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# I EE (Getah virus,GETV) 2 IHH AR EF RN FER A2 —, PitdAE
TAERRIEANRAZ ELZ M ALY . GETV Rl SR RER I R, SRR 5,
RIAWTE =80 ARG S, WRICAEIET & 5 BRI DL K 5% i 45 1
RIEIR . TR, ERERZ N0, Rl iHIX, GETV MEjs L2741
B, — BN BIERE AR ST, BATHARAE XS GETV B 1% 1 ks
ROBIT 245, KL, XT GETV MBURHLE]. 70 AW ETTRAIKRIE R, BAFTN
B, El AR T GETV KR —FREBREE E, w25 35 A1 3 40 )
MG, £ GETV R4 KIEEZEH . ik, REFFUH& 7 Re08 4 = i)
GETV E1 &AM B aEhiik, JHilid Western blot X H bt S AL AT IR A D Hr AL 5
PLENZEN GETV HFIALIAN E1 25 A ShRERFMEE L3R it T T H.

A W 6 UF 55 K 22 09 55 1R 45 7 B 1 7E 3 B3 L R S b ] i AR A i A, R
e TR TR . PR O LB e LG ). N2 s kiS5 5 i
RYEBEEZEA, (HEAIKT GETV EE ORI RerIs fi b Ak, ARF5TE
I AEL 0T GETV I AT 7 N-FEEAL AL s (300, FIH GETV Jx [m)igi % 454
4% GETV El. E2. E3 B2 H KIS EME AL AL b TR A2, LARST GETV & H N-
BRI AT 5 B RASKT T B AR KRR YL RE ) BRI RE e, S GETV I B
FAL B AR I SR AL S H AR

FEHFRANEMT:

1. GETV E1 A B IwEHARH & LK EE

AW AL SR FHTELE 6t GETV E1 8 AT 7 ST SR Bk b, B0
KMEX IR (31-182a2) HIMZTFIR Fr BAAEE 2 pCold-TF JFAZRIAH A L, HHATHMERIL.
aif s, 4% 7 TF-El1 A EH, JFFIHOARER AR/, A5 RS ER,
JIH A& T —FREER GETV E1 S AR ESUAR E1 1C9. J5 220 3R13 1) B k47 4=
Vi sE, SRR\ ZBRPR R R IR GETV E1 &£, & T IFA. WB .
b5, i o DA I T VER PR RAATE E . ARRY, ZEPIPUR RN
GETV El EAMZE 73-78 &4 (PRPDYQC™). BiJ5, 5 NCBI L& &)
GETV #FR AT HERT, 45 R B RIZPUREAAE GETV #bkrh s B AR AT .
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54 GETV (E2-N200/262A). GETV (E3-N11/57A). #RJai@ it Mg 4niumas. 3K
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Abstract

Getah virus (GETV) is one of the main members of the genus Alphavirus in the Old
World, which uses mosquitoes as the main vector to invade a variety of mammals. GETV can
infect pigs of different ages, and after infection in pregnant sows, it manifests as abortion and
stillbirth, while after infection in piglets, it often manifests as clinical symptoms such as
increased body temperature, hind limb paralysis, and ataxia. In recent years, in many provinces
in China, especially in the southern region, the infection rate of GETV has been rising, which
threatens China's pig industry to a certain extent. However, there is currently no vaccine or
specific treatment for GETV infection. Therefore, it is particularly important to carry out
relevant research on the pathogenesis and molecular biology of GETV. The E1 protein is an
envelope glycoprotein located on the surface of GETV particles, which promotes membrane
fusion between the virus and host cells and plays an important role in GETV infection of cells.
In this study, a monoclonal antibody that can specifically recognize GETV E1 protein was
prepared, and its epitopes were analyzed and identified by Western blot. The above content
provides a powerful tool for the detection of GETV and the study of the functional properties
of the E1 protein.

The existing studies have confirmed that structural proteins of most viruses can occur in
the virus infection cycle, especially the membrane proteins located on the virus surface. Virus
membrane protein glycosylation plays an important role in its replication, invasion, and
immune escape, but there are currently few studies on GETV membrane protein glycosylation.
To this end, this study used an online website to predict the N-glycosylation sites of the GETV
membrane proteins, and utilized the GETV reverse genetic system to mutate the potential
glycosylation sites of GETV El, E2, and E3 proteins. To explore the effects of the GETV
membrane N-glycosylation sites on the virus's growth characteristics, infection, and
pathogenicity, it provides a reference basis for relevant studies related to glycosylation
modification of GETV membrane proteins.

The main research contents are as follows:

1. Preparation and identification of monoclonal antibodies to GETV E1 protein

VI
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In this study, an online website was first utilized to analyze the hydrophilicity and
hydrophobicity of the amino acid sequence of the GETV E1 protein. The nucleotide fragment
of the hydrophilic region (31-182aa) was then constructed into the pCold-TF prokaryotic
expression vector for truncated expression, purification, and other processes, resulting in the
preparation of the TF-E1 recombinant protein. This protein was used as an immunogen to
immunize mice. Subsequently, through hybridoma technology, a monoclonal antibody E1 1C9
specifically targeting the GETV E1 protein was successfully prepared. Further biological
identification of the monoclonal antibody revealed that it can specifically recognize the GETV
E1 protein and is suitable for [FA and WB detection. Following this, the antigenic epitope of
the monoclonal antibody was identified using a step-by-step truncation method. The results
indicated that the antigenic epitope of this monoclonal antibody corresponds to the amino acid
sequence 73-78 (PRPDYQC®) of the GETV El protein. Finally, a comparison with the
sequences of GETV strains uploaded on NCBI showed that this antigenic epitope is highly

conserved among GETV strains.

2. Study on the N-Glycosylation Function of GETV membrane protein

This study used the NetNGlyc online website to predict the N-glycosylation sites of E1,
E2, and E3 proteins, and the results revealed that GETV El (N141) has one potential
glycosylation site, while E2 (N200, N262) and E3 (N11, N57) each have two potential
glycosylation sites. Subsequently, utilizing the established reverse genetics manipulation
platform for GETV in the laboratory, five single-point mutant viruses were constructed,
namely GETV (E1-N141A), GETV (E2-N200A), GETV (E2-N262A), GETV (E3-N11A),
and GETV (E3-N57A); as well as two double-point mutant viruses, specifically GETV (E2-
N200/262A) and GETV (E3-N11/57A). Then, through observation of cytopathology, gene
sequencing, and IFA identification, it was confirmed that the aforementioned recombinant
mutant viruses were successfully rescued. To investigate whether mutations in the N-
glycosylation sites of GETV membrane proteins affect the biological characteristics of the
virus, this study first analyzed the growth characteristics of the recombinant viruses and wild-
type viruses. The results showed that mutations at the E1 N141 and E3 N11/57 glycosylation
sites reduced the mutant virus titer by approximately 300 times, while mutations at the E2
N200 and E3 N57 glycosylation sites reduced the mutant virus titer by approximately 100

times. To compare whether mutations in the N-glycosylation sites of GETV membrane
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proteins affect the virus's ability to attach to and invade cells, real-time quantitative PCR was
used to measure the nucleic acid copy numbers of mutant and wild-type viruses. The results
showed that six mutant strains had higher abilities to attach to and invade cells compared to
the wild-type strain, but the GETV (E2-N200/262A) strain did not affect these abilities,
indicating that mutations in different glycosylation sites did not reduce the virus particles'
ability to attach to and invade cells. To evaluate the pathogenicity of mutant and wild-type
viruses to mice, suckling mice were intracranially and subcutaneously injected with 10%°
TCIDso of each virus, and their growth status and survival were observed and recorded. The
results showed that the survival rate of suckling mice inoculated with GETV (E2-N200A) was
higher than that of the wild-type group. On the 4th day after inoculation, the mice were
euthanized, and their brains, hind limbs, kidneys, and heart tissues were collected. Real-time
quantitative PCR was used to detect the virus load in each tissue, and the results found that the
virus loads in all tissues infected with the mutant virus group were lower than those in the
wild-type group. These results indicate that mutations in the N-glycosylation sites of GETV
membrane proteins not only reduce the virus's replication ability but also significantly weaken
its pathogenicity to mice.

