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HE: BE 51 BT R 5 3 (hepatitis A virus, HAV)SYX, BRTE A A5 R 40 M0 MRC-5 L % 338 13 Pk K s AL ke e
FiE WORUE T TR IE R HAV SYX, BEHERD 25 MRC-5 40 , B 22 (418 2555 28 48, KIS 1 ~ 26 (IR MBI &
TR A 5 BE OSSR 6 U B TR AR A LA M ot . TSRS 13 ~ 1S IR B A TR SR A s ST AT, it o
SO HEI TE e U] o MEPRER 8.12.18.20.,22.25.26 A1 28 ARG EE , $ UM EE A 2 RNA AT 90 5E | o0 A Host e g e
PEo #ENT HAV SYX bR A FHEA TAERP T4, 4 B b [ 25 310 =36 (2020 ) ZoR TR E . 858 HAV SYX HRAE
MRC-5 4 b E24% 2 U5 , HiR & AR B 1 160 ~ 320 EU / mL 2 1A J #4445 76 7. 3 ~ 8. 3 1gCCID,, / mL;
BEUCRLAT 25 O SO R AR 27 ~ 32 nm, RERIE , TCALNE, SR1H JC IS/ 5 ATt A2 A0 pH B Lok o 0 58 s 5 184
B W01 10 d, PR & 53K 160 EU / mL L b 8 B2 3K 7. 0 1gCCID,, / mL A 1+ HAV SYX, B2 HAV IBEAY,
FEAR G TR P BT S5 A 2 At X L D91 R A R A8 . HAV B AT AN T ARl 141 (0 4% TG o 435 SR A9 455 A 54
FR ., Z5IE HAV SYX BRAE MRC-5 DAL EA R A93E MM R st A4 R e M, ol B FEIF KRG 8 1 PO 9% S A7
SRR T S8 7 SYX, M s N AR I MRC-5 5 365 0 M 5 B4R 8 1
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Abstract: Objective To investigate the adaptability and genetic stability of hepatitis A virus (HAV) SYX, strain in human
diploid cell MRC-5. Methods HAV SYX, strain isolated from feces of patients with hepatitis A was continuously propagated
in MRC-5 cells for 28 passages, of which the 1st ~ 26th passages were determined for antigen contents and virus titers, the
6th passage was observed for the morphology under microscope and detected for physicochemical properties, and the 13th ~
15th passages were studied for virus proliferation dynamics to determine the peak yield of virus proliferation. Genomic RNA
was extracted from the 8th, 12th, 18th, 20th, 22nd, 25th, 26th and 28th passages and sequenced to analyze the genetic
stability. The main seed batch and working seed batch of HAV SYX, strain were established and verified according to the
requirements of Chinese Pharmacopoeia (Volume Il , 2020 edition). Results The antigen content of HAV SYX, was stable
at 160 ~ 320 EU / mL and the titer was maintained at 7. 3 ~ 8. 3 IgCCID,, / mL after the 8th passages in MRC 5 cells; Virus
particles showed two types: hollow and solid, with a diameter of 27 ~ 32 nm, spherical, without envelope and protrusions
on the surface, which tolerated low pH value and ether. The peak period of virus proliferation was 10 d with an antigen content
of more than 160 EU / mL and a virus titer of more than 7. 0 lgCCIDy, / mL. HAV SYX, was a subtype of HAV IB, and no
mutation in the coding region of all structural proteins during passage was observed. The verification results of main seed
batch and working seed batch of HAV all met the relevant requirements. Conclusion HAV SYX, strain showed good adapt-
ability and genetic stability in MRC-5, which might be used for the development and production of inactivated hepatitis A
vaceine.
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FH AR ¢ (T FR FRE ) 2 H F Y M 48 995 75 (hepa-
titis A virus, HAV) 5 /9 DU IES 35 0 2 09 B i A%
PePEPMG . HAV JE /N RNA W HERE, IF 20 8,
FUBEIE SCRNA TR, SE 41K 24 7 500 bp''®'. HAV
TR - R, 6 H LAY ABER B
P H AR B YL HAV 2350 5 8% W AR 15 ~ 50 d,
RS 28 ~ 30 A B B BRI L TR YT LA
— M K S HRR YT N L R LGE M 25, g Ak, T
Joi AT, P R B BT R A AT B

HAV 75 Z B A 57 RGP H 2212, 52 1 %)
I A T R 40 R 72 e B 7 B IO, 45
JHFJ28 VT 110 ) 85 A 5 K TR M, PRI b, 48 v o 7 7
207 e T 1 SRS A PR TR A R OB . AR BE
FER B T T FEE 0 HAV SYX PR A
JR Rl —AS AR 40 i MRC-5 B (87 FR MRC-5 4Hi i) , 4%
FRIGFE 305 7 Ay FHFF TG 92 1 7, N7 — 0 2
AL, I BE [ 25 i) =38 (2020 i) B2 SR X 3 Fp
T TAERFE R T 200G R HAV SYX,
PRTE MRC-5 4 il b i) % ARG 0 Pk Mgt fe Ao P L 7F
PriZzaEtk T F TG 2 i BT AN AR 72 B T A T4k

1 BRI

1.1 & &k MRC-540M TAE 28 i il 7 ok A4
YIBA PR G ST s HAV SYX, FR2M 5 H PR BH T 48
SN RBE B (o B T % i 5 e ) WAciey HY M R 1 25
i, 2 Z B RS LIS, B AR O R
(polyethylene glycol , PEG ) VT J& 45 Ab B J5 73 % | &
=70 ‘CIR-AF .
1.2 £ %X A L-153 32 50 A 5% [E Invitrogen 23
A A 1 1 H € 1 Hyclone 23 A s RNA 48 B
& A FEAY TR CRE)ARAE s HAV S5 ELISA
ez AR S 7T ITAR BB 2E B s HAV R S 4T
YA R BRI ) AL 72 R A= ) B A RN Wl i 45 5
ERIR Je Tk I E 258 A AR A PR F
1.3 HAV SYX, #k & MRC-5 4@ it £ iE b o 4 i)
MRC-5 S 3 >R & 10% G4 & 1) L-15
R T 37 CHE 3R BRI RZE B HAV SYX, B i
MOI=0.05 ~ 1. 0fFh 2= MRC-5 41,37 “CE5 = 240
MK o2 IR 235 CL 1954 ~ 5d, A 5%
JI 25 I3 Y L-15 55 300, Akl 5 55 2= 4 ol 91k
MRIE TR AEAR . ALARAP ARG T2 I B R 2 ~ 3
K, 3000 X g #5010 min, J_LVE , 280 MRC-5 44,
HEALIE TR 255 28 FE LRI & 153
IRl T4, 1 ~ 8K 935 d,9 ~ 120557 28 d,

