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BT Y, TG ER IR RN R FEZ—. KPR A RV Z R4 43R viral protein
8" (VP8 ) A ek, IRE DA KIR A EAVPS (5 65-223 1o R L BR), A #4& — FIKAVPS -sc-dimer.
KA pET-30a(H) B LR AT R AF UM ZTUES, AL LERMEREF P FRIARG R
T, AR AR A RV L5 5 3 RAEA 2R . [ k] @i A WA K FAVPS -sc-dimer
B35, iE A R R A AR 5N pET-30a(+) Rz A X B AR, FLte) A EEG 5127 AddaVax
A, WLRES 6-7 Bl# BALB/c ) R KA BBk %, 7% R 3K 38 (enzyme linked immunosorbent
assay, ELISA)#& ) s 7 F AVP8 4% F M 4 8 B, B it s & F Ao iX B0 3746 % 5 fo i 49 F Fo i
[4R] R RA LT AVPS sc-dimer TLLEF &, #4/E 2 H 90%; ELISA 4R 2+, AVPS 41
F2 AVP8 -sc-dimer 2044V 5 335 F % & T AVPS 45 F 44k, HAVPS -sc-dimer LA 3/K 8 B B & 5
FAVPS 20, s F AiXIe R0, 2 40 % 9% f i 3T F A= RV Wa #k, 2+ AVP8 -sc-dimer 21 &) F
FoRRAE R Z 8 5. [4#4] AVPS -sc-dimer I 3£ 15 & ¥ T A 2R LA = 4 435 RV Wa #h 8
FKF A, B AR EMTAVPS . BA B % R M AVPS 4k — AR R R H A A
KRVEGHEZZERR, BANLAMN®.
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Single-chain dimerization enhances the immunogenicity of
rotavirus AVP8* vaccine

WANG Chunyu"?, SONG Zhiyu*, HUO Yan?, LI Han®, JI Huiying', ZHANG Tianhao?,
LIU Zhimin*?, FANG Rongxiang’, ZHANG Lili**

1 School of Clinical and Basic Medicine, Shandong First Medical University & Shandong Academy of Medical
Sciences, Jinan, Shandong, China

2 State Key Laboratory of Microbial Diversity and Innovative Utilization, Institute of Microbiology, Chinese Academy
of Sciences, Beijing, China

