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S FAMFRIR ;R TURL 5 B 0205 B S D AR S 3 s sk L 0OGEE 11 (EGFP) it 3 R 1) B0 7 45 206 by L 5
Hu 293T AHff, WERAAESS SR b, L Vero E6 Fl Huh7 A, WIZLAAIN EGFP 13R3A ; Kl 11 SARS-CoV-2 pps
JEIE Vero E6 2, G0 I gl A9 i 570 S0 FnER R BT L % JK . SARS-CoV-2 S1 2K [ B v B Bt 1A B 0 e bR 2 il 6
SR WA I I T SR TR R PR R . 2 -F FIEEAY SARS-CoV-2 S ki YLl 293T 4] 5 S1 48 11 B et
A 3 50 SEEAR G 7 il 48 H 2K 52 301 1ML %5 S % . SARS-CoV-2 S T 5 HIV B0 7 1125 ok 24 L 293T 41 i 4 3%
JIA Vero E6 2 F1 Huh7 4} 36 h A1 72 h Ji5 7] 4377l W84 21 48 Jf N 2 35 1) EGFP, EGFP FH M i) Huh7 4 f %5 W] b
Z T Vero E6 4lififl. 2 PRSNG| Bk AR ST B sg BT iA K 2 1337 B S R 2 it 48 S8 28540 52 19 1. Y5 44 T A %
il SARS-CoV-2 pps X Vero E6 ARG (P1<0.01) . £+  mMIhifil# T SARS-CoV-2 pps, H:nl T /52t
SARS-CoV-2 25 i 55 PP

[RR] HAMEFRGAMEEEWNTE 2; BoR#E; REGMEGR; SRk

[FESZES] R373.1 [cktRaRg] A [XEHE] 0258-879X(2020)04-0359-06

Preparation and verification of severe acute respiratory syndrome coronavirus 2 pseudoparticles

PENG Hao-ran', JIANG Liang-liang', HE Yan-hua', XIAO Ai-jun’, TANG Hai-lin', QI Zhong-tian', ZHAO Ping""

1. Department of Biomedical Defense, Faculty of Naval Medicine, Naval Medical University (Second Military Medical
University), Shanghai 200433, China

2. Shanghai Generay Biotech Co., Ltd, Shanghai 201615, China

[Abstract] Objective To establish a method for preparing severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pseudoparticles (SARS-CoV-2 pps). Methods The optimized sequence of spike (S) gene of SARS-
CoV-2 was designed, synthesized and used to construct the mammalian cell expression plasmid. The resultant plasmid
was used to transfect 293T cells, and the expressed S protein was detected using immunofluorescence. The S expression
plasmid was further used to transfect 293T cells together with lentiviral genome backbone based pseudoparticles package
plasmids containing enhanced green fluorescent protein (EGFP) reporter gene. The supernatant of 293T cells was collected
and used to infect Vero E6 cells and Huh7 cells. The intracellular expression of EGFP was observed. The confirmed
SARS-CoV-2 pps was used to infect Vero E6 cells, and then we observed the effects of membrane fusion inhibitors
chloroquine and arbidol hydrochloride, monoclonal antibodies to S1 protein of SARS-CoV-2 and convalescent sera
of patients with coronavirus disease 2019 on the pseudoparticles infection. Results The 293T cells transfected with
SARS-CoV-2 S plasmid could react with monoclonal antibodies to S1 protein of SARS-CoV-2 and convalescent sera.
SARS-CoV-2 S plasmid and human immunodeficiency virus (HIV) pseudoparticles package plasmid were used to transfect 293T
cells together, adding the supernatant to Vero E6 and Huh 7 cells, the intracellular expression of EGFP was observed at 36 h and

72 h, respectively. Compared with Vero E6 cells, there were more EGFP-positive cells for Huh7 cells. Two membrane fusion
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inhibitors, one human monoclonal antibody against SARS-CoV-2 S1 protein and two convalescence sera could effectively

inhibit the infection of SARS-CoV-2 pps of Vero E6 cells. Conclusion We have established a method for preparing

SARS-CoV-2 pps, which can be used for the anti-SARS-CoV-2 drug screening and vaccine evaluation.

