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Construction and evaluation of Bandavirus davieense virus mMRNA vaccine
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[Abstract] Objective: To construct a Bandavirus davieense virus (DBV) vaccine based on the strategy of mRNA vaccine, immunize
BALB/c mice; and evaluate its immunologic characteristics. Methods: The coding sequence of DBV glycoprotein Gn was optimized and
synthesized, then inserted into the pGEM-3Zf (+) plasmid. The linearization plasmids were enzyme digested by BamH 1 , cap and
polyA tailing were added with polymerase to complete in vitro transcription. Western blotting verified the protein expression by
transient transfection of the mRNA into eukaryotic 293FT cells. The mRNA was delivered by lipid nanoparticles, and immunized
BALB/c mice by intramuscular injection of low (2 pg/mouse) , medium (5 pg/mouse) and high (20 pg/mouse) dose once every two
weeks. The antibody titer in mice serum was detected by ELISA, and the ability of antibody to neutralize DBV in vitro was detected at
the cellular level by virus neutralization assay. Results: The prepared DBV mRNA vaccine could be transcribed and expressed in vitro.
All three immunization doses induced high levels of specific antibodies in mice, with the high-dose immunization group inducing stable
antibody expression for over 10 weeks. The virus neutralization assay showed that immune sera could bind to the virus and block virus
infection of cells. Conclusion: A DBV mRNA vaccine capable of inducing specific neutralizing antibodies in mice is obtained, laying
the foundation for research on the prevention of DBV infection.
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R BAL ML /N B D 25 5 AiE (severe fever with
thrombocytopenia syndrome, SFTS) /& & # £ 1M1 /)N A
ik /> 45 G IE 97 B (severe fever with thrombocytopenia
syndrome virus, SFTSV ) & 44 5| {2 1] — Ffr 3y A A% 4
it SETS NBIETH S KB, HF 2010 AR
JEAAR g — Tl B4 A JE L 55, 65 5 [ L H A LR
AN i) S ST SFTS Fi ] 4B = SFTS 32 23R 3
VY & NS E DR VE W RANY T O N2} LN
Z N1 K BB REIREE, ZHTE RS BB
HH DR HICE I/ PN BRI 22 2 B DO Re S vl L Rt i
ANBRD B RAE R T K AR, B IETS, A
#12%~30%"7 . AR A A E T 2017 Rk
SFTS 1| Jy 75 EE AL S Bk 78 A1 = T 3 K A% Ge o 2
— . 2019 4 SFTSV #4 [F Fr i 8 7> K& A 2 H 4
N K ) BE 15 955 75 (Dabie bandavirus/Bandavirus da-
vieense virus, DBV ).

F) H A v 1k, DBV 1 TG RE S V6 9T 07 R AH
RUHIBE W o P Wi 7E 2 M e By i A rh ot o &2
KEZMIEH. SESZEEHLL, mRNA Z B 2A
o R A AR R, RS A e e
Ji, FEAE IR IR RG0S mRNA 1816 LA, K 5240
H 5 BB 2R G0 S AR R R B R R AR AN 4
BT AE™ . BEAE BT RO B A KRR, £ R
b7 B mRNA 8 P 3R 15 5 SR BB A,
FEABRATGE 78— mRNA ZEHT I 7208 . mRNA
T C R TR NG T 2 R i A B 5 %
Z—

mRNA W EAE QIR BT a5 2 T BON 2
IR 124 A1k, Y2 mRNA % 175 3500 7
G 9 (14 1 PR T A0 PR A58 28 8 22 P 33 3 L9
o EAT , AL T S P SR A AR TR AR B 2
R NSRRI EOR R E . AT
WAt HME T DBV mRNA B, PPAL 1 1% 5% 1 7k 4h
B AN TN R AR R R TR BRI R, N
DBV [ 7 J 26 it B il o

1 #RFTE

1.1 ##
1.1.1  S%shdhiem Atk

ToHE B I JFAR S, { HE METE 6~8 J& iy BALB/c 7)h
BRI 15 W, 7Rk 20~25 g, 1 E i VAR G5 D 2E P
RA R T, Y AMIE S : SCXK (F5)2022-0006, 4%
WES 5 : 202377931, 1AF% T 12 h B /12 h oot
IRES, SIS 5 MR BRI AR B TE (25 1DC, FHXHE B

