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RRfAdk HhE & R 2 @® AREIHX K FT

BWE BH I E AR SRR TE 2 (SARS-CoV-2) R %65 411 mRNA Rif& (pre-mRNA) 3'JEFIIEX
(UTR) IR, Fik AP TR M 3R AS49 A6y, R IR e e £ 2 it 9 o) 3635 SARS-CoV-2 IREE 5 F]
JHRNA-Seq M FFH AR KA W(E Bt ot s, RGNS S Rkt 2 B FR1L (alternative polyadenylation, APA)
Fiff; Metascape BUHE 0 & A 1 35 APA AR ZE R EF T T BB B 4E 430 ;. RT-qPCRGIFFEILH 3UTR KA L ; BRI
E[5fF (Western blot) il H 198 13835k F-. 458 SARS-CoV-2 B (A 4ME KI5 1 E 40 3 813 AN KE K & A= L 35 APA
k. GOMKEGG s/ #Hriin, 225 APAFER 122 54 224 ZA4UM A 0] . IR 4 B S AR i /8, o0 SO e Fn i
FBOIN T4, it —2B ik th AKTI 3, 7EIGV 8 R 3UTR B4 ; RT-qPCR Y0IFE AKTI F R 1) 3UTR K AR b
#u. Western blot £ 5 b 78 AKT1 2 FABSRR AL A3 N, 4538 SARS-CoV-2 54 H AR 0 75 T pre-mRNA [ 3'UTR fin T,

Hep 25 2Rt E Y B AKTI LN 3'UTRAE K, HLEC ST 0 5 1 )5 2 RE 7 20 P9 B

KEEiF
FESES Q52, R373

P AN LR AR AR B 2 (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2),
51 & HH AR B R (COVID-19) FEFAISA
FEEBRIEEINT 24, T EfaF A @R, SARS-
CoV-2 & —Fi A L AL B 19 S 55 RNA J g, HA
WY rE 1, SARS-CoV-2 4wt 4 Fhak T 1
1145 S (spike) . M (membrane), E (envelope)., N
(nucleocapsid), HHM&E M E—MEBREN, A
P A5 F 5, S SARS-CoV-2 4fith (1) 45 44) 2 1
i EENEAR, IS5 ZRRNE R P
MEHBA®ERSFRME, RiLE&ER
COVID-193G7 25 L8 0 AR RN, M
F AT DASE i 0 S A0 AR X B iR Y A4
M A AR R OCRE  FR FA AT RE,  DAHE B e
6 3R TE 3 G SO Y Ak B S T i 32 4 R R A
i AR BRSO — 2D

Banerjee 55 ¢ #F57 &, SARS-CoV-2 Zifid )
AT S 5 75 T RNA BIAR AR, S S |
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YA ffipre—mRNA 3'UTR/N T HIZNE -1867-

RNAZSGEAMS ™, i, AR ENR,
COVID-19 B #H REZHIL N Kk A=l APA i H 2
MIUTR 6%, I HIX S R s 4 THum s i
R, 7R T APA 7E SARS-CoV-2 35 1 T Hilik s
o N HAER M. {3 B AT TF SARS-CoV-2 4
T B 25 1 5% 45 32 pre-mRNA 3" il T 52 0 A BF 5%
Tl AW SARS-CoV-2 Ztith (175 4 i i 12
pre-mRNA 3'UTR JIT-HY5Z A, A F) T [ W95 1 34
AL, DA S X IR T R

AW 5T F FH RNA-Seq Al A4 915 B 2455 07
53 HT SARS-CoV-2 i £ 1 % 15 3 2 MY pre-mRNA
3UTRINTAYsEM, DL KA APA S R ek
FIIRERI AL

1 #M#EFE

1.1 ##
111 AR5k

AW 5T 8 FH G Bl L B 40 i AS49 it 26k
SARS-CoV-2 [ 2K [ Jit # pcDNA3.1-M-3xflag K &
F P B B R 2 B S = MOK R IR A
pcDNA3.1 B A A S0 28 (R AT
1.1.2 5