[Key words] severe acute respiratory syndrome coronavirus 2; pseudoparticles; membrane fusion inhibitors;

neutralizing antibody
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CHbmfa] ), [ BRe 25 2 28 22 51 2% (International
Committee on Taxonomy of Viruses, ICTV ) ¥ 5[ & it
UCPENE B3R B el R 75 1 4% 9 7 SRR 2R
fiE 56 IR 9 BE 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) ; WHO [d] H & i,
W 3X — s B 51k 14 95 % 1F 2K Ay 44 O coronavirus
disease 2019 (COVID-19) . H#i, F&ERE &
P, B2 SARS-CoV-2 J& YL H ka2, fH 4
BRIPERIEHAARIR IR . FHICZ W) 50 v R 2
PENEPERIAR 0 VIR T2, 1] SARS-CoV-2 Y Jg&
YURp 25 24595 9% T BIE A  im PRATRCR PP ke T
ARICIRINE
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AR ) £ 2 22 8 mT il 2t 2 1D 2 C A A0 7 R Y
FOZ0 M A AL R R L DR A b R PO R iR
DGR A FE N BB EE ( pseudotype virus )
o AL ( pseudoparticles, pps) , AR AR
B B RE R SRR RS AR, (H T
SEHIRE Sy, DT RT LA AR )2 4 R B3 250 ik
Frocsadiedt, SCNHAGIN 7 (8, & —Phrn] 2 e gk
e BURVERNBEPEAT N R R R AP AT K
oo AR AR ARV A A RO, T T
EERE & WEYRTE L IEUIF 4055 ( hepatitis
C virus, HCV) ™ w20 1% 25 4 AiF S IR 9 2
( Middle East respiratory syndrome coronavirus,
MERS-CoV ) "' | " 5 2 kI % 23 45 FiF e bR s 7
(' severe acute respiratory syndrome coronavirus,
SARS-CoV ) "SRG EEMARSCHI ST, B T REFEA: W)
4 TR S AT SARS-CoV-2 P& AT P
VA K T A0 AR AR R B 3, AT ST T
SARS-CoV-2 B #E I il 5 7 ik, 0 FLR ek it
Tk,

[ Acad J Sec Mil Med Univ, 2020, 41(4): 359-364 |

1 #RFTE

1.1 sk, @i, XA HELShY 40 ok
2% ik 34K pcDNA3.1 (+ ) & 3% [# Thermo Fisher
25 W) 77 i, pCl-neo oA 35 [¥] Promega 2\ #] 7 i,
phCMV-E1E2 **' iy 3 [ [ 57 et BE 5 5 24 BF 92 B
Cosset T 1%, Hbi SARS-CoV-2 Hi| 28 & 11 ( spike
protein, S ) S1 WAL i REHTIA KL B
B AT BR 2 5] 77 i, NS SARS-CoV-2 S1 H
seREBUA S B = O E YRR R A E 6 2
COVID-19 fE R M IEAEA I A VLI5RK27 fw
VLA — N R B WA 1Y 2 112 COVID-19 i
T (TERFRITHRE NP 3 G RE ) |, fRFEAAE
NIMERAAR ST Z N Dy, A REA SR it 142 2%
SRS, AT B 1gG A S5 % ] protein A
MBIV 22 G i 3 4lifk, Vero E6 Zififl i & H K2
g B 2E B K R I 5 L MG, Huh7 408l A 5250
EARAE, TR i ] Lipofectamine 2000, Alexa
Fluor® 488 1 ic B Pt 2 M Hit N\ 1gG 4 35 [# Thermo
Fisher 23w 7 i, 43 5 b Ji ) T EL g3 oy S5
New England Biolabs /A /] ;= by, s 5 Eh Bk b2
IR N FEE MedChemExpress 23 Fl 7= it

