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Abstract: The novel coronavirus disease 2019 ( COVID-19) outbreak has brought to light
unprecedented challenges to global public health security. Researchers have devoted their

efforts to in-depth research on severe acute respiratory syndrome coronavirus 2 ( SARS-CoV-2)
to bring the epidemic under control as rapidly as possible. Among the many areas of burgeoning
SARS-CoV-2 related research, various analytical technologies have been applied to the advance-
ment of virus detection, and development of vaccines and innovative therapies. Separation tech-
nologies with the merits of simple operation, high separation efficiency, and high selectivity,
have become widely used and are key to progress in life science, medicine, pharmaceutical dis-
covery and development, and other fields. Separation technologies have played an irreplaceable
role in the isolation, detection, diagnosis, treatment, and prevention of this novel coronavirus.
In this review, an overview of the relevant literature is presented from ISI Web of Science
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spanning Jan. 1st, 2020-Dec. 31, 2020, using “SARS-CoV-2" or “COVID-19” as keywords. The
top 20 research directions are summarized, based on papers published in high impact interna-
tional journals (e. g. Nature, Science, and Cell) . Incorporating the impact of published papers,
this review summarizes the primary separation technologies applied in these coronavirus stud-
ies, and discusses contributions of the following six technologies. affinity chromatography and
size exclusion chromatography, liquid chromatography, magnetic bead separation technology,
centrifugal technology, micro/nano-separation technology, and electrophoresis. First, affinity
chromatography and size exclusion chromatography are discussed, which are the most fre-
quently used protein purification techniques in Nature, Science, and Cell. The SARS-CoV-2
related proteins purified by affinity chromatography and size exclusion chromatography are
summarized, and their applications in coronavirus transmission, infection mechanisms, and
drug screening are introduced. Subsequently, high performance liquid chromatography ( HPLC)
is introduced, which is mainly employed for assessing the purity of candidate drugs. Liquid
chromatography-tandem mass spectrometry ( LC-MS/MS) incorporates the strengths of HPLC
and MS, offering both high separation efficiency and structural analysis capabilities with
extended applications. LC-MS/MS has been applied to characterization of the binding of SARS-
CoV-2 related proteins to potential inhibitors, and to metabolic analyses of candidate drugs. In
SARS-CoV-2 nucleic acid tests, magnetic bead separation technology plays a crucial role in the
separation of novel coronaviruses. In combination with other analytical techniques, magnetic
bead separation technology can be applied to cytological analyses and immunological detection
by functionalization of bead surfaces. Centrifugal technology is undoubtedly the most basic sep-
aration technology. It has been employed in almost all SARS-CoV-2 related researches. By con-
trolling centrifugation speed, centrifugal technology can rapidly isolate virus particles or cul-
tured cells from complex samples. Micro-nano separation technologies, such as microfluidics,
offer advantages including small size, low sample consumption, rapid diffusion, and large sur-
face area. In general, microfluidic technologies are often used in combination with other tech-
nologies to realize highly sensitive detection of SARS-CoV-2 related proteins. Finally, the appli-
cations of electrophoresis are introduced, which commonly engages in the analysis of polymer-
ase chain reaction ( PCR) products. In novel coronavirus studies, the application of electropho-
resis has been relatively limited but has potential with further development to contribute signifi-
cantly to future research. In conclusion, this review summarizes the contributions of six primary
separation technologies to novel coronavirus studies, including epidemic detection and preven-
tion, analyzes the main problems facing coronavirus detection efforts, and discusses the role of
separation technologies in addressing these problems, with the aim of providing references for
broader application of separation technologies.