G4 IsE (LAGS] BIA R ) ; DMEM KigE3E |
[l HaRmRR (EE gibconH]); FULAH]
PEI ( 32 [# polysciences /A 7] ) ; Trizol ( 3 [
Thermo /A ) ) ; 5xSDS-PAGE %5 1/ | FEZE M .
JBRREWHS . RIPA S . AR BN . SOxMER
IR AR (AL B KA s
S & (32 abcam 28 A ) 5 K BT SL marker
( 2€ [# proteintech 23 7 ) ; SYBR ( 2€ [# Thermo 2
H]); AKT1. Phospho-AKT1 (Thr450) #Hifk (%
#BIEREEYAT]) s B-actiniik (3 [ Proteintech
/3]s anti-flaghifk (3&E Bethyl A ) o
1.2 FHik
1.2 4ifiss

AS49 UG A A 10% J6 45 1035 . 1% XX
i (HEE-BEEE) IYDMEM B 3R%E, 1E40H0ks
FAHM 37°C, 5% CO,¥53% .,
1.2.2 Wiy

PR 24 h LAEAL 3.5%10° 1> 41 i 14 550 4 40 e
FPENFLRN . TEAIIDIRAS RAr, IR HAK Z 40%
BRI . B RS LR N IR) SE Ry 5
FE A 1 TG 1L TC ST FE R T FR 56 . OB 5% it )
PELFI BRI BRI &, A IRIFH 15 min 5 2N

AKALIN, 6~8 hJd e et Ak st 77
1.2.3  HEFAJRREEENIL (Western blot) SE56

FHEA 1% B AR HI] . 2% SO R F 0 1
F %) RIPA 247, VK b 247 40 e 30 min, JIIA
5xSDS-PAGE # 15t L FEZE vl , 95°C =i i A8 14
10 min, L PKA 20548 70 VAT 110 V1 R R ik 45
JRE RN o3 B I 5 AE VKoK W R, fd ] 100 V H
100 min (245505 . FH 5% AR 2F Wt PA 2 he 4%
WEAH R 2> T B VI 5%t , 4°CIEE —Piid . K
HARYE— PR E —hi. = hotig 24 1
X BT SR A TR U
1.2.4 RT-qPCREZH

Fie ST si a0 U W A5 2P BROK 2 BT 1
RNA S % 5% i cDNA, RT-qPCR % JH 10 pl 1Ak % ,
SYBR 5 ul, 1E 0514704 ul, K[54 0.4 ul,
¢cDNA 2 pl, H,022 pl, HANFEREE3IANEIL.
5 J5 85 5 R 27 SRR N E B . RT-qPCR
SIANER 1 R .

Tablel Primers for RT-qPCR

Gene Primer sequence
SCV2-M F: 5'-GTGATCCTTCGTGGACATC-3'
R: 5-GTTGCCAATCCTGTAGCG-3'

AKTI1-d F: 5-TGGGACAGAGGAGCAAGGTT-3'
R: 5'-GCGACAGCGGAAAGGTTAAG-3'
AKT1-p F: 5'-CCACCTGACCAAGATGAC-3'
R: 5'-CTCTCAAATGCACCCGAG-3'
GAPDH F: 5-CGGAGTCAACGGATTTGGTCGTA-3'

R: 5-AGCCTTCTCCATGGTGGTGAAGAC-3'

d, the distal region of 3'UTR of the gene; p, the proximal region of

3'UTR of the gene; F, forward primer; R, reverse primer.