3 College of Veterinary Medicine, Shanxi Agricultural University, Jinzhong, Shanxi, China

Abstract: [Objective] Rotavirus (RV) is a major pathogen causing acute dehydrating
gastroenteritis in infants and young children. Currently, no specific therapeutic drugs are available,
making preventive vaccination the most effective strategy for controlling RV infection. We targeted
the RV receptor-binding domain viral protein 8" (VP8") and selected its functional region AVP8"
(amino acids 65 — 223) to construct a single-chain dimer AVP8 -sc-dimer. We expressed and
purified this recombinant protein in a prokaryotic system using the pET-30a(+) vector and evaluated
its immunogenicity and neutralizing antibody induction capacity to provide scientific evidence for
developing safe and effective RV subunit vaccines. [Methods] The AVP8 -sc-dimer sequence was
synthesized and cloned into the prokaryotic expression vector pET-30a(+) via homologous
recombination. The purified recombinant protein was formulated with AddaVax adjuvant and
administered to 6 to 7-week-old BALB/c mice via intramuscular injection. AVP8 -specific IgG
antibody titers in sera were determined by enzyme-linked immunosorbent assay (ELISA), and
neutralization activity of immune sera was assessed through virus neutralization assays. [Results]
The recombinant protein AVP8"-sc-dimer was successfully expressed with 90% purity. ELISA
results showed that both AVP8" and AVP8 -sc-dimer induced specific anti-AVP8" IgG antibodies
following immunization, with the AVP8 -sc-dimer group exhibiting significantly higher antibody
titers. Virus neutralization assays revealed that immune sera from both groups neutralized the RV
Wa strain, with the AVP8"-sc-dimer group showing significantly superior neutralizing antibody
titers.[Conclusion] The AVP8 -sc-dimer subunit vaccine effectively stimulates high-level antibody
production against RV Wa strain, demonstrating significantly enhanced immune responses
compared with AVP8". With its excellent immunogenicity, AVP8 -sc-dimer represents a promising
candidate antigen for developing novel RV vaccines with substantial clinical application potential.
Keywords: human rotavirus; subunit vaccine; recombinant protein; AVP8" homodimer;
immunogenicity
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R 75 (rotavirus, RV)J& JLE R 71 H
R EERG, TE2EKE NS BUR B KR
RAGET- R, PRI A EZI = EL A
2009 A, A T A 4 41 (world health
organization, WHO) £ ISCHF 1 IR 98 27 17 452 17 40 A
R s LRI, # % 2024 4E)E, RO A
127 EZHAZE RV ZEH A B K gt
HAT, ©F 4 FhdeRopm dE a5 i il WHO
ROBIAIE, 235 Rotarix (I ARFSIRIREEIGFEH
RIX4414 ). RotaTeq (1 R FLH 5 o 58 R % 7%
1G¥EWT) . Rotavac (T ARFSIRIGFEIGFE R, 116E
#)Fl Rotasiil (I AR FLAFIR TR )T 22
APyl S AR5 T AR 7 B SRR LT 2001 AEAE
FE A T, (R T R R E R R
R — 4, HE 3 R A AR R R
95504 W, 7E & 3K E 4 Rotarix Al RotaTeq
() T B A ORI 85%M ., Bk, 2 iE
W B LA PRFER R, X 2 Ff
T AEAR WA H K WA RORAN 61% . 78
hE, SR R 2R 3 5 RotaTeq #& 1 AY A 3K
M2 85%-97% 1, Hefh 1-3 B R A
BOPENIAE 35%—77% Z [a]ls1e]

AR T A T A R, T R R T
I REARORP R Sy . SR, HIk RV BEHAF
I KM EZNNE . BHESZE M TE
J i B BB A W TR B M 7 DL 2, W S 3k
H—fC AL RV 1 Rotashield 7F_F i —4F )5 ¥
38 45 U A B — AR % 1 40 RotaTeq Al
Rotarix & KMRFEMK T X — KU, HEARREE S
TR PR, LD S IR 5 ) R A R 7 92 v
BRI A A Y F R BE 2[RI, 38 kG
W BB R BT, WA R T A T PR
PO, B 20N AR, AL, R
Al REE TR Re M ™ AR, HurxX AR
AN TS BE W o B P T 8 HAA A
ARENE, AR TAEGOIRA PR ML X i A7 Flis
By, MIREARNA, $emeii g nl Stk K,
SV A7 2 S A A SR8 T P AN R Y [
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WALt . bR A3 14 7 R e 3 16 R
G5 55 SR A i e v & e E

RV J& TPl D05 2 B R 22 I8 1) Jo i
XEE RNA R, 3 JZHEAKTH 11 KA
A BEARPY, gnity 6 FhARLEM R 6 FhZh
HH . MY viral protein 4 (VP4)Fl viral protein 7
(VPTRBL R AT #E— 2053 P R AN G LA
RPN HRETC S 42 A G L AR 58 4 P
LR Horp G1-G4. G9 F1 P[8]. P[4] 5 P[6]
FE 4Bk N a2 B R R A B TRAT
BRI W0 B B ARk, TR L G9 il P8]
R el ), VP4 T 2R K i VRS
Al viral protein 5 (VP5")J5 A BES ik 12 AR HE
A, Hob VPSTIE I TE 5 15 E AN A2 IR
PEGSEPO, IR TE & AJE RV AV 1
IFRAR AN 5 X VP8 BRI h R A K
VP8 (1-231 { R HEIR)1E KA R G K ikt 2
TE WA 1] ¥ AL RS20 R Rl GST At
Jo HAT IR AR R IR AP R 2R
VP8 B R BN rl s, HEHEA
ek i T MAEBR N s 1-64 (U4
FERR S, BUE R VPST (AVPST, 65-231 i 44 Kk
M) 2 B AR i 10 AT P A8 1 A 3k K L,
W AT TXAVPS B R IARZEREO ) I % BT
A VP8 S AT R S 7 T X A K NP
ZFPLL AVPS HHALH AR A R TR 1
SERIIEIFE, ARl G R R EE 2L A2 Ik P2
AL R R AJCHE B WAL, Hih, P2-AVPS®
b H b TR AR B e i e,

