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(1. ZE AN KA BB 2 B, A AR A 5 2 1 9208 s PR A2 97 R T A S0 36 2, R ARG Ay
010018;2. FEF Bl B FHEEWIEBE (/L W I AT IR ST BT 058 B ik 2k 9 75 W 72 4 4 R E
S5, bR 100071)

T M 2 oh 0 7 D 1 — b A S 3G SR T R A T IR T M 57 1 P 4 R 25 0 R T S BR BT 5
T2 AHFSE S SRR (1D (9 A29L ESL MR JWFJE S , 1A His b7 H0 £ JROR: A% 35 .40
fb, 34 35 T SDS-PAGE K Western blot % & HAS S0k . J5 446 AR 15 CpG-ODN 1826 MLAEH |
B3 002 3R B Cp G5 80 A2 4 0300 = R S /I B 0 I 1 0 S 92 6 9 5 ol BE 0 A o i SI2 0 5 = 40 08 1 R0 45
B R RG4S, AL (1 A29L ESL MR -5 5 29 T ¥ o %6 ik HL % 34 Bk B 400 RUAF . =4

18 LA CpG-ODN 1826 44 71 1k & 45 A% 500 5 A7 L P 33 55— 2 2% B 1R A 1) &5 & P AR A v R AR e g o AR 58 R F

SRR S R B M 1Y T B2 ) 4R SR A
KGR L R T 5 BRI 5 B AL s A
R E 525 :5855.3 XERHRIRAD : A

5 & (Monkeypox, Mpox) & H % 35 9k B 7 A
B — B OSSR . 1958 AR M G e 7 T B
5 b — Rl A o B B . B W K AE K B
(Variola virus, VARV) & 1 J5 8 (Vaccinia virus,
VACV) | 5% B¢ J& %% 2 (Camelpox virus, CMPV)
495 99 B (Cowpox virus, CPXV) [A] J& 5 7k 2 &, 1IE
I& 0 BE A o B9 BE 2 — B B A IR Y AUEE DNA
FRRE. TR 200 ~ 250nm K/ i 51 B i fg 5
WKL, 4 JLAn[ I SOIR IR B AL 2 B
S E — A PO T 5 A A% 0 AR M I Ak A 0 A4 R g
JoT B B = AN R M Y . R R AT FE S
AN TR) 8 9 75 0L BV LA B — BB ) 240 i P B 7
%7 T (Intracellular mature virus, IMV) Fil B 47 % 4b
Jg BT HEE RN AN (] 2R J5 2 B ) A R A 60 B B kL
(Extracellular enveloped virus, EEV)., EEViii5
WLah 2 F AR B AR R sy Oy 2, 7E e EN K IR
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rh R i f8 1) T RS (04 A K, S e A e ) I R e
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J AR Ay i 2 A 2 R A3, e AT 0 i D - U
BT F W E A A29L  MIR #1 ESL., A29L & 1 &
IMVIEAMEREEEH, 5 VACV A27L .CPXV
162 8 A = JE [FE  7E U Bh EEV B LR 7 5 18
F 20 M il v S B A Y R TR Y OB
Z—"SESL2EIMVIEXRMEBKETER T .5
VACV & 1 DSL = B[R U8 , 78 9% B W B AT2E A 41 i
HAEPREEEEN;MIR S VACV LIREH & F
[ 5 AE R IMV dE RSP SRR H, 2 595
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P T7 o T S AR R e 0 —Fh L T A
B 7 0 FU A PRV e E BN, 1T LA S LR A
T B TgG LAk o T B 20 1) AT P 0 D 20 T S B SR AR
e S 1) T3] G0 8 Ak SR, A JB A LA A R A A
T B8 iR G0 5 7 5 5 R RN g I ] L AR R S —
Fofr 5 ROl A A4 R, 8 I DR G L 22 P e i
i FHAE R K Z BN G B 1A 3 2 4 b
JZ N BRI Z AN SR AR R E S LR B 4 i
oA B TR AEBUR KT IR OR e R R RN . B
SR 55 AR TR0 TR 1 AR B, AR AR B S B s L
A G2 By, AR R 5 e A RAH B AR AR 70D AR 1 A
£ F RE AR R AR ES T . CpG-ODN 2 — R 357 5 14 # H.
o7 FF T 5% 0 2806 G i 1 s ), b ME T T A6
TLRO 43l 57 o 28 36 3 551 o AR Hh X A% 5 bR 40 e 4
IATE ,CpG-ODN AI 43 A (B FI C =Fh 26 A0, H
H1 B 2% CpG-ODN H 5 CpG -ODN 1826 j& — il
TLRO ¥ sh ), 78 /N BUSE R rpa] 58 45 2800 16 1L B 48
ffl . CpG-ODN BE & #E 44 SR 241 M . 15 98 25 1 40 i
I T 40 B L I I 4 56 ) (B 5 T Ak AR BT AR Y 4
WA 5 ] B2 3 Ak T 240 ML R NK 200 6 45 4 28 2850 17 40 S, 375
SR LA Th 80 32 0 S v 24 0™ . (R CpG &)
TEVE SR Y 8L, S BRI Bk . & A BFFTIE
52 CpG-ODN W B 77 S0 48U Ak 55 1 BB 14 5 B 2 4R 40 it
80 A 4 5 35 A, AL AR S AR A R G
Y3 2 7 IV R G e i 25, Davis 5 AR &AM, &
T 41 J5 HbsAg B¢ 4 CpG-ODN K & & Ak 55 5] i 4,
RE/INERG 0T 0 AR B50H B B i it R S Ak B e e
= 3545 LA RBD S B FRBL I, 454 CpG Hfk 7
SRR B Bk CpG 5 AU S8 AR AR & A Ak 7 e g
/0N BRUAT B Rk R R ST /0N B 4 i e R, O
A R Al SARS-Co V-2 5 1 JE 1 38 S Fnfr A5
Toannou 5 A LLG N W 588, & 3 CpG-ODN 5 &
AR R A TR0 e B L R 4 B 6B B I 3 /N B
B E NS CpGAE R 5 8R4 57 ¥ B F Rk 1
A RE T, ELAE G R AN L T 5% rh 3R A K il
SR