Keywords: Getah virus; E1 protein; Monoclonal antibody; N-glycosylation
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#¥9EF (Geath virus, GETV) & —Fh I ALK RNA Wi, JETHWREE.
1978 4F, HA# Sentsui 55 A MRAE 1 % B MR A1 847 2 25 GETV, X2
e IR AL & B B iakiEl); vjE, 7EEE. R E%SZAE KA A
NPIEG GETV. B4 GETV WATIEEMY K, WHANEEERE. 4. EIEZ
WP EARZEER, CHIEA 21 D)5, GETV 2B kk i B g i hnel,
GETV W5, f&. 2. IR Z Ml Az, Hrh DAE R A 5 &, GETV 1]
SRS K. K&, KMEL sLEEIH IR = R, f0E8; &3 GETV I
FHDET: . SEPR R R R R 5 LG B BE e 2 B T BUiR JLAE 0, iRk,
% GETV BEASNWF R B HREAE AW 2, SIRHIER T ™ E RNk,

1.1 GETV iR %

1.1.1 GETV K433

GETV B TR A R TR, T 1955 41 YO D 20 74 IV i i b ) B 45 51)1%
TEE. FE B JE RO AR AR b 2 53 A A0 SR R I PR RE AR 73 P R T 5 R
AU A AR IR A R S AR RS WA R (CHIKV) ., 2F 00 0
(SINV) F1 GETV & AR M3E 2528 R M HRE AL R 8 8 MR 5440,
Hr GETV. CHIKV % J& T Semiliki forest i 85 &£ 7 410,
112 RAEEASEH

GETV FiF2EAN 70 nm FIBRIERR, 2 AR (T=4). GETV K
BRLT N NEREE BN — AN B ARG BRI E SR, B B
El fl B2 RO, WEZARGEH 240 N5 11 C EEAHRM, AT N EELNHE
FA (B 1. GETV E3 Ml 6K & EHILE RMRERRL R IMEER], HEATER TR
T BRI AR R — s A L,
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Kl 1 GETV ¥ 5 HLE 45 1 1)

Fig.1 Cryo-EM structure of GETV

1.2 GETV WEREH M

GETV H:[N2H 2 LI R4 RNA, 2KEERZA N 11000 £ 12000 ML HER. H 5’
A A LR S5, 37 M & poly (A) REHB. &R A& AN I i I i A
(ORF). ZE—> ORF i T H:K AT 2/3 (X3, ZwhY nsP1-nsP4 PUFPIELE MR H; 1%
X EH 1 26 SE3T, BB TAEIESE AT A5 R e . Jk
PRIZH 5 173 X2 55 A ORF, #5idmis S MM EH, M NS ConfkixZ C. E3.
E2. 6K. El & (K& 2).

26S promoter

5'UTR — LnsP1] nsP2 | nsP3 -L C |l|E2 Ilt 3'UTR
l Y J \ E3 6K J

Nonstructural protein ORF structural protein ORF

2 GETV A 4507 = K

Fig.2 Schematic diagram of GETV genome

1.2.1 GETV & EA
GETV B FhAELE K E 1 £ B4 30 55 RNA B S0, GETV B2 )f5,
FERZH RNA #E S AE S M E A 2 Ik EE, 28T UZE nsP2 B A MIEH T TEA
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DIEIFE K nsP123 Al nsP4 I E I E 5P, nsP123 £ kEERE— 51~ nsP1
P23, ##& P23 RIRMEVIEA MM nsP2. nsP3 B H, SEAaUIEIR AL EA
nsP1. nsP2. nsP3. nsP4 Az B HIEGY), AT RKIERAMIEERE A RNA &
i, EE RNA REEA .

{E SFV H nsP1 fRH HA ZEMS-7-H LA (Mtase) FZEFHEHFLM (GTase)
W, BRSO R B A R AL AN WL K 2 RNA LA A i (461, Bk k2 Ah
nsP1 FEARAEFEENEHEEY, "TLLS nsP4 EEEMHEAEH, 7E67% RNA & 5
SEAR R R IEER . nsP2 EEA S —ANEIERG RNA IR S48, — Mgtk
SR AVIBR M AL E AR DL —ANTETEPER RNA FE R RS g 4 0728,
2 5518 4R 16 BRER], 55T R B G 51 K B4 B 55 S s
peAh, —LEREE R nsP2 B A EE AN T AL, BERHITA0 RNA [F) 20 Ao fan
HE920, [E ] B AR RNA REHE 1R G S8R (Rpbl). nsP3 EH N 34
SERI: EIER I A R R R R R X R, HEERFIEEE
ANERRAGAL B AT 22 S5 M) nsP3 B (RS 41 5% P23 YIEIAL A1 1222, nsP4 2
& —F RNA #K#itE RNA B4&0F (RdRp), HZEHURBHRTREERSNEA.
nsP4 HH7E C i) RdRp 1 118 RNA 2 55 HI 5K RNA Jf5esx 26 S AR
RNA, H N5 2 A e 2,

1.2.2 GETV & EH

EHRRERIESYIERT, FREFH RNA At AMMEMEANEK, I
FH RNA B~ MRARAKRER (O, 2HEUIMNZIEE Fo 8 ok,
E3 Wi A AR & A E T, AL BT BEAR A, KRR 2 IR A 1) A Jo
P, 1222 IRAE PR R a1 E 4l b0, 7=/E pE2. El. 6K EE AP, pE2 A
TER /R FER N BR AR R (IR0 T, 4 Skt B3 AT E2 B -

GETV C AL 268 NMRAFEMRAK, ZE A NG, A5 IE B
N &5 AR C i B IR 25 i 312); 3L C o B A4S MM ST R e A N2 A
T EH K. C HAEERMAAL ., Bhid%e. HFSREP LR, 1ok,
CHIKV 1) C & A EA KM NS S M 5 A0ae 0127, I HY ¢ AR
BE T AR AERAS, BRI EE ). B2 M Bl s DL RAERE 0
TREPRR, B2 2456 E RS2 AR NaIf & = E; E1 & —F 1255k
HEAR, BA =AM, %09 DIL DI DIN; BiK@h&HAcF b, &
A SR AE AR A TR, E1 R E2 BRARR 7 EMEE MRS e o,
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EAE I TR AR M R ELAE I, R UL, B, R RO AL T R
REZENAIEH . E3 & DNK/ANN 65 MRAEIRI/NEA, @id pE2 Rf~ 4, 4
% A G 2 TR 35 B A R R AR AR PO, 6K R P 2 F B ORL ) 0 2 5
WEA, FARIHRERIEREEEARY, JLREN SRR E A B EAEN, FIRH{Z
BERIR AR HAT 6K & E MAREAEMT A OC GETV iRk 74514 th a3, (B
Meng “E NI TR I, GETV [ 6K 8 AL 2R 1 IR BN /) BR B0 7175 T ke
BB AR B,