12 SARS-CoV-2 SA W&, & mb5 Ak Rk
#3E MR GenBank (B3R5 MN975262) H1iY
FE 945 ., 4 I8 SARS-CoV-2 1 B /= 1 S JE P )¢
B, ] R 4 R 2L 3 40 A B O 222 17 ) 7 %% i
mRNA Z 25 R e P HEBR T 78 1Y B A% 5K
JEAZ G 3 1S R B 3 2R AR Y S FE K
G, % H A 1 457 80 i 5T IX R BE ( KFDEDD
SEPVLKGVKLHYT) #E17JR i 2645, %3k A
Vim0 Sopti ¥ LRI 5 5% S HEPRE i B
Y 46 A B iR 28 /K pcDNA3.1 (4 ) Fll pCl-neo
o, Y. ERA [RIR AL ok S SER B
phCMV-E1E2 #i/& H i HCV 8 11 E1E2 3L A
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13 SARS-CoV-2 S W & ik =4 % & F 293T
o B 2 Tl T 24 FLAR, B bR S IR 3R A Bk
Lipofectamine 2000 ik 7| %% 4% 293T 4 iy, %% 4«24 h
Jo, B E BT RERD T 96 FLARL, AkZERESE 24 h, ]
FE DGR S T RO FEK" o T Bk Il 47t
A0 45 H BT SARS-CoV-2 S1 BA T FE Bk . A EHT
SARS-CoV-2 S1 HisLfEHi ik, COVID-19 &K E
WM, 964 Alexa Fluor® 488 Hric BB Hi b
PN 1gG.

14 BmERéhkgmtbhn B SARS-CoV-2 S
FE R 3R IR TR 5 18 9% B8 5 22 Bk pCM V-Gag/Pol |
pCMV-ReV 1 pLenti-EGFP 3t % % 293T 41 ffl, {X
L 3 il HIV B 28 JBORE B9 240 B4R g B g
L 60 h e, WARANMIESE SR BiE, JH 0.45 pm fill &
UE AN IR 25 L AT RESR B Y 293T 4l S,
T A" . Vero E6 41l it Al Huh7 41 i ¥ &
SARS-CoV-2 4 5 B4, PR3 LA 2 R
IE0 Ay A 240 B AT MO TR IR A . Vero E6 24 i
F1 Huh7 4032 T 12 h #:80F 96 LA, %L 8 000
AANHL . TR R, AEFLATIBE 20 pL B
FEWL, PN EE 20 uL, TR, BT A AR
FN, 6 h G BREEFRIR, HFLINASE 4> DMEM 5
FEW 100 pLo B TR EE FEF N, 18 hJ5 Bk (]
B 12 h T2 B AsE T LS4 i e 75 H Bt
9, I AU 53 HT 758 ( BioTek Cytation 5
Imaging Reader ) %I EGFP FHYEANMIEA 7314k, THEA
JRYYREE (FFU/mL, FFU A focus forming unit)
1.5 ) JBE @k & 4 4] ) Fo S 4L 4k 2 SARS-CoV-2
pps B« F69% v ¥f Vero E6 AIEFEFNT 96 FLIR,
12 h J5 T B w8 gy . B I % B 29 200 FFU
] SARS-CoV-2 pps Jill A Vero E6 2 ffd, [R] A fill A
IRt 0 o 59 S0 R R BT HE R UK, I 10, 5,
2.5 umol/L 3 4~ TAEMW E, 6 h)5 ki Ff M, ik
T[] v B RS ml 5 4 I 3%, Ak 2285 5% 30 h, 1
RO TN, #% SARS-CoV-2 pps 4355 He i
SARS-CoV-2 S1 HrgfEdiiA, AJEHT SARS-CoV-2
S1 BATERER A . COVID-19 % W IR A,
2 Foft B T BE LA HR 3 R 2.5 ng/mL, ILYE B RR
912 100, PA5E4> DMEM B 5% A BE, BAR
100 pL, B9 2 / DA TR & W & T 4 i 3% 55 46 N
i & 30 min, 2K J5 W R Vero E6 41 g i) 1% 37 W,
B 7/ PUAIR A WO A R 5 35 FL b, 6 h g e

W IR, AR SRR 9% 30 h, 114X EGFP [ M 4 M.
TGP % BRI HR (%) = (1—4bF
21 EGFP [HPE40 e % ) / A Ab # 2 EGFP FHAE 41 g
X 100%.

