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WE BK @EdAARC- POk S5 AR B ras G imie 5 A RR#E 229E (HCoV-229E) A FEHE M (NP) 4
HAEHME S EH T, IR R e SRR, S HCoV-229E NP A EAEHER [, HiE s & HI B 5E ) 4
FHLHT, BASE AR FE B0 )] 22 7 20 Bl . ik H e E T 318 HCoV-229E NP 54 W) R G L i bn 2 il &5 B
(NP-TurboID) [ HZH I 7 Ad-V5-NP"¥?* . TurboID (Ad-N), BY AL/ 40 AS49, 48 hIG i nsMEA Y,
AP R EEEARICNP A EAE I S, RSSO R ARG RS E M R mc i, S # T TChRIC (label-free)
BT TTRE T, s A S NP BEAER &R AT, Il e D M e B p Ot S b T . &R ThnidEN
T S T e S84 M BAEER T, NI IOME IR A& BB 3 (GSK3) A Il GSK3B 4 T e 2Lt J A e e 5 S 3k,
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A Ro, By yFIS)E. HAET, CUFSLREMSEGA
(1 5 R B LA 7 FF, Hid HCoV-229E, HCoV-
NL63. HCoV-HKU1 J& T o J& 7 K 5 # . HCoV-
0C43 S fiets T 3N ™ 5 T T8 59 1 rh AR i
LEAHE MR TE (MERS-CoV) . ™ 21t P 25
GAETEIRREE (SARS-CoV) DA K™ 5 2 1 NIl 247
A AE TR EE 2 (SARS-CoV-2) J& T B J& e MRk
B U IR RE L AL E B RS 4 R A
FIZRER (S), BREHEA (N BEEA (M)
MABEEA (E). EA&REHEM (nucleocapsid
protein, NP) ZiMIgEEn) EELHMERZ —,
P R B 1 AR A R Pl A = X E B AE
NP /& RNA Z5 G 8, AT 88 36 K 2 RNA FR-IE
PEFHN RS B EZAER, 7T 558 RNATE K
¥ Wi #% % 1 (ribonucleoprotein, RNP) & &%),
MR REFE 2, 2 SRk I %
NP i A 32 80 45 Mg B 4] A, BN S 45 g R
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=JEFEM 25 (tripartite motif 25, TRIM25) {1
PE R, M A RIG-T &2 & fk A T 4 &
(interferon, IFN) Jr=4: 12, SARS-CoV-2 NP [d]
FE5 TRIM25 AHEAE AT, #4] T TRIM25 41 & /Y
RIG-IZ Z Ak, M0 IFN (774 10, 35 510
FEHFMHEAER — B LE T E0R
PE, NP 2R F R m N EA R —,
TR AT NP 5 1 3 - 09 A B AR D 7 e IR
T EUR L BAT B . HCoV-229E 78 A fE
HERE I 12, IR E 5 R LR iE
i, IFHAS 10%~30% Y52 H B G . H
HAURHE S 1355 T MERS-CoV . SARS-CoV DK
SARS-CoV-2, HorHLHIARK, HATX T HCoV-
229E NP il iif 515 32 P 1 AH ELAE 4505 1 1 7
16 FPUm e L S 5 i Bum ML a5 A
=W,

