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YA P FE SARS-CoV-2 S iteiml 7 ik, i@ ik AL A 458 4 ELISA %69 N &8 0k B R AR pH
Sk, 133035 7 iR 0 FAE 1Cs0 A (22,16 + 1.77) pg/L, FAKA M R 1C 5 24 (0.31 +0.75) pug/L. i@ it AR AR A 598 BEHT
KA N B OFERA SR BAE AR 4 % & (NC) AP R 5 54, 13232 77 i 09 TALAA M L (VLOD) F= s
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Development of Immunoassay for SARS-CoV-2 Determination
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Abstract: Nucleic acid testing is the primary test for the novel coronavirus (SARS-CoV-2). However, due to its complex
experimental steps, long detection time and high experimental requirements, we developed two immune detection methods
with convenient and efficient as an important supplement to nucleic acid detection. In our study, novel coronavirus nucleo-
capsid protein (N protein) was extracted as antigen to prepare monoclonal antibodies with high specificity, and indirect com-
petitive ELISA method and colloidal gold immunochromatographic strip method for N protein were established. The sensi-
tivity ICso and the minimum detection limit IC;s of the indirect competitive ELISA method were respectively
(22.16+1.77) pg/L and (0.31£0.75) pg/L by optimizing the encapsulation amount of N protein, dilution ratio of antibody
and pH of dilution solution. The visual detection limit (vLOD) and critical value of colloidal gold immunochromatographic
test strip method were respectively 62 ng/L and 500 pg/L by optimizing the dilution ratio of N protein and sheep anti-rat
secondary antibody, nitrocellulose (NC) membrane type and other conditions. Moreover, the results could be obtained in
about 10 min, which can be used as an important means of early screening. Therefore, our two immunological methods for
rapid detection of novel coronavirus antigens have important reference value for early detection, prevention and control of
SARS-CoV-2.
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R R Y A B (Hi T RNA AR
FoOE , 555 KA, BT LA RE Sl () SR B | 328 B S 4t U
SKAR T 5 S 40, A AF FERTIN B )4 | S8 A A AR S 3
T S ()R ARSI B (R) T 7, { PCR IR el AR A i
FESETEEE 2h, 0 B AEA AL B s R], R A o
o JL/NI L 2 R B ). SIS SRR I 7, A% R A
T T PCR {URIEL LS A 5, FF H SR %4
LG /0N 2 AR A S A A AR,

i K 9% W2 B0 2 (enzyme linked immunosor-
bent assay, ELISA) J&%ufiE =% Sl A 45 G 1 S8 o1
Mrolde. BURSPUIREE YRS G, JRAEBE I =ik
T, O B B R R A R AR WA,
ELISA SEIOHAER R, SCIEEsR AN S, W AR 38 5L
FNRI, 2h WIS R, ER L ImKE
T W T B G I A e A AT ) s O,
G TR (lateral flow assay, LFA) , SUFR il )2
WA, & — B LLE A0 E S 3K 2l 7 iy e Ae iy
UL b A R 1A 4 A A S B bR T ) f 28
JEMT AR B, HERERT e AR AR B | 45 SRR
SERES, TITE 10 ~ 15 min N5, B P ik
FbsdEAL , & TS B A B4 I, J& LFA iz
P 2 17 00 AR TR RRAG I, DL s A
LAY ELISA F1 LFA A 7y vk HAT AN ek fa) | 5
VAR 157 BN S I B SRAAERE A, W R — Fh B 2
(R - B

SARS-CoV-2 JEIF4E RNA 7RG HE, A 4 Fhdh
fEE ke E R (N EA) e R H
A RIS S B A i R e R B ) B v
BeRTRHl a1 I, ARSOBs N R R B A
R St Y B s B BT R T T E] 4 3E 4 ELISA
AR 4 e 3% 2 MR AR A5 vk, T bR R
SARS-CoV-2 ) N .