A 5% B A 0 0 75 2R 1 A29L v B T R R A
JF kL pET -9a, ESL il MIR g [ T I % 2 ik i ki
pET-26b H, F| ] His br & gl b vl R A IF0% &
20 A29L \EQL F1 MIR & H K & CpG-ODN HL A5 |
BRAAR R EL CpG S8R A ) | 38 1L i 5t i 4%
g8 WL e e R 7 A 2 BALB/ e/ BT X
FU bl A8 = W 358 I M 4 380 I T A T L S BT AR Y
SR XAUIRR R RRE T S S SRRk

B A CpG 5 403 52 A e 0 i i JILIA) T 5 S e /N R
A /I SRR PN A R K A RO

MG T &

1 EEFY RS WK

MPox A29L ¥ % £ M Genbank (YP_
010377135) . MPox ESL J¥ 41| 2 Hf Genbank (YP_
010377102) . MPox M1R J¥ 51l & & Genbank (YP_
010377077) , BT kLA I P 34 fh A4 TAEY TR ( E
1) e A BR A 5 58 1, K AT i ( Escherichia coli,
E.coli) BL21(DE3) &z & 40 Mol 1 Ak 5t 22 =04 A4
Y pET-9a M pET-26b 8 KX i 2L T A T/ (L
) By A R 2> w42 IF 5 s Vero E6 41 i i
VACV % bk K IRk B 425 B2 27 F 92 Be DR A7
2 FERFRLZEHY

