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Fig.1 Genome composition of SARS—-CoV-2 and diagram of structure of SARS—-CoV-2 particle
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Fig. 2 The severe acute respiratory syndrome coronavirus 2 ( SARS—-CoV-2 ) lifecycle
El2 SARS-CoV-214 i EHH
ACE2: [l %k Z 4 {LHF2 (angiotensin converting enzyme 2) ; TMPRSS2: 5 Ii 22 & FR 4K F1 2 (transmembrane protease, serine 2) ;
CTSL: #HZUEIBFL (cathepsin L); RdRp: RNAKHIRNAZ 4 (RNA-dependent RNA polymerase); 3CLpro: 3CHEZE I (3C-like
protease); gRNA: JEHZIRNA (genomic RNA); sgRNA: WAEPIZ4IRNA (subgenomic RNA),
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Fig.3 Workflow based on recent MS—based proteomic analysis on COVID-19
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Table 1 Application of proteomics in the study of SARS—CoV-2 nasopharyngeal swab test and viral particle biomarkers
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GFAAYSR) AE NI ARRHEIK B AT F T SARS-Co V-2 8k 4 (16 il
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Table 2 Application of proteomics in the study of COVID-19 plasma/serum biomarkers
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BE-o2 M 1 (zinc-alpha-2-glycoprotein) ; CFI: #MA K F1 (complement factor 1) ; LCP1/LPL: i I 4 it I 2% & 11 1/L- Z K& 1
(lymphocyte cytosolic protein 1/L-plastin) ; PI16: Jik /& #ill #ill ¥ 16 (peptidase inhibitor 16) ; LDH: i 35 FL B2 i & B (serum lactate
dehydrogenase) ; CIR: #MAMZrClr (complement Clr); C1S: #MA7rCls (complement Cls); C8A: #MAALSFC8 (complement C8
alpha chain); CFB: #MARFB (complement factor B); CFH: #MAKFH (complement factor H); HP: fiiZk#E 1 (haptoglobin); ITIH4:
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FH1 (beta-2-glycoprotein 1) ; FN1: £ i# & [ (fibronectin) ; HRG: & 21 & B2 bE 5 H (histidine-rich glycoprotein) ; KNG1: #{ ik Jit
(kininogen-1) ; PLG: £f# fifi ii (plasminogen); APOC2: #JJ§ZE 1 C2 (apolipoprotein C-11) ; APOC3: #{ /5% 1 C3 (apolipoprotein
C-III); PONI: [fiLiE X+ EWElE/ 75 & NEHE 1 (serum paraoxonase/arylesterase 1); ITIH1: [ FABENHIF HF5EH1 (inter-alpha-trypsin inhibitor
heavy chain H1) ; ITIH2. JBZE (9 @ 400 #l 57 85 55 H2 (inter-alpha-trypsin inhibitor heavy chain H2) ; HPR: %5-& Bk A AH C&E AR
(haptoglobin-related protein) ; LCAT: BPBFJEIHEBLIGES: 2 (phosphatidylcholine-sterol acyltransferase) ; IGFALS: J& Z it KIHF
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(immunoglobulin heavy constant gamma 2); TMEM198: B5X& 1198 (transmembrane protein 198).
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Table 3 Application of proteomics in the study of COVID-19 urine biomarkers
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Bi %5 ) &M T COVID-19 B IMLIE MK 17 COVID-19 JRIEAEDhn G ARG LRI 58, &
W 1 B 2 A G A 25, 45 R BRI BUAE COVID-19 J8 U FU ke A G e 41 il A B8 o i 2
B2 LU 8 BT A T s A R R, Jfs: R 1%, L oh MT1G. LPL. B2M. PRKACA.
ST ERT20MRMEAFTRNEDIREYAS, B FOLR2 Ml APOA4 KA oA, A BENIREAE
A X COVID-19 42 AT /IS M B9 J1 o Tian  PdnEW. Li% BV R DDA # AR #17T COVID-19
8 PV R AT diaPASEF B 4D-F I FHR S IRIEER I 55341, &I COVID-19 B FH#MA Z