1.6 %3t 5432 5] Excel 54 #E47 883200
Br, THETORI X 45 R, PRI LB ST AR
tKeG . KRse/KiE () SN 0.05,

2 &% B

2.1 SARS-CoV-2 S%& & & 293T % jit ¥ 49 & A
%2 BATHE TEARMSKENRE, 3 L7514k
() S FER B 1 457 B AR Ak LI o XK B Bt 2k 19 A4~
RHLTRILFEN S TN Sopti il 7 H A4 0 7515 ¥,
45 3 1 7 phCM V-Sopti Ji k7 55 18 55 15 5 48 o 3
B Yy 293T 4 il i 7= A AH X 42 v % JE 19 1800 27,
B B 7R Z BRI SE B0 25 . R 1 i, bt
SARS-CoV-2 S1 HirgpEhiik . AJEHT SARS-CoV-2
S1 FATCRERIIAR . 2/ COVID-19 K8 1M iy
A 5 phCMV-Sopti 5T RLE; L 1) 293T i 45 5, A
52534k phCMV 55 4L 1) 293T 40l &5 5. 1 A A
X B ) R LTS AN -5 phCMIV-Sopti [Tk % 4L (1)
293T HifEZs 5 .
2.2 SARS-CoV-2 pps & ¥ ¥e.2m jotg %€ phCMV-
Sopti 55 185 2B AL BRI A YL 293T 4H MU 357 I
THHIA Vero E6 4Hfifi A1 Huh7 400, Bé)mm 5t
B A N s 0O, W 2 fzs, 36 hE
Al MRS R Vero E6 40U B B (4 (.28, T Huh7
AN AE 72 h LS A 0] UULEE S 45 B (g il 2 (6 56
CULZE I 2 F 41 i 15 100% 154, Bl IR A R B
TN o RHRFEYLHY 293T 40 B3 Vero E6 4
1 Huh7 20 726 R 07 s (i) o5 340 A 04 31 2 (.5
45 W] phCMV-Sopti 518 75 126 15 40 JFokr Heik
Y 293T 4 vl 7= Az JR e M 1) SARS-CoV-2 pps. It
g a5 M40 M AR, 1198 1 SARS-CoV-2
pps T4 B, JEYL Vero E6 ZIZY M 1X 10" FFU/mL,
&L Huh7 40244 4 X 10" FFU/mL.,
2.3 2 AL AR A7 6] A 2 SARS-CoV-2 pps & % &
Fve G IR R BT LY 2 R 4 ] P AR
T A 1T 0 095 2 4 A LA 2 F IR P A S 1
G, HET AR T COVID-19 & il
RIAJT . TFE SARS-CoV-2 pps JE& 4t Vero E6 41 Jifl )
PRZ I AGX 2 F ARG H500, A HH B 2
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YL sZ I, GniEl 3 s, 5 DMSO & FILAH L,
SUMETE 10, 5. 2.5 umol/L 3 /™ e & A 2 m 17 il
SARS-CoV-2 pps BYJE&H (P3)<<0.01) 5 ERFRFTEL
J&IRTE 10 pmol/L ¢ FE R Xt Vero E6 4l i A B i 7
PEZLNE, 1E 2.5 umol/L ¥k BEHS X} Vero E6 41 fid A7 11
TCH M (CCK-8 iLAGil, 45 ARxR) , (HiE
b 2RO 7 1

200 pm

200 pm

200 um

200 pm

200 pm

B 1 REXXKN SARS-CoV-2 S Hiffk5 phCMV-
Sopti FRIFEZLH 293T ARG S
Fig1 Immunofluorescence detection of SARS-CoV-2
S antibodies binding to 293T cells transfected with
phCMV-Sopti plasmid