SNEETETE FARA A . B A BURE AT
i EAEAER . AR R R A AR A7 bR g
(proximity labeling, PL) 4% A A4l 5¢ A= B B 2%
R S 1E B U EAE PR TR A I T
B ZHARM T HA I AMC R T B, 1
fE E AL AR (a0, TRRPUIR R i AL P
(engineered ascorbate peroxidase, APEX2) . iR
L EALYIEE (horse radish peroxidase, HRP) ) '™
AR ER (U BiolD. TurboID) M7 45 F
YR EEMMEER R NrIRY (kY
% (biotin) ) FEEH|S H B 40 MY IR
I, DATAE TS AKX SR A o i T AR 3R
Fride T Al a8 b 6% 2 o8 AR SR I REBR W S 9l bn
MR BT, FHATROS T, BRI e H I 48
ERE AR . Hd TurbolD 5 HE A ALA,
HABIE R & F BiolD 8 APEX, W T ARIC
BFME] AN 18 h 4545 %) 10 min, E454 T BiolD MY 5t
PERICEEME DL St Y I9F B S A
AL, AR E R AR, ReNS R AT
MBI A HOIRE . BHAET, PLEORC N H T Z2R&E
H B EAR DL S PR e I A S o, s
U P9 R U AH G 2 e B (Kaposi” s sarcoma
associated herpesvirus, KSHV) " i #H 3¢ %5 5
(adeno-associated virus, AAV) ' & HrRIEDIR R
WY (COVID-19) &G, BUAR#I b+ H BA
2021 4 HE T APEX2 &R hRIC R GE, IR 16 21
B SARS-CoV-2 A 12 fid 2 I 5 LBk 25 A =4 9
(myosin heavy chain 9, MYH9), % H i/ F%

BEOE A N A AR DL R K R R g 2
(angiotensin-converting enzyme 2, ACE2) i P
TrHEATE AN, I nTBEAE AR PR TR s
ATTERE AL

COVID-19 5 & LIk, TERIF TR T ARG R
5ETE . AHF5E i HCoV-229E NP 55 TurbolD il
&, FHBAFRIC- BTk i H R BE A% PR 48 21 K
NP EAERE A, Wi kg R, ik
WS84 AN EEEEREA, EFEARMKIE (gene
ontology, GO) 73 #1155t AR 3 K 13k DA 2 K4k 14
(Kyoto Encyclopedia of Genes and Genomes,
KEGG) Z7rHr &3, 1ebsme e b 5 A A vh g 4R
(B S R 3 (GSK3) A Il GSK3B, Hii7
TGS W R VIAR G 2. SARS-CoV-2 AIH
11V A ACE2 SZAA IR PR s 26257 00 s A gt
S, EUWFED R AR TR B 40 N0 25U 5
RkZ, IWIASOINE IR S F T, 18 nl g
VSR AR IR BB R o . BE T LA B RTIR, A
L GSK3A Fll GSK3B #E47 41 H.AE FH 56 E 525
K ZHENPAAAEMEAR, #2785 NP n] GEid i
5 GSK3 M EAEH], 25 8] 2 Fhod IRk 2 BUR

1 HEST®

1.1 ##
111 40jE

AR ZIN 41 il 8 20 AS49 5 R AR B 4N i
HEK293 Il Tt st At i e P ot
112 TR S5 I B

Bk : pCDNA3.1-NPHV** _Flag = pCDNA3.1-
HA-GSK3A. pCDNA3.1-HA-GSK3B ¥J i Fi/ 4
F%; pCDNA3.1-HA-Vector h 5286 2 5-AF ;s
FF: Ad-V5-NP"V*_TurbolD F1 %f M 2% ¥ 7% Ad-
null HIL L EH BN A ERSY 1, HEYR
2x10" PFU/L,
1.1.3 3t

Ham’s F-12K (Kaighn’s) 383 (185 .
21127-022) L) }2 DMEM & 8l 15 92 & (18 5 .
11995065) W4 F Gibco 2~ 7] 5 Jifi 4F 1L V& (fetal
bovine serum) M T EXCL/AH; HE XM H R
G35 T 25 5L A AR 2 B R -EDTA
W . W E | anti-HA B{JIg #i 2k ) T Sigma-
Aldrich; # %t i ] Lipofectamine3000 W4 T
Invitrogen; 4% 2 5 H IS [ E WA TR K E A A,
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WERT 3 MR EER . V5-HRP, Flag-HRP, f-actin-
HRP. GSK3A. GSK3B #ii /&I ¥ proteintech; 1lI
FPU R FITC AL AP 4 TRITC I T2 40
114 {UERRR