2 SBRRRRATIRF

2.1 GETV BIBERTEE

FEGE, H—Hk GETV NS S E @k, 1978 4, HARWBHFRFITR
BT RDIMBEREA, 2k & BLX L i b & a X5 GETV B HF R i 5 AR,
AN RKIL GETV Al Dy, (HEASMI SIS R, AR 1 22 R i
Bl JEZFE —#k GETV (MD) T 1964 477 B33, M5 GETV fEFKE 2 Mg d
PB4 B B I BCE B %2, 8 GETV R Yers F 2 hmidlshd (B 3). B
JG, BEFFIER AT MFE L, £ 1979-1982 4EIF G4 1R BT LIS
R E] GETV HURFHME, ZJEEW I, KRN E KA R T GETV ARSI PH R,
BARETE GETV Y A\ 515 HRE, (H32/R GETV 1] BeAd A (178 7 9 JR 12839,
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Fig.3 The host species of GETV
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2.2 GETV EHAMNRITIB R

1955 4F, H—F GETV (MM2021) IR I i de 2y 25t sk, b f5 43k
FH XA GETV M CHRIE . 1956 F, H AR FH — 4150 &t — Fhoi 7
(M6/Mag-132), I 85 33E 47 28 X AN A4 i BEAS DU RS B 6 DX R G iAo A, iE
52 M6 FHEAE GETV AEANFIHLIX 40 B AR IS, 1961 48, B AT EE RO FIEWE 7T 57
RT3 B 5 GETV(N544)40; 1991 421997 4F,  H AT 10-20 /M HE X )28 D 37
BT H AR 2% 8% (JEV) MmESR®E (GETV) KM FRATWR F7 HE, K
JUPAHAESRA A D h 2 D M5 i) JEV R GETV FIHUAAE B Ho A 50 4430 1 v
10-50 fi%, SEIZMISE, A W23 B UCER B gL DL b 25 1 H B PR R M4 2002 4F-
2004 FF5%F Fk g LA IS HOEAT R FE b, JEIR R AY B PCR RS, e bS5 o bt
YEH 158k GTEV, Xl & ik 7 GETVIL, 20144, HAR DM GETV
PEW G, KT GETV Yy, FBTERA HATEH GETV YL LIS PR, &
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I 2013 R GETV HrikBIvE LR B m it — 414, 2017-2018 4, ZME 11 A%
MG MTEREARTE 23.1%0A 2 GETV JiikpHMENS, RE K GETV BID1 L84,
HHA, WARE., wHE. BRESEZANEKYERXT GETV HRkiER., GETV fE4 K
YO 20 AT ] 4-A

H 2015 4, FREZEGR GETV FREIEOEHTIE 2, A EW AR K.
GETV FEZRATHLX 7R R0, PHALFI AR LI X B A 58 7 s e, 2017 4235
MEEIIRK T GETV, HILKEFRIT, WRRE SR FA T G 78 BT
R A 432 %] GETV (HuND, X2 ER% RIS GETV M — i afmikEl, [H
4, HEIRGEH BB IUK S GETVIL, 2018 4E, Ren S50t IE I REAS AT 5 AUAS I B
P E|—Fk GETV &tk (GX201808), [FIEIXf GX201808 #AT 1 B4 #r, KIM
GX201808 F HuN1 FEAk IR FEIR [ — M e =8 2018 45 RA W AN A TE IR &
438 %] GETV-GDFS2-2018 il GETV-GDFS9-2018 Ftk, X LA L Eikithsr 45
oM, RIS PR 7 BRI 4 0% R Bl IR /2 7EIRT i 4 70 125 20 1) HNJZ-S2 # bk,  [FlJK
PEIX 99.7%, 51 HRENG G BRI GZ201808 JFAIE—MER 98%, LI AR
DX BRI I G 1Y) GETV SRIEA RN Lin 258 N1 RS2 (1) 44 HR 40 B3 TL1808 F:A%
X ARG 2 S B S MR E B2 TR AL, RIS RERAT R HuNT B &
[Fl—PEEO, DL REE R, GETV CEFRIE %M X D, 75 s bl A 9% TAF
GETV £ [H ¥ 73 Al 4-B.
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3 SRR S B

3.1 M

311 HRESH

T4 B 27 B D I O B LA A R I B A BN FE AT RS R . GETV 1E = 5 R I
A LU SUHTA A0 R BT B BR DL B i A4k, AT LUK GETV $58H BA
NYRRL, T BRI AR R4 (HmLu-D. SRE400 (BHK-21D. 5
B4l (CPK). AEMZEE A (Vero) B253,

3.1.2 53 FAYFERN 5%

BT mE AL R R U S5, 23 AR A U R S i B A AE 5 15 () B AR
PUH I - A ¥ (RT-PCR). SER %86 E & PCR (RT-qgPCR) SEH A X 5
IRFATRII . Cao 58 A UL GETV [ nsP1 1 A & PR ~F X 33N HE ST & RT-qPCR £
M7, HESLH) RT-gPCR 5% GETV. CHIKV. JEV. PRRSV 2858 o] #4745 7
PRI, BT R EB AR E B, Dong SATTR T — & BFE . ik H i
REER) “ =5 RT-PCR B2 ” — Bl 7778, — ¥k PCR A [F] B 473 =4
HARFH, Sest HAR &% (JEV). GETV. &G E (TAHV) (R
FRZITIERE 29 43 JEV HYERIICE RFEAGEATAI, 45 R SR A eSS JEV &
SEFATE, X GETV F1 TAHV 2 HIVE, A0 5 v b 48 1 i3 2 e il A B — RT-PCR
BT IEEERIE . BEAHE .

PR RT-PCR 4b, Liu NI T BRI FHERY 7% (RT-LAMP),
WEITIEAE 65°C4F T 50 min WATREIRTG I GETV £, ZJ7 VAR GETV I
FEIH PR S PO Hu 55 NFFR T —FhJE T cDNA BN 38 2 &5 1% DNA BIH Ak
%5 GETVPN, HEGHILTI PP A RIRE ML ka5t YNOS 4 Bk 11
nsP3 £ [ C HE M 3°-UTR FHIHHTH 48 SRl 7.

3.1.3 MiFHAR 75 %

L7 AR 77 2 LB I S B W B 52 7 (ELISAD. s iR (FA). i
ER AR . Quikaifb /5 B2 SR A B PUR, T8 57E 4 ELISA J7i%,
FH 5% 30 8 1) 22 4 5 i v R AR HEAT A I BB, PNEE ST R T —FP AR T B2 B AN IR 2
ELISA J7VEn F Tl 5 B MIEREAS: R0 328 4 B i e AT kil PR
R 3LT1%, ZRMINERE R BURE P IRl T GETV-C A GETV-

8



SCHRZRIA

E2 tEAZHt, A TX GETV W% el RESEHI4 T GETV-E2 Byt itk e 7 Hila
Thr, MERPIASVZEE GETVIEY, BRI GETV E2 EFUNFHEHUE, & T ik 4
TP EHTIRLASR, RGN R IR %0 N BA RIS, EXT 182 i il
JEFEMET GETV fUiAtMIN, A 52 M i 2 GETV FuikfHE: 2075 sz i
T GETV BGPRft T — 2 AR S0, Zhou 5 LAEZRIAN B2 SR EA,
@ALEF GETV (A4 ELISA J7¥%, ZJ7%AERl GETV I 5 APPV. CSFV ¥WAKRAER
s UL TFA RS 7 V5 As i, FI R 18045 ELISA J5iA%F 1000 434 i A A 34746 0
¥ IFA 25 R4 ELISA 25 AT IR, RIEFRFE 3N 96.7%, UL 7%
R HERR, AT T KR PR A A %1