A: Monoclonal antibody of rabbit against SARS-CoV-2 S1
protein; B: Monoclonal antibody of human against SARS-
CoV-2 S1 protein; C: Convalescent serum of patient 1
with COVID-19; D: Convalescent serum of patient 2 with
COVID-19; E: Serum of a healthy adult. The left panel shows
293T cells transfected with phCMV-Sopti plasmid, and the right
panel shows 293T cells transfected with mock vector phCMV.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2;
COVID-19: Coronavirus disease 2019

SARS-CoV-2 pps infection Mock

Vero E6

100 pm

Huh7

100 pm

100 pm

2 SARS-CoV-2 pps B Vero E6 ZHAE (36 h)
5 Huh7 408 (72 h) MIREREKME
Fig2 Green fluorescence imaging of Vero E6 cells (36 h)
and Huh?7 cells (72 h) infected with SARS-CoV-2 pps
Mock: Supernatants of 293T cells transfected with lentiviral
backbone plasmids devoid of phCMV-Sopti. SARS-CoV-2
pps: Severe acute respiratory syndrome coronavirus 2

pseudoparticles
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Fig3 Effects of membrane fusion inhibitors on
SARS-CoV-2 pps infection
SARS-CoV-2 pps: Severe acute respiratory syndrome
coronavirus 2 pseudoparticles; DMSO: Dimethyl sulfoxide.

"P<0.01 vs DMSO (control) group. n=3, x+s

24 Sl 3# %5 EHAKE COVID-19 &tk 4 4 fn i
% SARS-CoV-2 pps 2 69 %5 BR T e T3F
Brp i S R A RO, gk 1 iR, 5 X
W 4 1gG M Hb, i SARS-CoV-2 S1 B 77 FEh ik
KB R B AEE (P>0.05) ; SR A MG
FHEE, N ST B BEdT A & 2 {3 COVID-19 &
W A2 391 13 41 BEAE %0 Fll SARS-CoV-2 pps [/
(P¥<0.01) .
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F1 S1ETEHRER COVID-19 BE MW E A iEx
SARS-CoV-2 pps B HIR M
Tab 1 Effect of monoclonal antibodies against S1
protein and convalescent sera of COVID-19

patients on SARS-CoV-2 pps infection

(%), n=3,x*xs

Group Value

Rabbit anti-S1 9.17£2.99

Human anti-S1 96.83+1.72"
97.37+0.83"

Convalescent serum 1

Convalescent serum 2 96.30+2.13"
Serum of a heathy adult 3.97+1.53
Rabbit [gG 7174227

S1: Spike protein S1 subunit; COVID-19: Coronavirus
disease 2019; SARS-CoV-2 pps: Severe acute respiratory
syndrome coronavirus pseudoparticles; IgG: Immunoglobulin G.

“P<20.01 vs serum of a heathy adult group
3 it it

BARERTP EE L8 T SARS-CoV-2 & 1E
() ZE RS2, (ABEAN 2 EREIE S EY 1. i TAHC
S EF S AT R RN T SRR RS,
SR . BE ST A R RSS2 5, — SB[
KN PENE B 15 0l e 2 DT e K ARl
RNA Ji5 5 5 28 5, SARS-CoV-2 ¥ 2L T B
TR 5 NI T REVEMEAHERR . 2470, T
A PUm 8 25 90 T B 191l R0 s A Ak 2t
L, 235 RE T R AE RGP 32 3 8 G
o REARIC TP R T ARFRZRAIRE M &, H
1 3& [E Moderna il 2523 ] ) mRNA $£ 7 T 2020 4
3 Ay Se T i th 38 [ E 57 AR BE (National
Institutes of Health, NTH ) JT IR L