HE I BTHIKACRRE T HARAL (Bio-Rad) . DG
LRE BB (ZEISS) . ZINRERARL . 41T
B (Thermo Fisher) . fh2¢ & 68 H B EN I A%
{% (eBLOT).,
1.2 Ak
1.2.1  4iffdE R

AS49 MRS T84 10% JG2E I . 1% 5%
E MHER K M Ham’ s F-12K  (Kaighn’s) 3% 3% 3
Hr, HEK293 4 i3 52 T 5% A 10% a4+ 13 . 1%
5 2 MBS 1Y DMEM &l g3k h, frg 40
M5 #E 37°C . 5% CO, Ak Fefa b 3%, MR
FIG T AL A . PR AL T X852 4 30 i 40 i 2647
SEH .
1.2.2  JEFTurbolDAYER L AW RbRicH A

PEHTF A549 40 Mu 42 A 7E 100 mm 35 55 ML,
o5 0L JEC 40 M 4 2= 70% @l & B B, R g &= 5L
(multiplicity of infection, MOI) & 5 [ Ad-V5-
NP"V2E_ TurboID & YL 4l fifl , 48 h 5 N AL &R
(DMSO B il , Z<H A 100 pmol/L) it A 41 g 15
FREEFRIC 30 min, S, SLEDFEREFRILMA PBS
Kbkdrid, KRR =k L, IR A K PBS
(4°C) WPy 3~5 ki, FH 2 L) 74 i A 40 A A5
PEATUK 240, #5c )5 FH Anti-Streptavidin 37 {445 1]
Fitmie AR, H Anti-V5 HUARK I NP
[k
1.2.3 EWRbmCEAEmMaif

B AS49 40132 F 2 100 mm B FR LA (341
i), FRANEA K 2 70% A FE I A T IR Y, SEEG
2H 5 Ad-V5-NP" V2 _TurboID, *f M4 N Ad-null,
FFa8 h ¥R (UK 100 pmol/L) AR
F, 30 min J5 FH PBS YRR Z R N, FHTIA 1Y) PBS
VERANME 3 G, RN T UK 2, B0 e
V420 B AR R B BB B TR, S Y% B N2
iR A (R ENSE Y (Western blot, WB) Kl
m AR, RN AR PO 40 B
B R MR BRI T RPEVIRE, 4°CTEFE I 2~3 he
LA R REARZE, W RETR N 28 B 0045 45 BE—]
TR FE LIE W, PTG 40 i 24 f e 2k 1k,
1 mol/L KCl¥E#MERK 1Y%, 0.1 mol/L Na,CO, ¥k
WREE LR, &4 2 mol/L JR % ¥ Tris-HCI

(pH 8.0) VEVRMLEK 1 IR, f5ce FHT I A0 M R4 i Uk
WHEBR 2 o VRIREE R TR S, S &
1xSDS & [ i [ A 28 vh i 5 B Bk, kK B R
10 min, K FIEHBEEHOEOE, BT Tk
itk 2 4 - 3R D9 0 T e B8 e FL UK (SDS-PAGE) 43 5
FEG,  HLUKES OB B A5 Sy s i e o i
@, P ERE R R AR, FrEER AR A
A VE A B A B A iy, IR U F
BT, R TS >
1.2.4  JFiEsr#r

SEE AR R HE TP . BRI BiE i . SDS-
PAGE. & R E#f 2 s G TR . 155
PERE T IR TR 1 A BE B T AL, IR
5, R H 95 JF Uk B NanoElute & 4t fl & 1
CaptiveSpray 2 ¥ i i J5i 7% 1% timsTOF Pro i% H
P38 (JEH 300 nl/min) o FRJGFEM (O3 55
J& F timsTOF Pro fii % {¥ (Bruker, Bremen,
Germany) [ PASEF B HEA T BTl 04T . ASBFTE R
R IET MSTEE R 0y dEbRic e &7k,
F MaxQuant # 4% P VT e LA & FDR J B 7L 051 T
B4l 0 1€ M 4 e (BCHE FE A uniprot_homo
20230312 20423 9606 _swiss_prot) .
1.2.5 G ILUisE S5 Ry Bl A Se