50%~70%, 5 RIFEGFR, B R KUK, /N R
T & N TR 1R o AT 7T 38 5 AR 3 i DX T
AP CAR B 5 2 O AEHE (2023001

DBV #£(JS2012-70) A SE 46 % fR A7 ££ Vero 4
M3 I F T ARHIE AL i G A0 i Hh RS2
BIFE A 240 2 DS %5 N 56 e
1.1.2 %3R5

KW #FF 5 DHS o 293FT 41 S . pGEM-3Zf (+) A
R} R T AR A AR v SR A AT B ORAE o iR AR I
DMEM 4l 1 5 7755 (Gibeo A 7, £ [ED, JRKFF R R
I8 % 2% (Biofroxx A w], 5[ , & F B4 #1771 (Roche
ANl H ) o iR A 4 R & (Sigma A A 3
)5 JiE [l Wiz 2 B Ak 741 & (Promega A A, 35 [HD
Lipofectamine 2000 % 4% i 71| (Invitrogen 2 7] , 3
[ED o T Gn B30 FEFUAR A /i1l 4%, HRP FRiCF 41
B E 07 B BUAR (Abcam 23 7, 35 ), RNA $#2 B 7
&R\ RHEAFD, 45 R B AW ECL(Thermo
AF], FEED, DNA Marker. J5URL/N & & IR il 14
W UIEE (TaKaRa A7), HAD . 51908 BupnJE KI5
5 1 e < e AR RO IR B 58
12 Fik
1.2.1 DBV Gn-pGEM-3Zf(+) fi #21% i+ A= 4 12

MR A= LR A7 1) DBV #£ (JS2012-70) , GenBank
KT : KY362350.1. 704 M Bug 5 1 B 22 F
Gn 7 HIM5E B, I 2 7 A1 AL J5 4 3 X & B oe
P 22 pGEM-3Zf (+) F A, J PRI 7 36 UF Joid Fr 4] 4
1B .
1.2.2  Gn-pGEM-3Zf(+) 4k sh 4% K Anth oh & 35 363

R TR ) BURL S Ak 28 Kl B DHS aidE 47
JORLY 3 , 48 F rh 3R BURL ) & A 200 mL B R
WA ik . 22 BamH 1 BR&IE N VIBGIEAT BRI 26
PEAL, B TR ) S AT Al I, DA IRT I e
TR AR , 7E 444 B T7 RNA R & BEAE LA &
mRNA, [7] i FH 25952 793 25 /1 1 B (vaccinia capping
enzyme) fllmRNA Cap 2’ -O-F LR B (27 -0-Meth-
yltransferas) 73 5l ¥ Jll CapO F1 Capl 58 i mRNA f&
1, 87 F E.coli Poly (A) Polymerase 7E mRNA [f] 3’ ¥
7S M polyA &, 8 F LiC1 T iU ER 7 ) » B I Wi ot
Jid B Pk R 26 B o A1 Lipofectamine 2000 %% 44
77K ) 2% (K] Gn-mRNA % 5 28 203FT 4l g v, %
24 h JECR A B, — P TSR 2 ) 4 2B HO 4 Gn
RSP S FESLIAR, RN 111 000, 1 HRP Axic
240 SRAE N =50, WK 115 000, Western blot £
M Gn M ILAE DL
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1.2.3  Gn-mRNA jz # %.72 BALB/c > &

W% 58 IEH ) Gn-pGEM-3Zf(+) i ki & 46 L ifg
T B A B W) 3R AT A4 A6 e 5% s mRNA I 147
A 52 44 K B (lipid nanoparticle, LNP) B4 . #% 1
IR T RN B, 6~8 JA METE BALB/e /N, 43
% R AT 3AN S 7 B AL (R n=5) , VRS 7 40
BN 2 e/ R 5w AAT20 we/ A, BE2 FINLAVES %
1 IK, 4 1 G RAE /I BRMIE #EAT ELISA 23 BT PE Al
mRNA JE 1775 5/ B A2 0 s R LA 35
1.2.4  ELISA A& M) )> § o i itk & ik

FAZ R IE Gn b 2 1 LA 100 ng/fL A # ELISA
AR, /N B KR I, WO AR IfLTE 5 DA 12100 1 2 46
WEE, BEEERR R, BB X E 3 E AL, U
450 nm Kb PRI Y BB A 2 168 IR 2 £, )1 /0N B
MLEHAR A K
125 mEFAEE