SARS-CoV-2, SARS-CoV K MERS-CoV #J
ORI BE, EIXTIX 3 R R A L AR E TR
BLAE LA FH I B 0 1 A ) 2 4 — IR = N TR,
R R il )25 RN RE T AT, T R S
Bl HIV B2 0 B0 B nT FE BRI R B B2
AT 25iE (BRFRHIER R AL 255 ) 1
PEVATAY, FA B2 At BRI 7 8 7
B B ARCR R R IR Z, B i 4L Bk
SER . BRI R FEIKOF . LT 293T 41
MR A RORAS . AL ORI AL A L)L TR B e sk
R 293T ARG IR A LG & =L oW LIER
WEERT S Z R R . XMER TR E AR T )
N T 2 FE EBRRE, SRR R TR R

FEREE 11 R AR AT RS A RRAE . FRATT ST 8 il 2%
HCV F it 8 2 1B 15, T T 58005 25 14 248 Jfd
R ADLBIFTENBUR B R FIHE " L 3T T
Ve, FRf12iL 1% SARS-CoV-2 pps.

B TN R S H 2 5 SARS-CoV-2
YL TE EAM A A B L BRI T R
SRIT AN S JE B, 23 00 FH & A 2 g b £ 5 kE
pcDNA3.1 Fll pCl-neo b FRik#h A, BeG HIV B 280
W HEEYL 203T 4f, FRASAY L5 P B R R Ry
ARAE (JEZ% Huh7 20 A93% 22 /N T 100 FFU/mL)
FIRXT S BT A AT Ak, TR an <A1kt
A5 1.2 W TR, AT 3 FPAIery S
LA, 5 LA pcDNA3.1 1 pCl-neo K F ik 4Kk, R
BRI BT B L T 3~5 4%, (A E%
SHAME. SRR, SARS-CoV FAILILAY
S FEHFRIA BB AEFIRE SIS 45 1F T, LB ERY Huh?
2 435 BE AT LLGA R 10° FFU/mL (455 R B )
X#E /R SARS-CoV # L, SARS-CoV-2 i S
5 HIV A 5¢ 8 A R 3 PR A 0 3 [R) 4 2% p RO 75 19

FATTHE — 256 Hoh 1 45 P S Ak i S SE PR Y
L N B R AT e AR, R N BT e SR aE S
5 HIV ASE A (1 AL (7] D20 RIS o 2R e, 1k
b, BT RATSCHIH % HCV pps 455, BUH R
K phCMV 1B S 35 [H] (1) Fe 3k 2844 . ik phCMV
5 pcDNA3.1 il pCl-neo ¥ Lk CMV J&3 3l + % 5%
P TCIE, B S W TR A A
& CIRES) 741, — 3 Al 430l # = mRNA I fa e
PRI F BBIEAICE . iR pCl-neo & A N & T 17
§, B E IRES J¥ 4. ki pcDNA3.1 H1, IRES
MW & TR, d5R R, XERIEH
AR T SARS-CoV-2 pps [T & . BT 44 547t
it B2 Wy L R BT LL % JR 9 F COVID-19 B HL 9
TAIT, BEBAR T —E A R R
A, X T SARS-CoV-2 pps H YL FLA i 3%
FIFIHIE R . A JE$T SARS-CoV-2 S1 L 7eFEdi ik
KoK H 2 #i] COVID-19 35 1YWk &2 3 1 3 4 v] 5
SARS-CoV-2 S & 1454, HIREA RCH M 8
YL R SARS-CoV-2 B i[5S 7= A {4 bk
TR PEN 5, A BT TR PR

g b prik, R A7 o XF SARS-CoV-2 S 3
17 A AL S5 SR s N7 1 e M SARS-CoV-2 pps
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B i A s, AR AT I B i G S A0 i 1 JRR U e
Bl R o ) S S AR TR BT B, RIS BT
SARS-CoV-2 2y ik 5P Ry PPN B —Fh e 4> . 5
(iR Aw i i

Bt ABFR TR 69 COVID-19 & ik 5 £
FTHEFFERY (FEEXT) KEERFAR
5 E g EPA A AT, AR TR,
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