HRP 45 1C 89 1 B/ IgG 1 A Abcom; HisTrap
FF b5 %5 8 A 4l 1k 7% 4 0 1 8 46 L (Cytiva) ;
A29L 2T ESL R 4T .M 1R B R BT 34 0 ) 8 fit
)56 X Protein Marker I [ db 3t 28 A9 ; CpG
-ODN 1826 #8471 14 H InvivoGen; JC 14 JC B 7K .
BCA & HIAH & B 148 . PBS B8R 2% 0l B K 57
W -B-D-FACEFLEFH (IPTG) MK KIRE & W
Bl REEREARASA; BAmE . 1X
DMEM . ¥ % % -#f % % . PBS 28 Wil . R & (i -
EDTA (0.25%) W H Gibco; PVDF & g [
Millipore; ECL PR 3 i (o g [ 28 2 A= W BB (1
) 05 A BR A ) 5 QuickBlue He 8 4 i v g 1 b 52
T e e H R PR A w5 36 H 16 g~18 g 1Y 5/
% i SPF 2% M BALB/c /s BUE A 37 01 48 (db 50)
AW EAR A BR AW /N B 5 T 45 5 B2 22 R 90 o 52
B
3 EEMUHE

ARG ER K SRR TR B
TR P AR ASL B i PR VKA s T A AL 7
BLOHL RS IR R4 CAKTA B A4 .
4 MENEZRIERAGWN

R4 Genbank (15 [ 5 51, 28 BUCEE L, 422 B8R 1%
FF 1R 3 A TG 9% 5 M 4 i A7 Mk, 246 Bl A T
PEAT N T3 A G, B A = A A 3 R 2 78 C o s
Jn 6 X His br 2%, It 17 %5+ fk . 4fi A pET-9a
F pET -26b 3 35 J5i i J5 43 ol 15 21 8 41 3% 35 & bk
pET-9a-A29L .pET-26b-ESL I pET-26b-M1R , %
UEI 7 45
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JoT KL 2 B i A K AT BL21 (DE3) & 32
A0 AT B H A R GR R bR . OIS 2 A T AR TR
TR LB BB 375 F, % F 37 ClHIR
B R R 3R o SRR T VR T8 A KRB PR
LB AR F vh 3 KO 37 4-5 he TR B4R IR 35
FEF B FE 2 ODgyon= 0.6 247, JIIA 0.1 mM IPTG
BREHRE., BREILXE, B0 8000 rpm 15 min
W TR AR . B0 A5 B B AR UOE & A 40 mM B
W A CRCHEAT ol O B AR B S L 4 °C L8000
rpm ., 15 min #0538 LI ATINE . LI 40.22 pm
JE S B oS e ISl AKTA 4l fb {3 22 56 At ok
A7 00 2 WK s e 0 L 2l AR

BT E T I IR K b & 3k, #K 10 min,
Wi A e B 40 mM KR Y A YR 400 mM B 1 B iR
N I N o R A S I s v T s L ¢ A O <
PBS W 4 C& M, I 43 5I7E2h 4 h 8h 16 hJF
BT
5 MEMNGREINITEE

¥ ali ik B B 5 B9 A29L  ESL \MI1R & 4 & 1
2 SDS-PAGE %€ J5 , THAL ¥ & 14V 25 min % #%
EHZEPVDF B L, HS WAIBIE AL =W B 4 h
J5 , PBST ¥k % 3 %, 10 min/¥K ; — $Hi 4 9 K
Monkeypox A29L # 1 it 2 52 B Hit 1 (1: 2 000) .
Monkeypox ESL & H Bl 5 3¢ f& $t 4 (1: 3 000) F1
Monkeypox M1R # 1 B 5 5 BEHTAK (1:3000) 42
4°CWE LW — S , PBST ¥4 31K, 10 min/
Y ESL A1 MIR 5 1: 5000 H 45 i B B9 HRP 510 B4
PR 1gG PR E M H 1 h; A29L 5 1:2500 ke
151 %5 B¢ 1 HRP AR ic 09 SE T e i) 1gG ik = iR &
1 h; PBST % 5K, 10 min/ ¥, 5 J5 Il ECL & 45
AWES B 1: 1IRA T b, BB SUE AL
E{EpiEe
6 EHEABRAEARENR