3.2 Fiki

GETV EZ . PRis S5 difef, HhH oA 24t A 5 AAE SR R MR
GETV HuiC&EIRE iz &8I 5 & AL shP B, 3 B aTJ5 70 B AARXT sk 16 97 A0
Tk, GETV A0l fe R E F= K — KBy, JCHAEANMIE P RE]T GETV
g, $ER AL GETV I 7E s 84, EExt DA EASAL, NINsEXT GETV - 4 1,
T 37583 TAE N G RERG I, 52 DS EsC sy, B 10 5 RS B fko el . DR, i
4F GETV WIAHR > T F T, N GETV K515 358 il

4 AT EH N-REELTIRERI T

4.1 RBEBE K N-FEEAL B

BEEAL R BRI S B R R ). 124 ik, CARIE & Fh & E TR A
Wi, fn N-BEEAL. O-FEEAL. WEEEBRARMLULEE (GPD #5€ UL K HARB IR AR . fE
A FRE A B R A 2R A, SORE A B A 5 R A B E TS B AL
EEERAL), 2 HOVE ILEW R Z I RE L NGB B A s b R R R
VRTS8 BT RS R AT R A~ P BT ) S e e

N-FERAL I I — W REAA A T R BEZAED T, K. BARTE. %
PN E A S A AV A R T ORI R E A o N-REREAL U T 1 B AR 1 R
Hrf N-ZBEE AR (GIeNAce) MH Bl G R OK L S aiH, 245 INE

\\\R“
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TE P9 J5 090 200 B O A0 (R B TR 2 s 2 b, R i A T o T ol 2 o 2 1) Py ) s e e — 28

N-ZREWELE PR 9 Hpod Ik SR S H L RS IR oK Ak & R N2 N-X-S/T (X#P) fif
MEAR L, NSRRI RN R, BEE, %8s
F KRB, N-ZRBE S R B AR T — RV BT 25T, 8% 2 NS R Bk P gk
AT AL,

4.2 N-FEEAL BT B A F2 M

PEIEAB IR B N SR Sy b S A R AR A . BEBE TR
KB A R0 8 E 5 9T & A A F RS0 R A R, BE AL R Y
o S5 U 2 5 s B A T B AT S AN BERL T 45 A . TR X ZE R B
(ZIKV) E EARIBEFRH, KIEZ NP AL S B E AR el 58
JiE (DENV) NS1 &AM 130 A7f N-3E82 B ) TEvE A8 52 20 b 7S RAK
207 57 (147 N- A0 A7 5t DU {1 3 -l R 4 P 4/ 2 1 s 1 (90, %m@ﬁa(mvum
HE R DIRE T RGBS, BRI HA BEEAL AL s A 2R 2o MG s 2 0
NRIIBURYE, RS KB, DN EE (RRV) RFFH KL, RRV E2
R PR R R 7 1 R 5 o8 L 928 S I g 1RGSR JER R S50 P s 5 . E SRS H T
Jjre (CHIKV) o, et H K] N-FEEALA fiRA AT F 30 CHIKV 5 GAG 326455
RE I, I PR ILAE N FL sh 4t e h g vl

5 BT ETUATORE B8 _ LN A

1975 4, Koher F1 Milstlein B X FH 28 S EOR G 1 HmBEHIR . HoofEdiig
(0 HE A B2 W T AR T SR T SR A . S Wons T R A 00 M o B TR
I B BRSPS BB A o B R, 4 % R BOR A PCR SR SR A
TR, X 5y A ZIAE IS PR R 3 T P it o 1] 0 5 I R 8 B[] Py SR 4R
FEdh, WA TIRRE],  H3Y A B A RE AT R, T 5 s B BT A4 ¥ A
i B IR I ST 3R AL T AL

HAT, B R e R A PuRH &t R 2L T B2, C A%, BrEPikE
FE B 2 W AN B A Y S p R — 8 AR o TEJESLE IR EE A s 4, BLOE2
BN, #1467 =R (4N12. SVIR023. DC2.271B) Hiif; Hrf 4N12 & —Fh A



TR BB, ERAMSE A R AT CHIKV B =ANERAL, BEfS AR/ %52 CHIKV J&
Jeili FEMFET:; SVIR023, DC2.271 BV L7 I F A e e /N R, Al /N BR 52
CHIKV HJ#&Zs. Goh Z5il& [ ExT B2 SR A MR, ZBPIA S HAb R XM,
PR H BT K T CHIKV [ R ALBAEBT ELISA (EB-ELISA), fEXTIfEIR 60 £
M5 EE AR, EB-ELISA HA & REIT. Phelps &5 AT FH AN [A] ) G 2 Ji G2 /)N
B, o Tt AR EEEV A WEEV B ANE P ) SR T LR, i & B SR 5T T 45
NERIREEAFR RS, B BRI G G AEE 1/ G IR R IREU®. 76 VEEV AL,
AW EE N RFI IR EE Y VEEV Bk S A H 73 B B 4H%T VEEV 145 A
B, SR EEAASS B2 WE AWM, RN E ST W £
SCEG R, /) BRI A S 1) 4% 1R mAD S5 R ORGP/ B G52 VEEV SR IR S, (R I
/b VEEV % F B RAEART

93 B CL 8 O T S a5 DL . — 0, EET, ot ARG 23 BR A T LA
e, SOTGABRTT I7% . THT— A BAG T2 38 XS R B 3 B B AR AN 2 e
DT H,  [RIEFE R 75 B e 1) S e h B OB R

6 WF T B BIAE X

GETV J&— i i) i i B s, 8 WL T AU IRy, T g KAtk
B, %, MHBIRA. W SETTSER. Ak, WP REL GETV 175 130
FIEEABY R, S EPO L AL DA ER™ E G, FR4E GETV FIrk % i
WA R k. BRIk, AT EI5EST GETV ISR p; . A7 #l#% 5 GETV
El AR TEETA, FHMZAPN B gIiuLkERAL, NIEN TR GETV El A
WA ThREAM S GETV kil 7 k4 fit 7 TR . 5—J7 1, Al
GETV X Histfe2E R 4% GETV El. E2. E3 AN N-FEEALAL ST RAS, 4047
GETV El. E2. E3 HH N-WEEALAT 500 B8 50 A0/ R EBUm sz, i B
GETV BURHLELFIRE R $T GETV 25 IME 1 S5 5k

11
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F—E mERE El EA R RREIUEKH & 58 E

Wi a (GETV) A& USROS G R Aom e, S g A 6 sETs, A
FATHRBEIT " PRI IRSE . R N MLIEREA AR H T EH% GETV [ A fa,
&7~ GETV BATIKGL NIURE ST, XS hPn i AN 22 AR RER R 1 Bl DAL, TR0
GETV [F T3R5 A0 T BOM ORI B 2 s BAT BB . B ye BRI e B A o PR A
HARR ISR I . B b A 55 5 T R AR . E1 82/ GETV INESME R —, i
TREERL TR, R NIRRT A EEEER], (HHEATHARA KT GETVE]L &H
PAPIHRIE. Bk, ABFRERT Bl Bk iE A B R R, SRR A R
N ARG RSSO AR TR IE S A, USRI GETV EL 2 H IR #.58
ML, v GETV R WA ik A ) T H .

1 AR 575

1.1 =9kl

GETV HuN1 Zikk i A SZI6 S 4547 SP2/0 400 ST 4 i A S o6 = Wi B AR A7 R
1 23% pCold-TF kL A S256 S {717 BALB/c /MR H 37 K 2E 256 shWrtt .