13 ~ 17401537 21 d, 18 ~ 28R 555 10 d,,

1.3.1 S EmE Bl ~ 8335 d.9 ~ 1248
F3:28d. 13 ~ 170155521 d, 18 ~ 26 /L1555 10 d 11
WFRIIRIAS 1 mL, F PBS 847 2455 R 50 B (LA ~
12 32), 2K HAV 41 J5 ELISA K6 3751 &5 46 0 bt Ji
Tt

1.3.2 JREEEE  [F 1.3, 1 s 2R IR
W45 1 mL, JH PBS #4710 5 R A B (10° ~ 10*)
JIA 24 FLAR , 200 L/ L, % 05 x 10°4 / mL i
MRC-5 4 &, | mL / fL, T 37 “CH; 3+ 2= 4 i 4l
T FLJRCHB , B4 1 1 IR, BRI 22 35 CURZENT 57
REPR4~5dB 1 REFRE, 21 dE k. RH
HAV $1 Jit ELISA 32 1) & 4 I HAV $0 5 1 A,s,, H
Reed-Muench 3113 HAV & .

1.3.3 JEAZWE BUR 6 1CE 3% 35 d A 9m F Ik
W1 mL, I SRR BURESFE HAV BT , 37 “CH R
1 h; 2% W85 0R i 4, B4R T~ AR BB 48, OF
E{SpiN

1.3.4 FRACPERTRIN ISR 6 AR5 3% 35 d i E IR
W1 mL, 73 5N A LR (J75 28 pH 3. 0) A10. 2 mL
Tk, T 4 CA 3R 12 ~ 18 hy X Ab FRFT S B RE B 4%
WL 3. 2 3005 3 D A o EE T T

1.4 AEREs S0 PR 13 ~ 155K 2141
95 BE WAL, #2 1. 3 T )5 ¥ 40 i IR 4% A 2= MRC-5
Y, I THERNS 5.10.15.17.,19.21.,23 .25 .28 d &
AT 1. 30 LR L. 30 2 300 7 A g 0 i S
BETA L 0 o o 2R 7 oy DA 10

1.5 HAV SYX #k4E MR C-5 28 i, b3 44 2 P A #oim]
3 MU 8.12,18.,20,22.,25 .26 . 28 f e BE U AR T
(BACHTFE S0 Ma] 6] 1. 3. 1 300) , RNA 20Ut ) &
PO FERL 4 RNA, ZHEE AW TR (KE) AR
S EIHEFT RT-PCR Y3 S A0 o ARG HAV L [F
Sy FURE T, N GenBank Hr BE IR Py A3 10 MR e bk
DL3 I A%U(AF512536. 1) FH2 [ A#I(AB020568. 1) .
GBM I A%I(X75215.1) .LU38 [ AHU(AF357222. 1),
HM175 [ B#4(M14707.1) .MBB I B#J(M20273. 1) .
CF53 11 A%UAY644676. 1) SLF88 Il BAIAY644670. 1),
Kor-HAV-FII A #(JQ655151. 1) \HA-JNG06-90F Il B
%1 (AB258387. 1) , W JH NCBI 1 £& 5 %1 43 #r %5 24 3k
15 6 510 43 A1 F1 5L R 38 BLAST LX), JE4 HAV SYX,
RS HA 10 B8 HAV 5E 5 510 19 ) 61 SO R AR IR
HAV SYX, ¥R IURZ IR 7 2 722 S A 00 . IR 4R 4l i) - AR 45
PR VPL-2A EHAE 168 172751, N FH DNAMAN
9. 0 ST ARSI HAV VP1-2A X KL R 458k 4k
BB HAV SY X A 3 PRI 75 (] — 35 R U [ A 1 i 2
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5t < 15%, [Al—FH WA R AT IR 25 5% < 7. 5%
1.6 HAV SYX1 4k A FHA TAFF T 0932 5
1.6.1 EFpFHE BERE 21 CE AP, R0 2= MRC-5 4
JL, 37 CHEFR 3 d, BRI HZ  HH 5% a4 1
T L-15 15350, T35 CHE % 7 d; R B gL 2 7k, i
RFGEE L3 000 X g B0 10 min, Z= B4R A, M
10% ~ 15% a4 136 , #565) , 5386, -60 CIRAE, LLZR
22 (R EEVE A A AL, FR B [ 25 ) =R
(2020 fz ) BLRPEAT S BREE 8 B0 O KA
SRR A AR T PR A A B SR SR A A
1.6.2 TAERPFHL 4 L35 5 8 Fh 2 MRC-5
YA, BEFR AL AR 254 WOR W B0 o TARRD -+, 32
Bl BE 3R MO R 1. 6. 1300, i BR QO [ 2 i) =
#5(2020 ki) ZER AT TAEFPFHEEAT 250005 0 7
T A2 TG PR A A B S SR AR A

2.1 HAV SYX, #k /£ MRC-5 %8 i, L #9i& bk

2.1.1 R RAE T ARKAEAE HAV SYX, FRLE A SR
g AL 3AARA I B HAV BrlR (Emg) . 2 4
AR B S AR T P ARG HE HAV 05, HLBEAC R A 38 i,
PO B e Mo HE T B Y A, TR 8RS L iR
TR FAEALE 160 ~ 320 EU / mL 2Z 18], 55 75 10 1 4k 15
fE7.3 ~8.31gCCID,, / mL., W1,

350 ™ PURGE  — N 19 =
— | /\ | J{8 =
T]E 300 -1 ap |; \C
~ 250} le &
= 3
2200t 153
i | 14 =
& 150 |t &
X 100} =
= 12 3