¥ 5 JE I BALB/ c WM /N BRBEHL 2R 6 41, 1341
6 H . B4 AR A29L (ESL MI1R = Fh#i1 J& & 7
W20 pg. FrA/NRATE0,14 d,28 d 1T PBS
T U B B CpG B AR 3] | AL B 5
CpG 5 ALE & 7 i3 5% . CpG 5 AIE Gk
F B L PR A e i, e B i =5k, Hoh CpG-ODN
1826 H #2514y 10 pg, Al 5 #2410 pg /mlL,
B P PE v i R 5 2 R 25 pl
7 NER I A A T
7.1 EREE %R M LI

SR B /N B A B0 B AR 1 pg/mL 1Y

A29L ESL \MI1R % H 49 96 FLA B A , 4 “CHl it
W LXPBST ¥EMIFH TG, & 2 Y4 i A
HEH(BSA) B TSTIE W E M T 37 CRFRMIEF 2
he LR, 1XPBST YeAIE T o 8 1 i H
TST #WAE 245 A% FOA B, [A] I LG B 2H /N B af 3
PEBA VX B, B Ve BB & 2 AL, I E 4=
flo 37°CHEFFE WE Lh)a Vet =W IFHm T, & W
1:12000 F B F 71 n A HRP bR i 9 2 5t B 1gG $t
o 37 CREFEME W HF 45 minJ5 , Yt =W I,
AL A TMB S22 (W 88 63 8 ~ 9 minJ5 , il
A2 MR 4 bW 2R & 6. AR {XAE OD .y,
b3 A FLEA  #5 FLE I I R A IR A B S, KT
I3 1k %o L S 3 A 2.1 A5 O A e R R s B30
fE 1 3 0 4R %% #r (Endpoint IgG titer) . i iF
GraphPad Prism 8.3.0 2/ 75 2 BUHE IR B 37w i
TH 455 PO
7.2 REMBEE DR EE

= A5 /0 B 7E 56 °CH K% 30 min. il
M2 % DMEM( & 2 Y% a4 3E ) 2 f5 45 Ho s v, &
AR U B EE BH A X R AR A [R]85 5 i v
5{HW# VACV RIZ# (100 PFU) LLBEFT: 1 1
TR & T AN [ i B A B0 IV b, 37 “CRE 3R 46
BEE 1 ho W75 W IR G WA ALK i 52 0
Vero E6 il rh , B F 37 CRi F=4HAEH 2 he HAL
A 2 0 IR BB OBE 7 B BE S AT B
FRAf o

Wide 3d R &AL 4 Y0 Z W[ & , it /K sk
W ebE )G 1 Yo a4 L. IR
5 T BE AR AT 1 BOT 8 ] Reed-Munch J5 25,
FIHT AT BE Sy BB S B0 75 58 B0 D 50 Y0 1 R
I % % B JE (PRNT 50) o i i GraphPad Prism
8.3.0 B A Hh 75 S BH IR I e s I3 v AR AT B o

BT A5 % 2 48 B GraphPad Prism 8.3.0 # 4
Analysis [1Y t test (and nonparametric tests) P 41 b
M1 o ffi Al nonparametric il Mann-W hitney test i
AT 22 7o . AN P<< 0.05, WA 22 5
¥,

% X

1 Mpox E4H E HH SDS-PAGE £ N Western
blot 5% i

Fri EA R4 IPTG iR difb )5, ¥l k1%
BEra s EENEA .. 5% pET 9a-
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A29L R KM H K/ R 14.6 kDa . pET-26b-ESL
FIKME RN H 29.6 kDa . pET-26b-M1R %35
)8 F R /N2 ok 25.5 kDa (A& 1A ), 5 i 1 (1% 5 21
HE RN —H, Ry g5 R B s A29L (ESL #

MR 4§ 5% 2%t 349 68 4 31 9% Mpox (1) A29L £ i &
Prik (ESL Al MR # 5g B BT A 85 S 1R R ) (1B,
1C, ®1D).