¥ HEK293 4 Jfl # #h = 6 fL M ', i 47
34 Ab PR, FF AR K E 70% @l A R K
pCDNA3.1-NP"*_Flag  pCDNA3.1-HA-GSK3A,
pCDNA3.1-HA-GSK3B LA 2 HA-Vector Jii #7452 ug
AT, A8 hF RN, in A2 A 4wk
4%, AT E AR B, AL 3 S AR
[ 3% € 2 J5 A Anti-HA beads 4°CliE 55 % & 2 h,
WA HA PR Y GSK3A B GSK3B Jf-#ETLTE
SHAATAERME AT, Va5 2T
UK. HIKES )G, K=Y 2 PVDF JiE -,
5% Mgk (TBS-THECH]) = iEEAI1h, TBS-T
PRV 3K, Ml WA HRP FLAA AT IR E 1 h,
Ml —4T, TBS-TIHWE3 IR, 45 ribskot
WA
1.2.6 HESHN

PERPRHZULTE 75% CREM 5 3% e T 5 T 6 L
Mo, P OE B HEK293 40 i fl e 6 fLAR b, 15
MR ATAE K 2 60%~70% fl & BER, ST 40 itF T
Ye, 48 h)5, FHZEIRPBS GEGABMIALAE) BEk3
UUE, H 1 ml 4% 19 2 R RS 2 15 min, B H
0.2% Triton X-100 % {& 2¢FL 15 min, 5% [l 1L 7
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£+ 30 min, I GSK3A. GSK3B. Flag—#i % ik
WEE 1 he FXT RN R P = REOLIEE 1 h,
PBST W& ¥E) , N7 DAPL & A il E8H A,
A N E, #OGERE 10 min, G55
TR £ B S RE I ORAT -

2 & R

21 E FTurboID{BAFRIEEABENUERE
EHEIEEQEHE
A5 FH B s 7 AR R IB 1 7 NP 549

RIEHEEG (TurbolD) FilvA 8 F1EAT SR bric AR
R EAERIGY . TE54 5 BN EE (Ad5) #ikd,
4 NP-TurbolD fill 5 3L H ve B AE VS AR%s T, By
AL S5 7T 3% Ad-V5-NP " _TurbolID fill & % [
AR AR ASAO L 48 h ), IMA &K
(ZYRJE 100 pmol/L) , TEAEWERMERT, 5
NP &R & I BT B 24k, AR R AE
FER R MR VIEIE4E, Rl hrid (label-
free) #1427 i 3 A 50 BT 7F BAE R 1A 4
& (E1),

(a
v e e

Ad-V5-NPHCV-2%_TyrbolD

(®)
A549

Infection
with

Distal endogenous proteins

Biotin . .
ATP+ @ ‘
AMP- ©@ —> (B
Biotinylated proximal
endogenous proteins
'B) Streptavidin-based

LC-MS/MS

Relative abundance

m/z

affinity purification

Protein

Fig.1 Proximity labeling methods for protein—protein interaction (PPI) mapping
(a) Schematic of Ad-V5-NPHCV22E_TyrbolD structure; (b) example proteomic workflow for mapping PPIs of NPHCV22E in A549 cell lines (modified

according to the reference [14]).

22 RAERAERMAL

B, ik N[5l MOIL 4 Ad-V5-NPHCov22E.
TurboID X 4 At % 8% 4L 2508, F F A [5] MOI (1)
Ad-V5-NPHV22E TyurbolD & Yt AS49 i, 18143
M A0 IR 75 DL R NP 2k 7K P SR 1 Fie A MOT{E .
WIS R, Y48 h)5, MOI{H M 10
F 20 AN BN B IAET (Z5RAER) . 15
18 15 Western blot £ Il NP % ik i, &k & wfE
MOIE RS (Fl2).
23 EYERRIBRENE

W 1.2.3 55 ik, Gl YR LT Ad-
V5-NP"V2 . TurboIlD 4 g % f# W H Anti-
Streptavidin-HRP [ 51 44K I 2] T K 1) 85 [
FIRLR A FRIC LTy (E3).