1.2 FERG 548

FERAA SRR 1-1,
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R -1 5 M8
Table 1-1 Reagents and materials
W AR ACIEZY i
PCR 4fifk. il 7 & Omega Bio-Tek A 7]
Jiz [l ek ) Omega Bio-Tek 2 7]
JRRL B AT & Omega Bio-Tek /A 7]

DNA R4 PrimeStar Max

Takara /2 #)

T4 DNA &4 Takara A 7]
Xhol. EcoRI [l ¥: N DIl Takara /A 7]
ECL 42 R 67 & MR AR A IR AW
. BER Solarbio 2\ ]
DMEM #4573 Gibco A ]
IPEHLR 1gG 9T, 4¢f4 DyLight 488 %t
Abbkine /A 7]
Frid
SN FE-B-D-BR AR FLBE EHEERFEAA
Polyethylene Glycol 1500 (PEG1500) Sigma A H]
PVDF J Millipore
16614 [ Marker. = {43 4 T4+ Marker MG R A TR A T
DAPI ek} Solarbio /A ]
FEE. AR, ToK OB I 2442 [
HT. HAT #5775:4h 7711 Jest B e A

1.3 EE R KA

PBS ¥ : FXE{ NaCl 8 g, KCl1 0.2 g, Na,HPO4 1.42 g, KH,PO4 0.27 g, BT
800 mL Z&1E/K+, EHE 1 Lo

LB ik 373E: FREX NaCl 5 g, KC10.1 g, Tryptone 5 g, Yeast Extract 2.5 g, &
T 300 mL ZZ 0K B HE R E 500 mL, E BB K AR T K, IR

LB [ffARE73E: FRENaCl5 g, KCl10.1 g, Tryptone 5 g, Yeast Extract2.5 g, ¥
Hog 2 500 mL &K S, DA 7.5 g Bk, @ KE, FHREREE 50°CkH, MA
MNP Z, B ENEIL, & ST 4°CIR A7

13
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2XYT Witk 77 3. B NaCl5 g, Tryptone 10 g, Yeast Extract16g, 7570AT 800
mL Z&KH, HZARKERT 1L, KEEERRAE

DMEM #3577 25 W45 Wik i) DMEM #y K% T 800 mL 4K+, A 3.7 g
NaHCO3, WAEERZE 1L, @il yERE, T 4°CHRA7 .

mIERE LTS 2mL ) FBS, 1mL {#H-8% %, 97 mL ) DMEM /& &3
5], BT 4°CIR1F.

AR K5 IR 10 mL 9 FBS. 1 mL & -FER KB M DMEM K577 3ER
Y5, ERE 100mL, ET 49°CHRE.

5XTAE ¥&W: Tris 24.2g, Na;EDTA>H,0 3.72 g, JI\ 800 mL Z&48K, VEAR 5 N
AN 571 mL BERR, RA), MZA&BKERT 1L.

1% ER IEREAER: . BIRFER K 0.6 g, TAE 251 60 mL, ZN#AMRG M 3 uL
(1) EB ¥, VRG9S RN AR -

IPTG (100 mM): FRELIPTGH#3K 1.2 g ¥ T 40 mL Z8187K, & ff S5 €452 50 mL,
A JERR A, JT-20°CH .

5X Loading Buffer: R} # 0.2 g, SDS4 g, 10 mL 1 mol/L Tris-HCl (pH 6.8), 20
mL B, T 40 mL K, HIRAET.

1 X SDS-PAGE: Tris 3.02 g, Glycine 18.8 g, SDS1g, A TRWKTEREIL,
IR IRAF o

FZOWiE g B EIE R-250 T 500 mL Z&ZIRAKH, IIAVKESER 100
mL. FARE 250 mL, HZBKESIIFERE 1L, iRk

Western blot % li¥i: SDS 0.37g, Glycine 2.9 g, Tris 5.8 g, FHZ&EACK A G
ERT 800 mL, I 200 mL FEE, i IELRAT

1 X TBST ##¥#i: NaCl 8.8 g, 1 mol/L Tris-HCl (pH 8.0) 20 mL, i F7Z&#/K754r
BEERE 1L, WIRMRT.

SYMEd MR : FREX 1 g IR WK T 20 mL TBST ¥R, 7RI B 4°CHR
1

4%Z KW ZRFE 42, T 100mL 1 XPBS 1, T 4°CIR7F-

0.2% Triton X-100: 200 pL & T 100 mL 1 X PBS {& 1, 4°CIR-AF.

JKAZZSNM (TOP 10D FHl %

OBEFPE b : e S230 5 VRAF I R A AT iR, B 40 pL IINE] 4 mL (744 LB 15
FREEH, MANRZHFRME, B3R 13h ik,

14
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QuE MR BUEILE 2 MR 1:80 FIAFR LUK RN T 20 mL 131 LB
Rrgedtr, BT 37°CEERR;IF 130-150 min 247, & OD {4, £F OD{Hi&%] 0.45 /&
AR RIE], R EVEE T UK B E 15 min.

QWM ELC: BIANEHBRATHEOE, BT 4°CE LY TE G, 3000 g,
10 min, 1EREARTERTINE K.

@ CaCly Ao HE: FAFTT 4°CHI CaCl BUH, [ B0 N 10mL H T E BT
WK, BEMIATER, EREASET CaClhimiF, STHIKE 30 min, (RIEFMHT
IR K, 5000Xg, B0 10 min, REEE, BRBRFS.

Ol B2 AR : VT BRI B AR I SE 5 A (1 CaClL ¥E 3.2 mL K&
80%[H1H i 0.8 mL YA T H 2 B

)53 B 7 AF: B 100 pL, L T-80°CLREAER .

1.4 FEFEFSS

T E A A WA 1-2

15
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R 1-2 WA AE

Table 1-2 Equipment and instruments

P& SINE NGIER S
PCR 1% [ HR 2 73 BT A A B A PR A )
I B AL 5 E LB KR BHE A IR A
alizk 4% P 5 5 G IR A PR A )
IR 7K I 5 5 [E RS PR 7]
& B IR AR BUMN R BRAX 28 A7 BR A 7
miER X Z[H Scientific Industrics
SIHML P PR H R A R A A
EEAATUK B A2 A PR A A

TR R G FRAE . KA S B 0oL

FIERUIEAEATIR 22 7]

AR TR TR T S IR A
i TAES JEHRIR IS /R AL A IS A IR 7
Eat7/k o o | ENIE R AT S ISV TR S A A RHAT IR 22 7]
R KA HRHERZE RS AT BR 24 7]
UKFE iR B AT BR 2 ]
B RBA T 2 PO B FHERBERHAT IR 7]
UKL TR B AT R 22 7]
BB FOLRMER 15 Leica A ]
AP KRB A7 PR 22 7]
RS . BRI A &[5 Eppendorfgs
Zipiev i ay BUHIE HAMIBARATIR A 7]
HLKAX ALEHTCE AL BATIR 22 7]
TR P TR P B SE WA S & AT BR 2 ]
2l 7RAX Fi I 5 W SIS RHAT IR 22 7]
1.5 EAEAKRZRE
L5.1 5|9t R AR

M¥E GenBank ' GETV HuN1 #tRHIERRE AT, HAEL T (ProtScale,
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https://web.expasy.org/protscale/) 73#1 E1 £ H R LR SR B /K YE, £ E1 8 H 58K %
P — B X8, TR /AKX IR (31-182 £ aa) wit—XIRe s, FRamsg—iR
HIPE N VBRI, 50 XholM EcoRUSARAPIREE, 51W58 i sl RV ED AR S, W
*® 1-3,
R 1-3 E1 B HF 1519
Table 1-3 The primers of E1