o T A SR 7 T A AE 5T R e A
S0 IRIR B 32 A 45 A 3 (receptor-binding domain,
RBD)HY 3¢ — B{K(RBD-sc-dimer) ] i 242 /5
SV, L) RBD-sc-dimer A5 AT ZF2001
EFE R 2% 50 v i A5 R RS B A
X Ry R A E B S R A R T E
BEPY, ik — A AVPS I G R, A
FELL RV B AVPS N HIL N, 3T T o hE R IK
(AVP8"-sc-dimer)4ith .
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1 ®E5FE

1.1 RV SHRMMARE E K

RV Wa Bk HH H 120 10 By 42 il b R4
LK Yl GIP[8]. K W #T B (Escherichia coli)
BL21(DE3)/#%52 &5 41 jfd ) it ki pET-30a(+)34 14 H
T EREYRH A R A
1.2 FERFFLEE

FORLHEBGAR &, Corning 2 Fl; BRI
12 N VI Nde 1 Fl Xho 1, New England Biolabs
vHl; DNA srFibrich) . S BgebRicy .
= Uk B DNA R & B LI & 3 5 b 5 & Ot
(enhanced chemiluminescence, ECL) Ji& ¥ ,
ThermoFisher Scientific 22 A ; DNA & i [7] ik
&, Promega A F]; [AURE LMY, Vazyme 2
Al s BUR o 4 fk ¥ B (horseradish peroxidase,
HRP)BIKAY 6 His-Tag FyREDTIA, R =84
VHEARAWRAE; HieE, g es=ZRa
FRAF, =R I S S (Tris), JbatFE/Ri
EYEARARAA; BEAK. BEE B,
IRy A IR | AR TRy, db 5tk
R H R/ Al AddaVax {5 . HRP {BEE 1L
F $t Bl IgA, InvivoGen 7% F] ; Ni Sepharose
excel, Cytiva 2y A); 3,37,5,5'- DY H LB K i
(3,3",5,5' -tetramethylbenzidine, TMB) i %% , b
U E BB A ARA RSN BRI A
LI L EPT R 1gG, KBRS (b))
HIRAT; KA K, Macklin 24 75 BEWE,
Sigma-Aldrich 23 &) 5 A% FR 75 1% ## 2 (minimum
essential medium, MEM), Boster /A F] .

IR = TR AN, TN R Re A K A= Rt
Fo ey B BR 2w 248 A W g3 56Ok B it
SHIMADZU /A ®] ; PCR ¥ , ThermoFisher
Scientific /Al ; A& HEROE % B H R, Azure
Biosystems 2\ Fl 3 fifFR %, Tecan /A F]; HiLoad
16/600 Superdex 200 pg Bt & (154, Cytiva
2% A s AKTA pure £ H 2i fL X &% , GE
HealthCare A H] .