1 FRS

1.1 SEIeHet
1.1.1 45 mie

SHBRERIREEA N EAERFEN K
FFIR (E. coli) BL21 (DE3) Witk , Kt EPrA: 9= 25 b
FEBE 5 WEPE Balb/e fuyse/INERL, BT B 5 TS 56 H i
AR SP2/0 A HEsE Al i, Jb atfh = B A Y4
ARABRTHEAH].
1.1.2 &5 5%

TN, fEE Merck W] BIEFLEY, £

AEHEAREEE H378 F4

BD A+l ; A1 8 1 (BSA) | i FRSg A7 | i 1%
ATERR] KRR | p-HWING A SR (3,37, S,
5'— DY RO BE K i (TMB) . = 5% P 3 41 6 T e
(THAM) | % 2 — % (PEG, 50%) . PEG 200 . PEG
20000 . S 4R . Fr B R AN L IR & M itk g e iR
(PVP) , [H Sigma ZyF]; HRP-FEHIF 1gG Btr —
Pt CEHUR 30  BEFRF B, 5518 Promega A H];
DMEM {IRHE; F7 3 | R2F I L HAT BEREPERE IR |
HT e 375k, 361 Gibco A H]; RIRE X \IPTG
WFH | 4-F2 L FEURVE 26 iR (HEPES) | DKk | 77 i
TH UM, AL RS AE R A PR A
P BRI | AR R, A IR R A R A A
Triton X-100, 4= T A=¥) T8 (Bi) Bt B RS w5
HoA Ak 2533050 5 R A el [ 258 B~
R H].

A R PR AL, VSR A AR R
A SRAEMTERAL, AL RS A YRHHA R A F
FEHRAL AN EE T CO, AL FRA . - 80 C
VKA AR FEMR L 25 em® AHMLIEFER, £ E Thermo
ONFE TR OHL, f5E Eppendorf A F] 5 & K
B, HZAS Hirayama 23\ ; {88 2 54% , H A Nikon 28
A AR B TR i A ST PIbL, B 4 bn
YR A BR AR S CN140 F1 CN9S 1 fiia
£ 4EZE (NC) I, %= Sartorious 23 ; %524 HF180
) NC i, S£[E Millipore 23 F]; %1524 NC90 9 NC
JiE5, €[ Pall 2AF].
1.2 XWHE
121 FHFRERNEGHEL L L

¥ KA B BL21 (DE3) JE47 3 M R £k B 9%
37 CHEFRL BRI e PR TE . B HE B 2
800 mL 1Y LB k5 5krh, 37 CHRIGY R, 7MW
Hrn A800 uL 1 mmol/L IPTG i35, 16 ‘CHkZLE: 3
18 h FHATE BT IR ; F3R 58 BUR K TR 250 I T Ik
B V%, S vk (20 mmol/L HEPES . 150 mmol/L
NaCl., 5% Hil, pH 7.5) B UIHERTE , -20 CLRAAT-

FHER P i BRI O 2258 1 T A 1k 2 98 7 328
B - T == I = < I w79 1 WA iy QL Y S
4 CHRGHS 4 ~5h. FPENK (20 mmol/L HEPES .
150 mmol/L NaCl, 5% H i . 100 mmol/L BK M , pH
7.5) P A% B A 11, e (20 mmol/L HEPES |
150 mmol/L NaCl . 5% 11 . 500 mmol/L WKW , pH
7.5) VENGH MR . B B R A S R T,
A—EH 0.0l mol/L PBS ZZwif, B.LiEUE 60 min
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AT 4 5 IR L2 WA, Bl N 2. BCA
PG N B A o B U A T SR s ok e 5
JKEH Uk (SDS-PAGE) 5246, ] Image J X &EME 34T
JREESHT, TR LA

122 NZ&@G¥E L ERMARH &

PEAPE MRS R AP A RKIER 1 10 J&#: Balb/c
WEPE/ANER 5 B ERAE I EA N EOE R
o, F0.9% A B KT TR R, SRS IABUR
G, e FUALIE XN BRI T I s v S O . R ey
(IR  , debeyie 4 Yk, HIIE42 ELISA e /M b
P22 IS AR AT, SRR B 5 /N BRGAEA T o) ez
3d JFBOLIAN, 75 PEG 200 AOVE T 5B B 40
MO TR G, T HAT St 32 50 e 4 500
0, e 450 nm ALK G (A4s0) i BO S5 41
JHLRR Tl 5 B S R HT AR AR SR FH I = R 1 At i
LIE /NI K i 7 2lik.