Key words: separation technology; affinity chromatography (AC) ; size exclusion chromatography
(SEC) ; liquid chromatography (LC) ; magnetic bead separation; centrifugation; micro/nano-separa-
tion; electrophoresis; severe acute respiratory syndrome coronavirus 2 ( SARS-CoV-2)
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2020 47 1 H 4 % 187 B 5K 96 B2 it 98 ( COV-
ID-19) 7 50 B[] P 1R &8 9 2k, 25t LA 3L T A
KRR R THIFT ARG PR . BRI EKE
SN 5 R TR R A9 75 i 44 i T SR MR F I 2R
TR 7% 2 (SARS-CoV-2) |, & J& — Tl B Ji 1F 4%
RNA J 8 ( B- el R 5 ) , 40 308 3 = 1o o e 114 )
SR (S B ) 456 32 R4 I 179 1 A8 5 5K 2 e e
fiti 2( ACE2) , J5 Ze AN AI N 2 FU 5 155 24 S R 2 1A it 22
fift ACE2 I S H KA it 2 WL, a2 1 5 | ke
A BRSO RRLE | 4R 2 2R BIHIS
il 1. 18 4.1, HA 3G s, R T R Pedz il v
5 , 2EREHIF ARG RIS § 5 BT 0O, i B2 1%
RS JERYEOR LR P k2 Wy kG
Z )5 T R 5T, 78 S s [a) P9 B T — R 9 s ik
&, BN AR BRI G
FRHOR  FERT R ARG T 5T h R HE T AT
YERT, Horb A AR B B HOR 7R 52 B1
o5 B (i 2 11 R a4k 0 [ s B A 2 1 B 1
TE5H R B T &AL BT IR G RGBT
EWEIE, MLABD R R L Ge o B AR & B Y
SEEARI BRI 9 1) ik R T B, J I f L, nl )
oy B EE AN SRR I

AL “ COVID-19" 5 “ SARA-CoV-2" Sk 5§
i), 78 ISI Web of Science ##i % ki 7 K &R,
M 2020 47 12 J1 31 H M1k, AH A RS SCE ik
26 160 Fi , WF5T J7 [a) AL 5 38738 N Bl 24 A LR EE T
A MBI e AR Gy TR AR (LK
1), Hrr E R0 2= AW F) Nature, Science Fll
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Fig. 1 Number distribution of research papers on

SARA-CoV-2 in 2020
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Research direction

Cell 73 531) 2 3 5 B e AR B AH 538 3C 62,58 Fil 43
T, eSO N I B R B R AL (AC) il
FGTHEFR A3 (SEC) AR (3 | LR 70 B BT O
WEFE NS W5 SORT B IR 8 5 1 A% 1 IR 1897 2
Yy FERIT R IR BG ARG B4R S T, Ak
SRV P R AR 8 S R AR PE I T Ana-
lytical Chemistry 1E 2020 -4 K £ 14 A
PRI TEIFITIS S, Hovh 2 G 3 SR gl o3 25 1
AR B A T e R ORI

ARG T 53 B HORAE T B el IR s s T A
N B2 g, DA S e 3 R RS HERH (233 )
PR REBR 25 B0 TN o B R HLTK 6 AT I
BTN

1 AC #1 SEC

SRR R ST HERH (2,355 )& Nature, Science
1 Cell 191 T) 4% 38 SR r fift FH S5 A 28 1) 2 11 i 4l Ak
AR, Hr AC 2l i A Y5y F 5 D Re e 5 14 F¢
SPEERXT HAR 8 A BTl AT o s il R Si g s
YRI5 B il i HLRe S A s e i R
ERCH S Bt HAMBCE R & 4%, BRI T 5 5 SEC
SEM YRR X431 R 2 S AR ) 4% 20 o R A T4
B AR T o P BRAE R B0 (0 T4 4l
BURAR S, LR T e s 5 & A it —45
aifb, 7EYHE SRR RS, AC 5 SEC #
PO T alifbpe e R S 1 ACE2.| S & H A2 1k 4h
HH(RBD) %5,
1.1 FEBRFESEEAR

Shang %' (i AR B 14 J@ B A 26 AN A 1 ( Ni-
NTA) %f £ R 4 Z 2 b5 2 (His,-tag ) #7iC [) SARS-
CoV-2 F1 SARS-CoV ) RBD L) K ACE2 Jifl 4k 43
B aifk, i 1] Protein A 3% Fl (1% 4 b & 41 A
APOM # [ (Fe-tag) tric i) ACE2, fifij5 H SEC X
FwApit—aifl, i BT ACE2 X SARS-
CoV-2 SARS-CoV L K i i &k 2 RaTG13 (iR
WZER 4B~ SARS-CoV-2 7£ 3 Fl A8 22 [8] 1) ¥
TEAERE . DARIRE 70 B 2lifk SARS-CoV-2 , SARS-
CoV FIH 4 M, 25 4 1iF 56 IR 9% 2 ( MERS-CoV) fY
RBD L K ACE2 B4 J5 , Shang %' %} kb 43 #7
ACE2 5 3 Mii# RBD W45 & 225, Mina TR
BB PR S %
1.2 fREBLEVFIFHR