1.3 RIEHMAEE

RV Wa 5tk AVPS (1) 2 38R ¥ 51 K IR T 1%
FERRIY VP4 2K (GenBank 55 FI423116.1),
VA% AT TR Y 51 H22 BRI WA FF P 1) 2 0 7 O 2 1 2
A, N T AVPS -sc-dimer, K 2 4~ HiK
S F B o AT S T fk, Il 2 3L
AT R IT 5 22 S R AT RE K . b ) i 3
K91 4= (R o & W s AR R A PR |,
FEARIE A LA HE R S 3T BS54 AVPS'-F
(5'-AACTTTAAGAAGGAGATATACATATGTTG
GATGGTCCATATCAGCC-3" ) #1 F ¥ 51 ¥
AVP8'-R (5'-TCAGTGGTGGTGGTGGTGGTGG
AGACCATTATTAATATATTCATTA-3"). A&
() AVPS 3 [H S/ AR, R L35 1 4
TFUFS 43T PCR §74 . PCR JZ WA Z (50 pL):
5xPhusion HF Buffer 10 uL, dNTPMix (10 mmol/L)
1uL, E. F¥FI4(1 pmol/L)4% 2 uL, DNA #
Mt 1 pL, Phusion DNA Polymerase 0.5 pL,
ddH,0 33.5 L, PCR [ J %44 98 °C iz i
2 min; 98°C 48t 10s, 55°C3iE .k 30s, 72°C
FEAH 30 s, 28 MEFR; 72 °C AFEfH 10 min, ¥
P8 AVPS LA i B i [l PR 4 A4 e
2 [ Nde 1 Fl Xho 1 WL Y) () pET-30a(+) 24 ,
93 F 4 ki pET-AVPS™, = IR[EIRER v, LU
519 %F AVPS -sc-dimer-F (5'-AACTTTAAGAAG
GAGATATACATATGTTGGATGGTCCATATCAG
CC-3" ) F1AVP8"-sc-dimer-R (5'-TCAGTGGTGG
TGGTGGTGGTGGAGTCCATTGTTGATGTAC-3")
P 1 AVPS -sc-dimer I i & pET-30a(+), 5%
20 ki pET-AVPS8 -sc-dimer. 4 2 il /¥ iF 1
A 2H TR A3 %Ak E. coli BL21(DE3), 3453
MR, ¥ EAERIRAFE T-80 °C VKA & HI .
14 FHEF|EAFRIESHAK

B TR 2H FORLAY E. coli BL21(DE3)%FH T
LB #5525 (g/L): AR FI R 10.0, BERHE Y
5.0, Ffk4H 10.0; £ 37 °C. 220 r/min 54T
K98 14 hy SRS 4418 1:1 000 % B 21 37 ff 1)
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200 mL LB} 55 %Emh, 37 °C ks 35 E X040k
£, Bl ODgo=0.4-0.8; #J0 1 mmol/L IPTG,
1E 16 °C. 150 r/min 3535 12 h; 4°C. 4000 r/min
B0 15 min YWWEER, 76 80 000 kPa 45/ T it
FFHIRIERE, 4°C. 4 000xg 50> 30 min J5 435
WedE F¥ET, i@ id SDS-PAGE 454 % il 4%
WY R T A B s SRR L, AR
H R RACE T A T SR 1 pg 4+ M8 H &
I (bovine serum albumin, BSA)/E A & [ i % 1=
FrRUEN, 83 SDS-PAGE 4y B ke m, %
LW et BER MR R HE R G5
ICRAESG , K Tmagel EIMG 5 M 8 1F 04T 257
IKBEAB AT o L FL B H A 457 5 hm v b (4 K
JE AT E =53 -