EIEVER 519751
5 5" -CGCCTCGAGCTTGAGGTACTTGGAACCAGCTTG -3’
ik 5" -CCGGAATTCGTTCTTGTAGACGACGATCTTGTTGTC-3’

LSRR = A GETV A KRGt 7o b R OB 1T PCR L, [ Mk 52 WA 1-

%% 1-4 PCR R NAK &

Table 1-4 PCR reaction system

NG R (ubD
Ew51 1
N ELEY 1

dd H.O 21
2xPrimeSTAR Mix 25
pAC-GETV 2

SN A 98°C, 3 min; 98°C, 10 s; 58°C, 10s; 72°C, 1 min; 33 MG
72°C, 5min; 16°C, 5 min.
1.5.2 PCR =¥ 4iitk

W3R4T IEH PCR P2 idEAT 2lidk, BARERAEW T

DI PCR P4 200-300 pL [ CP Buffer, WMFTIRAT:

@i B R, BRI AR, i DNA BEWR A,

@[ AL DI 700 uL DNA Wash Buffer, %% 22 W 4 & i«

@FEF ARG

©¥s& A DNA TR B AL T Hif s 0%, M 35 ul 1) dd HoO, #E S min J5 55
Ly FRELAAL=)

AL 5 B = A -20°C sk ST B A

17
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1.5.3 Bg V) 5B VI =2k

W a0 5 1 H 1) BeS pCold-TF 2 &4 ik 73 8T EcoRL. XholigAT XU Y) o
BT 37°CI M 4 h, AZER IR E B IS S Hik 2 SR R . #IERR H
H15&a, 1% Omega 2~ F] Y Gel Extraction Kit 1 B 54T i I, BAREAEG T

O HEIMT R EGEAT BA, YT IEM B4, BETH# 1.5 mL 208 .

@JnA 250 uL DNA Binding Buffer, K H & T 60°CH) < J& i AT AR i -

(WA A 58 4 B R B A, 11200 X g, BS540 2 min.

@fn A 300 uL DNA Binding Buffer, 11200Xg, B> 2 min, FEW.

@A 700 uL DNA Wash Buffer, 11500Xg, B{» 2 min, FEW.

©HEZFLERE K.

OB H R B0 E Y, JT R 3 min, K OB,

@[ A NN 33 pL Elution Buffer, ## & 5 min, 11200Xg, B2 min. 4
LW A2 -20°C PR AT B S B A A o
1.5.4 DNA B8 R ERE=Y#AL

Y BEU) BT BTN B 00 Fy B AEFH T4 SR+, & 4°C. 12 h, EHAE
RUE 1-5,

% 1-5 DNA EBK R

Table 1-5 DNA ligation system

Ay AR (uL)
H A B 6
ESALN 2.5
10 X T4 %421 Buffer 1
T4 0.5

WL IAT AL, BRI T
DOM-80°CUKFHELH TOP10 JEAZ MM, AAvK bRtk

@HL 5 uL FEREF YN TOP10 &2 A4, VK 30 min;

®42°C, N 90 s, HAEIK LAE 3 min;

@A 900 uL AN EHUiE i LB R, 4 H 2 37°CIEIEEEIR, 160 r/min 3577 1 h;
G B O R AR, R 150 uL 55 %3 T B A

@R UTIERITIRS), FRAT 25 BV AT T35 77 53R 1

18
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@O FHIRCT 37°CHIE IR 46, ¥R 15h ih.
1.5.5 EARARNS X g

K KA W EFBUR T EREES, PR EEMA 4 mL &H 2 kR
& LB R FR%E, BT 37°CREIK, 220r/min, 3% 12-16h. FURFEEFIE Omega A 7]
U B AT, HEWR:

OB EBEIN 2 mL B0 d, 11200Xg, B0 2 min, i EIEH, HE
TR AR 48 5 S 4 o

@A 250 pL Solution I, #EAT i g i PiiE & .

@MMA 250 uL Solution I, _F NEUENEAIEUIR, ZIRAAL NG,

@HN 350 uL Solution I, | FENE 5-10 kA A, AIERLRITERA. HIES
WHEAT B0, 12000X g, 540 10 min.

OF B0 G 1 EIE MR AT, BTG, 12000Xg, BSL 1 min, 7
JEWR o

@M 500 uL HBC 254, 12000X g, 50> 1 min.

@A 700 uL DNA J&E¥E#, 12000X g, 5.0 1 min,

®@HEFFERD.

O AL # 0 1.5 mL BSOS, IIAIRET 55°CT#ALT ) Elution Buffer
60 uL, EfE 3-5min, 11200Xg, B0 2 min, JFRAF T -20°C.,

K SEHUR) BORL AT BEV) 2508, R R WK 1-6,

F 1-6 HAFURLI A % € [ AR &

Table 1-6 Recombinant plasmid digestion identification reaction system

Ao PRRR (ulD
dd H.O 145
10X H Buffer 2
EcoRI 0.5
Xhol 0.5
pCold-TF-E1 2.5

KB OIA RICAFIG, WRBEIRE), TR 37°C/AKIBHR 2 h, BEATIARR Bk 42
1.5.6 EHEHN B IRE

WK B ) pCold-TF-E1 JFURLHL 1 pL i\ BL21(DE3)E& 52 &40 Mt 474k, i
N IPTG W53 B A BT F Bl e, BARERIEDT T
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O FE AT “1.547,

QPHCAAFE B S A FPMER LB WAk 7, B TEIRREIR, 220 r/min,
B4 9% 6-8 hy HUS LI BB IR 1:100 fELBIIINZE 250 mL 2YT ik 775694, 2 h
JERIL OD E, ¢ ODAEZE] 0.5 AN, HILTLTIKE, JKIE 5-10 min 724, %1
1:500 B LB IPTG, BT 16°CHEIR, 220 t/min, }%3F 12-14 ho

@HL 6 A 50 mL B0, FHEBCEFEAEA A S OE, HRHRE, BT, K
T RELHL, 4°C. 5000X g B5C» 10 min.

@3¢ LiE, A 10 mL PBS WUTE AT EE, BITEERET — 1 EoET,
5000 X g, E§.» 10 min.

OHEF LR,

O EE MR E T UK E3ET RS, AR iEsE 25 Hz, 1817 3s, 125,
i 6] 4 15-20 min.

W ETE A PR, B 100pl INHT B OB F, 1B R HRREAREET
B0y, 11200Xg, 10 mins

@ 3B I EC 1 mL A HT ) 2 mL B0, PTER 10 mL PBS T EE, H
1 mL R 2 mL E0EH, 45N 5X Loading Buffer 250 n L, f# /] 100°C4:J&
%, EFF 10 min.

OB RS TMEASE. LiE. JUESE 10 0 L 347 SDS-PAGE HLjk, 80V HjkK
30 min, FFHEPE 120V, FRRI TR A 2R JRENAE b, R 24T 2% D
WY 3-4 h, FIEE DU E RN, CBERRRERCRT 2-4 h, BT EIRIEAX
AT T A R
157 EAFERAMAL S e

K 1) 25 I I AR VR S 2EAT SDS-PAGE HLIK 7 B9 45 21 H 4%, dad sLse it B 19 2
. ETESRE T, BORAERBENED, B4R

OH R RIN I H & 34T SDS-PAGE Hivk, #7725 1 3 B il 4 $2 AT T4 1
KCL ', fdr HIEE &

@R T IR VI N EEFTERIBER %, KR/ PBS 1, i KCL B -

O E&HHMEAMKAKESH PBS MBS T, @i ENSKT SDS-
PAGE HLUKHIFEN, 120 VHLBEMN 3 h, a5 EMo%, K& HEBK PBS ElET 4%
i

@ FAERARPENTRICT A PBS Wbt i B Tk EEATENT, M 1 h#k—X
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PBS, 3-4 XBIT],
GXf & AR TR, 8 PEG 8000 HEATE Fk4E, FEAWREIAR 1 pg/ul
i, B B4 5 B 1T SDS-PAGE fill 8 A4l Ab ik, HoR B F R -80°C IR AT
J# 1T Western blot X E4lifbH H, 200 mA fEIRELE] 60 min, 81 5% 1 i i 24 W55
B 2h DR AR R RS & . 4°CLI & His Ari&didk: KH, TBST it PVEF
JEE 2-3 Yk, FHX 8 min; HRP FRic i) IgG (HAL) =iRW¥E 1 h; TBSTIiH¥E 3k, &K
10min. ] ECL & %} PVDF BT B, 4.

