eade0326

McKean N, Chircop C. Guillain-Barré syndrome after COVID-19 vaccination. BMJ
Case Reports, 2021, 14:(7):e244125

Mehta PR, Apap Mangion S, Benger M, Stanton BR, Czuprynska J, Arya R, Sztriha
LK. Cerebral venous sinus thrombosis and thrombocytopenia after COVID-19
vaccination - A report of two UK cases. Brain, Behavior, and Immunity, 2021, 95:
514-517

Millet JK, Jaimes JA, Whittaker GR. Molecular diversity of coronavirus host cell
entry receptors. FEMS Microbiology Reviews, 2021, 45:(3):fuaa057

Miyoshi E, Moriwaki K, Nakagawa T. Biological function of fucosylation in cancer
biology. Journal of Biochemistry, 2008, 143: 725-729

Norton PA, Mehta AS. Expression of genes that control core fucosylation in
hepatocellular carcinoma: Systematic review. World Journal of Gastroenterology,
2019, 25: 2947-2960

Pahmeier F, Lavacca T-M, Goellner S, Neufeldt CJ, Prasad V, Cerikan B,
Rajasekharan S, Mizzon G, Haselmann U, Funaya C, Scaturro P, Cortese M,
Bartenschlager R. Identification of host dependency factors involved in SARS-CoV-2

replication organelle formation through proteomics and ultrastructural analysis.

74



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

76.

77.

78.

79.

80.

81.

82.

83.

Journal of Virology, 2023, 97: e0087823

Pan Q, Xie Y, Zhang Y, Guo X, Wang J, Liu M, Zhang X-L. EGFR core fucosylation,
induced by hepatitis C virus, promotes TRIM40-mediated-RIG-I ubiquitination and
suppresses interferon-I antiviral defenses. Nature Communications, 2024, 15: 652
Perwitasari O, Yan X, Johnson S, White C, Brooks P, Tompkins SM, Tripp RA.
Targeting organic anion transporter 3 with probenecid as a novel anti-influenza a
virus strategy. Antimicrobial Agents and Chemotherapy, 2013, 57: 475-483

Pichlmair A, Kandasamy K, Alvisi G, Mulhern O, Sacco R, Habjan M, Binder M,
Stefanovic A, Eberle C-A, Goncalves A, Biirckstiimmer T, Miiller AC, Fauster A,
Holze C, Lindsten K, Goodbourn S, Kochs G, Weber F, Bartenschlager R, Bowie AG,
Bennett KL, Colinge J, Superti-Furga G. Viral immune modulators perturb the human
molecular network by common and unique strategies. Nature, 2012, 487: 486-490
Prydz K, Saraste J. The life cycle and enigmatic egress of coronaviruses. Molecular
Microbiology, 2022, 117: 1308-1316

Rebendenne A, Roy P, Bonaventure B, Chaves Valaddo AL, Desmarets L,
Arnaud-Arnould M, Rouillé Y, Tauziet M, Giovannini D, Touhami J, Lee Y,
DeWeirdt P, Hegde M, Urbach S, Koulali KE, de Gracia FG, McKellar J, Dubuisson
J, Wencker M, Belouzard S, Moncorgé O, Doench JG, Goujon C. Bidirectional
genome-wide CRISPR screens reveal host factors regulating SARS-CoV-2,
MERS-CoV and seasonal HCoVs. Nature Genetics, 2022, 54: 1090-1102

Reguera J, Santiago C, Mudgal G, Ordono D, Enjuanes L, Casasnovas JM. Structural
bases of coronavirus attachment to host aminopeptidase N and its inhibition by
neutralizing antibodies. PLoS Pathogens, 2012, 8: €1002859

Reily C, Stewart TJ, Renfrow MB, Novak J. Glycosylation in health and disease.
Nature Reviews. Nephrology, 2019, 15: 346-366

Riva L, Yuan S, Yin X, Martin-Sancho L, Matsunaga N, Pache L,
Burgstaller-Muehlbacher S, De Jesus PD, Teriete P, Hull MV, Chang MW, Chan
JF-W, Cao J, Poon VK-M, Herbert KM, Cheng K, Nguyen T-TH, Rubanov A, Pu 'Y,
Nguyen C, Choi A, Rathnasinghe R, Schotsaert M, Miorin L, Dejosez M, Zwaka TP,
Sit K-Y, Martinez-Sobrido L, Liu W-C, White KM, Chapman ME, Lendy EK,

75



Herpfoll R 2 2024 JER 00 CHENED 83T

84.