AT E A EA S, FIH His brss ok
Maifb R E A E A SEE R RS
R 0. 20 F1 40 mmol/L DK MK (1) 2% wh ik Uk
WAERE SRS A, HJE A 250 mmol/L Bk
W ) 97 MR PRI B . IR VR W )
ff A 1xPBS (0.137 mol/L NaCl, 2.7 mmol/L
KCl1, 0.01 mol/L Na,HPO,4, 1.8 mmol/L KH,POy,,
pH 7.4) EAT B 40 I0 4 8 W 4 2 AR U 8
500 uL, BJ5 12 000xg B.0> 10 min ZEBR24 5 .
X RINEMAE AR LA, #Lk 500 uL EFE
B B RE 28 2 HiLoad 16/600 Superdex
200 pg BERGE IR (IR, T HMEAN D TH
AT — gtk . RS HRYE A2tk oe
4 A ] 118 S 56 I R RN A% 1 % 2 R AR i A 241
PEATXT B E AR B et NI REAEAR
RSk, ¥l irfs i & R AL 48 SDS-PAGE
o B a2 R n | & M (polyvinylidene
fluoride, PVDF) i I . fii F 5% I JE Wk [ T
Tris-buffered with  Tween-20 (TBST)
(0.137 mol/L NaCl, 2.7 mmol/L KCI, 10 mmol/L
Tris, 0.1% Tween-20)H1], 7E=E NEH] 1-2 h,
B H TBST 22t e 5 ¥k, Bk 5 min. il
A HRP 18 ¢ i 31 6xHis-Tag /) B8 77 B 1 44
(1:5000 7 k%), EiRWHE 1h, Sl ECLIE

saline
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Yy ik AR ASGHAT W S AT
1.5 MR&EE

e 6-7 J& i i BALB/c /) FL(BALB/c
mouse) I T BE S o KL/ N RBENL R 3 4
(B 5 H), il4fl 1, 5 F1 10 pg EAEH.
fii 1] 1xPBS ¥ & HEAMBER 250 L, RS
SR AddaVax i R G 5 AT IILN ST
235 AR 2 i FH S R B S R B 1 R VR AR T
PBS X JEZH D) fiff FH S5 FR Y PBS. & HU/INEUAY
VRSP R R 100 uL, A3 BIEZE . A7 e RS R G
50 uLo K E R RER) H B WA 0 K,
AT R MIEFEA . 430 F 55 14 XA 28 K
HEFT R ORI =R s . FESS 35, 57 Rl 88 K
SRAEMIEREA, 2085 W IS 667 T80 °C ¥k
e T IR 22505,
1.6 ERELF & IR Mt 3

oK FH ELISA J5 36 6 I IfiL 375+ B9 AVPS k57
PEPUAOKT, B IRIT . 96 FLAREEFLINA
100 pL £ 8% 2% Wi (7 100 ng AVPS HE 4 ),
4 °C WP SE PR B s B 57 R
TAL A 100 pL W (5% B R W5 0 % T
1xPBS), 37°C 5 1 h #4741 235 H 200 L
phosphate-buffered saline with Tween-20 (PBST)
(% 0.1% Tween-20 [ 1xPBS ¥ )YER 3 X, Fi
W 5 min 58 BLUE AR A5 B 5 B S0 g i i
1xPBS #4145 AR BE(50-819 200 %), ALINA
100 pL i BE UMW , 37 °C W5 HE 1 h BEAT ke 2
Ny Ve 3 WG, ARSI AR 2 50 i A K 1
—¥t, IgG KMAEFLINA 100 uL HRP ARic i1l
FH/NEL 1gG ZHi(1:5 000 i kE), TgA & hn
A 100 pL HRP 453 i th 2 do/h B IgA —$i
(1:2 000 HiFf), 37°C HFF 1 h; FHRPEMR 3 1K
&, BN 100 uL TMB S AJEY), 37 °C
JEWE R 10 min AT AN, BES A 50 pL
2 mol/L HpSO4 2 1k 2N 5 $5¢ Ji foff FH il s £330 5
A5 AL IR B (B 58 A T
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1.7 4ApEhFNAIE

