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Construction and identification of SARS-CoV-2 bacterial-like particles
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Objective The fusion protein encoded by the gene of Novel Coronavirus RBD and Protein Anchor (PA) of
Lactococcus lactis was expressed, which was displayed in high density on the surface of GEM particles. Sars-cov-2 bacteri-
a-like particles were prepared and identified. Methods The RBD recombinant baculovirus RBV-RBD-Linker-PA3 with
receptor Binding Domain containing SARS-COV-2 S protein was constructed using insect cell-baculovirus expression sys-
tem,and the fusion protein RBD-Linker-PA3 was prepared by infecting insect cells Sf9. It was combined with Lactococcus
lactis MG136 granulated by gram positive enhancer matrix technology to form bacteria-like particies (BLPs) GEM-RLP3.

Results Linker-pa3 (720 bp) and RBD-Linker (687 bp) gene fragments were successfully synthesized and plasmid
DNA was obtained. Genomic PCR identification showed that the recombinant baculovirus was successfully constructed. In-
direct immunofluorescence and Western Blot results showed that the fusion protein RBD-Linker-PA3 was successfully ex-
pressed and soluble. The results of indirect immunofluorescence, SDS-PAGE and Western Blot indicated that the fusion
protein was successfully displayed on the surface of GEM particles with good specificity.  Conclusion Sars-cov-2 bacte-
ria-like particles were successfully prepared,and the SARS-CoV-2 RBD eukaryotic protein was prepared by insect cell-bac-
ulovirus expression system. The high density of RBD was displayed on the surface of GEM particles by flexible Linker
with anchor protein, which provided a new idea for the development of new vaccine.
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B 2019 4 12 A # e fifi & (Coronavirus Disease
2019,COVID-19) £ 1% 4 & DL >k, 2 5K 12 9% 6] 2
{2 38T NEOHE 458 J7 A (https://covidl9. who. int/,
B 2021 4F 9 ), & HATC M AT R )2
REERMERE LA TAHM, HMELF 2L
AW S £ B 2Z 18] 0 52 55 A ok B N i Bl e e T
COVID-19 &4 i AR . 7E 5% M i A PR 1] 5 45 B A
9 ) I AE BOAE B, 25 Pl B 58 A8 Mk B 0 e AR Rk e
A2 R GF 3K A I I e AR A IR U 5% K% s 1] 1
Wz ok TR PR

COVID-19 &1 SARS-CoV-2 5| iy —Fh £ 1 1
TE AL 1) 95 PR B L T AR SR M L JUE R
FEZANFEGE, FEIGIRERI A KB %97 KT
W% UL FE L IR R S IR L E AR N BB A SR A
P B8 PG I B O ST R Y L SR T IR
WHE K 2~14 d,97. 5% M B AEIRYLSS 11 d 1B
W TR Yt B R R R Y . 7R 1 ik
SARS-CoV-2 10 d W, £ ik 14 % 32 R Y & 9™ &
iR WA L R e R I R ME . 24 5 06 B IR R e
B Ry TR fili 48 Y DG A I B L I I SR AR PR I g

TERIE RSN o« By A1 RN A o FI R JE
T B Sh Y, W KSR A DS 2 R g
WiERERmHEEE Ny MOB. B EMHE
HH, SARS-CoV-2 J& T 7 Ik 9k 7 B B 7 Wk ok 7
JE T — A A S A B Y A TE B RNA G
BN EERL T R M BDE s BE , HA2 K 80~ 120nm,
SARS-CoV-2 3 H 4 45 % 16 4~ JE 45 ¥  H (nspl-
nspl6) .4 B FELEHE (SN MLUE) F27 1 5 &
Fi o A S 1 R 58 25 H (Spike glycoprotein, ) 408
REE S 57 K 48 & 48 (Receptor Binding Domain,
RBD) & LA 7= A A W e 98 1) 32 3 90 0, R I 4% 32 ¢
. SHEE MW EERME M = RIKLEH, 175 S1,
S2 PR DIREPE 3 . S1 W 340 & Z MR 45 A B (RBD)
T 5 A A2 A GE A 5 S2 W 3 3 A G B AN TE 240
Ja R gl A L RO B AT 5 A0 M Y R el R T
S HE NS % SARS-CoV S 2K 11 K H 5 40 i 37 44
ACE2 MBEAEHI M R BEF R R, Z IR S5 5
S1 5 ACE2 fg 5 A fff S2 A2 2 19 il 4 1 IR 25
o I R A B EE HERE N E S 5 B Ak
RN IEMRIM T ACE2 75/ 5 SARS-CoV-2 A
AR E B,