1.2.5 AEWEE¥ST

RNA-Seq il J7 H1 Jb 5t i R EOR A 7l 2, 76
Nlumina V-5 _F#FEF7 . i 1 T H AL APAlyzer '™ X}
RNA-Seq %4l 2470 #71, 1931 & = APA F 4193
K, ZASHIFFE 3524047 3'UTR X4 APA, i E4 35
K 3'UTR 565 — A Fl e Jq — 1> 2 BT R b
S AEASFEIH 3'UTR B9 APA 1] DL — AN
ik (relative expression, RE) 4380 N, ILAIXS
Fik o $0 T E Xk log, (RDaUTR/RDCUTR) ,
Horp RDCUTR At & 78 £¢ 1k 7 %] 3'UTR |55 — 4
poly A {v7 15 14 DX 35 P DG FE 1) )32 40 5 Eb L 33 B X3 )
K, RDaUTRACFEFE 3'UTR 55—~ polyA 13 1,
S H5 5 —1> poly A {37 5 X 38 P DT e (4 7 51 B kb L
B . — NP EEA Z ] () 25 57
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F RE 2 % (RE difference, RED) ¥ F /R~ ",
APAlyzer [F) i 45 R ALHE 4 51, 705 “gene
symbol” . “RED” . “P-value” . “APAreg’ . T7F
“APAreg” "iE X T 3FRSEAY, “UP” FonL kAl
aUTR BHCEE /0 O IRE 25 5%, . “P-value” <
0.05, “DN” /R LI 4l aUTR A £ E DI
YR 5%, H “P-value” <0.05, “NC” E£/RFI4x
FEA . “UP” FR3'UTREERK, “DN” F/R3'UTR
45 % (https://bioconductor. org/packages/release/bioc/
vignettes/APAlyzer/inst/doc/APAlyzer.html) ., fi FH R
5 ggpubr AF AL e A APA F A 1 TR Y K
1t Bl o i ] deepTools ¥ 75 21| () bam 3C 4 ¥% #t
bigWighk=U3c 4k 1, FEIGV #t: (2.11.1) BT
AlAL . Matescape $5#& % ' AT DR E 4 b o
1.2.6  HiitaEormr

il Excel . GraphPad 8.0, R 4.1.3 {4748
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THoWT. BB IR br e 2 (xxs) Fom, M
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2 g R

2.1 HEIMNERIESARS-CoV-2fEE B 0L R
I FH RS 27 e B AR 53 5114 peDNA3. 1 JBoRL ATy
3xflag #7525 i SARS-CoV-2 M 4K [ 3¢ ik JF ki % A
AS49 ZRME N, FEYL)E 24 bSO it R R 2R 1 5
FIELRNA, fifi FH Western blot £l RT-qPCR 43 A K5
M#EH (Ella, b) MIMAEMK mRNA (K 1c) %
KGO AR EBR, MEF XM mRNA 7E
ASA9 A ek, ULBHIRBRI T, wTHEAT e Ak

(©)

sokokk

1.0F

0.5

Relative expresion of M mRNA

Fig.1 Construction of a cell model for exogenous expression of SARS-CoV-2 M protein

(a) Expression of M protein; (b) grayscale analysis of M protein; (c) mRNA expression level of M protein. ***P < 0.001, ****P < (.000 1, n=3.

22 TRIRKEAPASEHHERE

¥ AR CHC) RNA 4T RNA-Seq i 3 5
¥, XHRGEEEIE AL, i R 3K APAlyzer
ez m F UM APA FE4F 1 K APA FESE IR 2 5 %)
MR P i 22 S R b RED 17254k, RED>0 H.
E R “UP” By A 3'UTR K, RED<0 H
JE SR “DN” REEPI R 3'UTR 4% . LA P<0.05
FNRED|>0 Jy 4544, i 1%k W 3% & A= APA =4 (1) 3
R JL0 gk Y 813 4~ & A APA SR JE R, Horp
3'UTR ZEK [ FE R A 4444, 3UTR 45 R IE A
3691~ il ks APA SRR BRI LB,
LI N “UP” BI3'UTRIERK AYFER , ¥ MR
“DN” RP3'UTRZEHEMEER (K2). EIHHHRE
PAEE R 0~20, AiE PAHARTF AT TOAYEER . 45 R W