El1 MpoxEHAEAWMRESHERIE
M. & Marker (10-180 kDa); Al. A29L & ; A2. ESL#EH; A3. MIRZ&EH; Bl. A29L &M ; C1.ESL#&EMH; D1. MIR&EH .

Figure 1 Expression and purity of the recombinant protein of Mpox
Notes: M. Protein marker (10 - 180 kDa) ; A1l. A29L protein; A2. E8L protein; A3. M1R protein; B1. A29L protein; C1. ESL protein;
D1. MIR protein.

2 MNRME IgG MM 5 Rk s R

T WFSE B 4L 1 A29L EQL \M1R = M i
S5 6 AN TA) AR 700 R BBUAN [R] 1) B 928 34 A8 f 928 45 /1N
U L /I BU™ A2 9 25 6 SR K F 1 8 1, B0/ BRUIL 7
PEAT Elisa kil LI A291 \ESL \M1R A3t J5 £ # £
it 36 A b LA B = A e /N R L A S &AL
i B8 2 545 Le A BRI o &5 SR 2A (& 2B & 2C
AL UL 5 =R e /N BUR DO AS s 41 38 LA R Y
A PR KT  Horh B RIS CpG A% 7RI WL A 5t
o e/ R4 TG oM /K 7 fie i, 2o 10° 5 45 771 Bk
A CpG A 7L PR 559 f 928 /0y B 1) e S5 M 25 e
A E 1 7K P 359 g 3 T R A2 500 1) 7 S L FL AT B T
£ (P <0.05),

J TP EAEH A29L . ESL \MIR =/ B 1
G54 AR TR AR R R BBUAN [R) ) e 928 34 A8 6 = IR %%
Jei 19 /0N BRUER 975 B 0 RN RE 1 K S E AT PEAR R G AT
T O RE RIS . g5 A& 2D o, DU 4 H g
YL = g A PR Horp CpG 7003k A B0 4 70 ik B
Y1 PR AR KO 8 F B CpG A 71 S 4L (GMT
188.6) (L& it 2% & ) s 0 4 ) ii% S 4 (GMT
141.4) (At X, P << 0.05) , B BE A4 57 Y

T S G 92 RS v T AR TR B S g s CpG Ak IR &
BR AR T ILIA T 56 /08 B R R 7K S B i (GMIT
503.9) , @ T CpG 4 R BE A 50 Ak 55 1% & 4
(GMT: 317.4) (TG it 30) , Ut B A 45 550 i UL
PR S B e AR v T S e

W

M 97 9 7 2 R A H — Rl K 24 197 kb 4R 1 RS
DNA 20 i, 3 45 i 200 2 Fh 25 1, Hh i ot 24
A IMV M EEV W #1258 [6] 1998 58 0L 7 09 58 I
AR E B A S . i IMV A EEV &
() 2H BN [R) , 76 3 315 F & S0 BT 928 I 22 Jn LA 2%
SR B DRI B AL R 3 R e T 2 i i AT R #
GupE R . A29L & IMV JE =X 4 40 i 2 1f i 2R
H, 52 IMV 5 iz f1 S 5 IEV B 6 09 40 1% 1 72 T 26
T T S WO A B R T A29L K BB T TR
i BEAE 1 3 40 B 2R TE B BE B . ESL 2 IMVIIE R 1
JREAR L 0T 99 L B A 7 20 e T Y e R Ok
HZ Al EQL AT S W 2 Ik 4 A I 75 5 44 it 1A
1L-12p70 1L-10 , TNF-o F IL-6 f 431" ESL iX



EEER A I T R Y A R B e RO AT -5 -

2 IMNRERFMEIgG 5 i i
AL B A29L S B A8 ESL Ht 54 1 s C. Ak MIR B 5L HR 11 5 D /N BU= Sl 5 v R 52 6 43 S 5 5 (7 A2 5 S e 4 s
¥ A29L (ESL \MIR, 3t 20 g 1R 2 28 FR F BB 2 hRifl 22 5 78 B E MK F «=0.05 7, *&R P < 0.05; %K R P < 0.01,

Figure 2 Detection of serum levels of IgG and neutralizing antibody in mice after three immunizations

Notes: A. Coated A29L antigen protein; B. Coated ESL antigen protein; C. Coated M1R antigen protein; D. Results of the third immune

serum neutralization test in mice; The antigens of each adjuvant immunization group were A29L, ESL and M1R, a total of 20 pg; The er-

ror bar represents the mean + standard deviation; At a significance level of « = 0.05, *P < 0.05; **P < 0.01.