Vero 40 f 4% 70 T~ 6 FLAR A, 4 20 B & BEIA 2
0%, FE R # . Fl DMEM 40 g 3% 77 5 00 ) A B
I3 B A/ BT (FRRELL A 1010412100 , 248 577
P H T PR R RREE R TR ) 3 R /N R
TE AT A0 B B A SR B . W B MR B MOI=

A Aatll  Ndel B
2260 2509 7 4
1 start
Xmnl
E 1]5
1937 Sac |13
Scal Kpn 21
1818 é&i 23
PR 26
[Amp’ pGEM-3Zf(+) lei)m 1133
Vectors g(a ﬁ 38
(3197 bp) Aec I 39
Hing 40
e
I‘ﬁndm 56
f SP6 69

From Promega

C Superooiled DNA
bp M  Gn

ladder marker

8023—
6133—
5023—
3997—
3049—

—5172

2087—

4779)BigZ 1
\

(4 650)Psi |
(4252)Aatll

(4250)Zra 1 —

(38100Scal —|

(3330)Ahd [

0.01, ¥ 500 L ¥ 75 ¥ 5 500 wL I35 # B R &
37 CHE 30 min. [A] BT & B IC MG AR . 72
Bk 6 FLAR P AR5 3R 3L, NN 1 mL 7 88 5 ML7E TR &
W, AR R EINPATIL. 37 CIEE2h)5,
FEBRIB AW AN 2 mL AR 4ERF . 24 h )5, 1218
SFTS #fi J& V.75 75 A% B A MR 77 & (O M IS 22 1A
DA0340) 15 B+ I 7 I3 2R
13 %itgsmk

{8 GraphPad prism 6.0 it AT 41 H 45
Mo THEZRHB B bR UEZ & + ) FRow, B4Rt
BERF A5 22 41 LUBER F 75 22 90 AT, 5 LA
SR LSD ¥, L35 ORI 25 1 S50 A5 FH 28 52 005 i 7
ZoHT. P<0.05 NEFRAGI#E .

2 &% R

2.1 MM IEDBV Gn-pGEM-3Zf(+) i 4

ML X DBV Gn #4173 #7, ¥ N CD5 {5 5 Ik
1, A FE D 7 51 9 58 B 22 pGEM-3ZE(+) Hfd %
7 HE B L 1A, Gn 791 7 B 22 3Rk #ik i i)
7% B0 B 1B TR, 3 Bt i B R A2 Fi ik 5 2 R
P I, R/ 5 172 bp (B 1O .

(32)Eag [ -Not [ Pas I (58)
(22)EcoR T | / Ale 1 (100)

JRVAVA ) S S SE)
/ B

/' /BgbvC I -Bpul0 T (327
"/ BIp1(432)

(450DNde I

_Bhbs T(966)
- ShiT(1044)

| — BelI+(1234)

Kas | (1374)
~Nar | (1375)
= sfo I (1376)

—_PWTI(1378)
EcoN [ (1457)

Shi
Hind [l (2 048)

(2853)AIWN | \
AfII-Pei T (2437)

A: pGEM-3Zf(+) vector circle map and sequence reference points. B: Construction of Gn protein of DBV into pGEM-3Z{(+) vector. C: Identifica-
tion of Gn- pGEM-3Zf(+) plasmids by agarose gel electrophoresis., the size of Gn- pGEM-3Zf(+) was about 5 172 bp, M: DL 10 000 DNA marker.
El1 Gn-pGEM-3Zf(+)[RHHEFNLTE
Figure 1 Construction and identification of Gn-pGEM-3Zf(+) plasmid
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A B Gn Gn-mRNA 2.2 Gn-pGEM-3Zf(+) Jfil #2 69 R I 4% F 304

B I 2 () Gn-pGEM-3Zf(+) i $i £ BamH
8369 bp I W) 26 PEAL 5 2EAL [T, SN 166.81 ng/uLL (]

000 bp— . N .
4710001}— 2A), Lhalifh [n] Use 1 28 M Jo RE DR R AR AR AR B sk Ry

P —8369 bp

mRNA: [VT+Cap+polyA tail

A: Linearization of Gn-pGEM-3Zf(+) plasmids by BamH . B:
Identification of Gn-mRNA by agarose gel electrophoresis. The lineariza-
tion of Gn-pGEM-3Zf(+) plasmids were used as template to add Cap
and polyA tailing with T7 polymerase to complete in vitro transcription.
M: DL 10 000 DNA marker.