85.

86.

87.

88.

9.

90.

91.

92.

Glynne RJ, Albrecht R, Ruppin E, Mesecar AD, Johnson JR, Benner C, Sun R,
Schultz PG, Su Al, Garcia-Sastre A, Chatterjee AK, Yuen K-Y, Chanda SK.
Discovery of SARS-CoV-2 antiviral drugs through large-scale compound repurposing.
Nature, 2020, 586: 113-119

Rudd PM, Elliott T, Cresswell P, Wilson IA, Dwek RA. Glycosylation and the
immune system. Science (New York, N.Y.), 2001, 291: 2370-2376

Sainz B, Barretto N, Martin DN, Hiraga N, Imamura M, Hussain S, Marsh KA, Yu X,
Chayama K, Alrefai WA, Uprichard SL. Identification of the Niemann-Pick C1-like 1
cholesterol absorption receptor as a new hepatitis C virus entry factor. Nature
Medicine, 2012, 18: 281-285

Schjoldager KT, Clausen H, Hurtado-Guerrero R. A Bump-and-Hole Approach to
Dissect Regulation of Protein O-Glycosylation. Molecular Cell, 2020, 78: 803-805
Schneider M, Al-Shareffi E, Haltiwanger RS. Biological functions of fucose in
mammals. Glycobiology, 2017, 27: 601-618

Schneider WM, Luna JM, Hoffmann HH, Sanchez-Rivera FJ, Leal AA, Ashbrook
AW, Le Pen J, Ricardo-Lax I, Michailidis E, Peace A, Stenzel AF, Lowe SW,
MacDonald MR, Rice CM, Poirier JT. Genome-Scale Identification of SARS-CoV-2
and Pan-coronavirus Host Factor Networks. Cell, 2021, 184:(1):120-132.e14

Shapira T, Monreal IA, Dion SP, Buchholz DW, Imbiakha B, Olmstead AD, Jager M,
Désilets A, Gao G, Martins M, Vandal T, Thompson CAH, Chin A, Rees WD, Steiner
T, Nabi IR, Marsault E, Sahler J, Diel DG, Van de Walle GR, August A, Whittaker
GR, Boudreault P-L, Leduc R, Aguilar HC, Jean F. A TMPRSS2 inhibitor acts as a
pan-SARS-CoV-2 prophylactic and therapeutic. Nature, 2022, 605: 340-348

Shi M, Nan X-R, Liu B-Q. The Multifaceted Role of FUT8 in Tumorigenesis: From
Pathways to Potential Clinical Applications. International Journal of Molecular
Sciences, 2024, 25:(2):1068

Shimabukuro T, Nair N. Allergic Reactions Including Anaphylaxis After Receipt of
the First Dose of Pfizer-BioNTech COVID-19 Vaccine. JAMA, 2021, 325: 780-781
Smith EC, Blanc H, Surdel MC, Vignuzzi M, Denison MR. Coronaviruses lacking

exoribonuclease activity are susceptible to lethal mutagenesis: evidence for

76



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

93.

94.

95.

96.

97.

98.

99.

proofreading and potential therapeutics. PLoS Pathogens, 2013, 9: €1003565

Snijder EJ, Limpens RWAL, de Wilde AH, de Jong AWM, Zevenhoven-Dobbe JC,
Maier HJ, Faas FFGA, Koster AJ, Barcena M. A unifying structural and functional
model of the coronavirus replication organelle: Tracking down RNA synthesis. PLoS
Biology, 2020, 18: €3000715

Song D, Zhao Y, Sun Y, Liang Y, Chen R, Wen Y, Wu R, Zhao Q, Du S, Yan Q, Han
X, Cao S, Huang X. HSP90ABI1 Is a Host Factor Required for Transmissible
Gastroenteritis Virus Infection. International Journal of Molecular Sciences, 2023,
24:(21):15971

Spillings BL, Day CJ, Garcia-Minambres A, Aggarwal A, Condon ND, Haselhorst T,
Purcell DFJ, Turville SG, Stow JL, Jennings MP, Mak J. Host glycocalyx captures
HIV proximal to the cell surface via oligomannose-GIcNAc glycan-glycan
interactions to support viral entry. Cell Reports, 2022, 38: 110296