7N, MR MR I8 5 52 0 15 5 20 i pre-mRNA
3UTRANT., HZHGEH3IUTRIER (54.6%) .
23 ERAPAEEMGOFKEGGH 1

XF 25 5 APA JE AT D Rg & 22 or A, DA P<
0.01 fE ] 25 & A M, EIrh ik H Top10 1) & 4R 10
HATROR, BEAPRMR S RI BETE, PAbhsh
BN ID MAAFR, ZLbriE & B AR FRA SR
PRI % H s A PR IRGE MR I R
Ve 455 8oR, 3'UTRIEKHZEF APA LK 72
S5 22 R AR L PR A B . mRNA
INTEAYER (K 3a), ARG NIEK
FEABN TAE S (K3b), 3'UTR 4681
25 APA BN Z 5P E O E SWAEY G L.
mRNA G 72 . 4 M 28 BT s i 4 A ) ok 72
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Differentially APA genes (813)
«: UP: 3'UTR lengthening (444)
«: DN: 3'UTR shortening (369)

20 SR, EDFL MGl
SLIRP
15k . gspcs YyiiAQ
IDGF .
o ECHS
. Ak
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=-5.0 =2.5 0 2.5
RED

Fig.2 Screen genes with APA events
Red dots indicate genes with 3'UTR lengthening, blue dots indicate genes with 3'UTR shortening, and grey dots indicate genes with no significant

change. The horizontal dashed line indicates y=-1g0.05, and the vertical dashed line indicates x=0. RED indicates relative expression difference.

GO:0060341: reguation of cellular localization
GO0:0000278: mitotic cell cycle

GO:0010564: regulation of cell cycle process
GO:0001701: in utero embryonic development
G0:0002183: cytoplasmic translational initiation
GO:0006397: mRNA processing

GO0:0006886: intracellular protein transport
G0:1901699: cellular response to nitrogen compound
G0:0051493: regulation of cytoskeleton organization
GO:0080135: regulation of cellular response to stress

* hsa05131: Shigellosis
hsa04510: focal adhesion
] hsa03018: RNA degradation

] hsa05165: human papillomavirus infection
] hsa05012: Parkinson disease

[ S hsa01212: fatty acid metabolism
| —————— hsa04141: protein processing in endoplasmic reticulum
1 hsa04144: endocytosis
 E——— hsa05202: transcriptional misregulation in cancer
[a——————] ) hsa03250: viral life cycle-HIV-
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G0:0022613: ribonucleoprotein complex biogenesis

GO:0016071: mRNA metabolic process

GO:0043603: cellular amide metabolic process

GO0:0030163: protein catabolic process

G0:0030163: mtracellular protein transport

GO:0034654: nucleobase-containing compound biosynthetic process
G0:201242: regulation of intrinsic apoptotic signaling pathway
GO:000705: mitochondrion organization

GO:0006457: protein folding . L . .
GO:1903747: regulation of establishment of protein localization to mitochondrion

G

] | hsa03020: RNA polymerase

] hsa04141: Brotcin processing in endoplasmic reticulum
] hsa05012: Parkinson disease

] hsa04110: cell cycle

| hsa00531: glycosaminoglycan degradation

] hsa04120: ubiquitin mediated proteolysis

] hsa03022: basal transcription factors

] hsa03420: nucleotide excision repair

] hsa04215: apoptosis - multiple species

] hsa03040: spliceosome
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Fig.3 GO and KEGG analysis of differential APA genes
(a) Biological process of genes with 3'UTR lengthening; (b) signaling pathway of genes with 3'UTR lengthening; (c) biological process of genes with