4 Microbiological Associates-104 (MA104)
LR T 96 fLAR T, K5FE 16-20 h BIE A
25 RIS, B FE IS 7E 60 °C 7K A T m A
30 min DL K IG#MA s Bl JEKF RV Wa BER7E = 1k
AbAk, A E N 10 pg/mL T2 b 2
I (ethylenediamine tetraacetic acid, EDTA) fifi [if}
(500 puL G EE R +2 ul 0.25% JBERHAW), 37 °C
BEE 1 h AT EETG AL 7E 96 FLARH, FH 30 uL
£ 2 ug/mL BT MEM SRR IS HEAT 4 54
JERRE ;s BIEAE e 5 2 pg/mL AR 1Y
MEM Fi B2 200 TCIDs, Ff5 S5 AR A B 1ML
THIRA, 37°CHFH | h ¥EAFrR A1 N 3 FJCI
i MEM PE¥% MA104 4 3 s, AFLmA
20 uL M- FEIR AW, 37 °CHFE 1 h 40
YL EBR RWEE, INAH 0.5 ng/mL Y
MEM, 37 °C 53229 3 d, VLB G 78 5500 5
& H Reed-Muench 313 H HIFTIARZL MY, & X
HRENE ORI 50% 1 AN i T 32 9 TR IR L T AN &A=
o 722 P I 375 e e s R 2
1.8 Fitoih

R Prism 10.1.2 3k {2zl K R IF 2174811
AT, B LAV BB 75 1 25 (meantSD) KR -
K WA & )5 22 43 B (two-way ANOVA) H %5
AVP8 Fil AVPS -sc-dimer 2 Fid i 78 A ] G2 71
(1. 5. 10 pe) B P IE AL 22 57, JF R
Tukey Z 5 LRI UE T2 I PO LEAC . XA
[) B[] 5 (56 35, 57, 88 KRBT & sh 57
b, R HIFR R J5 2273 1 (one-way ANOVA) i
T2\ AT Git%2E5 1L P<0.05 i3
PERRIE
1.9 =h4IeIE

A FE I A Bl S 50 A A5 b T 4 3 ) A 51
55 Bl e ARAT BR 2 BIHLAL 5256 30 4 48 B A
Z At AL S . P202507140001), FEAR
I8 3 40 S 10 B 2 5 2 T B AL 1) S 06 B Ay 4 P
R T

2 HERS5MHT

2.1 AVPS8-sc-dimer FIZEH) 43

YTFAVPS (FIEFRITFEE 62-223 7)) A
LERE TR, L Wa BEbREY AVPS gtk
MR (IR SE Los—Lons), TiTHHEE | HIERREE
R I& AVP8 -sc-dimer. [ 5 #1 ] AlphaFold #iI
ESPript ZXU5HZ AR L5 TN 40T, IF
5 SCRRARGE (1) B LS R A T LA, SRR
JET RV [AVPS ARLE R 5 V5 T e A R
B (1) RH 0 25 46 3 EL A v BE AR o #E RV 1Y
AVP8"-sc-dimer H1, 2 IERIE ke i — R ALh
H, A ERARTE S AR G R AR A, B
A PR T RSB R RN = YR SE R H 5 R AR AR SE Y
EE—E (A 1), ZEATIMEE LN, % RV SRR
f) AVPS -sc-dimer REMS IS5 B [R] i) S BT
e, TR R e MERAAIE
2.2 AVPS8'-sc-dimer 7& Escherichia coli
P AAaRE N EMFRIE

JR ¥ 2 45 235 AVPS  HIl AVP8 -sc-dimer 1
P s Pl 2A 7R . AVPS -sc-dimer Hi 2 4~
AR T AR, TR RIS AR S R
FIERITH . 2P Bk iy 3L R R B 43l v [
% pET-30a(+) ik # AR, #4524 kL
pET-AVP8" I pET-AVP8 -sc-dimer. 20 Jii ki i
JGEALZE E. coli BL21(DE3)Ftk, IRIGFIAHIE
BL21(DE3)-AVP8 il BL21(DE3)-AVP8"-sc-dimer.
i1t SDS-PAGE 43-#ral ., IPTG if5'F /5 2 fhE
AP DA A T A . A8k e
e R UK %, AVP8 HI AVPS -sc-dimer (1) 15+
439055 e T R P 51 Y BEE TN AE e R — 3K
439124 19.2 kDa i1 37.4 kDa (/& 2B). LA#i His
PR PiARIELT Western blotting 3 AT i — A IE 52
T I 2 FhEE AL R A i (B 20),
FEAMF 58 S B R A% R R, AVPST AN
AVPS -sc-dimer Y35 77 it 4351 1T ik 24.5 mg/L
F117.0 mg/L K5 i, FRIAIZFRIE RGRENE =3
AR 2 FPEAE A
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A B