Sun L, Zhao C,FuZ,Fu Y, Su Z,LiY, Zhou Y, Tan Y, Li J, Xiang Y, Nie X, Zhang J,
Liu F, Zhao S, Xie S, Peng G. Genome-scale CRISPR screen identifies TMEM41B as
a multi-function host factor required for coronavirus replication. PLoS Pathogens,
2021, 17: 1010113

Takahashi M, Kuroki Y, Ohtsubo K, Taniguchi N. Core fucose and bisecting GIcNAc,
the direct modifiers of the N-glycan core: their functions and target proteins.
Carbohydrate Research, 2009, 344: 1387-1390

Takahashi T, Ikeda Y, Tateishi A, Yamaguchi Y, Ishikawa M, Taniguchi N. A sequence
motif involved in the donor substrate binding by alphal,6-fucosyltransferase: the role
of the conserved arginine residues. Glycobiology, 2000, 10: 503-510

Takamatsu S, Shimomura M, Kamada Y, Maeda H, Sobajima T, Hikita H, [ijima M,
Okamoto Y, Misaki R, Fujiyama K, Nagamori S, Kanai Y, Takehara T, Ueda K,
Kuroda Si, Miyoshi E. Core-fucosylation plays a pivotal role in hepatitis B pseudo
virus infection: a possible implication for HBV glycotherapy. Glycobiology, 2016, 26:
1180-1189

100.Tan CW, Valkenburg SA, Poon LLM, Wang L-F. Broad-spectrum pan-genus and

pan-family virus vaccines. Cell Host & Microbe, 2023, 31: 902-916

77



Herpfoll R 2 2024 JER 00 CHENED 83T

101.Tortorici MA, Walls AC, Joshi A, Park Y-J, Eguia RT, Miranda MC, Kepl E, Dosey A,
Stevens-Ayers T, Boeckh MJ, Telenti A, Lanzavecchia A, King NP, Corti D, Bloom
JD, Veesler D. Structure, receptor recognition, and antigenicity of the human
coronavirus CCoV-HuPn-2018 spike glycoprotein. Cell, 2022,
185:(13):2279-2291.e17

102.Tu C-F, Wu M-Y, Lin Y-C, Kannagi R, Yang R-B. FUT8 promotes breast cancer cell
invasiveness by remodeling TGF-B receptor core fucosylation. Breast Cancer
Research : BCR, 2017, 19: 111

103.Tusell SM, Schittone SA, Holmes KV. Mutational analysis of aminopeptidase N, a
receptor for several group 1 coronaviruses, identifies key determinants of viral host
range. Journal of Virology, 2007, 81: 1261-1273

104.V'Kovski P, Kratzel A, Steiner S, Stalder H, Thiel V. Coronavirus biology and
replication: implications for SARS-CoV-2. Nature Reviews. Microbiology, 2021, 19:
155-170

105.Venter JC, Smith HO, Adams MD. The Sequence of the Human Genome. Clinical
Chemistry, 2015, 61: 1207-1208

106.Wallis RS, O'Garra A, Sher A, Wack A. Host-directed immunotherapy of viral and
bacterial infections: past, present and future. Nature Reviews. Immunology, 2023, 23:
121-133

107.Walls AC, Tortorici MA, Bosch B-J, Frenz B, Rottier PJM, DiMaio F, Rey FA,
Veesler D. Cryo-electron microscopy structure of a coronavirus spike glycoprotein
trimer. Nature, 2016, 531: 114-117

108.Wang J, Deng F, Ye G, Dong W, Zheng A, He Q, Peng G. Comparison of lentiviruses
pseudotyped with S proteins from coronaviruses and cell tropisms of porcine
coronaviruses. Virologica Sinica, 2016, 31: 49-56

109.Wang Q, Zhang Y, Wu L, Niu S, Song C, Zhang Z, Lu G, Qiao C, Hu Y, Yuen K-Y,
Wang Q, Zhou H, Yan J, Qi J. Structural and Functional Basis of SARS-CoV-2 Entry
by Using Human ACE2. Cell, 2020, 181:(4):894-904.e9