50 11 1=

ot 0
45678 91011121314151617181920212223242526

iR

1 #%AX HAV SYX BRI 470 I 75 bk B 217 JEE
Fig. 1 Antigen content and virus titer of harvested solution

of various passages of HAV SYX| strains

2.1.2 A MWE FHeMRMWBIRMSEE T W
£, 0] LA PR BEAE (K HAV 5 8 UKL A 25 0 FI1SE 0
FRZERY, 5 HAV BT JE 285 27 45 38 AH A 5 96 25 0RE B
127 ~ 32 nm, 2EIE , TTHME, KT WLE 2,

2.1.3 MYEHERT 5 o R eI Z R (pH 3. 0)FI
BRI TE R4 )N 4. 03 113, 93 1gCCID,, / mL,

SR G IRACIR U (4. 20 1gCCID,, / mL) LR, TRE
R < 1. 01gCCID,, / mL, FW HAV SYX, &k H A7 i}
ZAK pH M LEER R

B 2 HAV SYX, BRI A58 T WLE
Fig. 2 Immune electronic micrograph (IEM) of morphology
of HAV SYX,

2.2 RN EFN H 13 ~ ISR IR TR
A2 MRC-5 MU f5 , Ji 92 240 5 d I, A s i bt
i 5 2 N R AR 5 B % 10 I, AR BB 7 1
FUEE ETE, 23059155 160 EU / mLA17. 0 1gCCID,, / mL
PLL, HERE . UL Lo W 5 I 2 14 5 i DG 30 A
10d.

R 113 ~ 15 A EE AN [R5 I ] FR 470 J5L 3% ek A0 207 2
Tab. 1 Antigen content and virus titer of 13th ~ 15th passages at

various culture durations

PR E (LU / mL) T (1gCCID, / mLL)

KEFRm Al (d)

1318 1418 151t 134t 141t 1548
5 160 80 160 537 603 6.20
10 320 320 320 670 7.70  7.70
15 160 320 3200 6.47  7.93  8.20
17 160 320 320 6.70  7.37  8.03
19 320 160 3200 6.70  7.20  8.20
21 320 320 320 7.20 7.26  7.37
23 160 320 320 7.10 7.53  71.53
25 320 320 320 7.03  7.53  7.37
28 320 320 320 7.20  7.37  1.37

2.3 HAV SYX #REMRC-548fg LegiifbAa et HAV
SYX, ¥k ¢cDNA FF K24 7 402 bp, i35 5553 5/ IE i b5
DX 37 G 5 X K 4= 3B g A [X, AT G fidh 2 225 A~ 4 %
% . 2 BLAST HLXF, HAV SYX, #k 55 Hift 10 ¥k HAV
FE DR 8 4 TR VR 35 909% LA L, 8 MR K HAV SYX,
PRIEAEAE 9 Ab AL AT R 22 57 , 22 5 456 T 5'-NCR Sk
SERY A 2A 2B 3D By 4Rfi X 382504 8 1 Xk
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Btk & E 2k 2r . HAV SYX, M@ T I BIE A, &5
MBB #2543l , HM175 8k ik 2, ULIKI 3

CF53
SLF$8
FH2
DL3
LU38
GBM
- HM175
MBB

SYX1

_E HA-JNGO06-90F
Kor-HAV-F

0. 05
| —

3 REBSHIHAV VP1-2A XL ZR G0 (LR
Fig. 3 Phylogenetic tree of VP1-2A region genes of various
types of HAV

2.4 HAV SYX, #k £ #F F 3 & T AFAF F b 69 46 2
HAV SYX, Bk 2= Ff 74t K TAF Fob 1t A9 96 753 155 43
14 7. 53 F17.70 1gCCIDy, / mL, % HR K . JC i it
5 SRR A 25 R IGFF G HUE . HAV SYX, R 327
TFHEAMIE G RE R R A 25 AT 5 L 5 DL BRIt
il % FEY P 2R 928 P 00 A7 P T A 2 D A, 4 e
E B 1) TE TR A RO e A4 430 B A UE B SR HAV
SYX, e il £ 1y FHYJHF 36 92 1 ELAT BRI ) A e S vk

35 it

FH AR 9 K06 P B 2 HAV R 171 2218, 4
s H A ZL BB RE Ty, PR AN A BB i BAERE S )
2R AT KOS L BRI A, B RPN A
PERAGEYE . (HHAV (RN U IR TE 2818 P
A, PRI ARAS R ™ R S A A I S HAV X
RN IO PE I & B 2 L A6 40 2
1 HT I R 5 20 19 HAV SYX, Bk 7E MRC-5 4 jifd |- 3
FAAEAR, BRAF I A 5 2 HAV i ADE 2 B
it 5Z A pH AN 2 k5 700 A R . HAV B2 R He
FEAL T 45 MK 11 VP VP3 J2 VP2 X1 AR WF 5 45 R
P TR A L5 R R (1 KA AT TR P 9 38 K e A A
S 38 RS AR X HAV SYX, MR B P R 77 2E 5,
R SRR S AE 5T -NCR FIEIE 454 25 1 1) S i
DX, I AT 8 55 40 5 53 B A O

AT SRR HAV B MR 4N, FE4n
ML 37 CAR A HZ G BRIEFRIR L TRy &
AR SR, B AN B A KA, AR A

PEULIE B, 2 2 AR R AN IS 7 PR RS 5%, HAV 78k
e 10 d J5 RIAT E 05 B 3G 58 7 5 10, BV IS 2I00 2 1
B U A T AR TR . SRR 22 R FR 10 d Y
BEFP AR A PR E R AL TAER I, IR O
2 ) = (2020 ) I ZER SEA TR 2 AR 45 2R
FEUA 9 5T BE 43 9k 7. 53 1 7. 70 1gCCID,, / mL,
TP 1 85 2R 5 AT H K 37 A 2k, Horp
o g2 MR B0 25 S I, FHA 22 A 46 1 HAV 85 32T
il 5 H R 2K 906 8 VT, B el A%, TR AR Y HAV
BUAR A B SIE A HAV SYX, Bkl £ % 2 i BA
R AF e 5 A S T Ia e v mh o &A=, 4
Je R 1 A 7 ek A PO B A IR 0 A A SRR A T
2SR ISR

S 3k

[1] WANGYB, SUNXY, XU YL, et al. Research status of hepatitis
A virus and vaccine [J]. Chin J Biologicals, 2018, 31 (3): 315-
318. (in Chinese)
FLN, PN, ARHEES, S5 PR SRRk (1],
A=l A2k, 2018, 31 (3): 315-318.