Lysates
+ o+ o+ + - Ad-V5-NPHV-22E_TyurbolD
s = = - + Ad-V5-TurbolD
1 5 10 20 20 MOI
ku -
100- - .w <= NPHCOV229_TurbolD
IB: anti-V5
o WEWEWEIR, A

IB: anti-p-Actin

Fig.2 Infection efficiency of Ad—V5-NP"“V***-TurbolD
in A549 cells

A549 cells was infected by Ad-V5-NP"“V*?E_TurboID with the

indicated MOI, and immunoblotting was then performed with the

indicated antibodies.
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1P
§ 2 4 = = = Ad-V5-NPHCV-29E_TyrholD
- - - ¢ + % Ad-V5-TurbolD
o+ o+ o+ + Biotin

ku |

100- <— Biotined proteins

IB: anti-streptavidin

<« NP HCUV»ZZ9E_TurbOID

100

IB: anti-V5
Fig. 3 Analysis of biotinylated proteins
A549 cells was infected by Ad-VS5-NPHV22E_TyrbolD (MOI=5), and

immunoblotting was then performed with the indicated antibodies.
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RIAT S B 22 AR A A T 4R 1 B 1 S 2R
ST . R B R BRAHOCHE  (Pearson’ s correlation
coefficient) HEit43#r ik P4l 8 (i A2 1 .
TR AR P 2Z )38 JR AR AR DG R B 22 Tl
K, AR B B EAR CRE B RO M
IRARFRECR T 0 NIEAHDG; /NT 0N TAAHIG; HHOC
PERBOBAZ T 150-1, FORIEAHCHEB A AR DGR B
SRy AT 0, FRONEAMIE (Blda). @il g
BAREE RS0, ABIEARICEOR LI S 3 584 A0 B
EAHE R (F£S1). KH Blast2Go (https:/www.
blast2go.com/) FAFXT T A 25 57 86 1 Bk AT GO 4
Briee (K 4b) . B %6, TE4iMI2H 7> (cellular
component, CC) Zr#rH, MHEAEHHE A FLEAE
BRI | 40 A 0T 0 OBORL . 2K . RNA 5
FULBRE & 1K (RNA-induced silencing complex,
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Fig. 4 Gene ontology and KEGG analysis of the potential HCoV-229E-NP interacting proteins
(a) The heat map drawn by Pearson correlation coefficient. (b) Gene ontology (GO) annotation. P: biological process (blue); F: molecular function

(yellow); C: cellular component (red). GO annotation was performed using GO term (database version: go 201504. obo). (¢) KEGG pathway

annotation. Pathway analysis was performed using KEGG database.
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HAEWEMMEB I hE %, JLHRE S BN
K MESFIEE (molecular function, MF) HJ43
B, AHEAEHIEE DD RE 2 5 2 TARRHAZE 1Y
A3, poly (U) RNAZEAF . mRNA 3'-UTR 2%
AT, mRNAZEG T, poly(A)ZGHF . JF
VRS mRNA Z5G R, BIPRS00 5901 1 -
RNAZGH T AWREE H BT,
PR NP ZE A FE R RNAZS S E M. 1AL,
TEAEY 3 #T (biological process, BP) H &
TIBENEEX, AR, RG-S N
#i (signal recognition particle, SRP) 2L #i% 4%
5 BRI KA . R Sk mRNA Zp i A
P RERE R . BIPRELR . BREAMAT . O
miRNA fIT T, miRNA R 72 DL K mRNA B2 € 7k
PRSIk, 2 KEGG &8, ME/EHER
A TR . RS EE R . RNA B iR AL |
mRNA W& Ae . 205 DNA BN A . AL
%, ZUNERES il . A FRRICER . AR