AR Linker % SARS-CoV-2 RBD %
HS5 LR AL ER A8 PA %6 RBD EH R %
J3E R 7S A 28 TR A 3 TSURE Ak 19 2L T2 2L 2K 1A 4 i B K 2R
Wias OB R, ) # SARS-CoV-2 BLP, § 7 N
SARS-CoV-2 P TR W 5 A 18 1 WF & £ 4L S e

B 5 7%

1w

1.1 ARE & AKRFHHh SARSCoV-2 S HH H B
(GenBank % %5 NC_045512. 2) FI & A # % F 1 PA
B AR pUCS7-PA3 (L. lactis MG1363) i A= T4
Y TR ) B A BR A Rl A pFastBac-1 2144,
DH10BacE. coli JE&3Z A& 4Ml, DH5a E. coli 1RZ & H
ML, Spodoptera frugiperda 9(S{9) B H 20 Mg F12L R FL
BRI (Lactoccous lactis MG1363) ¥ B 4= 25 Bl 2% B 4
2 2 F 5T B 45 <R R AR T BT Sh W 1 o S R RN & 0
Bl E I 2 L 0 = A IR ORAT

1.2 22X AAME  Xbal Kpn I BREHEZERN
YI W F1 Lipofectamine® 3000 #% ¥ ik I W T %
Thermo Fisher A ; TADNA % 2 fil Phusion #{#
H DNA R45E W T35 E New England Biolabs 23 ) ;
SR /N & DNA i RDJGE R &0 T 55 [ Ax-
ygen A Al s IG5 3 B0 ML T H A& HITACHI 2
Wl s 9O6 BB W T 18 [ ZEISS 2 W) 5 R b (XU
TR I EE R 2L A B A

2 Ak

2.1 3\ Hhxit5 ARGy ¥ i Primer 5.0
BAF BT 51 I A S R SR AE MR A IR A Rl &
M. slEAImE 1, LR pUCS7-PA fil pUCS7-S
KRR, 43 9 LL Linker-PA3-F #l PA3-R, RBD-F #l
Linker-RBD-R & I, T ii% 51 # & W Linker-PA3
(708bp) Al RBD-linker (687bp) 3£ K A B, [l H 1Y
B R B, I DL A B, F AT Overlap PCR, LA RBD-
F fl PA3-R & I, F %51 ¥ & M RBD-linker-PA3
(1404bp) B M F Bt .

x1 31MEHRSEFT

Table 1 primers design and reference sequence

5194 Bk 51917 5
Primer Sequence
RED-F*2 5'-TGCTCTAGA ‘CATCACCATCACCATCAC‘ AG
AGTCCAACCAACAGAATC-3'(Xba )
Linker-RED-R? 5'-‘A(TCA(}AA(f(IAC(IAC(ZAGAACCA(f(f‘ GATTC
_inker-
TGTTGGTTGGACTCT-3’
Linker-PA3-F® 5/7‘GGTGGTTCTGGTGGTGGTTCTGGT‘ GATGG
.inker-PA3-
TGCTTCTTCAGCTGG -3
PASR! 5'-CCGCTCGAGTTACTTGATACGCAGGTATTGA
CCGATC-3"(Xho T)
Puc-M13-R 5'-AGCGGATAACAATTTCACACAGG-3'