[2] WASSENAAR T M, JUN S R, ROBESON M, et al. Comparative
genomics of hepatitis A virus, hepatitis C virus, and hepatitis E
virus provides insights into the evolutionary history of Hepatovi-

rus species [J]. Microbiology, 2020, 9 (2): €973. DOI: 10.1002 /
mbo3.973.

[3] PINTO R M, PEREZ-RODRIGUEZ F J, COSTAFREDA M I,
et al. Pathogenicity and virulence of hepatitis A virus [J]. Viru-
lence, 2021, 12 (1): 1174-1185

[4] CZUMBEL I, QUINTEN C, LOPALCO P, et al. Management
and control of communicable diseases in schools and other child
care settings: systematic review on the incubation period and period
of infectiousness [J]. BMC Infect Dis, 2018, 18 (1): 199.

[5] SHINE C, JEONG S H. Natural history, clinical manifestations,
and pathogenesis of hepatitis A [J]. Cold Spring Harb Perspect
Med, 2018, 8 (9): a031708. DOI: 10.1101/ cshperspect.a031708

[6] ZHANG L. Hepatitis A vaccination [J]. Hum Vaccin Immunother,
2020, 16 (7): 1565-1573.

[7] HEZOG C, HERCK K V, DAMME P V. Hepatitis A vaccination
and its immunological and epidemiological long-term effects-a
review of the evidence [J]. Hum Vaccin Immunother, 2021, 17
(5): 1496-1519.

[8] CAO G Y, JING W Z, LIU I, et al. The global trends and
regional differences in incidence and mortality of hepatitis A
from 1990 to 2019 and implications for its prevention [J]. Hepa-
tol Int, 2021, 15 (5): 1068-1082.

[9] SHOUVAL D. Immunization against hepatitis A [J]. Cold Spring



AR A2 AR 2023 4 1 H 536 458 1 1] Chin J Biologicals January 2023, Vol. 36 No. 1

e 47 -

[10]

[11]

[12]

[13]

[14]

[15]

Harb Perspect Med, 2019, 9 (2): a031682. DOI: 10.1101 /
cshperspect.a031682.

LIHK, XU Y L, LIU L J. Research progress of hepatitis A vac-
cine [J]. Int J Virol, 2018, 25 (4): 286-288. (in Chinese)
R AT, X L. W SR R TR R (D] bR
FREEF AL, 2018, 25 (4): 286-288.

MCKNIGHT K L, LEMON S M. Hepatitis A virus genome orga-
nization and replication strategy [J]. Cold Spring Harb Perspect
Med, 2018, 8 (12): a033480. DOI: 10.1101 / cshperspect.a033 -
480.

CHAVARRIA -MIRO G, DE CASTELLARNAU M, FUENTES
C, et al. Advances for the hepatitis A virus antigen production
using a virus strain with codon frequency optimization adjust-
ments in specific locations [J]. Front Microbiol, 2021, 12:
642267.

FE R Bgs e N RILFIE 24500 (=38) [S].dbst: b
S 2R U, 2020 159-161.

COHEN J I, TICEHURST J R, PURCELL R H, et al. Complete
nucleotide sequence of wild-type hepatitis A virus: comparison
with different strains of hepatitis A virus and other picornaviruses
[J1.7 Virol, 1987, 61 (1): 50-59.

ROBERTSON B H, JANSEN R W, KHANNA B, et al. Genetic

relatedness of hepatitis A virus strains recovered from different

[16]

[17]

(18]

geographical regions [J]. ] Gen Virol, 1992, 73 (6): 1365-1377.
DU F X, CAO J Y, ZHOU W T, et al. Analysis of the whole
genome characteristics of 9 hepatitis A virus strain in China
[J]. Chinese J Exp Clin Virol, 2020, 34 (2) : 140-144. (in
Chinese)

HRE, WDz, B0, &9k BUF R EE AT IR 4 0k
PHLALRRAE 23 BT (], vl A 5230 R0 PR 27 2 2 ik, 2020, 34
(2): 140-144.

LIGY, LIUD, BAO X F, et al. Progress in the research of viral
hepatitis vaccine [J]. Genomics Applied Biol, 2019, 38 (8) :
3893-3900. (in Chinese)

AR, Kk, 007 0, A A VAT S B8 0 F g 0t
[J]. FER A2 5 R HAE 2, 2019, 38 (8): 3893-3900.

CAO L, LIU P, YANG P, et al. Structural basis for neutraliza-
tion of hepatitis A virus informs a rational design of highly potent

inhibitors [J]. PLoS Biol, 2019, 17 (4): €3000229. DOI: 10.1371/
journal.pbio.3000229.

KRISHNAMURTHY K, GERARDO G K. Stable growth of wild-
type hepatitis A virus in cell culture [J].J Virol, 2006, 80 (3):
1352-1360.

WA B 2022-02-15  4ig:

(LEF40m)

[7]

[10]

[11]

[12]

[13]

REIMER S L, BENIAC D R, HIEBERT S L, et al. Comparative
analysis of outer membrane vesicle isolation methods with an
Escherichia coli tolA analysis of outer membrane vesicle isola-
tion methods withmutant reveals a hypervesiculating phenotype
with outer-inner membrane vesicle content [J]. Front Microbiol ,
2021, 12: 628801.

GERRITZEN M J H, MARTENS D E, WIJFFELS R H, et al. Bio-
engineering bacterial outer membrane vesicles as vaccine plat-
form [ J]. Biotechnol Adv, 2017, 35 (5): 565-574.

WANG J X, WANG Y, MOU J H, et al. Decoration of bacterial
outer membrane vesicles with liposomes [J].] Chin Pharm Sci,
2019, 28 (8): 571-578. (in Chinese)

TR, EW, B, 5. RO 0B S8 ) 18 1 K
HARSMTH [T, mPIE 252 PESCT, 2019, 28 (8): 571-578.
LIU Q, TAN K, YUAN J H, et al. Flagellin - deficient outer
membrane vesicles as adjuvant induce cross-protection of Salmo-
nella typhimurium outer membrane proteins against infection by
heterologous Salmonella serotypes [J1.Int J Med Microbiol,
2018, 308 (7): 796-802.