1.2.3  JAl4#:358 % ELISA %

FH 0.05 mol/L BRFRBR AR N 2 115 2
FRbr i, B FL 100pL, 4 Cib7g ; LAk,
0.01 mol/L PBST Witk 3 Wi , WALINA S 0.5% Bt
FUBHRIE AT 200 ul, 37 CHEE 1 h PEFTHMA], Ytk
3 W BEUINAKESR A SO uL N 25 18 5w [ TiA
50uL,37 CH¥E 1h, Ytk 4 W IMACHE 10000
FEICEHTR 9T, 9L 100 uL, 37 ‘CHEE 30 min, ¥
M5 U IMAJRYIW, B:FL 100 L, B, 37 ‘CR L
15 ~ 30 min; MMAZ LW, HAL S0uL, kR @, F
FABGFRACIE  Aaso. FBREC (1) THE/N BT A il
= RS

Ay — Ay
i) A=~ —REX100% (1)

X 1 sl

K 4, W0 50 pL HUAFT 50 uL PBS ZZ ik iy
Auso, Ay AN 50 uL HUAF 50 pL N R Auso,
A NI 100 UL PBS ZZ MR Aaso-

XN B A UAR BEEE R pH &
B ST, Rl S BOHAT52 5, T
PRI
124 JARke Ik BT KA A &

R FPAEIR = NI IR T A ARy KR
N 25 1 s REHTACRE E il A8 S bt Ac, DAL A4t
S FIERET . B LB BT N A4 BIE R
FELR (C 20) IR Z (T £8) fuslire NC B 1, 37 CHt
TIRAEIFME XKL BERNEWREES
100 uL 0.01 mol/L PBS ZZ ik iR A1 i EIRE S 4 |

10min Jo WEREE . R 4 000 )2 ATk 4t ac ok H
SRR R RS 8 N B, AR5 A AL
PReE N EAS T & LN EAES ik, 5
| T & BB S N AR .

X SEIG S TR SRR UM N B AR R
B ONC RN R ORI a I o . AESR
R FIZE K pH 1 TRAL, SRS E0 ik
YRIRSLI, B AT AR R (VLOD) Al 4.

2 Z#R51Te
21 EAMBENZEANEE

EBUESS N 25 119 (SDS-PAGE) HL kAT E an &l 1
FiR.

1. HUJEH N ZEH; 2. 500 mmol/L DRIEFEALH; 3. 100 mmol/L
DRPEBEIE ; 4. HEFSDERRSS 2R ; 5. marker
B 1 RS NEAK SDS-PAGE Bk 1 E
Fig. 1 SDS-PAGE analysis of N protein after ultrafiltration

I A R R BIARRT > TR 4.7 x 104, B
ARG N EOASH 419 DNEIER, FHX 5
TR 4.74 x 10110, H AT LU RE i 46
N #HH. H Image J XJEER EUEAT KGR 34T, 115
N EHMLEREE A 90% 47, H BCA 5] & 2 H
e 0.5 mg/mL.

22 NEBREREZERENG&
22.1 DR IE ARG

ARG 1R, XS H/NECR I E Hb
PRE ML ALY, A5 I3 1.

*1 =ZeleEeEnERnnlESR

Tab.1 Results of immune serum titer after the third and
fourth immunization

AMRGS SRERIENE Y DRSS L AU
1 1:128x10° 1:512x10°
2 1:128x%x10° 1:256x%x10°
3 1:128x%x10° 1:256x%x10°
4 1:64x10* 1:1.28x10°
5 1:64x10* 1:256x%x10°
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1 AT B /NRAE SR e, AP M T A%
Wrdbtm T, Hod 1S /N RUZE DU 5 SR I R
R, M 1512107, ekl 1 S/ 40
A S
222 fmfLERA- R h ik

W G LY R I = 140 /N B R A 5 - e
UM TR A IR LT 3 KT, e 3 AR R
Yotk 1FS.2B3 Fl 2G3 #FA TP o, 258 3=
2. HFR 2 AIAI: 2G3 PRI P s R i BH A L 38R T
50% , ANfefe e A Bk, 1 1FS F1 2B3 X PR
LR, PO o B G A HE R = T 90% , T X
AR 20 T R P I EL A5 e s ) B S A A MR (G
S 1F57A6G | 2B39F2B) 47 5 424 K5 32 9F
il 25 B e PP AR