Y ITHL 6 43 0 T 61 BT 515 1264 40 0y His-ag 5 DA 91 P 1 2 4
# Linker(Gly-Gly-Ser-Gly) X 2 % 51,

2.2 FTAFHMEAMHE B PCR P HA RBD-lin-
ker-PA3 3 [H - Bt A1 pFastbac-1-HBM #% 14 43 5] Fi
Xba [ Fl Xho I #47 WY, M1t RBD-linker-PA3 %
F Bt Ffl pFastbac-1-HBM # & H Bx A B, J§ T4
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DNA % 42 il 38 i % B 00, i He P W e Ak R 2 38 4
it DH5a E. coli . ¥4 3 T 41 54 %8 Fi ki pFastbacl-RBD-
linker-PA3, I 1 2 % B M1 #3537 4k 37 “C i 57 12
b, PR ICT- ¥ TR R 5 R JR R AT PCR % % AU )
Y E M8 TE R ZE FR SR AR W R R 2 R .
2.3 EaAFREME BT IE B R 45 MR kL
pFastbac-1-RBD-linker-PA3 # fk & J& % & 40
DH10Bac E. coli s ¥ i = HiA (R P 2K | PR %
ZOMEATIE A BER e . T 37 ‘C 4557 36~48 h, Pt
[ BT A . PR IE S5 1 € 1 e b 3 A =
PR FRHE,37 °CL200 r/min B H SR 16 h, 4R BE 4
FHRL, LL RBD-F 1 PA3 4 b FilF 51 ¥ 47 PCR %
FE % 5E IE A Y AT R A 44 4 rBacmid-RBD-linker-
PA3,

2.4 FUMRBEORBE A ETUATRBEHLET
FIHH Lipofectamine® 3000 ¥ & 41 ¥ 4 rBacmid-RBD-
linker-PA3 % Y« & S{9 Zi fifg. W5 BE S92 ffg LA 500
pL/FUIRTRAL 2 24 FLARMI: F2 b . BHE 80% ~90%
A BERE, L3 Yo B L 43 3l 45 Al P3 AR A AT IR 0
rBV-RBD-linker-PA3 TR 8¢ BF 8 BV, T 27 CHs
I A8 h JiF il ik ) 4 fo FE SO AT S . oy U
BE SO M DL 2 mL/FLARFRIN A 6 FL 40 ML 3G 574, &
SR 80 % ~90 VoIl A FERE L DL 3 VAR FR L 5 P3 AR E
HFFIRF T rBV-RBD-linker-PA3, T 27 “C 3% 80~
90 h J5 4T Western blot X5,

2.5 GEM#aEMHE&EE T GMI7T RmpkEsnstd
R LR FLER . 30 CRE R 12 h, WE W LL 6
000 r/min &> 15 min, 5 _FE¥#; A 0. 01 mol/L PBS
VW B TTYE L 6 000 r/min B0 15 min 7 L ig, &
YR —K ., M 10% = LR W F o B EULE . &
30 min, 6 000 r/min &.0» 15 min, 5 ¥ JLEH
0.01 mol/L PBS ¥ ¥ 5t 7y H R 2, Ve 3 Ik,
0.01 mol/L PBS %Wk 7t 71 ¥k ¥ 1R 7 , 41 % UKL % JiE
2.5X10" 4~/mLGEM ki Ky 1U, 5335 5 —80 “CI#AF
2o B A T S Y FL R LK R BURL T & R 3 000 1/
min B0 10 min, E 5 LR M RH S A, &5
FEL B WL 2% Ak BT S 1 IR