— LDGPYQPTTFTPPNDYWILINSNTNGVVYESTNNSDFWTAVVAIEPHVNPVDRQY TIFGESKQFNVSNDSNKWKFLEMFR
2 \ (yﬁl ()5 l —1-1
I c
/ SSSONEFYNRRTLTSDTRLVGILKYGGRVWTFHGETPRATTDSSSTANLNNISITIHSEFYIIPRSQESKCNEYINNGLLDGPY
\ 145 22365
\Y)
QPTTFTPPNDYWILINSNTNGVVYESTNNSDFWTAVVAIEPHVNPVDRQY TIFGESKQFNVSNDSNKWKFLEMFRSSSQNE
70 150

FYNRRTLTSDTRLVGILKY GGRVWTFHGETPRATTDSSSTANLNNISITIHSEFYIIPRSQESKCNEYINNGL

151 223
C—— B-sheet —— o-helix

E1 AlphaFoldFUAVPS P[8]-sc-dimerfIZE BLEH . A: T AY = Z4h 44 /R 72 R [4f 0 X A0 RN 45 4
BU(AVPS™ 1, Les—Lys), #E@XKIICERCHLAE(AVPS” 2, Les—La), 2/ BEREEIE A — BRI
ZER]; Be TN AY G5 R HES R [5A BAAR  — A5 A 5 SRR E 19 AVPS A% 1% L% (nuclear magnetic
resonance, NMR)Z5 A4 AT R 2R St A 73 W 2 SR ELAT e AR UMD

AlphaFold-predicted protein structure of AVP8 P[8]-sc-dimer. A: Schematic diagram of the predicted
tertiary structure (The green region represents the N-terminal domain (AVP8*_1, L¢s—Lap3), and the blue region

Figure 1

represents the C-terminal domain (AVP8" 2, L¢s—L,3); The two monomers form a dimer structure through a
connecting peptide linker); B: Predicted secondary structure arrangement diagram (The secondary structure of
each monomer shows high similarity to the AVP8" NMR structure analysis and X-ray crystallographic analysis

results reported?®®).

23 FEHEHAVPS' 5 AVPS -sc-dimer
:pEakte

i T AVPS  Hl AVP8 -sc-dimer 3= 22 L) A] %
XL T4, % nickel-nitrilotriacetic
acid (Ni-NTA)EFUZ AT FIEE RS 8210 2 Ak
AT ER F2lifl . B Se B O A B AR A = R
WEWRARIS TR R T, RS AL Ni-NTA ERIZ
Mrafifh & His &M EHE N, RaguEmtE
EArit—2E A, WS B bR AR PE .
BRI UE R R s, BEAYEHH—
X AR 22 IR S B R 35— (&
3B. 3D). SDS-PAGE Zr#r4i R0, 4ifkfmmy
AVPS FII AVP8’-sc-dimer 75 Fii il 73 ik 15 5
2%t (B 3A. 3C), T EER IR RS K
ST 2 PR LR ZE R 3 iR ) 92% Fil 90%, 1
JE SRR PRSI ER . MR o T HEBL A 1S 4 AT
gL R VR S, 454 SDS-PAGE #aliE
SN M S  XF Al AL R FRE AT B O

P4 actamicro@im.ac.cn, 78 010-64807516

ZL ARG I 2 95 B A JURE (virus like particle, VLP)
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#719.2 kDa, AVP8"-sc-dimer#J37.4 kDa)].