FAMRREEE $37% Ham

4. Mgl AL 0.1 pg FHERLL 0.5 pg B, ik
M B EO 1Cso BRI, X ] 2 th T sl it
FEMZ IZHUR T, Pt R rh f T B 22 & A it
TRIMBRAR T R, Mt difefl 0.1pg RS
L 0.01 pg I, FTATREAEOZE IR, 1Cso 212 W
R, XATRER T T RIS EUR OATE. 24
WAL 0.1 pg I, BEBNEGE, H 1Cs ik,
DR PR AEAL 0.1 pg AOALBEREAT 12 2% 10° ik
MR AR R .
x4 GHEERTEHRBREHIMAUER
Tab. 4 Optimization results of coating amount and anti-
body dilution ratio

HBfltudis/ng  PUATRRRAEEL Asso ICso/ (ugL™)
0.01 1:1.5%x10° 0.945 33.27
0.02 1:3x10° 1.033 31.78
0.05 1:1x10° 1.177 28.43
0.1 1:2x10° 0.958 23.04
0.2 1:4x10° 0.998 36.24
0.5 1:7x10° 1.132 42.43

F2 (REHAAFRITERESER
Tab. 2 Results of two subclones of screened cells
AR 51K 52K
G5 PEMEALBUAS BEYEECR/ BHEEFLEUAS  BEPEEEER%
1F5 88 91.7 93 96.8
2B3 94 97.9 95 99.0
2G3 23 24.0 34 354

223 3 FBEFARZA G T

DAL 1pg M N SOk, AWk EN s
8mg/mL i) 2B39F2B HI 1F57A6G Wifl i ss ik
T E 42 ELISA 3800 Hsfh, 25 R W3R 3. 24 Auso
5 0.8~1.2 Bf,2B39F2B XA AYEAN A 1 ¢ 1.024 x
10°, F 1F57A6G BIZM (1 : 512 x 10°) H , 569
2B39F2B Ht 4 S5k MR B Wk BE OB, ke H
2B39F2B T IR 2Lt 5L 5.

®3 SgUEREREREINHNESER
Tab.3 Determination results of titer of purified mono-
clonal antibody

YRR G = Asso B
1F57A6G 0.932 1:512x10°
2B39F2B 1.031 1:1.024%10°

2.3 [B#%=% ELISA XL
23.1 N &G LT RIAMBEAS S H

I3 AIER 6 AL R 0.01,0.02,0.05,
0.1.0.2.0.5 pg, FFBIER 9 AR N EEH
REHUIAR AR 7.5%10% . 1.5% 10°.3x10°.5%x 10°,
1x10°.2x10°.4%x10°,7x10°,1x 107, R ML
YA AN Bl AP ARG BRAE 4k, I 42 ELISA ¥
WEHE Ayso, PEFFE Auso 76 1.0 BT AILLEFFE A5 e
MR 1Cso. AU i R B IAHR BRI A2 2R L 2

232 FHHARAHEA
5 AR PO P 2 P bR Al b R 32 1 o
AL, /D SR 22 IS B o 0.5% Fil
1% FBUAEFLR AN BSA il 48 PGS 7256, 45 R L
5.
x5 HARMLUER
Tab.5 Optimization results of blocking buffer

FHW Auso ICso/ (ng-L™")
0.5% Bzl 0.993 24.60
1.0% JB R FL R 0.962 31.08

0.5% BSA 0.925 34.15
1.0% BSA 0.903 38.42

2 5 A BEIEFL XTI 1Cs, #BET BSA
XL 1Cso, FEWIMLARFLIN OB AR UL T BSA. i
WHT BSA hRAR—MEAR, k52856 %
A 58 U B REARAIG s NG FLA A 5 2 R &
5, HAFFELIE AN 58 A T BE, A58 4 KPR ARG
SR B S RO FL IS &, 1 T 2 ) 3 AT
B R, SCBG P AR FLA I B RCR LT BSA, JE
FTRE IR« — PR A I S () i A L B i 5 45 —
& N EHAR O EPUARR: ARG, NS SR FLR
BASE N 5 =SB F Uk o & A 2 R ARy
SYEED, AT EE. 0.5% BIEFLR X1
) 1Cso N 24.60 pg/L, KT 1.0% [ AEFLAB Fir kv 1
ICs0(31.08 pg/L) . X A REAE K by 3 PR B 2o 1y , 7
—EFEY BRI ASS & 20, S H A SR
EsE, FEOR BUERRAC, BaEsE 0.5% BilgFLA b i
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FESEF PSR
2.3.3 #Bik pH #9kAL