AYED Z, CUVILLIER L, DOBHAL G, et al. Electroporation of
outer membrane vesicles derived from Pseudomonas aeruginosa
with gold nanoparticles [J].SN Appl Sei, 2019, 1 (12): 1600.
ALFONSO O A, RAFAEL P R, MICHAEL J M, et al. Charac-
terization of protective extracellular membrane - derived vesicles
produced by Streptococcus pneumoniae [J]. J Proteomics, 2014,
106 (1) : 46-60.

WANG X G, CHRISTOPHER D T, CHRISTOPHER W,
et al.Release of Staphylococcus aureus extracellular vesicles
and their application as a vaccine platform [J]. Nat Commun,

2018, 9 (1): 1379-1391.

[16]

[19]

MOHAMMADZADEH R, GHAZVINI K, FARSIANI H, et al.
Mycobacterium tuberculosis extracellular vesicles: Exploitation
for vaccine technology and diagnostic methods [J]. Crit Rev Mi-
crobiol, 2021, 47 (1): 13-33.

IRENE C, FANTAPPIE L, CAPRONI E, et al. Bacterial outer
membrane vesicles engineered with lipidated antigens as a plat-
form for Staphylococcus aureus vaccine [J]. Proc Natl Acad Sci,
2019, 116 (43): 21780-21788.

LIR Z, LIU Q. Engineered bacterial outer membrane vesicles as
multifunctional delivery platforms [J]. Front Mater, 2020, 7 (202):
1-18.

HAYS M P, HOUBEN D, YANG Y, et al. Inmunization with
Skp delivered on outer membrane vesicles protects mice against
enterotoxigenic Escherichia coli challenge [J]. Front Cell Infect
Microbiol, 2018, 8 (132): 1-5.

NEVERMANN J, SILVA A, OTERO C, et al. Identification of
genes involved in biogenesis of outer membrane vesicles (OMVs)
in salmonella enterica serovar typhi [J]. Front Microbiol, 2019,
10 (104): 1-17.

SCHETTERSSTT, JONGW SP, HORREVORTSSK, et al. Outer
membrane vesicles engineered to express membrane -bound antigen
program dendritic cells for cross - presentation to CD8" T cells
[J]. Acta Biomater, 2019, 91: 248-257.

TAN K, LI R Z, HUANG X T, et al. Outer membrane vesicles:
current status, and future direction, of these novel vaccine adju-
vants [J]. Front Microbiol, 2018, 9 (783): 1-12.

HUANG W L, MENG L X, CHEN Y, et al. Bacterial outer
membrane vesicles as potential biological nanomaterials for anti-
bacterial therapy [J]. Acta Biomater, 2022, 140: 102-115.

YRS BHA: 2022-02-07 445 ZEil



+ 48 - e AR A eE A 2023 4F 1 A5 36 8555 1 ] Chin J Biologicals January 2023, Vol. 36 No. 1

YT -

B B 4 i il 25 A SARS-CoV-2
9 8 H B PP A

BN, M, BEE, L, T3, kB 34
FAb KA ARl S A B L 1T WP 110169

2. B RIS B 4161 25 AT ™ B MR 255 A e R0 25 2 (severe acute respiratory syndrome coronavirus
2,SARS-CoV-2) FIIZEFE 1 (ST 1) B s BEPLAR , IR L b FyE Pk . 38 SRAEZE 2 IR SARS-CoV-2 KIGFEHT (Vero 4
M) G35, BT AT R T B N B AL, FH A & 1 I 96K ECL 200 4 5 0 43 15 47 L 1L B 4% 41 Y (peripheral blood mono-
nuclear cell,PBMC) , {15 S B I REBR 4315 9635 S TR AIPUIR M A4S B, KA BAN R Fe 5t , HHE S PCR %
P18 1oC EAE FesE il A8 XA 5 0 0 5 B PCR G T 48 XL 5 CMV B 3 T 2 1eG leader JF 51 DNA F Bt 1gG 1H 2
X 7% PolyA J¥ 41 DNA F Brif 42 M gk et F ik & Wl — B MY Fdif ik 2k M 3R 35 G 6 HEK293T 4l e,
Fik NVF SARS-CoV-2 ST BRI DI . FBe s kA INHT AR G g 16 , 1505 B Hh AN 0 4G B 4 v A 1
ZER LI T 268k SARS-CoV-2 STE BT eI, 248 Western blot &l , FAHXT 431 Fi &£ 55 000 £ 25 000 4k ] I,
leGPUIREHE RHEMTR 24007 . R BRTC PR SR FIRR T MEDUIR G I N 16 1 o 26 B HL ST BEBL I
20 B ELA H G PE , PO B ¥R BE (half-maximal inhibitory concentrations, 1C,,) 7E 0. 040 ~ 0. 545 pg / mL Z [A]
518 il 25 1 AN TR SARS-CoV-2 S 8 115 v B B AR B 428 s A v ORI s M: , A 8 1E FF57 284 e bR 22 il % (Coronavirus
Disease 2019, COVID-19) ) IR 2454 AT A % .

OCEE] . T E ST IR LR G AR TR T 25 500 B AT ; B e R LIR s S ER
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Preparation of human monoclonal antibody against SARS-CoV-2 spike

protein using single B cell
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Shenyang 110169, Liaoning Province, China
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Abstract: Objective To prepare human monoclonal antibody against spike protein (S protein) of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) by using single B cell, and determine its neutralizing activity. Methods Venous
blood with high antibody level was collected from people immunized with inactivated SARS-CoV -2 vaccine (Vero cells)
twice, of which peripheral blood mononuclear cells (PBMCs) were isolated by lymphocyte stratified fluid and used to isolate
single B cell expressing S protein antibody by magnetic beads coupled with S1 protein. Variable region genes of IgG heavy
chain and light chain were amplified by nested PCR after reverse transcription of single B cell, which were connected with
CMYV promoter, IgG leader sequence, IgG constant region and polyA sequence by overlapping PCR to construct antibody linear
expression cassette. Linear expression cassette of the heavy chain and light chain from the same B cell was transfected to
HEK293T cells to express human monoclonal antibody of SARS-CoV-2 S protein. Immunoreactivity was detected by immuno-
fluorescence while neutralizing activity by pseudovirus neutralization test. Results A total of 26 monoclonal antibodies

against SARS-CoV-2 S protein were expressed, which showed heavy chain and light chain protein bands of IgG antibody at
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relative molecular masses of about 55 000 and 25 000 as detected by Western blot. The expressed monoclonal antibodies

showed S protein specific antibody immunoreactivity, among which 20 showed neutralizing activity and half-maximal inhibi-

tory concentrations (IC,)) of 0. 040 ~ 0.545 pg/mL. Conclusion The prepared human monoclonal antibodies agaist SARS-

CoV-2 S protein showed high neutralizing activity and may be used in the development of therapeutic drugs and detection

reagents of Coronavirus Disease 2019 (COVID-19).