Yan %50 8 i 4 A 25 Al 2875 1 ( Strep-Tactin)
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BNEHHEEIE A1 SEC 4lifk T 2% K M 2 khr % (FLAG-
tag) pric I SE R i 2 1 ( B AT ) s 25 3 F
R 455 IkbR%E (Strep-Tag) trict ACE2, #5575 A 0
RBD f1% 1 F ,ACE2 5 B°AT1 & &W1) FhiAk L+
225 eSS R IR YL B9 4 T AL AL 58, Hillen 45
FIHZH AR e (HisTrap ) 3 Fl 60 15 4 46 40 5w IR 9
755 I NHE S 550 RNA B4 (Nsp 12) M Hih
B Nsp 7 Fll Nsp 8,43 #rix $625 15 5 RNA K
HPE R A RS54, N T 8 RNA & Hl0F5T,
1.3 FEBRFESHNAVFERBEEIZIT

Gao %"V J] Ni-NTA £ Fl (3% H: 461 T Nsp
12 Nsp 7 #l Nsp 8, it T iz R AW SHUR LAY
FifE P45 (remdesivir) i945 4 730, Riva 6 F H
Ni-NTA 3£ 16335 4 %7 SARS-CoV-2 (1) A JR 2 M i

FEEE F i ( PLpro ) A1 3 8 F i (Mpro ) #E174lifk, )
2512 000 MG R B BE ) /N3 25 W v i 13 Fif
HAWRITHCER A /N FIHIF . Yuan BF5E240° 8
Protein G 3 flkE H T & KN SARS-CoV f5 7k
N BT R TR (CR3022) By 4l 4k, BF 58 & B1
CR3022 Al 5 #4454 SARS-CoV-2 i) RBD & H , /&
— PP AR PR 259, Ju % ffi ] Protein A
FEHIHE XS SARS-CoV-2 J&Ye ¥ B 4ilfig tf RBD 4557
PR REPTIRIEAT4li4k , A 206 Fiv4lifk (1) 5 58 BT
R % BT SARS-CoV-2 HAITE MR, Bz ik
FEARRLE S SARS-CoV Al MERS-CoV,

#1434 T Lk AC 1 SEC 4lifk iy £ Fb i Al
TR B A SCHE H T, A 2 T aifb M E A
bR

F1 FHNEEMRTHERLENNESRFSHEXEQ4LPHIRA
Table 1 Applications of affinity chromatography ( AC) and size-exclusion chromatography (SEC) in the

purification of SARS-CoV-2 related proteins

Target protein Tag Purification Ref.
SARS-CoV-2 RBD (residues 319-535) , C-terminal (His) (-tag Ni-NTA, SEC [4]
SARS-CoV RBD (residues 306-521) ,
MERS-CoV RBD ( residues 367-588)
SARS-CoV-2 RBD (residues 319-541) C-terminal (His) (-tag Ni-NTA, SEC [9]
SARS-CoV RBD (residues 306-527)
SARS-CoV-2 RBD (residues 331-524) C-terminal (His),-tag, AviTag  Ni-NTA, SEC [11]
RBD (residues 319-541) C-terminal (His) ;-tag Ni-NTA, SEC [12]
Spike protein C-terminal (His)¢-tag Ni-NTA, SEC [13,14]
Spike protein C-terminal (His) (-tag Ni-NTA, SEC [9]
S-ECD C-terminal FLAG-tag Anti-FLAG M2 affinity resin, SEC [15]
SARS-CoV-2 S 2P ectodomain C-terminal (His)q-tag, AviTag  Ni-NTA, SEC [11]
ACE2 peptidase domain (residues 1-615)  C-terminal (His),-tag Ni-NTA, SEC [3,4]