S i 75 Mpox BE B R LA S A2 A5 308 oh AT A .
MIR J& IMV JE =X R0 B8 B, Al i B iy MIR
A E 995 7 O B 3k R v LT 5 A, BT MR A 2R
T W B AR i 38 3k 2k 7 40 R 3% 1 2R 3R B A BIL I BEL
Wi 2 E A 7. Ding Tang % AGIE B £ R i 41 1
filh % &1 % IMV A EEV B 2X 89 MPXV B9 $ ik, H
55 B e ORIBAR 78 3 30 T 7 Y B W] AR
/I BB 2 0 i 9 7 R SR XU B TR L
Ji 0 IF AN B 58 A PR3P/ B A 32 e i L, RO B
17 A2 B BTAR 7T 5 HAE T 105 2 8% e 1 oo — AN By
B BT LA MPox 224~ 47 J5 20 A% Y 0 20 2 128 1 B0 0
RIET B P B e ORI EE H R ]
AE b 7E 13 R T R R DLBRIE R R R AR
PG 2 e g e . IRk, #E B A29L (ESL \MI1R
X =R AR 2 B AR S/ B B ROR .

AW 58 R A 7  # B R AR T A29L \ESL \M1R
=R R A 42 REOR I T R A TG TR 2 5 O e 3

TriiAl & B kL5 S RE R pET-9a Ml pET-26b 17
JEAZ IR AR B A AE R /NE 14,6 kDa , 29.6
kDa.25.5 kDa & H . SDS-PAGE 5 Western blot
KOEWE N HNER, RPUER SR KRS
CpG 1 770 5 58 A7 770 LA 52 550 UL PR 5 B 9% /I B o
2 =S R BUN BT , 20 B/ BRUA N 45 & bt
AR FPL AR BE 1 o IE W Xuetao Yang 46 AT
AR —FE ARV R T LLE I, 5 BRI AR, CpG
SR A R BT LR T 5 B A B 00 S i 1 i AR
JH L BE 25 B2 v /Dy BRI e 928 S g (7 A rp R 4K
LA A A R T S 2 2 1.58 4% ) o X BT CpG i
B 7E AR AR [ B 5 S 0 TR SR A AR Y 1 42
PE T 40 36 Ak, 398 5 AR 2 0k 41 A 0% B0 D 0 48 B S
T Ak, LA TS ™ A R I 4 A Y 5 RN A 24 L G
PENLE o SRIMTAS LA A AE — S R BR P . %8,
T2/ R S SRR D, B
A A 22 S5 B A KT 3 B0 Cp G e 70 Bk A R 4 7L AL
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R /N AL 5 CpG A4 I B 45 14 590 3 B 4 1) vh
R L T g it 25 5 HOR i — DI Al i e i
1) e 928 B PR S B BE R T i 5 T R KL A5 H e
SEE Y E AT s B E R R IR R AT BB S AN AE
FAZ Y b 3R5E  ie B IE i 47 S MR RS B,
T S0 A5 I 8 K A Bl T 4 e A M e RN
{HZ M SDS-PAGE Fll Western Blot By 4 5 v FE 01,
X =Rz RS E AR R PR PE . 25 1
ik, A 5 3R B 4 R H A29L (EQL \MI1R i fh
CpG A 7 5 58 4% 0 41 B A 98 1, % /N BRODL A 3 59
REJG AT AE AR A S = A s KO B AR s g 6 H
Je B R S M A A ) R B B R T AR

& 18 5 ik = B

AXFHHHERBRFCETEFTEFAREMEY
FAT B BT TP B A A F & 3R A Bk 2022.12.27,
Hr22 F B2 5 A TACUC-DWZX-2022-070.