Keywords: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) ; Single B cell; Monoclonal antibody; S protein

P 2P R I ZF 5 1IE TR 0 B 2 (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2 ) &4t
5 | 2 ) 37 AU SR 25 i R (Coronavirus Disease 2019,
COVID-19) /™ B i [ N 25 fit B A1 A i 22 4, #0E
20224F 5 A 25 H , &R0 ] Rit#iid 5. 242,35
TR BT 630 171, SARS-CoV-2 F i A il 58 2
FI(SE ), AT 51 R4 e a9 A 4 ok R %4
fif} 2 (human angiotensin-converting enzyme 2, hACE2)
ZARGE G e RS AR R R R A
ANRE . BB S HE BT BT T A AL T S B
15 A A2 AR 25, BT 2 ik e Rt , S8R
IR BT BT AR 7 (0 R AR SE
I A~ B 41 38 3 RT-PCR # AR 52 S 2 11 85
WESTI EEGE R Al A8 XN, P22 B % PCR K AT
X EE P 5 CMV J5 3 1 & 1gG leader J¥ %1 DNA J
Bt G fHE X} PolyA J¥ 31| DNA Fr Brif 452 , i it
TRk M 3Rk & % Y HEK293T 40 i ik i A, IF 4
TR B RS LAY AT COVID-19 3 A
2 ARSI R AT

1 BT %

1.1 B4 A SARS-CoV-2 %5 . SARS-
CoV-2 STE Kk TR PMD2. G-S M i ik ACE2 Y
A549 2 34 B AR b K 2 EA ARl SRR e D s
B s TR pCDNA3. 1-myc-His I [ 282k K R B
(DA BRZ B HEK-293T 40 i g [ b 24 G116 4 9y
FHEARA ]

1.2 dwik NGERIKIALEAE &R H 28 2K SARS-CoV-2
KK P (Vero A i) 5% , H.SARS-CoV-2 HT{K KT
B AR A . A AR A YR R AT AR
PARICKE AW S AR PR By Sl it 5
NEU-EC-2022A049S) .

1.3 £ %0 2% B SARS-CoV-2 S1E Y
BEERIA F A5 E S S A YR A B2 7 5 TritonX-
100 M FITC Fric i L £ 5T A 1gG ¥ A 2 [H Sigma 24
A s HRP AR iE A L 2240 N 1gG £ 78 BE BT AR I iR
= J& W E AR A BN F] 5 First-Strand ¢DNA Synthesis

SuperMix }2 2 X Taq Plus Master Mix X4l H ZE[E APExBIO
O8] 5 K R B AR B A I R & A
1338 = KA BORAT PR 5] 5 NS0 ] il itk 22 40 i 73
EIWRA A RELE AR Y i R BRITE A W 5 Pro-
tein A SEAZATA B A G Bk E P RHAT R 7 5
Kiga A0t / YOG 3T RS (Tanon-5500)
W R BEA: A P27 A PR 7 s Eppendorf S {45
YEZ S A 2 Eppendorf A H]

1.4 Bmjad o & A 55k RS Lk 40
G BRI T B B B0, 4 S IRLRORE i A1 Il A
éﬂﬂﬁ@(peripheral blood mononuclear cell, PBMC) , T ¥k
RHRLE s FHEIE SARS-CoV-2 S1 85 1 HIREFR 100 pg
5 1 mL PBMC(6. 5 x 10°4~4ilifg) = R & 60 min,
Eppendorf BAERAE RGBS REERES S 15 BN,
JNZE &4 24 Wi (0. 5 pL RNase Inhibitor, 1 pL dNTP,
1.5 pLRT51%7,0. 1 pLTritonX-100,6. 9 pL. RNase Free
H,0) 1 PCRAE S B Pk E 3R, T-80 “CARAF
L5 #ATER(VAB) ARG MY SCHR7]
BT B 519, 4 B0 B A AT P i st o R
IR ERAE R A SR B 41 PCR A, 72 "CK
3 min, P22 65 ‘C/K 5 min; B K L, ITA 4 wL
5 X First-Strand Buffer, 1 wl. Reverse Transcriptase ,
0. 5 wL RNase Inhibitor,4. 5 wL RNase Free H,0, &
PRFN 20 ple SUEESRAMEH :42 °C 90 ming50 °C 2 min,
42 °C 2 min, L 10 R 575 °C 15 min. DAFRAR Y
cDNA B, R 1gG H B« SEFINEE(V,,  V H1V,)
SNER W HEFTHS 1 5 PCRY™HE , PCR RV AA R 4
¢cDNA 5 pL, IS IR/ wl,2 X Taq Plus Mas-
ter Mix 25 pL, B F/KE A 250 pL. 5 2% PCR
LLSS 152 PCR* WA B , 225 3Gk [ 7 [ 80t N E S|
Yyl T55 256 PCRY™HE , PCR WK K 5 1 48 PCR
FEY)S L, ERES 9945 1 pl,2 x Taq Plus Master Mix
25 pL, KB T/KERE S0 L. P 4 PCR ™1 4 1
74 :94 °C 3 min; 94 °C 305,55 °C 255,72 °C 30 s, 4L
30 MEHR ;72 °C 7 min, PCR=H4: 1% SR I
HLIK T