Figure 2 Vector construction and expression level detection of recombinant proteins AVP8™ and AVPS§ -sc-
dimer expressed in Escherichia coli. A: Schematic representation of expression cassettes for AVP8 and
AVP8 -sc-dimer [T7 promoter serves as the promoter sequence, Lac operator is the lactose operon, RBS
facilitates ribosome binding for translation initiation, AVP8’ (Lg¢s—Lap3) refers to the amino acid sequence of vps®
domain from Leugs to Leu,ys, 6xHis is a purification tag composed of six histidine residues, N and C represent
the amino terminus and carboxyl terminus of the peptide chain, respectively]; B: Representative image of SDS-
PAGE analysis of recombinant proteins (M indicates protein molecular weight marker; Lanes 1-3 shows total
soluble proteins after IPTG induction of BL21(DE3)-pET-30a(+) empty vector (Lane 1), BL21(DE3)-AVP8"
(Lane 2), and BL21(DE3)-AVP8"-sc-dimer (Lane 3), respectively); C: Representative image of Western blotting
analysis of recombinant proteins using anti-His tag monoclonal antibody as the primary antibody (M indicates
protein molecular weight marker; Lane 1 shows A VP8 recombinant protein; Lane 2 shows AVPS8 -sc-dimer
recombinant protein, arrows indicate bands corresponding to the target proteins with expected molecular weights
(AVP8" approximately 19.2 kDa, AVP8 -sc-dimer approximately 37.4 kDa)).
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Figure 3  Purification analysis of AVP8" and AVP8 -sc-dimer recombinant proteins. A: SDS-PAGE analysis of
AVPS8" protein after two-step purification (M represents the protein molecular weight markers; Lane 1 shows the
AVPS8” protein samples after two-step purification); B: Size exclusion chromatography profile of AVP8” protein,
displaying a single symmetric peak; C: SDS-PAGE analysis of AVP8-sc-dimer protein after two-step
purification (M represents the protein molecular weight markers; Lane 1 shows the AVP8 -sc-dimer protein
samples after two-step purification); D: Size exclusion chromatography profile of AVP8"-sc-dimer protein, with a
symmetric peak.
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Figure 4 Comparative analysis of serum-specific IgG and IgA antibody levels in mice immunized with
AVP8"-sc-dimer versus AVP8’. A: Schematic diagram of the mouse immunization and serum collection schedule
(Gray arrows indicate immunization time points (days 0, 14, and 28), and red triangles indicate serum collection
time points (days 35, 57, and 88)); B: Effect of different immunization doses (1, 5, and 10 pg) on serum-specific
IgG antibody levels at day 35 post-immunization (The AVP8 -sc-dimer group induced significantly higher
antibody responses than the A VP8 group across all dose levels (****indicates P<0.000 1)); C: Temporal
dynamics of serum-specific IgG antibody levels in the AVP8 -sc-dimer immunization group; D: Serum-specific
IgA antibody levels at day 35 post-immunization with 10 ug of AVP8" and AVP8"-sc-dimer. Data are presented
as endpoint titers in logarithmic scale (logj,), with bar graphs showing mean+SD. Results were calculated from
serum samples of 10 mice (#=10) from two independent immunization experiments, with five mice per

experiment.
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Figure 5 Comparative analysis of serum virus-
neutralizing antibody levels in mice immunized with
AVP8"-sc-dimer and AVP8". At all dose levels, the
AVPS8 -sc-dimer group induced significantly higher
neutralizing antibody levels than the AVP8" group.
Data are presented as endpoint titers after logarithmic
transformation (log)o), with bar graphs showing
mean+SD. Results were calculated from serum
samples of 10 mice (n=10) from two independent
immunization experiments, with five mice per

experiment, * indicates P<0.05.
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