1E& Tk = BF

IERFHET ERRE ABFE TAK W5
XM EF TR EREY FERSEE NS,
R R S BRAE RARTR T & A% B S AR b
W RBERR A BAEER SRR AR IR
T A BAE GRRA B

EERHZPRAFEH

AEH BT TR A Ha A LR E TAE0 € 4n
ZiHA BIAAAK R,

S E UMk

[1] Odom M R, Hendrickson R C, Lefkowitz E J. Poxvirus
protein evolution: family wide assessment of possible
horizontal gene transfer events[J]. Virus Res, 2009, 144
(1-2):233-249. DOI: 10.1016/j.virusres.2009.05.006.

[2] Ichihashi Y. Extracellular enveloped Vaccinia virus
escapes neutralization[ J]. Virology, 1996, 217(2) :478-
485. DOI: 10.1006/vir0.1996.0142.

(3] A, EEN, L2M46, 5 Remas it st e[ 1] 0%
F2F R, 2022, 38(05) :1195-1205. DOI: 10.13242/j.
cnki.bingduxuebao.004188.

[4] Fang M, Cheng H, Dai Z, et al. Immunization with a
single extracellular enveloped virus protein produced in
bacteria provides partial protection from a lethal
orthopoxvirus infection in a natural host [J]. Virology,
2006, 345 (1) . 231 - 243. DOI. 10.1016/].
virol.2005.09.056.

[5] Shchelkunov S N, Totmenin A V, Safronov P F, et al.
Analysis of the monkeypox virus genome[J]. Virology,
2002, 297(2):172-194. DOI: 10.1006/viro.2002.1446.

[6] Papukashvili D, Rcheulishvili N, Liu C, et al. Strategy
of developing nucleic acid - based universal monkeypox
vaccine candidates [J]. Front Immunol, 2022, 13:
1050309. DOT: 10.3389/fimmu.2022.1050309.

[7] Akache B, Stark F C, Jia Y, et al. Sulfated archaeol
glycolipids: Comparison with other immunological
adjuvants in mice [J/OL]. PLoS One, 2018, 13(12) :
€0208067. DOI: 10.1371/journal.pone.0208067.

(8] KpPcHE, BHME, KR €. CpG-ODN ¥ i {57 () B 5%
PERLT]. rh S 2%k, 2014, 30 (10) : 1416-1418.
DOT:10.3969/j. issn. 1000-484X. 2014. 10. 027.

[9] LuF, Mosley Y C, Carmichael B, et al, HogenEsch
H. Formulation of aluminum hydroxide adjuvant with
TLR agonists poly (I: C) and CpG enhances the
magnitude and avidity of the humoral immune response
[J]. Vaccine, 2019, 37(14) :1945-1953. DO1:10.1016/
j.vaccine.2019.02.033.

[10] Davis H L., Weeratna R, Waldschmidt T J, et al. CpG
DNA is a potent enhancer of specific immunity in mice
immunized with recombinant hepatitis B surface antigen
[ published correction appears in J Immunol 1999 Mar 1,
162(5) : 3103. Weeranta R [ corrected to Weeratna R |
[J].J Immunol, 1998, 160(2):870-876.

[T AR S Rl 3, SR AR , 45 . CpG BE & S5 4% 57 3 38 RBD-
Fe 20 8 1115 5/ BB 9% SO ROCR I WF S L] 9 28 2
R, 2023, 39(06) : 1549-1560. DOI: 10.13242/]. cnki.
bingduxuebao.004412.

[12] Toannou X P, Gomis S M, Hecker R, et al. Safety and
efficacy of CpG - containing oligodeoxynucleotides as
immunological adjuvants in rabbits[J]. Vaccine, 2003,
21(27-30) :4368-4372. DOI1:10.1016/s0264-410x(03)
00437-7.