ACE2
IgGs
CR3302 Fab

1gG1
BD23-Fab

PLpro

Mpro

BYATI

Nsp 12, Nsp 7, Nsp 8
Nsp 12

Nsp 7, Nsp 8
Nsp 12
Nsp 7, Nsp 8

C-terminal Fc-tag
strep tag

no tag

no tag

no tag
no tag

N-terminal (His) 4-tag
N-terminal (His) ,-tag
N-terminal FLAG-tag

N-terminus (His) 4-tag
C-terminus (His) ,-tag

N-terminus (His) 4-tag
C-terminus (His) ,,-tag
N-terminus ( His) ,-tag

Protein A column, SEC

Strep-Tactin Sepharose, SEC

Protein G column, SEC

CaptureSelect™ CHI1- 50 XL Pre-packed
Column, SEC

Protein A column

Protein A column ( remove Fc region ),
SEC

Ni-NTA, SEC

Anion-exchange, SEC

Strep-Tactin Sepharose, SEC

HisTrap column

Ni-NTA, Hitrap Q ion-exchange column,
SEC

Ni-NTA, SEC

[16]

RBD: receptor binding domain; S-ECD. S protein extracellular domain; IgGs: immunoglobulin G; Fab. antigen-binding fragment;

PLpro: papain-like protease; Mpro: main protease; B’AT1: neutral amino acid transporter; Nsp: non-structural protein; Ni-NTA .

nickel nitrilotriacetic acid.
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T4y BT 4 B O . WRORE - ER R BT (LC-
MS/MS) TELR B3 (033 B2 AR 155 %8053 25 0 35 ) [ B 3
it MS SRAF RN 4> 4 & a5 M (5 B, TE 2510
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2.1 FEERFESEERYIEMGE

Zhang 2 345 T G IR T 25 0 AR Mpro 5
oc- TR B Jig 300 100 390 &2 & 0 ) X SR 454, 8 i LC-
MS/MS Z AT 28 o- B BE AN 7] 132 F1 130 HA
B A g , Jin SRR AL B 259 T
i1 Mpro #HIF , M %E T 10 000 2 Flr 25 4 5l 36 P
A, IERI ] LC-MS/MS A7 i 4 A7 fili k. PX-
12 AR LT Mpro BAEMM 456, Ma %20 g AR AR
P % (native MS) F T Mpro 5 4 F s 7 00 1 751
(V3545 \GC-376 LA K45 2 A e 57 10 A XTD)
(25 A AT 455 PRI 4 FAkA Y 24 6E B G4
SARS-CoV-2 7E4H Jifd 4 & i, Maisonnasse %:1*') %
T LC-MS/MS #ff 5% T ¥ & ¥ (HCQ) 7E 14k 41
SARS-CoV-2 J&YL Bk v iy 0 12 05 M, 38 1 o
SHTILTE I A K41 4k HCQ 5 &, £ 3 HCQ
B I i T e .
22 EFEFRE—RDEE

Dai BF 5% 411 41 %} SARS-CoV-2 = %7 [ fili
Mpro A T HFE T A 11a A 11b, il it
HPLC %55¢ HAli g, 5397 4 99. 88% F1 99. 20% , X M
FIE A WAE RN B R B A U P SARS-CoV-2 J8%
Yuih ok, AT bk 25 F T R 2R R BF 5
Monteil %%/ fdi Jf] HPLC %5 T BB H41 ACE2, I
e T BRI E 45 A E 4 ACE2 7£ SARS-CoV-2 it
BTN S, AR FW, NFE ACE2 1] g 3
R AR A RN Z2 P AR 28 1 5 AR (%) o 2 S e 1T LR
H ACE2 WIBA MACR . FEX5 B 2 AN ] (148
Tl N B A RN B I3 1A T 8 1 2 2= ARl 2 2
S3HTG , Shen 25 Fi| I 2 R30B0AR €033 - B B T %
(UPLC-MS/MS) M ML i H 43 B85 %5 28 I 2 & 1 894
FREE 1B A 941 FRACIE) (£ 36 Fh b K HA R
V) ¥ T AT B LT R AR AR 2R SRR
VI ARAL A e B AR B DA RS