3'UTR shortening; (d) signaling pathway of genes with 3'UTR shortening. Entries marked in red indicate which we interest in or has been reported.
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(Bl 3c), ¥ KN B8 F o T, 2055
T E S (K3d). EAKkSE, SARS-CoV-2
M S0 15 S5 A0 M 5 A MO BE LA S L X
BRI . SRR R DL R 1 B A B ARG AR
P AR BELA 9 3'UTR N L

VI B4 & B AKT] (AKT serine/threonine
kinase 1) FERAL & 7E ZFhAE W2l 72 S f5 5
LG 20 ME RS IR L AR N S R | e IR
Puif (F2). HPrgmh 8 T AKT & 22 %%/

7% PR 55 11 8% (serine threonine protein kinase,
AKT) FGE i — 51, J2 W5 Bt LB 3 30
(phosphatidylinositol 3-kinase, PI3K) /AKT {551
FEHARZ R, R T SR B A
Z: 5 P FARRE SOV AR s A g R B,
AKT1 7E SARS-CoV-2 [ ) Sl Y5 84 K £33 fili
FEA R IBHOERAS, JF B A S 306 1 3= 40

Eu% 17]O

Table2 GO and KEGG enrichment of differentially APA genes with 3'UTR lengthening

Gene name

GO/Pathway name Gene number Lg (P-value)
Regulation of cellular 37 -10.0813195101
localization
Regulation of cell 32 -7.9390053882
cycle process
Regulation of cellular 30 -6.4809678733

response to stress

Human papillomavirus

17

-5.0394529169

AKTI, ANXA2, BAD, BCL2L1, ZFP36L1, CDKY9, CRKL, CTNNBI, DHXY, ECT2,
ACSL3, IPOS5, PPPIRI2A, PCNT, PIK3R2, PTPNY, PTPN14, SUPT6H, RAB7A4,
SNX3, HGS, HMGN3, BAG3, HUWEI, BCAP31, CCT5, PTPN23, EHD2, CENPQ,
GOPC, RTN4, NLGN2, RHOU, GLIS2, DCLK2, CNPY4, PIM3

AKTI, APP, BCL2L1, ZFP36L1, CDC27, CTNNBI, DDBI, ECT2, EIF4G1, H2AX,
KIF1l, FOXO4, NPMI1, PKN2, RBL2, RRM2, AURKA, KLF4, FEMIB, PLK4,
PHB2, KANK2, SND1, RACGAPI, MRNIP, TRIAPI, CHMPI1B, RPRDI1B, NABP2,
ABRAXASI, PSRCI, KNSTRN

AKTI, APP, BAD, BCL2L1, CDKY, CTNNBI, DHX9, EIF4G1, ENOI, FOXMI,
GRINA, H24AX, NBRI, NFE2L2, NPM1, DPF2, ATXN7, SMARCC2, YBX3, KLF4,
FEMIB, BCAP31, LPCAT3, SERINC3, TXNDC12, MRNIP, TRIAPI, TERF2IP,
SUPT20H, ABRAXASI

AKTI, ATP6VIB2, ATP6VIEI, ATP6API, BAD, CTNNBI, GNAS, RBPJ, LAMAS,

infection

LLGLI, PIK3R2, PKM, PXN, RAF1, RBL2, SOS2, BCAP31

24 AKTIEBFEHK3UTRIEKR

A IGV A F AKTI FE K 3'UTR #9748
ko HRAE poly A 7 AT T4t IX (7 &, FEIT S
15 X 1 poly A 37 55 5 LW 3 Uity poly A 3 5, AR
Ui, G 25 g X ) poly A i 5. 5 LA 78 v poly A fif
R, AR . B d KRt (distal), p Ron
T v (proximal) , ZL A H7 k8" M & I S2 50 4H
AKTI FEP 1 3'UTR | polyA 43 s, p /T S [6] 308 355 74
g (KEl4a), WE 4biw, 59 1E AKTI 3L 1
3'UTR X 3 g A i 115 190 . A FH RT-qPCR £
AR, DgsnlER S, T 3 v A X 3 v (1)
RNA £kKF- (El4e) ., i TR M8 S804
proximal/distal A Fb X BEZH [F Ak (P<0.01), 15iHH