(a) (©

NPII(‘UV-ZZ‘)I’
IP
anti-HA 1gG_ Lysates
+ + + + + + NPHOV-2EE[ae ﬁ
+ - + + - + HA-GSK3A &
- + - - + - HA-Vector @)
ku st
[~}
55 - P ‘_NPHCO\/—ZEN:_Flag Z
IB: anti-Flag
55- n # W <—HA-GSK3A
. <
IB: anti-HA V)
7
40- = = =— <« B-Actin ©
IB: anti-B-Actin
(b) (d)
NPHCOVJZ‘)}:
P
anti-HA IgG Lysates
+ + + + + + NPUCOV2E[E]ag m
+ - + + - + HA-GSK3B V)
g L5 F B == HA-Vector %
Q
55- W@ - NPICOVEFlag g
Z
IB: anti-Flag
3 - == == —HA-GSK3B
© IB: anti-HA
g
40- o we e —[-Actin %ﬁ
]
IB: anti-B-Actin

WhEte . mAF B EE . NERAREHSRE . IR
YA BGER . W S AREAE . N I
fE 5 1 (human immunodeficiency virus 1, HIV-1)
JREE A A AT XS TTRE SN R R Yy . AL
KA (Kl4e) .
25 HEMEREAWIE

FH 0 I A B S 2R iR A2 R s A 1Y GSK3A I
GSK3B 4 [ FE A [] sl PR s 5 o i F vp B B 2L
PIVERT,  PRIEAS SCRERRIX 2 TR R TR G 5K
Y WAE . 8 id AF2E GSK3A A1 GSK3B 4 5 NP A
HAERPRIIELR A AR L i B 1 ] S . WBE5 R
7~, GSK3A 5 GSK3B 1] DL 57 P4 1T i NPHeev22®
(1#l 5a, b), 1AM XFE (HA-Vector) A5
NPV H AR . SRREDOEE R R, Npreev»*
Y5 GSK3A . GSK3B 7 it it i 47 7€ B 8 119 3 5 7
(Kl 5c, d). ERZERUM, FIFHARAFRICH A AT
AR R SRR EEEON | ARG .

GSK3A DAPI

Merge

.. 10

GSK3B DAPI

.. 10 pm

Merge

Fig. 5 GSK3A and GSK3B interact with NP of HCoV-229E
(a,b) Lysates of HEK293T cells expressing the indicated plasmids were subjected to immunoprecipitation and immunoblot with the indicated
antibodies. (c,d) HEK293T cells were transfected with the indicated plasmids for 48 h. NP (green), GSK3A (red) and GSK3B (red) were labeled by

immunofluorescence staining, and the nuclei were stained with DAPI (blue).
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COVID-19 KiA7 /A E R B2 5m, 51k
T SR BRI ST B R AL . IR B HCo V-
229E 7EHH LB N TRAT,  15%~30% B4 B 38 Jk
Bl hizie s |, 2L, 2 NS hE
R By B AT 7 AR s R A i T R G R P
AR BE NP W 5 7 Y B0 ARG, T2/ EUFR
J%# (mouse hepatitis virus, MHV) 1, NPH[PI]
TG R GR 26 1 (activator protein-1, AP1) ., 2
F# R (PKR) DL #H + «B (nuclear factor
kappa-B, NF-kB) ', SARS-CoV-2 iy NP A LIfiE ik
NOD #3225 S A G #1113 (NOD-like
receptor thermal protein domain associated protein 3,
NLRP3) #AE/IMATETE LA S B R E i = il
P, I e B S S AR NER BT I
PN ER-1B (interleukin-1B, IL-1B) FIFI4%-6
(interleukin-6, IL-6) FY#LIG =, [FIAF, NP2
S 7/ 11| T D 11 7 R P R i
(interferon regulatory factor 3, IRF3) AJiiG, BHWT
1% BEA% % 1 L (ribonuclease L, RNase L) B %
PE BV, NP {2 RNA %51 2 51 2 HAth i 72,
A 455 1 R R 2 5 o gkt e S, NP 7R e AR
o BE AL IR ZH A ] A Sp R Bk 2 2 vh R
SRR, RIAA TR ISR A ARIC- B e FH 4L
AR %48 5 HCoV-229E NP (1 BAE P 7 4T R 25
YRR AU R