VEHL pH My 5.7.7.4 711 8.5 1) PBS HEATIAI#EE 4
ELISA 525, Fileik pH AL A5 R ILER 6. 45 REKH]:
MR pH R ERYESCBRPERT, L 1Cs, # kL pH A
PEBS T, R SRR . LR R RT RE S R/ A
P TR IS PR AR A AR, S AT R
PO A R A0 DA S B S5 0 A RO e T Bk
pH 7.4 i AE5256 55 A%

®6 WRKpHRULER

Tab. 6 Optimization results of pH of solution

TRl pH Asso ICso/ (ug'L™)
5.7 0.916 30.29
7.4 0.990 22.16
8.5 0.932 81.67

2.3.4 N& G452 4 ELISA A7 /f v 4% 69 244

Wit ERs e, N B AR LA
ST AE TG ELISA MimfEsc i h : it b fs
FL 0.1 pg, PUAHRE 2 x 10045, FH 0.5% RS FLI il 4
A, BEARF BRI B 2 x 10° £, A pH 7.4
(1) PBS 2% Ml REPUIARIARAE . TE I 451 T F
TrIalEsE4 ELISA 525G, 2l HoprvERh R anid 2 fr
N, I RBUE 1Cso 4y (22.16 + 1.77) pug/L, Kl
FR 1C15 4 (0.31 +0.75) pg/L.

100

80 F

60

il 2%

40t

20

0 'l 'l il il
0.01 0.1 1 10 100 1000

N [ v/ (pg-L™)
E 2 NEBQE##ES=E% ELISA fREZ

Fig.2 Standard curve of N protein by indirect competi-
tive ELISA

2.4 RUE&EREMMRNKSEENET
241 IRy h) &

AT R — AN A A A A, VR S T
2, WAE S, JCUTTE A . FEAR R B K40
A3 400 ~ 600 nm 4 A 4 AR A W AT i,
Tt o WA XS Y 4R 519 nm (] 3) , 2% 3CRik[17]
il 25 Hh B A4 4 Uk AR 290 17 nm.

242 FRAZIA N ZGHBIEHntsE
WU ZHUR N ZE ] PBS 22 vl o3 514 B

—EFBUSRITE NC &L, AT e =0 i, 4520
W 7.

0.6

0.5

0.4 | /

0.3

0.2} \

0.1F

W

4;10 4I60 4;%0 5(.)0 séo 5;10 5%0 séo 6(I)0 620
P /mm
B3 ReE& it KEL
Fig.3 UV scanning wavelength spectrum of colloidal gold
®7 FERRSHAMNNEABBERMN®E
Tab.7 Optimization of goat anti-mouse secondary anti-
body and N protein dilution ratio

N MR PR PR B
il 1:10 1:20 1:30
1:5 C+++/T+++ C++/T+++ C+/T+++
1:10 C+++/T++ C++/T++ C+/T++
1:15 C+++/T+ C++/T+ C+/T+
T C FRFHEL T TR + ORI, + MEFRGIE

PR PO N A R B BT 20
10 B, BZE AR M EHUR BT N AW
PR AR /T 20 F0 10 B, MR (IR s 425
PR PO N B BIFRE 20 £5HF1 10 f50F,
BB HIE . R, R EH B T Him R 20
BN ERRE 10 1A R REA
243 NC Bk

It Sartorious A H|HS CN140 FI%5 CNOS5.,
Millipore A w]%5 HF180 A1 Pall A w] %S NC90
(1) NC 537 20 4 iU A0SR 30 T 5500, 45 5L Al 4
7.