AKTI mRNA 3'UTR i35 1Y RNA 357K -1 T3 v
[ RNA K3k K-, RN TE 250 41 b AKTI mRNA
A 3'UTR ZEK:
2.5 AKT1ZEBFRIZKERBEBRILER

Western blot 7451 AKT1 85 H Bk . ThEE
A B PR AL A D0 (B BR A A A5 h Thrd50) (14
5a). TERIFRIA M 15504 AKT1 & HRIBKF
JCW AR Ak, i AKTI 8§ 2 1k K F 7t &, il B
AKTI1 #8405 o LA B-actin N2, X} Western blot
ST E RN, TR ME S 4 p-AKTI
5 pcDNA3.1 X BEZH p-AKT1 AT 25 (i 6 ik K
AKT1 BRI T (P<0.01) (El5b).
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() 1kb (®) © 1.5k
b
pcDNA3.1 §§ 1.0 -
ez
pcDNA3.1 p _'d %g
pcDNA3.1-M — 3 £ g 0.5
°
pcDNA3.1-M 3IUTR ~ 5
P\
NI
QO g eogb

Fig. 4 3'UTR lengthening of AKT1 gene
(a) The change of 3'UTR length of AKT] gene. d, distal; p, proximal; the red arrow indicates the migration of polyA sites. (b) Primers design diagram.

(c) Validation of 3'UTR change of AKT/ mRNA.**P<0.01, n=3.
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Fig. 5 Protein expression level and phosphorylation of
AKT1
(a) Expression of AKT1 and p-AKT1 protein; (b) grayscale analysis of
p-AKT]1 protein. **P<0.01, n=3.

3 it e
SARS-CoV-2 [N 7E A BREREREAT, foE Ak

Al . YL SARS-CoV-2 Ja¥4s5] K 1a 377k it

FERIRAE SN, SECUEF IR B i, sEms R
I g JE A AR T A A R L PR AR

RHEFHLS
K%,
EA W55 R IE SARS-CoV-2 Zihth (1) 2 5 ] 18
o 575 ERNA MM EAEH, MFEsk . #t)a . #
PERIEIE S R 5 2 2 e E AR H R, W
NSP16 #ill il 75 & RNA 5§ 4% . NSP1 # il mRNA
P, LK NSP8 FlI NSP9 BH Wi 2 5 )iz i, B3R
XU T L A0 M ) E T LA 4 0 R R
A RNIRE 1 A R SRR VR s T —Fh E E AP
APA 1 X} pre-mRNA AT T, =4z A[R] 3'UTR

DAL il 78 B4 36 7 SR s 2 A

KTEE’\JmRNAJﬁF&, 2 1) ik PR 52 11 o A R A
o [H AT A A R SARS-CoV-2 Zii i

% EXTTE"I pre-mRNA 3'UTR JII T A5
AWFSEE % SARS-CoV-2 4t i A+ H
HEERSFHMEH, 400 M F 0 E 340
pre-mRNA 3'UTR LAY . S50 A B, MEH
HMIE IR 5 5 W 1 S5 4 A pre-mRNA 3'UTR I T,
HZHENIUTRIEK . RS AnSE Y (RS
SE0UAETE, R AnSFRRFR 4518 2 F H COVID-19
AN E M FEA 19 RNA-Seq Bl A i3, T
FEA DL K I 7 B i SE 3 MEAS TR T e S 30 T 45 2R 1
25, AN, AR RIS ZFREEEAEY)
T AR R AT B ) SR P - AKT1 9 3'UTR il
TazElEm, (HRHE A UK HRE AR, R
5 H AT A SCHRIRIE , APA AUV SE M L [ Y 36
ik, K NFEEE Al H] APA A2 1 3'UTR
JEASTA] Y mRNA B 5 AS [R] s 7= A= A1 R] 1 25
(S A BRI D RE A (B ek A . Ik, APA
RENSAE AN MU Z IR T AIIE DL, (R A D)
AERZAETE . AKTI A 3'UTR K JF ks %t HTh REAY
T — SR A, RACRBEERE
SARS-CoV-2 M £ [ 1 4 is P AKT1 & [ g gl i
. APPSR, 7E SARS-CoV-2 &Yt 5, K HL
AKTI1 #3005, 81 32 AKT/mTOR/HIF-1 {5 518
i SN IR el =) O S e it N 1873 =
%%ﬁ‘i%fuﬁbu 21 PIBK/AKT/mTOR {55518 &t
PeARIES S . BEF AL DA R o A i & B
4tz 22241 R AKT1 7E SARS-CoV-2 Jik s vh B A
BRES, PR E M E 5 AKT1 3'UTR