1858 EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (10

ESTVINNR 712 1A il SR 11 04 N 00 S AN - R
Al A~ M. Hop, R 8 & [ HYOUL
D-dimer, SERPINDI £1 T ¥ /) & H NPC2,
APOAl, CUBN i BAE N IR LW Ir &EW -
Chavan % "' SR TMT bric & 5 55 R 317 R AR
H R0, KIAE COVID-19 fHPEREAH, &
PEWIRE . e RGN MR 1985 il /)
MBS A C R 1 BVH s AN ZhR . An i oh 3
HAVH AT B BB . LisgE ™R
FH 2 0 8 (A AL 2E A 2 ik T e b T
COVID-19 B #F MM AR T 537484k, KT
—ZRINEYIbREY) . TERIEARBAEA T, AP
BYH AT AUCTHILE]0.904, NidE ™ 4347 T
K HT LC-MS/MS 1Y IR H BT #8l , &
PAE 1 925 2 N PRI FEAS v 80.1% HAE A N
#| ACE2, 284 & fiFE LT 14.1% AYREA KR I 2]
ACE2. WF5RUER, PRI ACE2 W] DL i 3% F it
T ER (A 2E O A, PRI ACE2 ZKSF-7E K BA
IRz R rp R e, IS 2R B P
A K. ACE2 A7 2 AE R il SARS-CoV-2 &k 4y
DR B T i 1 A A i ) o

SR VA R RIBE (R AL 45 5, JRIBGE (A 54l
LU I 7 85 B4 B s ik R AU, COVID-19
PR A= b 754 5 100 3% /100585 A b 7 0 S ke T AR
[F] ) AR i s i A8 A, s SRS . AMAZL
BRI . RAENY . RPERG . B AR
A RFEARBA SERTOA0 . WELIEE . BRS
ORI N [iRE 5 g S NN 11 N 13 O N 2 L
LGB, WA RS AR bR B I BRI
IF HLAE K BRI Wi 25 SR h e e, A SEAE R
COVID-19 F- W12 Wr Ao 2 A 5% 1 T 22 W
BRI
3.2 TMIESARS-CoV-2R R FHLHEIF R

B IR AT U F & A Pids
B, T E AT DRI I kA R A e R . R
EIAEXT COVID-19 4T T Pl f) 2z imkse, (H
P H R AL, B H A T A R 2 T HLH
PSRN Z D 38 i B A AR W] LR 4 i
R R A, KRS AW, Jf
EEEWE BT . A AR T,
#7855 SARS-CoV-2 BURPEAH 5 1Y 43 F L $ 4t
TR . BT, BT R 2R AR
SARS-CoV-2 &I 1) 43 F ML 57 35 2R FH g a Jak
YL 20 ORI T R 2 S e REAS HEA TR 5T

321 HE TR A A AR AT 5

S B T LB R B s AR IS B, 350
15 FA PR RN EEe A i . BT AR T
NAR YRR A ) e g 45 B S T IR S 1
FEAFRAMZEL . WAL, F54Y
SERLE, 38R AR Bl B 20 A R A
Bojkova 45 7 38 ixf I 53 0 7 I L 1 240 P A Y O B
SARS-CoV-2 /& YL Jq B T HR I B BRe . oy,
AR, AR AR 1 BT S A O A

T B R AL X B A BT D BE A
me, AT AMCE AR (R S . KA ALl
W4z A . Bouhaddou 25 ¥ K Vero E6 4 it
BRI PEFT T SARS-Co V-2 JEL i AR IR Ak 25 1 I 20
SEWFSE, K PR SARS-CoV-2 B YL i 35 15 T I i 15
5, Hrb p38 2 W TEALE MK (p38/MAPK) |
ik 25 UG 11 (CK2) . 85 /85 1) 2400 1 B 1 ity
I (CAMK2G) “5¥misvE ol , 1 &30 & (K
PG (CDK) . fE A B (AKT) Ll Rho %
TR BARES TE HERH , Z5 A A sA A A Yk 2E
SCIGUER , N EE N & M REAS [F] CK2 45 & I 1 1
T E AR RS, YRR Y2 T3 p38/MAPK
() TF 5 5 #oan i fs 3 b ik o Stukalov 45 0 H
SARS-CoV-2, SARS-CoV 43 %] 8 Yk A549 Jiifi 45 41
WL, b TR EERTE A SR . SRR, 2
R AL AR AL AB G 4L 5 . 2 9 3L
16 399 MERALAL S, Hird 4 643 A BEIR AL S TE
SRR IR E AL, AT . AR
HEE . AN A NSl ) . R N R DNA #5345 5
AT UL (CDKs. AKT. MAPKs., ATM
MICHEK1) Z5 TR, 40 AH BAEH 5B ds
R, SARS-CoV-2 1 ZRp4iilatifg, wseXm
PEVE T . IR RS, SARS-CoV Fl SARS-
CoV-2 Jii T B YL 24 B R T30 2 S R P 3805
ARG