[13] Bravo L., Smolenov I, Han H H, et al. Efficacy of the
adjuvanted subunit protein COVID -19 vaccine, SCB -
2019: a phase 2 and 3 multicentre, double - blind,
randomised, placebo-controlled trial[J]. Lancet, 2022,
399(10323) : 461-472. DOIT: 10.1016/S0140-6736(22)
00055-1.

[14] Campbell J D. Development of the CpG Adjuvant 1018
A Case Study[J]. Methods Mol Biol, 2017, 1494: 15-
27.DOI1:10.1007/978-1-4939-6445-1 2.

[15] Sanderson C M, Hollinshead M, Smith G L. The
vaccinia virus A27L protein is needed for the microtubule
- dependent transport of intracellular mature virus
particles[J]. J Gen Virol, 2000, 81(Pt 1):47-58. DOI:
10.1099/0022-1317-81-1-47.

[16] Agrawal S, Gupta S, Agrawal A. Vaccinia virus

proteins activate human dendritic cells to induce T cell



EEER A I T R Y A R B e RO AT - 7

responses in vitro [J]. Vaccine, 2009, 27 (1) : 88-92. mice from mpox virus challenge [J]. Front Immunol.

DOI:10.1016/j.vaccine.2008.10.031. 2023, 14. 1203410. DOI: 10.3389/
[17] Foo C H, Lou H, Whitbeck J C, et al. Vaccinia virus fimmu.2023.1203410.

L1 binds to cell surfaces and blocks virus entry [19] Yang X, Yang X, Du S, et al. A Subunit Vaccine

independently of glycosaminoglycans [J]. Virology, Candidate Composed of Mpox Virus A29L, MIR,

2009, 385 (2) : 368 - 382. DOI: 10.1016/]. A35R, and B6R Elicits Robust Immune Response in

virol.2008.12.019. Mice. Vaccines (Basel) [J]. 2023;11(9) : 1420. DOI:
[18] Tang D, Liu X, Lu J, et al. Recombinant proteins 10.3390/vaccines11091420.

A29L., MIR, A35R, and B6R vaccination protects

Prokaryotic Expression and Evaluation of the Immune Effect of the Proteins of
the Monkeypox Virus

WANG Xuechen'?, LI Tao’, YANG Xiaolan’, SUN Yakun®’, WANG Hui”, WANG Fengxue"

(1. College of Veterinary Medicine, Key Laboratory for Clinical Diagnosis and Treatment of Animal Diseases of Ministry of Agriculture, Inner
Mongolia Agricultural University, Hohhot 010018, China; 2. State Key Laboratory of Pathogen and Biosecurity, Institute of Microbiology and
Epidemiology, Academy of Military Medicine, Academy of Military Sciences, Beijing 100071, China)

Abstract: Monkeypox is a zoonotic disease caused by infection with the monkeypox virus. The development of
vaccines/drugs that prevent and treat monkeypox specifically has become a global research priority. In this
study, A29L., E8L, and M1R, as the main antigen proteins of monkeypox, were used as the research subjects.
A His tag was added to construct plasmids as well as to aid their prokaryotic expression and purification. The
expressed protein was identified by sodium dodecyl sulfate - polyacrylamide gel electrophoresis and western
blotting. Subsequently, mice were immunized with these three antigen proteins combined with the adjuvant CpG
-ODN 1826 or Al adjuvant. The ability to bind antibody and bind neutralizing antibody of the trivalent vaccine
was determined by enzyme -linked immunosorbent assay and virus plaque reduction neutralization assay. The
recombinant proteins A291., ESL, and M1R were expressed in soluble form after induction, and the expression
and purity were high. An intramuscular injection of a trivalent vaccine with CpG-ODN 1826 adjuvant combined
with Al adjuvant showed a high ability to bind antibody and bind neutralizing antibody. This study provides a
basis for the development of vaccines/drugs that target monkeypox specifically.
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