1.6 & ER & C H. KA LK Ba#E Huiksrt
TR G R CMV 5 81+ Fl 1gG leader [FFI 1) C Fr
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Br B AR X (V, V85 V) R B S S po e e X 3
4R K&K (bovine growth hormone , BGH) polyA
SEFHN H KL A B3R . ¥ Gen-
Bank 15 5% 19 1gG leader [ 51 (E10790. 1) £ Hind Ill
FEcoR 1 BV £ 46 A2 AR pCDNA3. 1-myc-His, 5
CMV i 8l FH 2 Pk 2R3k & 1 C R B s B b ik d
H £ (BC041037) | %% 8 « #% (BCO73791) Fl \ %%
(BCO73769) W1 5 X J¥ 511 28 Xho | Fl Age 1 BV
S0 B A B A& pCDNA3. 1-myc-His, 73 51 5 4844 (1)
BGH polyA {5 5 P FI I H K FTL 7 Bt o

1.7 kA k&uiEeamE DL e aEm
A TR, PCR 2 5938 € H KL 7 BE L5
YR 32 Gk 7], T8 & PCR L/ il Fe 2
PUAHEE  BEFNBE S K& IERIL & . EEPCRIK
F R AR X IER V5 C R BEAH B Bi 4% 50 ng (H
BE) /VEHCHRBEMKFBEAS0ng (k$E) /V,5C
R BOR L R Be45 50 ng (N8 ), 1 NS 140 (275 30k
[7]15&11) 4% 1 L, 2 X Taq Plus Master Mix 25 }LL,zE
BT KERZE S0 pL, PCRY 4 :94 °C 3 min;
94 °C 30's, 55 °C 255,72 °C 2 min, 3£ 30 MG ;72 °C
7 min, PCR F=HIFEAT 1% BRI i kARG

1.8 Futk g ik BRI T [F— B 4 M A B A4 B 4 A
IREE LR Ve 26358 B LG YL HEK-293T 40 i , 37 “CIE 3%
48 h, W8 13, 45 12% SDS-PAGE p B i , i #e
2 NC B, FH & 1% 4= 107 & [ A9 PBS T i 4 P4
1 hs A HRPARIC B L AE$T N 1gG 2 FiREdTik (1 -
5000 B), TEEME 1 h; PBST YR 3K, WA
ECL &6 , ZE I HCE 1 min, R KAE4 B sk %
RIG / BECIEE S M B 55 (Tanon-5500) AE i K14
1.9 AR fE B R EM AR KRBTt
o B SARS-CoV-2 SHE AR IA TR PMD2. G-S % Y4
HEK-293T 4l fifd , [A] i 5 % Bl (R &L 4 ), F 37 “CHig
7 48 h; FH 80% 4 TH T [&1 7 44 i, PBST Y34 3 4K, il
A 100 pLZRIEPIHUAR LI, =17 E 1 h; PBSTH
WU A FITCHRERIL DT A 1gG(1 = 200F5)
FIRPEE 1 h, PBST VRS 3K, PO A5 WAL .

1. 10 FAregside H S mL 22 F-# (20 mmol / L
Na,HPO,,0. 15 mol / L. NaCl,pH 7. 0) ProteinA N ER A
30 mLALAR I FIEWRAEZ 1 mL / min (90 R,
FH 30 mL 7 2% b e U, T 29 2 mL / min;; 10 ~
15 mL JEILZE 3% (0. 1 mol / L glycine, pH 3. 0) T
T TR AERFZY 1 mL / min JWAE & H BHTR AT
W, SEZIIMA 1 /10 3k 6 AR R A v R 22 vh i
(1 mol / L Tris,pH 8. 5), pHZ 7.4, alif Hi ik
YE1T 12% SDS-PAGE 4347 .

1. 11 Hodk P A& b ag e m Hf SARS-CoV-2 505 £
Fi B2 4 x 10° TCID,, / mL, I & 96 FL# , 50 WL/ FL;
A 24k 544 (0 ~ 4 000 ng / wL),50 plL / fL, &4
TR REE 3 AL, T 37 ‘CIFE 1 hs AT %35 ACE2
() AS49 2 fifg (2 x 10°/~ / mL), 100 pL / £L,37 ‘CH;
7248 hy AR K RIS ERMERMIT], 100 L / L, %6
I 10 ming FHEEAR SRS B G oA 41
FIHE L (half-maximal inhibitory con-centrations,ICs)

2.1 WARTERARY I ZHheh %2 PCRIYIZ1%
TG M e FRL Yk 4 HT , 1T UL 498 bp Y V,, A BE (403 bp
1V, B 422 bp 1 V, i Be R R 2kl KON 5 Tl
— 3, W 1, RARAFHUA RS XV, VRV, SR
EH.

bp M 1 2 3 4 5 6 7 8 9

1 000

700

500
400

300
200

M:DNA marker DL1000; 1 ~3:V, JkH ;4 ~6:V, FEH ;7 ~9:V,
SEA

B 1 HUARATAE XV, VA0V, B R B vk

Fig. 1 Electrophoretic profile of variable region genes V,,,

V. and V, fragments of antibody

2.2 KA KEMREZENHET HEHEPCRTY
22 1% Byt fG M 468 g B Tk RS I, AT DL 24 2 631 bp AY H
BE 1911 bp 1Y« BEAT 1 918 bp AY N i, K /N5 FidH—
LK 2, FPUR SR MR A S HEIE .

bp M 1 2 3

5000
3000

2 000
1500

1 000
750

500

M:DNA marker DL5000; 1:H 52« 5533 : M k.
B 2 fik KA Rl & ryHL Ik &l
Fig. 2 Electrophoretic profile of full -length linear expres-

sion cassettes of antibody
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2.3 WKL F e HERIRT 26 BRFR DT
1A PR B8 263K 77 M 48 Western blot %, T 4H %t 43
T 24 55 000 1125 000 40 1T WL H #4444, 5
leG PUIR T4 FRBEAHXT o0 7 i K/ — 3k, WAL 3
(L3N . BRI R T 196 Hiik.