2.6 GEM#ELmekanadsrbke HU&
i) GEM ki 1 U 5872 5= 10 P4 f{ rBV-RBD-lin-
ker-PA3 L5 12 mL, AR 30 min., FiELH
JgF 4 °C.4000 g &> 10 min, 5 FEJE H 10 mmol/
L PBSHWAEDIE. EEWK 3K, 1 UGEM
WOk FH 200 pL 10 mmol/L PBS ¥ # 7t/ &R 4],
T—80 CRAF&H . #iELGWar4 A GEM- RLP3
WURL, B GEM-RLP3 JUkL 200 pL, 1 3% BSA 1EN
B E R E A 30 ming A E W 1 ¢ 600 i B

) SARS-CoV-2 S1 # 1 £ w S ik, ZRIEF 60
min, PBS W E ¥4 3 .3 min/ K LA JH & A1 1
600 i BE 11 FITC #rid Fdife 1gG. iR LT 60
min; PBS R VB % 3 ¥K, 3 min/¥K; FH 8 F /K 78 47
HEUOUE I T B A L T OO0 BB TR,

B GEM-RLP3 ik 200 pL % SDS-PAGE %
FIRE & s HL VK 2855 5 1 52 5 4 4 43 B RBD-linker-
PA3 5 GEM Bk s &G vE . BUE H1 4 02 (U RE AL,
FE YK G HE I, 245 Western blot 28 & 145 & 1%,

& B
1 HWEBRKY

PLFCRL pUCS7-PA il pUCS7-S R BEH, 4 51 LA

Linker-PA3-F 1 PA3-R,RBD-F 1 Linker-RBD-R ¥

LRSI A K Linker-PA3 (720 bp) Al RBD-linker
(687 bp) FeH A B g5 i 1,

bp M 12
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M DNA#RE# 1 RBD-linker K PCR =4 2 linker-PA3
£ PCR 4
1 RBD-linker #1 linker-PA3 % [F ) PCR ¥ 18
M DNA marker 1 RBD-linker gene 2 linker-PA3 gene
Fig. 1 PCR amplification of RBD-linker and linker-PA3gene

2 EAFHRRNMETE

P JE B R B i V) A e i, i U0 A B i
% pFastbacl #Ak, # YL £ DHSo« B2 &
i, ZLE KRR PR B W, RBD-F M
PA3-R 4 bR 5I W17 W PCR %5 , 45 R &l
2, H B BER/N S WU AHAT
3 EAFHMNERE
3.1 FTaMKkmFEPCR EE LW H Bk 2 1Y
PG F DNA $2 057 & 32 B 41 7% B 4F B DNA,
DL B, LA RBD-F/Puc-M13-R 4 |, F i 51 ¥
PCR ¥ 3 % 5 . 45 . W& 3. rBpFastbacl-RBD-linker-
PA3 A FFRY 34 R Bt R/NH 3 704 bp, 5 BUNA T .
3.2 FTAMHKBFRELARALRELE T KEY
FER 9% % rBV-RBD-linker-PA3 1T IR 9% % BF 5% BV
A RO RERE 5% ST 4. 22 27 CH 5 48 h )R



T E B R A Y F R E 2022 4F 03 H 45 17 H% 03
2

Journal of Pathogen Biology Mar. 2022, Vol.17.No. 03 257
HEAT AR S e 2O . AT R R B R A FLRRFLIK W M 45 & )5 19 GEM BURL 474 AR U1l 4y

WG B B 3514 SI9 48 ffd 4 [, rBV-RBD-linker-PA3 1] &
UG ERNES . ZPUHNEARIEERE O,
bp M 1 2 3 4

2000
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500
250

M DNAFRIZY) 1~4 pFastbacl-RBD-linker-PA3 % PCR 74
& 2 pFastbacl-RBD-linker-PA3 & i PCR £ &
M DNA marker 1—4 pFastbac-1-RBD-linker-PA3 bacterial
culture medium
Fig.2 PCR amplification of pFastbacl-RBD-linker-PA3 bacteria
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10000
4000
2000