R R 43 B AR T 3 P AR 2 T A 1 ) Y
P R ST IAR , SR 2% 05 o v e B 245 5 AT 43
T, AR B RSB H AR & 42, A B aieR
i E R (AR BUSCRAR B M AR B8 . 2,
B BB H B e R B o B Y Bk, B
A 223K RN - Ak 27 B I R 7R 653 i [
FAW R At 12 SR AL R e 0 SR
B2 R B - - 1 R B R 2 A, AR
WEA A B B 70 B 25 A RS T B RS A Tl 2 & 65
FRic, Bl A & AR 25 HEAT & SO 3 3 Xof
R A DU AT sl R BT WEBR T B
ARIEHE SRR A Sk B A5 BL &l A, 4R
HEEEREA AR R A TR I, Jy R R B BRI Y
T A AN T AR, AT S A% R R AL
B

FEAT BRI TR 5T T, REER A B BER 2
T AMa 5 B AR B e 4, Cao %51
I FH G2 G 2R IS 1L FRA% 20 i ( PBMC ) H 67 3% 43
25 B 40, TS G i S8 R 5 32 A/ 5% 7
(CD27) fiik g ek it — 2L 43 #5453 CD27"id1Z B
S, 3 et v 3 R B AH M 3 % i e R A R
IR AP BE T %58 . Zhao 251 76 M4 K
B PR T — 2R (AR R, R IR S
22 [8) 5 A HAE I $E B SARS-CoV-2 1) RNA, %7
DK R L ) T R PRI SS G BRA A B —
1520 A 9 K HUR-RNA & A W) A5 B8 41 vk 1
Rpar 51 A J5 22 1Y 2 5% 56 R & 1 5% =X B (RT-
PCR) , W% K #: 5 COVID-19 Hi2 Wi%k %, Fabiani
TFFT 20" DAREER R G A, B B 1 ity SR e b
WP, PR T — i SARS-CoV-2 R 5 il
() AR 22 B AT o I vk vl MR I R A
A S HE A TCEE (N EE) BRI, R
435124 19 ng/mL F1 8 ng/mL,

4 E

B BRSNS S, AR i a4 ] B
AL o S B v A8 PSR A I 41 5 Y
B VR EIERR ) 73 B EOR B O EOR AT B R
i REASLIN AT A B AL B LT L T A
DUSAUREN . AT B el bR 5 55 4 S AT ST AT
A LA s WA T R UR A I L B R A
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MIFEAR AN R LR F7 | IF I 52 88003 PSR U vE 4k
SREFAZIR , AHEL T3 O R B B O AR B
AR A S0 ) b, T s S /N SURE (G i
ki FE AR ) R UIRE 525, Bao 45 fili TR BE B
LM Vero E6 %748 20 g vh 0 iE 2459 55 0RL , i 9%
T SARS-CoV-2 7E#i5 N ACE2 #% 3 K /)N ) Hh it 2
Wtk Zost A5 VKA ELL T S B B
B4R, R P AP B s BEBUIR R RIRE T, 25 SR
s B L A A B B AT BT AR Y SR A
UF B BR v [ T A S50 SR T v R 3 o = 1 0 22
P, Beah, R ENE-1Z 52 1 i ( Ficoll-hypaque ) % &
T BE B B AR H T 432 PBMC, LAY 3 7
WAGEE A SARS-CoV-2 i fayie 225 7200