110.Wang R, Simoneau CR, Kulsuptrakul J, Bouhaddou M, Travisano KA, Hayashi JM,
Carlson-Stevermer J, Zengel JR, Richards CM, Fozouni P, Oki J, Rodriguez L,

78



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

Joehnk B, Walcott K, Holden K, Sil A, Carette JE, Krogan NJ, Ott M, Puschnik AS.
Genetic Screens Identify Host Factors for SARS-CoV-2 and Common Cold
Coronaviruses. Cell, 2021a, 184:(1):106-119.¢14

111.Wang X, Gu J, Miyoshi E, Honke K, Taniguchi N. Phenotype changes of Fut8
knockout mouse: core fucosylation is crucial for the function of growth factor
receptor(s). Methods In Enzymology, 2006, 417: 11-22

112.Wang X, Jin Q, Xiao W, Fang P, Lai L, Xiao S, Wang K, Fang L. Genome-Wide
CRISPR/Cas9 Screen Reveals a Role for SLC35A1 in the Adsorption of Porcine
Deltacoronavirus. Journal of Virology, 2022, 96: 0162622

113.Wang X, Xia S, Zhu Y, Lu L, Jiang S. Pan-coronavirus fusion inhibitors as the hope
for today and tomorrow. Protein & Cell, 2021b, 12: 84-88

114.Wardzala CL, Wood AM, Belnap DM, Kramer JR. Mucins Inhibit Coronavirus
Infection in a Glycan-Dependent Manner. ACS Central Science, 2022, 8: 351-360

115.Watanabe Y, Allen JD, Wrapp D, McLellan JS, Crispin M. Site-specific glycan
analysis of the SARS-CoV-2 spike. Science (New York, N.Y.), 2020, 369: 330-333

116.Watanabe Y, Bowden TA, Wilson IA, Crispin M. Exploitation of glycosylation in
enveloped virus pathobiology. Biochimica Et Biophysica Acta. General Subjects,
2019, 1863: 1480-1497

117.Weber F, Wagner V, Rasmussen SB, Hartmann R, Paludan SR. Double-stranded RNA
is produced by positive-strand RNA viruses and DNA viruses but not in detectable
amounts by negative-strand RNA viruses. Journal of Virology, 2006, 80: 5059-5064

118.Wei K-C, Lin Y-C, Chen C-H, Chu Y-H, Huang C-Y, Liao W-C, Liu C-H.
Fucosyltransferase 8 modulates receptor tyrosine kinase activation and temozolomide
resistance in glioblastoma cells. American Journal of Cancer Research, 2021, 11:
5472-5484

119.Whittaker GR, Daniel S, Millet JK. Coronavirus entry: how we arrived at
SARS-CoV-2. Current Opinion In Virology, 2021, 47: 113-120

120.Wolff G, Limpens RWAL, Zevenhoven-Dobbe JC, Laugks U, Zheng S, de Jong
AWM, Koning RI, Agard DA, Griinewald K, Koster AJ, Snijder EJ, Barcena M. A

molecular pore spans the double membrane of the coronavirus replication organelle.

79



Herpfoll R 2 2024 JER 00 CHENED 83T

Science (New York, N.Y.), 2020, 369: 1395-1398

121.Wormald MR, Dwek RA. Glycoproteins: glycan presentation and protein-fold
stability. Structure (London, England : 1993), 1999, 7: R155-R160

122.Wu C-H, Chen P-J, Yeh S-H. Nucleocapsid phosphorylation and RNA helicase
DDXI1 recruitment enables coronavirus transition from discontinuous to continuous
transcription. Cell Host & Microbe, 2014, 16: 462-472

123.Xia B, Zheng L, Li Y, Sun W, Liu Y, Li L, Pang J, Chen J, Li J, Cheng H. The brief
overview, antivirus and anti-SARS-CoV-2 activity, quantitative methods, and
pharmacokinetics of cepharanthine: a potential small-molecule drug against
COVID-19. Frontiers In Pharmacology, 2023, 14: 1098972

124.Xu R, Shi M, Li J, Song P, Li N. Construction of SARS-CoV-2 Virus-Like Particles
by Mammalian Expression System. Frontiers In Bioengineering and Biotechnology,
2020, 8: 862