My M 1 2 3
62000 -
- - .
49000 . -
38000 -

. Y Y N

M: 8 4 5T marker; 1 ~ 3: 3 MRATIAFR IR 3.
B 3 Western blot A6 IgG HLIA Y5
Fig. 3 Western blotting of expression of IgG antibodies

2.4 FAKW B R BB EE PG WA N Mg AT
WL, 38 SE MM YL M R 4k (a7, R E I S
B A B BRI AR LR 5, LR 4. RIAKGE
ik BAT S 8 PR PR S e SO 0 164k

AR B e
4 GRS AN AT TR S e RN (X 200)

Fig. 4 Detection of monoclonal antibody immunoreactivity

by immunofluorescence( x 200)

2.5 stk T AifbPiIRL 12% SDS-PAGE
A3, AT ULAR X 43 F J R 24 55 000 Al 25 000 f) T 5
TSGR A 1 25007, BB — 5500 Ralifb iRk W,
XIS A, LR 5. A fb RO R A

Me M 1 2 3 4 5 6 7 8 9
150 0003 A 8

95 00

70 000
55000
40000 s
33000 # 5 _
25000 s — ——

15000 S
10 000 /M—
M2 H i marker; | ~ 3: RAFLIHUR TS FIFI4 ~ 650K
FGK BIHW BRI T ~ 9 Sk,
B 5 aifbhifdny SDS-PAGE 53-#7
Fig. 5 SDS-PAGE analysis of purified antibodies

2.6 Ak P AEE 26 RELEREDL IR A 20 4
HA HFAITEE, 1C, 7E 0. 040 ~0. 545 wg / mL Z ],
W1,

R 1 P REHTARR P AE

Tab. 1 Neutralizing activity of monoclonal antibodies

BT S7REN 1G5, (pg / mL)| PR IEEESTLIA 1Cy(pg / mL)
A02 0.076 | E06 0.545
Al4 0.261 | E07 0. 474
B06 0.094 |E14 0. 444
BO7 0.166 |E17 0.253
€08 0.297 |E19 0.072
C17 0.142  |E22 0. 148
c21 0.129  ||Fo8 0.336
€30 0.040 | GO5 0. 080
D11 0.367 | G20 0. 198
E01 0.321 622 0. 120
33 i

il 28 B v BT 1 5 FH 7 VA A48 SR 38R B e
BB A | T R R R R FERAS B 21 i e iR e R
R S ' e % N g iR R S RN N
ol 57 ol 3 4 B A A BRI B e A T A 1 £ 928 I 1 (1]
M, JyA B I R] A HE K, 2 58T A M 2R 4 s B
AR AR AL R, 8 ™= AR N b
R T IR G R T () R, ) BB e AR 1 ] AR
X5 PR By 1E R IXE AT 820, # N B B Bt
AU I AR R 7 T R AR A A T B A B RN R AT
A5 X ML SC R A Aty L 3 2o 4 A T DO e R A
SEREBUIA o 3P T B BT A S R B ] AR X i
PLEHA A2 R I T W) — B 40 B Al R AR I X . A
A B 20 RT-PCR BEARY HIHUARSE A, P vl 23R
KR, RSB EA YU, TR B KIRECXT, B
A R AR E M S A T — R

AHIF 5T R B IE SARS-CoV-2 S 11 S1 X BEHY
WEER A1 S B (U RE S PR BHE B 4l , 5 i =0
JEL 5336 LA, SN 7 VA I BLAR BN B IR BE E SR 3
A, ELJ7 fEW0ER B A 58 B, (040 1R 340% S oy ik
HERRRIAR . LIAO 257 CMV J5 3) 7 #l IeG leader
JPH) PR S R TE A X S T R
#CH KMLF B, RF5EH 1gG leader/ 751 FIHTIA
T BE 5 BEE 2 X 0 B4 A 2K pCDNA3. 1-myc-
His, 5 CMV J3 )1 BGH polyA F4FJ R C . H KFIL A
B, A M CMV B TR BGH poly A5 5541, A
FERM RS PCREY 1 (I PTIR AT AR X IE P 5 € ) H



+ 52 - e AR A eE A 2023 4F 1 A5 36 8555 1 ] Chin J Biologicals January 2023, Vol. 36 No. 1

K¢ LR B A iR i 2ot 3k &, e e i
FIRPUA ZOTIE O R A TR, B T S

PO IR R B B 2 0 R
B A SR COVID-19 B4 4 1 ¢ ik
FHIRYT , v] 35 08/ £ 35 A g s ) R 17 Ak I R
RORBAF ™ A MIE R, 356 2 2 i B
H1 )5 (Food and Drug Administration, FDA) fit #f F T
IR SARS-Co V-2 FAIEAHT Casirivimab / imdevimab
TBIT AR B B, AT B S FE T KU 70% , 1R 5T
P EAE B 1 AT 0 209% RYBE TSR, 55 —3K FDA
HEAE (% HR AT AT Bamlanivimab H A 28 LAY IR IR 2L
RIS 2021412 A 8 H ,SARS-CoV-2 T IRRES
IRIT T / BT (BRIT-196 / BRIT-198) 3K
RGBT R N A % 25 ] AR A B
RHCT XU 78%" . AWFFEARAFY 26 FE SARS-CoV-2
S H T REPLA T A 20 FREA K4 A5
S 1C, B /NA 0. 040 pg / mL, BA H Tk KL
WAl RIGY T I ) o B s BT A E L G 45 27
HORIAE RIS S 40 M S o PO mh R 4 mT LBy
i 7 ARG BUAR SR R E R R 145 G )5 , UK Fab
R BRI A S Az R g A AR fE S e
= 4t R sl T A6 T 1) 1) A R B 0, DT
BHAESEREUEALIAE" s F3 A0, Pk Fe i B S e 4i
MLEY Fe SZARZ5 G, 00 40 i fe 1 T R, B 45 S 40
| T 200 L v 4 5 A R 0 )
B WEAE B NK A A B4 4 it 1) 4 8

A5 R 0 3R 12 i 1B A 5 B AN L, 28 B 4 i
RT-PCR ¥4l % 7 SARS-CoV S & [ 8o g 44,
X £ 1Cs, 47 0. 040 ~ 0. 545 g/ mL, A FH Tl R
TRIT 25 BRI BB 2 . e bR A
SR R A AR RS T S R AR, PR kb A
F2 Y& BT B2 G K e i 25 200 A
TR RITR YT | S M S SR T
IR FA AT o D9 A0, 96 75 A PR3 28 S Al %o B g o Bt
PRI ATR Y7 RO T 7 iRk % 22
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