B ORI i WA i Y —
FREPE AN 2S, TERRE Ry A fn TR B ol & AN AT
BRMER, fENTEARTE . THZkY
B SR TR . AR F G R
RGN A G e JE PR 1 A (0 Watanabe 4 ()
5T 235 T 293F 418 /2 SARS-CoV-2 ST, &
22/ N-BEFEAA 5538 & A N-BE S B 1, Bt
ALHG E H AR . Ze ARV 2R, Hoh el
2 A R L OB RS 7 P, X e L 15%
(IHEE B 22/ — AN MR IR AR L, 52% MIBEEE & T



2022; 49 (100

X, %. BEFEEARAFEARANHEERFESHAARER

<1859

FEEpEIAL . Dong 4% SR H LC-MS/MS i A X}
SARS-CoV-2 I S 8 11T O-H FEAUIE M /AT, %
SEF] 27 4~ O-FEILAL A A5 FD 66 Ff O-MliEELSH, Horp
26 Fil A MRV R AR 3k . 37 RP R AR T A A R AL .
Tian % 'V RS T RS MR A R4l 2# AR, A
SARS-CoV-2 i & Uk i $2 iy SE A 4w 8] T
174> O-WEFACEAAL S, Ay 11 R AR
N-BESEARAT 51 B 3 ESEERHHE ( “N£1~37 ),
Horp g a7 & AR T MER R 1B 1 (T236. S659.
T1076 F1 T1077), &8 7 A5 5728 6 ik N-WE 34k A7
SRR O A S B S AR, Pk
— MG A4 N “O-Follow-N" ML (F£4), Bkt
FRABHXT T COVID-19 &I ALHI HFR R . 1 FIiR
SPEYIIBET I K, AR & i A = o
B,

Wang 45 ' 3R 4D & 1 5T 4 2= AR R A= 9 1%
B, o B - A B, BN T
SARS-CoV-2 B YL X filivfe b Bz 20 e A0 il G 1 A5 A
R AR B HLEE . FENM I b R A b, A e
W1, AN MG TE A SRR PSR T A AR e R A2 3
TEFM . SARS-CoV-2 YLy L iz anf s, nl
5 QTS K71 s 7 Loy N o 5 LA W 72211 01 P
FE, WIL-1a MTHEER . L0 TRk 2 40
Mushas o], -t —2175 A A AT It G LA PN 2 A i)
i3, P EUM- U R RR

254 LA BT B I 1 4 B S AL A 5 4
&7~ T SARS-CoV-2 8 Y 4fl Jifd J= & %8 1 85 11 i il
Ve BRI, IR B AR AR G
YRR, AN SR . 2 R G R A AR T AT
G R AZ B B

Table 4 Partial reports of N—glycosylation and O—glycosylation of SARS—-CoV-2 spike protein based on glycoproteomics
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Progress in Research of COVID-19 Based on Proteomics Techniques”
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Abstract Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). This virus is highly contagious and spreads rapidly, posing a serious threat to the health and
safety of people around the world. Proteomics technology has the characteristics of high throughput and high
sensitivity, and plays an important role in biomarker discovery, molecular mechanism research, and therapeutic
target research. Proteomics technology has been widely used in the research of COVID-19. Herein, this study
provides a comprehensive review of the research progress of COVID-19 based on proteomics techniques. In
section 1, the genome structure of SARS-CoV-2 and the process of SARS-CoV-2 infecting host cells were
summarized. In section 2, the currently commonly used mass spectrometry (MS)-based proteomics techniques
including liquid chromatography (LC)-MS and matrix-assisted laser desorption/ionization time-of-flight (MALDI-
TOF) MS were reviewed. In section 3, the application progress in the research of precise diagnosis, molecular
mechanism and drug therapy targets of COVID-19 based proteomics technology was highlighted. Proteomics
have been employed in biomedical research to uncover biomarkers associated with COVID-19, it also provides a
comprehensive snapshot of virus-induced changes to the host following infection, invasion, persistence, and
pathogenesis and can prime the identification of novel therapeutic targets for preventing or lessening disease
severity. In section 4, the future development direction of proteomics was prospected. It’s hoped that this review

can help to promote the development of proteomics technology in the precise diagnosis and treatment of diseases.
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