1000
500

M DNA#RIE#H¥ 1~6 rBpFastbacl-RBD-linker-PA3 PCR =4
3 E/AHF#i rBpFastbacl-RBD-linker-PA3 &) PCR £ &
M DNA marker 1—6 PCR amplification product of rBpFast-
bacl-RBD-linker-PA3
Fig. 3 PCR amplification of recombinant baculovirus plasmid
of rBpFastbacl-RBD-linker-PA3

“om

A rBV-RBD-linker-PA3 B BV (WT) C 4ijaxfid
4 EAMRRENEERRERALETLETE
A Infected cells by rBV-RBD-linker-PA3 B Infected cells by
BV C Control
Fig. 4 IFA amplification of the rescued recombinant baculovirus

3.3 FHEMFKBF Western blot X2 ¥ EHFI
IR RE rBV-RBD-linker-PA3 A 55 3% | %4 F1 40 i T I
PLdt SARS-CoV-2 S1 & 1 £ 5w b ik — Pk 17
Western blot 8%, 45 £ MK 5, RBD-linker- PA3 J2
N s T 55-70 ku Z[H], R B H & A T MR GA
IFEA R s S M
4 GEM BRI LEBEIEML FZU R SH

MG1363 AMRA KR HAL —H L MPH)5. 5
RBD-linker-PA3 fill & 2 AR S5 &, IF X5 40 B AT . J5 1Y

B 25 R E 6, LR FLER T AL B AT B R R, A o8 B
40 HLRE N N AR 2 Bl — . b5, 5L
B A% 1R b B 1 BT w IR A R TG I A s b
BT U8 5 40 18 2R ) OB 28 45 & )5 19 RBD-linker-
PA3-GEM 5 GEM # [t , R 1A FOGH M RE 1 30
BEERY 2 . £9] GEM Bk 5 RBD-GEM ki #
il & W2

M 1 2
ku

55 dllly e

40| o
35 (- e
25w ‘
15

M EHSTRERME 1 rBV-RBD-linker-PA3 4il Jifi T 3 &
2 rBV-RBD-linker-PA3 15 3% ki
B 5 ZHEMFKFFH Western blot £E
M Protein marker 1 Cell sedimentation of rBV-RBD-linker-
PA3 2 Culture supernatant of rBV-RBD-linker-PA3

Fig.5 The western blot identification of the rescued

recombinant baculovirus

20(A .

A KRZAFH MG1363 B GEM ki C RBD -GEM ik
B 6 FLEIARBEEENE
A Untreated MG1363 B GEM particles C RBD- GEM par-
ticles
Fig. 6 Transmission electron microscope images of L. lactis cells
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5.1 @RAAFENNELELERBEE NI
REWE A EEYS GEM Bk 45 & 1% 0, DLt
SARS-CoV-2 S1 £ 5e BEHU iRy — Bt ik 47 (8] 4 4
PERCAR I 45 RN 7, rBV-RBD-linker-PA3 1E%¢
O B T A W< ] RBD-GEM (1) kL IR 4% €4 56
{55 RUGAE 8 H YRR 7E GEM UK Y 2R 18
5.2 SDS-PAGE #= Western blot 5% ¥ RBD-lin-
ker-PA3 S Ml GEM Bt it T 2 45 6. 485 M
GEM i ki L) 5. GEM i ki 24 Xf it SDS-PAGE #iI
Western blot 2%, SDS-PAGE £ R K SA i~ ,
RBD-linker-PA3 2 |1 #i & 25 & J5 1 GEM FUkL i 28
—Z R EAN TR RS RBD-linker-PA3 2 [ —
2, Western blot W& 8B Frx . 5 GEM Uk 4l /2 45
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AIEHREA & 5P SARS-CoV-2 S1 UL HIE
POk 7= A= 4 Sk R, R &AL T 85 ku kb, 5
SDS-PAGE 455 —%k .