5 MMmos

WRERE2E R TR (W 255 3 T el o s 4
AR AF I WA Az W R i 4 B ) R R T B
R H AR B O R AR /N PR i
KRR FELE, & 5B AL A, T SARS-
CoV-2 HHI&HE [ 5 1 iy RN, Lin 260V FF & T
— PP R F L A5 E I AR I 2 43 BT A
7 SARS-CoV-2 3 Fi Ak ¥y br & ¥ (1gG  1gM R4t
) o ZOrik P | R AE 15 min N EPAT 58
i, SARS-CoV-2 ¥l , Xiong WFF741 > LT HA S
SR IEHOR (LAMP) , JT & T —Fi 45X LAMP-
ORI R R R G, 1% 22 G0 fift /N [ 5 PR At 40
F (81 mm) , i 7E 40 min PN [R] B 7 FhEd HI AR
LR RE, Funari %57 ¥ fL UURUT B T —Flol
TORIRAG IRAE G T &, 38 0 F i G 9 K ET e BBt
TRGE G IR 5 A8 4k, 7E 30 min NS 1 pL
MIHFE 5 SARS-CoV-2 S & 145 S e oA 2 |
K i BRAKZ 0. 08 wg/L( ~ 0.5 pmol/L) , Tan #F5
AR T — Rl (5 48 A R G TR IR A B R A
PE W BN 2 ( ELISA) 45 AR | M 36 2 1 0 v i 32 1
X} SARS-CoV-2 S1 # [ HA w25 F 7 FRe S P 1)
D006 Y N HES LA , 76 15 min PN AT X L7 H g 22 2
ng/mL [ S1 $:540% 1gG 175 moPAG . B ARE
YA S1 AT N & 1A = 2 BRI (40 min) |, K
FR43 %1 & 4 pg/mL #1 62 pg/mL, Lakshmanan
DRI T O B AR TR SN BE A T A L 1
RORVEAL BT T — Rl HL A W 4% 1F 2838 18 1) o 45
BeE | Hh— R R AR, 5 — 4% Aok
R 15 5B A7 L i 5 (4 T B, FH 30 308 7 1

ARG 258, LA 5% COVID-19 AH 56 1Y I #
6 FHEik

FL KR AR FH AT FRE T L 3 Th RS Bl R [
T3 3043 B B AR | 2 2 i 4 AT 0 B A i T B
Z—o SR, 787 Y e R 5 I 5 b LK 1Y 2 1
FHI AT 53R W2 AR, HLAE SE BRI v AR
b T A Sk s A i AT &, FLRORBR
0 A B, iR Je SR A g 0 O o B
HFECHLUK (AGE ) 20 T 2 B UK B AR | T
A W55 U (PCR) =14 B, Kim 2507 %
SARS-CoV-2 ) RNA L[R2 5/ iE 47 T fg i, 3% H
AGE J5 ¥ 8 diE 7 P & B W TR 4 RNA
(sgRNAs) , #E M6/~ I F 7F RNA £ 4 1166 D)
{7 # . Meza-Robles %1% 4 1t — L ik & X RT-
PCR, ANy 2SI AE PR, 3 8 AGE Rt AT 52 987
RUGELARIG T3 10 8 A, Z AR 4 ARy 5
PERIZWE 14, 1T [) B S B R DX sk 3 A BH 1 %o
HE, Si 2%t 2 188 fil%E{L COVID-19 F 2 11 &0
WAREARIELT 2047, £ ] RT-PCR #:1ll SARS-CoV-
2, PCR F Bior sl & AN ksl 12 Fhiw a7,
PIBFGE SARS-CoV-2 FIH UL W38 975 5 19 I 1 793 2
A DUHER 2 58l COVID-19 M S isieR

7 it

BRI T I 5T © U — E R, i B HOR
FEH R H AR, Hrb, AC M SEC 7z
T A OCHR 11 Al s e e il ol ) A
fefli HPLC 73 B AR B HE T, 2 58 il RO PR
figp R T A T2 2 20 B ) S BT B B AR A R 1
TR HE |27 S W% BR TN 73 B AR 1 7 4505 42
THFIRE HIFE Rl 4 , JUH IR XA A iR FE R A, 5
BT XS IR ACLS, S R DR AR ML AT AR B A B
PEZAAGHIN (4 1 LA 5 15 B2 1 O B3 AR A o 7 AL
FIAAAE 2 b A4 Al AR PE T TR B &2
BT PCR 45341,

25T S 28 e R s T ARG ) M A 2 AR A
“BEPHE” R B R S5 2R b AR D R e AR R
RGN A8 b ARG I REAS I L Ak T 7 11 30T Y
B R TR 22 5 R R A 2 TR | S
B PRVE AR AN 2 S0 B S5 2R s PO I #e A
a7 BLPREE , AT S A I AGHIN B 1 (A kb 5, {HHG
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PERGIN R, X Ee o B HOR A B, RS
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