GSK3 J& 22 Z IR/ Sy B R EE I I — 7, &
JEORSF R T IR . Sl e A 1 5 2R MM
BRI LY SRR N, Pl Ok B 22 1 A9 4
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Identification of HCoV—-229E Interacting Host Factor by Utilization of
Proximity Labeling—Mass Spectrometry Technique®
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Abstract Objective Coronavirus is a class of long-standing pathogens, which are enveloped single-stranded
positive-sense RNA viruses. The genome all encodes 4 structural proteins: spike protein (S), nucleocapsid protein
(N), membrane protein (M), and envelope protein (E). The nucleocapsid protein (NP) serves as a key structural
component of coronaviruses, playing a vital function in the viral life cycle. NP acts as an RNA-binding protein,
with a critical role in identifying specific sequences within the viral genome RNA, facilitating the formation of
ribonucleoprotein (RNP) complexes with viral RNA to stabilize the viral genome and contribute to viral particles
assembly. The NP consists of two primary structural domains, the N-terminal domain (NTD) and the C-terminal
domain (CTD). The NTD is primarily responsible for RNA binding, whereas the CTD is involved in

polymerization. The N protein demonstrated to trigger the host immune response and to modulate the cell cycle of
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infected cells by interacting with host proteins. The NP, one of the most abundant protein in coronaviruses, is
essential in understanding the pathogenic mechanism of coronaviruses through its interaction with host factors,
which response for determining the virus pathogenicity. HCoV-229E is a widely distributed coronavirus that
typically causes mild upper respiratory tract diseases, accounting for a significant portion of common cold cases.
However, its pathogenicity is notably lower compared to other coronaviruses like MERS-CoV, SARS-CoV, and
SARS-CoV-2. The exact molecular mechanism behind remains unexplained, and how HCoV-229E N protein
influences virus replication, host antiviral immunity, and pathogenesis need to be further explored.
Methods Proximity labeling-mass spectrometry technique and bioinformatics analysis were used to screen for
potential host factors interacting with the NP of human coronavirus 229E (HCoV-229E). In this study, a
recombinant adenovirus Ad-V5-NP*V***_TurboID was constructed to express the fusion protein of HCoV-229E
NP and biotin ligase (TurbolD). A549 cells were infected with the Ad-V5-NP"“V***_TurbolID. After 30 min biotin
treatment, NP interacting proteins were labeled with biotin by biotin ligase, and subsequently isolated with
streptavidin cross-linked magnetic beads. The potential interacting proteins were identified using label-free
proteomic mass spectrometry and further validated through immunoprecipitation and immunofluorescence assays.
Results We identified a total of 584 potential interacting proteins. Gene ontology (GO) analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis highlighted the enrichment of glycogen synthase kinase
(GSK)3A and GSK3B in the glycolysis/gluconeogenesis pathway, indicating HCoV-229E NP connection to
diabetes through aberrant activity. Moreover, SARS-CoV-2 infection can exacerbate hyperglycemia and metabolic
dysregulation in diabetic individuals by activating the ACE2 receptor. Moreover, SARS-CoV-2 was observed to
cause potentially harm to pancreatic B-cells and leading to insulin deficiency, which not only worsens the
condition of diabetic patients but also raises the possibility of new-onset diabetes in non-diabetic individuals. We
demonstrated that GSK3A and GSK3B interacted with NP of HCoV-229E, suggesting that the NP may engage in
various coronavirus pathogenic processes by interacting with GSK3. Conclusion These findings suggest that
proximity labeling-mass spectrometry technique is a valuable tool for identifying virus-host interaction factors,
and lay the foundation for future investigations into the mechanisms underlying coronavirus replication,

proliferation, and pathogenesis.
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