E2 Gn-pGEM-3Zf(+)RRIRIMNER L E

Figure 2 Identification of transcription of Gn-pGEM -

mRNA, Bt Jlg W &8 5 L UK 23 Sl s 0 ASE AR RN A 71 I %
Ji mRNA 4005 (B 2B) , 480 5 , 48 FH 700 ng AR
RSN 3R 12.9 pg mRNA.
2.3 Western blot 3% iE mRNA T /& & #% % . 293F T
mie N f R

N T IR 5E B A1 e 5 1) mRNA BE 8% 75 44 41
FiE, WM& T Gn & AP Gn ff 571 B BE BT
14, SDS-PAGE il Western blot 4% % & 78 Gn 55 7> T
BN 3T kDa(E3AB) o FEARINESRIRITH 3 pg-
6 wg mRNA i ] Lipofectamine2000 %% 4 %1 293FT 4
Jfl o1, Western blot %6 UF 32 4% 41 ffd 293FT 1 Gn 1%
ik, 85 R BN, PR SRS B mRNA RE8 £ B A%

3Zf (+) plasmids in vitro ZH A 293FT H R IE (E3C) »
A kDa M Gn B kDa M P Gn C Anti-Gn antibody M
50 kDa
250 .y = 120 -
150 [ -
100 jsss | — 37 kDa
75 —
E v ) N ‘e)\&y“\{~
50
37 -

i

20
15
10

80 ==
, .
- 60 . $?s’b N
e 50 .- N N
'— —37 kDa 42 - . —37 kDa
-— 32 -
25 i v
-

A, B: Identification of the expression of Gn protein in CHO cells by SDS-PAGE and Western blot. C: Identification of the expression of Gn-mRNA

in 293FT cells by using anti-Gn monoclonal antibody. M: marker; P: positive control.

3 Western blot £ E{K5MNE R B9 mRNA 72 293F T 4@+ # R 1%
Figure 3 Identification of the expression of IVT mRNA in 293FT cells by Western blot

2.4 DBV mRNAZ W44 F DR EAEXZH KT
4 S b P Aok

# 58 i LNP 45,35 /) DBV mRNA 43 /N L, 4
KA /N BRI FFE200 2 6 JE 8 JEL AT 10 J& /)N B if.
AN, R EIR, g 4 LR R 3 A R
A PR AN Y REIA E 11640 000 4A), H At
RN 5 2 R IEAH G B R K,
3 A LI AR B AN 7K P38 B AR (B 4B~D) 5 21 G928
10 J& B, 5 & 771 12 4 9% 21 0 20 475 58 ATk 3
1:160 000(E4D).
25 REFAER LT R F A% MR F R
Feomfp

DBV LA MOI=0.01 5 A [F] %% # Lb 19 7 BRI 75

(1210012 1005 B J5 B ft T Vero 4H i, /4% 24 h
qPCR W %2 7 75 90 B o 45 S S, S /D BRLI0) i
THEBETEFH L DBV LA, 15 ] mRNA % B H % fe
515 F /N R R IA R e AR (B 5D

3o it

DBV H 2010 45 (X8 73 B R I LIK, CAE R E
HZR L IX UL T NG AL E ST A
FRW, DBV B Z M kis s, Horg Ty 3
BRALRE 7 3, AT DU B B 28 i sk A
FENAEN, RN AFLEPEAE R T 7E XS 124K
DBV [ ot i Ay g A AR 35 R0, To it B AR 34
A2 IR BN T R ON AR R A i
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A 2.8 4 weeks after immunization B 2.4- 6 weeks after immunization
2.4 -o- Low 20- - Low
~ 20 o Mid 7 o Mid
£ 164 + High E 167 -+ High
2 > NC 2 1.2 *NC
4 1.2 &
2 0.81 2 087
0.4 0.4
0 T 0 T