CN140| CN95 | NC90 |HF180

B4 NCHERIMHL
Fig. 4 Optimization of different NC membrane

m & 4 AT%1: NC90 1 HF180 XAy C LkiFifh
T T £, H HF180 A1 5 T4, {1 & A5 ;
CN140 F1 CN95 XFIify C k5 T LA —5L,
A CN95 15 5o T, BB IEMT, BOEPE CN9S
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RS NC A Ry e 5250 25
244 BRERATER B

PR X AR 4 ST bR IC BT 2L, USInA
[FHE Y KoCOs VW AT LR iR 4 S HiiR s & A2
1 pH, &5 & 5 FR. 4 KCOs TS i K F
Sul Bf, C 26T LPEE A, X 0T He2H it
BV pH = FHUARM SRS, PR S ik a2
(] B4 H oy 2 A HE R T B R B 24 KoCOs
WA /NT S L B, C ZeMET T 4, XA RE 2N
R pH AR THUARM S, fER R4 R
BEEEAE M. 24 K,COs IR 5 ul i, € 28
T LB —E HIEMW, X2 R pH
e ol U E TR N N TR vl NS HEER (SR AN
B KAE AR, BUiRkBe 78 70 5 Bk & bR 45 5
Gk 5 L MR KoCOs VR AR 4t

3uL | S5uL | 7pL 79|.1’L

cm

|

)
N

5 EREESEIRIRRIMERIMAL

Fig. 5 Optimization of different volume of K,COj; solution

2.4.5 FRDNME KA

1E Ko,COs VEANIN 5 ul 254 F , B alE Y
N EFHREEIR SRR &S A, 250K 6 fr
. CUBUASSINESS 1uL B, C 4. T L@ iRE,
RO KA PR I, RS Shuicok w45
A SPUARINE AT 3L B, C &5 T &tk
A—, HAFRAERL, XUl S BRI h
3ul B, BeiRE HEARES A O A TRFIRE. %
FERNT NI 2 W BT 2 FEAR T vk 19 2 088 I 4 7R
A, Uik AT g B 3 ul.

LpL | 3pL | SpL 1 7 uL

¢ » s i

T 5 a S
|

6 FkHmMEMLL

Fig. 6 Optimization of different volume of antibody

2.4.6 EARZ ARG KA
AR WRGE W PPtk S C k. T L

AEHEAREEE H378 F4

N, #EMRZN C 26T L4, L8 100 pL pH
J3 7.4 i) PB,PBS.PBST.BB i FFEZE MR, 5
SFRPURIR S JE He B R E AR AL i S B0 A5 AT
YIRS, 5 R E 7 PR, M PB Al BB
B, C 2. T KPR ; MMl PBST A,
C &M T T 2k 4Pl PBS B, C 2. T &5
IR S HBEE D, BOEE PBS NifEZ il
k.

PBS| PB |PBST| BB

|

T

B7 ERZhmmEHRL

Fig.7 Optimization of different solution buffer
247 EHLZ & pH 094

Kttt PSRRI pH A5 5.7.7.4 #0185,
SR BURIR S R B8 E IR AR R 5258 S5 AR kA T
AR SN, 2R ANIE] 8 7K. 2 pH o 5.7 W, C £&
BT T 2824 pH i 8.5 i, C LRMRIRT T ;Y4
pH 2 7.4 Bf, C & T &FIEOILAME. Xl e A
NI PR B R B AR AR 2 R R A ST 1, SR
JRZ I ABEA RS G, 2 pH 8 6 ~ 8 AT AT
FURIES A1, Makd: pH o 7.4 B9 EREZ sR/E N
AR

pH 7.4|pH 8.5‘pH 5.7

(.

|

I
B8 _FREriE pHETRL

Fig. 8 Optimization of different pH of PBS buffer
248 JRARE S IR BEATIRUAAR M R 4G H 52

100 pL _EAEZE IS N SR AR BN 31,
62, 125,250,500, 1000 pg/L, S5REHES G
WO S0 S5 A TR0, 45 R AN 9 .

AR N SRR 500 pg/L B, T 458
R, AT IR FAEA 500 pg/L; 4750 N &
BT 62 pg/L B, T 4k 1t C LMk — . ik
AT B AT ARSI R R 62 pg/L.
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