1.6 /MR AR

IEHL 6-8 JH 1) BALB/c /N, Fralifb i () TF-E1 SR E 5765 1. 1 B EBEAT IR
A IR IR BERE 5 DO B AT A . AR PO TR s /N R (g P H R
1-7), RN R AR X IZE B PR, =505 10 K, 0 /NRBETIRIE T RIL, H RS
BAMENT H, 8 0 ERR IS R R B AER . RS T R TOIRES
(1) ST 4tiff, K HIHA M2 96 FLAR T, 4B i) % FEIA R 80%HK), # GETV HuNl1
BEARIEAT DL MOI=0.1 /&% 4% ST 4, 12h J5 ¥ A A2 4 2 58 gk 47 [ e, A
AFHY /N BIE A — AT TFA A, SR A 1/ BRI 9B PEXS IR K TFA dar il 45
S S RPH PN BT b S

* 17 EAERAN BT

Table 1-7 Recombinant protein immune program

G g IR gapsainglall G 5 = il G Ty 2
B IR % ERITN 100 pg /A 35 5 4 e 57 B EBEE R o s
IR 14 R 100 pg /A B IRATE AT I s v S
— IR 28 K 100 pg /A I IRA FE A7) I s v i
Wi BEEI 3R 150 pg /A o I s v

1.7 iR & 5 B T R Im ik

1.7.1 B RS

SR RAEI) SP2/0 ARMIBEAT E 5%, R HECH Y 10 mL B0 AT I B L,
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R H 10% FBS FIANAES FR R AN S8, AT A 7oA b AT 85 95 . W IR
BT YIS A 0% AN IEIEE T 50 mL B0V, BT RIIEAEENE, T4
Jf il 5 SE 56

1.7.2 5557 4 a4 ) X

HUR AR B (25 /N BT IR BALBE, BT 75%EkE IR 5 min. 7EEM) %4
FE /N BRBEAT [ e, BYIF R, REIEIE R, VRS 6 mL £ AM 15%
HAT 35730 NG o SR80/ BT IR I B VR i AE 3G TRk rh 38 &) o0 A, s A
RFFRIEATI, BEH AR T HAT 57 R &350, arkHais 24 1L
B, BT R A
1.7.3 FEL2H Ffa ) 1] EX

SXoF e G s () /> BROE i AR BRAF B (1 77 VA AT R M AR T, TN T5% Bk i
B 5 min, ELEAEY LT E, 18H O BT BT R AT, 5 8
RS, AT ST IO AT, & 0T DMEM SRR EAT i, FE50 Fr H 45 4
HLNPRNTER DT BEfE, RS e S MR FLA, (RO i, B 2 g
Ji 4= R T DMEM 5983 P4
1.7.4 AR &

W 40 SP2/0 4Hfi . BREMIZIE 1: 6 RIELBIFE RS T 50 mL B0,
500X g &0 10 min, ZZi@FHE LI, BRREMEOENR, 1hIMI 5040 T 5O RS,
BB OB TICT A 37°CKIMBerr, IRt & 77 PEG1500, Z218Wn, 13/3s,
1 min WhN58: ZJEt#8 1 min, fF4HA0Z (A 4F OB, $emml & R0%, &EHn
DMEM MEal &8 . IR A A RSB MR = P E 10 min 5T
B, ANDFEE BIE, HE HAT B3R R A i ie #hAT o, S1n IR i dkiT VR
A AMINEEFREEZR 73 mL, $ZERESL 500 uL PIARER, BHSERER 34 24 fLik, BT
M EEFRAE T AT R IR
1.7.5 ZH i 5 W ow

A TE 1R, WERAMRA TSR, MEEHE 5K, MAREETE8IK, i
FREETE RS HT AR IR 5L, SRR 1-2 R PREAT 4, 258 10 R,
B 100 pL 858 R A0 B B CEAT TFA Rl R 5% ' B0 R % 2 9l 400 B i3k 47 B me i 12
BAREAE T

OFEBRIEAMM: K AR TR, H 500 nL HT B IR H0R 2% 5290 4 i
.
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TN TSR R AT A5 3% 08 96 FLIREEANFL 1 AN NIEAT 5

AN : KrEFI 100 NI ASIEANMS & A RFRIM HT S5 0T R
#1571, $%IREEFL 100 pL FARFUIINZ 96 FLIRFF . B TN 7848 4k 8% 9%

@R T RN : WIERE S KRG, WELIMAR AR EE, STHnRAcER
Z AT EIE AT TFA AR, K010 3] 00 B v P s AT A R EAT T 0 . VR A
1.7.6 B TE FEHUAAR I %

HY 2 H 7-8 RS ) BALB/c /MR, B R IS ST 500 pL Ak, 7 RJFHL 2.5X 1004
B0 A AT TR A L AT R T A R BRIE IR 1S 1Sk ORI R L KA B G A kAT
W£E, 1000X g &50r 10 min, HUHZ4SH . ¥ b -7 T-80°C.

1.8 B EGARIE 2Rtk g =

1.8.1 A A B 5t Sk

I ST AR S5 ER 55, Y518 96 AL, RN B IE 70%HT
¥ GETV %8 MOI=0.1 /& 4k ST 4, Fr4ifufis Lk 2] 50%HH), 4 96 fLARHH, FFd
Brgedt, A PBS JHUCAM, R 4%0) 2 5 FEE 40 AT 5 I E 10 mins
PBS X401 TiE¥E, # 0.2% Triton X-100 5 4% BSA 347 1: 1RA, HIHIIEN
N 96 FUR,  Xof 4 0 kAT Vs iff el AR R S PR IR MY, RAE ) 30 min, 2 JE SRR S
W, F PBS JEBEMME; i HASLERH & Pt GETV-El & H B eEHRIE N —$i, B
PN BRLTE B PEXT IR, GETV-E2 BiHii/ENFHIEX IR, 4°ClF & 25 FfH i,
PBS JEWE M, ] 488 Fricd L FHi/NR 1gG AP, =IEWFE 1 h, T4 PBSIF
Dewii o, N PBS B T35 5% RS T T WS4 R IR .
1.8.2 A AR HHC LR

KAL) ST 4Rl 208 2 12 FLBRIP AL, BIPESALAMBAE T AL, BRI L3
Ff GETV (MOI=0.1), UM E 60%HH, FF L5770, £/ PBS X4t TS
Be, fH Western J¢ IP ZLfRA0N AR CT3HATHREL, oI FRAEVK EHEAT, BN 30
min; £ AR AL ER A0 M P A A RGBS SRR R S, RR R R
B BEAFSEEZEHEOE Y, M Loading buffer, @i 98°CHlI#k 10 min
fE E T . KIS L R R AT SDS-PAGE, i8IS i BV B RS B
BEE I PVDF 5 E, 200 mA KF4E 50 min; 2 J5 {6 5%F AR 2 Wi % PVDF fk4T
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B 1.5 h, FFEBUIRZEYSE4H TBST % PVDF BEdk47E R, # AL H %1 El
HEMRHOA b, % 1. 800 MELBIHHTHIRE, 4°CiFE IR HRP FRCHLEdt
NBR 1gG oA TP, IRIBULA AT 1. 10000 Fike, WM RS 1 h, —Hi.
W B 45 R ¥ TBST #HT ¥, &K 10 min, JEPE =M. &J5, H ECL XK
FERARAC T AT B 5