125.Yan Q, Liu X, Sun Y, Zeng W, Li Y, Zhao F, Wu K, Fan S, Zhao M, Chen J, Yi L.
Swine Enteric Coronavirus: Diverse Pathogen-Host Interactions. International
Journal of Molecular Sciences, 2022, 23:(7):3953

126.Yang Q, Hughes TA, Kelkar A, Yu X, Cheng K, Park S, Huang W-C, Lovell JF,
Neelamegham S. Inhibition of SARS-CoV-2 viral entry upon blocking N- and
O-glycan elaboration. ELife, 2020, 9: €61552

127.Zhang F, Wen Y, Guo X. CRISPR/Cas9 for genome editing: progress, implications
and challenges. Human Molecular Genetics, 2014, 23: R40-R46

128.Zhang X, Hasoksuz M, Spiro D, Halpin R, Wang S, Stollar S, Janies D, Hadya N,
Tang Y, Ghedin E, Saif L. Complete genomic sequences, a key residue in the spike
protein and deletions in nonstructural protein 3b of US strains of the virulent and
attenuated coronaviruses, transmissible gastroenteritis virus and porcine respiratory
coronavirus. Virology, 2007, 358: 424-435

129.Zhang Y, Zhao W, Mao Y, Chen Y, Wang S, Zhong Y, Su T, Gong M, Du D, Lu X,
Cheng J, Yang H. Site-specific N-glycosylation Characterization of Recombinant
SARS-CoV-2 Spike Proteins. Molecular & Cellular Proteomics : MCP, 2021, 20:
100058

80



1 K FUTS 42 e PR 2 = 1) 7> T LI 7L

130.Zheng L, Li H, Fu L, Liu S, Yan Q, Leng SX. Blocking cellular N-glycosylation
suppresses human cytomegalovirus entry in human fibroblasts. Microbial
Pathogenesis, 2020, 138: 103776

131.Zhou Y, Vedantham P, Lu K, Agudelo J, Carrion R, Nunneley JW, Barnard D,
Pohlmann S, McKerrow JH, Renslo AR, Simmons G. Protease inhibitors targeting
coronavirus and filovirus entry. Antiviral Research, 2015, 116: 76-84

132.Zhou Z, Zhu Y, Chu M. Role of COVID-19 Vaccines in SARS-CoV-2 Variants.
Frontiers In Immunology, 2022, 13: 898192

133.Zhu M, Lv J, Wang W, Guo R, Zhong C, Antia A, Zeng Q, LiJ, Liu Q, Zhou J, Zhu X,
Fan B, Ding S, Li B. CMPK2 is a host restriction factor that inhibits infection of
multiple coronaviruses in a cell-intrinsic manner. PLoS Biology, 2023, 21: €3002039

134.Zhu S, Liu Y, Zhou Z, Zhang Z, Xiao X, Liu Z, Chen A, Dong X, Tian F, Chen S, Xu
Y, Wang C, Li Q, Niu X, Pan Q, Du S, Xiao J, Wang J, Wei W. Genome-wide
CRISPR activation screen identifies candidate receptors for SARS-CoV-2 entry.
Science China. Life Sciences, 2022, 65: 701-717

135.Zong G, Li C, Prabhu SK, Zhang R, Zhang X, Wang L-X. A facile chemoenzymatic
synthesis of SARS-CoV-2 glycopeptides for probing glycosylation functions.
Chemical Communications (Cambridge, England), 2021, 57: 6804-6807

81



	摘要
	Abstract
	缩略语表(Abbreviation)
	1 文献综述
	1.1 冠状病毒概述
	1.2 冠状病毒复制周期
	1.2.1 入侵
	1.2.2 复制与组装
	1.2.3 释放

	1.3 冠状病毒复制所需宿主因子研究
	1.3.1 CRISPR/Cas9 基因编辑技术在宿主因子筛选中的应用
	1.3.2 宿主因子参与冠状病毒复制的各个阶段

	1.4 宿主与病毒的糖基化参与病毒复制
	1.4.1 宿主蛋白的糖基化修饰
	1.4.2 宿主蛋白糖基化参与病毒复制的研究进展
	1.4.3 冠状病毒膜蛋白的糖基化修饰

	1.5 宿主因子FUT8 研究进展
	1.6 冠状病毒疫苗与药物研究现状
	1.6.1 冠状病毒疫苗研发现状
	1.6.2 病毒靶向的抗病毒药物
	1.6.3 宿主靶向的抗病毒药物