T T T T T T T T
O ® ®® OO OO
F PP ES
QO A 1000 (O A A0
NP XA D R AP
AR SENEOAN

3.2 8 weeks after immunization

- Low
<+ Mid
- High
> NC

0 T

SO D
RO ISP NN
NP XA A, P AP
A S Sk OOOhY

T T T T T T T T
O ® O 0O O®
F P EFE PR
OO NN NN
N RS A, XA
NSRRI CREAN

N
N
D 24+ 10 weeks after immunization

2.0 ~<- Low
~ o Mid
E 1.67 -+ High
R 1.21 > NC
N
= 0.81

0.4

0 T

O PO PO OO OO
P F PP IS
QA" DY (00" 1000
AR (D, N oS
NTONTNTONT NEMENG \-\..\

A: ELISA analysis of the level of anti-Gn antibodies in serum at 4 weeks after immunization. Gn protein expressed in insect cells was used as sub-

strate. B=D: The expression of anti-Gn antibodies titer in serum at 6(B), 8(C), 10 weeks (D) after immunization. Low: mice immunized with 2 pg Gn-

mRNA ; Mid: mice immunized with 5 g Gn-mRNA; High: mice immunized with 10 pg Gn-mRNA; NC: negative control.
4  ELISA &l A 5] A 8] =/ )N R L3 o 9 Ak 7k

Figure 4 Analysis of the expression levels of antibodies in mice serum at different time points by ELISA

25 koK
sk
| ——|
204 L
S 15 4
X
3
A
3 10
=
5_
O T T T
N A0 o))
v m“‘o'\ m(\'w
D?,\] xe¢ o e

The DBV virus infected Vero cells for 24 h after incubation with
different dilution (1:10 and 1:100) of serum, MOI=0.01. The virus
titers were measured by qPCR, ™"P < 0.001. TCID50: 50% tissue cul-
ture infective dose.

ES5 oPCRMZERFILIRA R HEHE
Figure 5 Virus titers in different treatment groups were

measured by gPCR

ERE DM Z, HRATHIX 2 8 2 NHX, 4
SFTS KBz ia 77 ok 1 A M o

H A SFTS 1 G 45 5 V6 97 7 A & 2%
B o fE DBV i #3 /& 4L % B i 70 J5 1, Dong 55" 14

T — R A R e 770 DAE 2 K 1580 B
VSV AR IE DBV Gn/Ge HIVRIEIEZE T, 1EN—
Flt DBV {3592 141, ‘& 1T LATE %002 Th e IE 3 # R0 S
DIRe A2 B IENAR™ /N R i 5 ) 3% h b a4k .
Kwak ZE"58 1 6 4% DBV 48 1 5% DNA J 11
WA, RIS SRR 9niY DBV 25 1 DNA &1 )5,
FHRYL DBV 45730, H B8 I AREER .
mRNA J B & — M E R 1 5 B R ASAR (1 B A%
TR 75, R4 i I va TR AR 21 T B8O 2 R
F . 508 7505 2 1 O DNA S 1 25 AL g i A L,
mRNA % 7 LLIVT mRNA SN 3 %5y, HERR T 75 4%
25955 VPP IR 0L PN B 2R At S IS, A
78993 BE mRINA 2 ¥ RO I 5 FTRE S A% B 1)
Bt TR IF R B . AT 78 5 T mRNA
PE T VT SR, 8 o BT 2 A, R b
JR AL Gn A AN B, AL G B Gn 42 2 77 51 5
7o B R IE AR pGEM-3Zf(+) v, 38 i il 1) % 52 A
FL DR T, 1 € mRNA B G T R T 58 00F i
RIS (144 71 % 5 B8 77, 8 BamH 1 g U) 48 5
LR MEAL I, 38 3 0 A 0 poly-A B AL B, 700 ng
RNA RN 53545 12.9 wg mRNA , [7] B 5 e 26 e BC
41 B, Western blot 4 %€ Gn 55 FH EWE /£ 4 g b &
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1%, 85 RAR WK EE B mRNA BB BE % 75 44 S b 4 Jfa o

SEREE . B LNP AT L3, LNP B A I

By T 2 AR, i OE HLGT ) LNP 5 A AR A R

mRNAJE L AR, B mRNA (L ZAE LNP 37

LNP [RIH R I HS 10 i e G R0 CL N 2 T e T

BIK R G2 " Al 5 BB A AN [R] 7 B

mRNA % B G2 /N B, ELISA K 0 90« op AT

3R A REA ROF TN MR IL Rk R LT

A, B S TE] L BUAR BT v 5 0 2 RS B

7 > VML DU BE W S 25 U3/ 9 35 00 20 T 1R SRR 4

HAT g
S 56 K 4 22 W A B S 1) 4% 1 DBV mRNA %

HR A B R A s BE 7, HLRERE 5 S ALK

A v KT B R P R R B A, S DBV B T A

RARBE T SLIGFEA, AT 9 oK ok SFTS 1 By i 2 it
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