7 RBD-GEM W #ERE R RIXWEE
Fig.7 IFA identification of RBD-GEM
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B 8 GEM-RLP3 #J SDS-PAGE #1 Western blot % &

A M Protein marker 1 GEM 2 GEM-RLP3 B M Pro-
tein marker 1 GEM-RLP3 2 GEM

Fig. 8 SDS-PAGE and Western blot identification of GEM-RLP3

5.3 #hEseswsmE B0, SUGEM k.4 5 5
0.2.4.6.8.10.12 mL FJHH &5 I% LIS W 4s & BUA%
A S SDS-PAGE 4387 » 8 JK BE 3 By 15840 X 45
HLAEHRNE 9 FE 10, 0. SUGEM ki B 45 4 14 1
. B4 Bl AR TR, B LI AR TR 8
ml J DL EBE 456 S TR,
g
H COVID-19 21 H Bl LK, 2Bkl i2 N B
. XS R WAT ™ MG TR A O I i 4k ag
Kotk b se i R & k. EANS H AR 0820
DA B NS E AN s I N w5 ] I
ik Z BIPR L = E AL T Bk pE A 3 DA R 5.
H 1/ JC A R IR I7 7 15 kIR 7 COVID-19 35 i
PR e IR R B S0 £ A5 O R T B G il R 2T 4 %
A, o R 28 1 2 BHL 1 SARS-CoV-2 14 15 Fl 2 ) 935 15 B

P E e A S ik

ku

100
70

55
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35
25

15

M EAFSFRERE 1~7 KKK 0.2.4.6.8,10.12 mL

2 AT RO T B R LV W
9 RBD-linker-PA3 i EH 5 GEM Bt & HRH
SDS-PAGE 43 #

M Protein marker 1-7 0.2.4.6.8.10.12 mL recombinant bac-
ulovirus culture supernatant

Fig. 9 SDS-PAGE analysis of binding capacity of RBD-Linker-PA3

fusion protein to GEM particles
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Fig. 10 The relative binding quantity amount curve
of fusion protein to GEM particles
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tps://www. wh o. int/en/activities/tracking-SARS-
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25 DI 0 B 7 00 4 o I AR 2 1 e 1) Ak B O
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P TETE PE WIS B R G809 IF K 2 W RUET AL AR 0 A AR R

SEATURAS R I R . B 2006 4EJF & R LA L% R

% O Wi FI7E SARS.MERS,HIV | A # 7 8% | I 1§ 3

A MG T B S A B B A R
AHIEFE I ] S A AT AR 7 R A R G &

SARS-CoV-2 RBD EAZH A . FL G 8 2 8 1 A 2 1

Linker 4 RBD & % & ) JB /R £ GEM ik Em . 3

P Linker BT ABEMEL T RBD 5 PA & 1 2 [A] 4 [a]

PR PR B, R B T AN R AT A EAE I TIRE . DI b

I IE #2635 59 RBD-PA3 f@l& & A 15 GEM Pk

e RZ W45 A 1R s, 175 RBD-PA3 Rl & &

1 3% 25 R alifb ik — 20 B¢, {87 Ak T W7 B0 8 1 1) o

T WA TR RA, JF B, FLRR W (LAB) 7E Jy K

FREE T T & B TS AE 338 3% R G0 RN/ A R AR DG E R

RIRBAESTY L ZIF SR L A GEM 2 1 R R

BRI 45 1 BLPs J2& 175 5 5 B 0 25 5 N7 i) A A 24

8 FH T 6V 22 S [ 95 D A 8 i o A

AW A BLP 47 2 W b F & SARS-CoV-2 Zi i

B P 5 T U ) ek , P i 4 B9 SARS-CoV-2 BLP

Rk BA R R B E A RUR I SARS-

CoV-2 fi ey v $2 1t T 47 i, b BBl SARS-CoV-2
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