	2 目的与意义
	3 材料与方法
	3.1 实验材料
	3.1.1 细胞、菌株、毒株
	3.1.2 载体与其他质粒
	3.1.3 主要试剂耗材
	3.1.4 主要仪器设备
	3.1.5 常用缓冲液与试剂的配制

	3.2 实验方法
	3.2.1 构建sgRNA慢病毒载体质粒
	3.2.2 大肠杆菌感受态细胞的制备(氯化钙法)
	3.2.3 连接产物的转化
	3.2.4 挑取单克隆菌落及菌液PCR
	3.2.5 去内毒素小提质粒
	3.2.6 细胞复苏及冻存
	3.2.7 慢病毒包装
	3.2.8 筛选阳性单克隆细胞系
	3.2.9 Sanger 测序检验单克隆细胞系基因敲除效率
	3.2.10 Western Blot 检验单克隆细胞系基因敲除效率
	3.2.11 MTS法检测单克隆细胞活力
	3.2.12 间接免疫荧光实验(IFA)
	3.2.13 病毒滴度(TCID_(50))的测定
	3.2.14 病毒扩增实验
	3.2.15 Western Blot 实验验证 TGEV 复制情况
	3.2.16 RNA提取及反转录
	3.2.17 荧光定量PCR
	3.2.18 透射电镜样品制备
	3.2.19 双酶切及同源重组
	3.2.20 TGEV-BAC 质粒提取
	3.2.21 冠状病毒S蛋白介导的细胞-细胞膜融合实验
	3.2.22 萤火虫荧光素酶报告实验
	3.2.23 病毒吸附及内吞实验
	3.2.24 流式结合及分析实验
	3.2.25 病毒RNA的提取

	3.3 统计分析

	4 结果与分析
	4.1 FUT8 敲除细胞系的构建及效果验证
	4.1.1 利用 CRISPR/Cas9 技术在 PK-15 细胞上敲除 FUT8 基因
	4.1.2 FUT8 基因敲除显著抑制的 TGEV 复制
	4.1.3 FUT家族其他成员敲除效果验证

	4.2 TGEV 复制依赖于 FUT8 的核心岩藻糖基转移酶活性
	4.2.1 回补 FUT8 酶活突变体无法回复 TGEV 的复制
	4.2.2 岩藻糖基化转移酶抑制剂 2PF 影响 TGEV 的复制

	4.3 TGEV 在 FUT8 敲除细胞系上的复制受损阶段探究
	4.3.1 FUT8 敲除不影响 TGEV 在细胞内的复制
	4.3.2 FUT8 通过酶活调控 TGEV 入侵阶段
	4.3.3 FUT8 敲除通过影响 pAPN 抑制 TGEV 入侵

	4.4 FUT8 通过核心岩藻糖基化调控宿主 pAPN 影响 TGEV 入侵
	4.4.1 FUT8 敲除降低了 pAPN 与 TGEV-S 蛋白的结合效率
	4.4.2 pAPN N736 位点的核心岩藻糖基化影响 TGEV 的入侵

	4.5 FUT8 对其他以 APN 为受体的冠状病毒入侵过程的影响
	4.5.1 f APN N740 位点的核心岩藻糖基化影响 FIPV 的入侵
	4.5.2 FUT8 敲除不影响 HCoV-229E 的入侵

	4.6 FUT8 敲除影响 TGEV S 蛋白表达从而抑制病毒粒子形成
	4.7 FUT8 敲除对 FIPV 和 HCoV-229E S 蛋白的影响
	4.8 FUT8 敲除抑制 SARS-CoV-2 复制的多个阶段
	4.8.1 SARS-CoV-2 在 FUT8 敲除细胞上的复制受损
	4.8.2 SARS-CoV-2 在 FUT8 敲除细胞上的入侵和 S 蛋白表达受损


	5 讨论
	5.1 宿主因子在冠状病毒家族复制过程中具有广谱的调控作用
	5.2 病毒受体糖基化修饰对病毒复制的影响
	5.3 病毒膜蛋白的糖基化修饰影响其稳定性
	5.4 核心岩藻糖基化影响 SARS-CoV-2 感染的机制探究
	5.5 宿主因子抑制剂抗病毒应用前景

	6 结论
	参考文献