T AHL]



+1872- EMUEEEYIEER

Prog. Biochem. Biophys.

2022; 49 (10)

4 & it

ARWF5E K I SARS-CoV-2 M & [ LENT | Bz 4i il
F A549 AN R J5 R A 1 2400 P 5 20 A G o
FENG . DX Ry . R IR AR LR AR A
FIN T AH SC ) 3 K] pre-mRNA 3'UTR T, Fo0kE T
H 2 5 2 i AR Y B R A5 3 [ 110 D S ]
T AKTI 9 3UTR AL, K AR eSO
o WS IR P SARS-CoV-2 RYEUHHL
TR AL T IR SRl
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Effects of SARS—CoV-2 Membrane Glycoprotein on Host
Pre-mRNA 3' Processing”

OUYANG Xin, ZENG Xian-Yan, GU Bin, LOU Zhe-Qi, HUANG Jin, TAN Zheng-Zong,
YU Qian, CHE Yu, QIAN Yu-Zhou, ZHU Yong™

(Department of Life Science, Chongqing Medical University, Chongqing 400016, China)

Abstract Objective To investigate the effect of SARS-CoV-2 membrane protein on the processing of the 3'
untranslated region (UTR) of the mRNA precursor (pre-mRNA) in host cells. Methods Based on the cell model
of human lung epithelial cells A549, over-expression of the SARS-CoV-2 membrane protein was performed. The
RNA-Seq high-throughput sequencing technique and bioinformatics methods was employed to analyze the
systematic characterization of alternative polyadenylation (APA) events in host cells. Genes with significant APA
events were uploaded to the Metascape database for functional enrichment analysis. In addition, alternative 3'UTR
length of genes with APA events was verified by RT-qPCR. Then the target protein expression level was detected
by Western blot. Results A total of 813 genes that were significant dynamic APA events in host cells that over-
expressed SARS-CoV-2 membrane protein. These genes were enriched in cell biologicial processes such as the
mitotic cell cycle and regulation of cellular response to stress. We further screened AKT1, which encodes a critical
regulator involved in the above biological process, showing a 3'UTR lengthening in IGV software. RT-qPCR
verified the trend of 3'UTR length changes of AKTI. Western blot showed the increased level of phosphorylated
AKTT1 protein in over-expressed group of M protein. Conclusion SARS-CoV-2 membrane protein potentially
affects the 3' processing of host pre-mRNAs. AKT1, which is involved in a variety of viral biological processes,
with 3'UTR lengthening, and its protein function was activated intracellularly.

Key words SARS-CoV-2 membrane protein, alternative polyadenylation, pre-mRNA, 3'UTR
DOI: 10.16476/j.pibb.2022.0217

* This work was supported by a grant from Emergency Research on Novel Coronavirus (2019-nCoV) Pneumonia of Chongqing Medical University
(CQMUNCP0306).

## Corresponding author.

Tel: 86-13996398140, E-mail: yongz59@cqmu.edu.cn

Received: May 11, 2022 Accepted: September 9, 2022