1.9 By EGTIA R A 2 RE

1.9.1 BB EHA TR R L 75

NTHIED Bl BEARPIIPURRL, AFRVIDE Bl EAKE S ER =120k
F B 4B HAd N % pEGFP-C3 HAZ A 11 R5E . 1@id Weatern blot %58, #4585
BEHTIR I NI 2 ik Bk Stk A7 481, BRI EAE A5 R YU RN, RIATH
Bz B e BE BRI R AL
1.9.2 EHEBREBAEM AR

ARSEE N T IR E1 R R EHUA M BURERAL, X Bl S A MAKBEAT T 25
#, 3 Kpn 1 M Xho 1 FRAIIEBEV)AL 0k LR Fr Beddi A 2 pEGFP-C3 H A% 3k,
WA 5K 1-8 k.
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F1-8El FLiR AL E B

Table 1-8 Primers for identification of E1 mAb epitomes

EIK /R SIMIRFE (513" ) BRAEACTE (bp)
E1(31-93AA)-F CTCGAGCTTGAGGTACTTGGAACCAGC 27
E1(31-93AA)-R GGTACCGTATGCGCCGCCCCACATAAATG 29
E1(76-138AA)-F CTCGAGTATCAATGCCAGGTCTACACAG 28
E1(76-138AA)-R GGTACCCCCGTAACTTATTCGGATGGTG 28

E1(121-182AA)-F  CAACTCGAGGCCTACAAGGCGCACACTGCG 30
E1(121-182AA)-R  CAGGGTACCGTTCTTGTAGACGACGATCTTG 31
E1(31-61AA)-R CAAGGTACCCTTGATATAAGGTGATGGCAC 30
E1(51-81AA)-F CGACTCGAGTACAAGACAGTCGTGCCATCAC 31
E1(51-81AA)-R CAGGGTACCGTAGACCTGGCATTGATAGTC 30
E1(71-93AA)-F CAACTCGAGATGGAGCGCCCCGACTATC 28
E1(72-81AA)-F CATCTCGAGGAGCGCCCCGACTATCAATG 29
E1(73-81AA)-F GAATCTCGAGCGCCCCGACTATCAATGC 28
E1(74-81AA)-F CTCGAGCCCGACTATCAATGCCAGGTC 27
E1(71-80AA)-R GAAGGTACCGACCTGGCATTGATAGTC 27
E1(72-79AA)-R GAACGGTACCCTGGCATTGATAGTCGGG 28
E1(72-78AA)-R CAAGGTACCGCATTGATAGTCGGGGCG 27
E1(72-77AA)-R GAAGGTACCTTGATAGTCGGGGCGCTC 27
pEGFP-Nhel-F CATGCTAGCGCTACCGGTCGCCACCATGG 29
pEGFP-MLul-R ACGCGTCGTTAAGATACATTGATGAGTTTG 30
1.9.3 GURERAL FFFIKIPRF 1k 734

fiiH] NCBI & #] GenBank 1A ) GETV 4y B &4k, KUK E1 SHTHIHIR
FALF ) PRPDYQC 5 R #HITEMREEAT P A ELXS,  LARTT E1 FRHTHI ST R RALAE R AR
R PR SF
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248

2.1 E1 F& A RIRHK 51

i FHAELE T H (ProtScale, https://web.expasy.org/protscale/) 73#7 E1 & H & LR 1
KM, SR ER, El EEE 31-182 Az AR X R /K AR Bk (B 1-1), %
Xz SR R S Y, B E A B

4

Hydropath. / Kyte & Doolittle

3 }

2

Score

50 100 150 200 250 300 350 400
Position
K 1-1 E1 SR ERHUKTE D
WK <OFK, >0 HiK: BEABRR: El REELEMIFT
Fig.1-1 Hydrophilic and hydrophobic analysis of E1 protein sequence

Ordinate: <0 hydrophilic, >0 hydrophobic; Abscissa: E1 protein amino acid sequence

22 E1 By WAEHFR R EE

LA GETV 4 KSR YLk 7a B RN, PCR FoRY I8 ME 1 E1 B 3L, &t
RL IR HL VK 4 2R R AE 500 bp e AA-AE — ke o (B 124, HEI A BRIy 453
bp), &SI ETHI E B BRI K1Y Bos i B U 77 4 A %2 pCold-TF #
i, GudidEdE. A, BRI, PORERMUGE SIS EAL PRI KA g ) B2 SR AT G 1)
%, SREREFERMIBRST (B 1-2B), RUEH A ERI.
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5000

3000

2000
1500

1000
750
500

250
100

5000

3000
2000
1500

1000
750

500

250
100

B 1-2 E1 #67 Fr B 9 B9 F0 pCold-TF-E1 (1) % 5

Fig. 1-2 Amplification of E1 truncated fragments and identification of pCold-TF-E1

M: DL5000 Marker; 1: #4501 E1 2£[K; 2: pCold-TF-El; 3: EcoR I+Xho I+pCold-TF-E1

M: DL5000 Marker; 1: truncated E1 gene; 2: pCold-TF-E1; 3: EcoR I+Xho I+pCold-TF-E1

23 EHAFARRIE

A BRI 4LFURL pCold-TF-E1 #4022 41 M0 BL21(DE3), 1E 16°C& 1+
TRHEGATERRIE. WG, BURBETESRRE, WESR. BE. Ve,
SDS-PAGE 45 AT &R (AR E L. SRR, BAEAEIELETRIE, KNLN
70 kDa fifn (nfE 1-3).
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70KDa
60KDa

50KDa
40KDa

30KDa

25KDa
20KDa

K 1-3 Bl EAF AR EZRIE

Fig. 1-3 Prokaryotic expression of E1 recombinant protein
M: 26614 Protein Marker; 1: pCold-TF 4= 1#; 2: pCold-TF Li&;: 3: pCold-TF JLiE;
4: pCold-TF-E1 4=F; 5: pCold-TF-E1 [i%; 6: pCold-TF-E1 i
M: 26614 Protein Marker; 1: pCold-TF whole cell; 2: pCold-TF supernatant; 3: pCold-TF

precipitation; 4: pCold-TF-E1 whole cell; 5: pCold-TF-E1 supernatant; 6: pCold-TF-E1 precipitation

24 EHEFERMLN

YR I E R A _LiEET SDS-PAGE MLk B (44, IREATIHE AR
BEER, UITEMWEMED: ME, @ EaET R, SFrEEN . &
WS IR AR S H M ED . 24L& AT SDS-PAGE HJk, 4iRER
PAEAEREAEIEA (K 1-4),
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M 1 2

70KDa

60KDa

50KDa

-

40KDa

30KDa

25KDa

20KDa

1-4 E1 SAHEH 21
Fig. 1-4 Purification of E1 recombinant protein
M: 26614 Protein Marker; 1: pCold-TF-E1 Zifbfl; 2: pCold-TF-E1 4fift 5

M: 26614 Protein Marker; 1: Unpurified pCold-TF-E1; 2: Purified pCold-TF-E1

25 A EAREE

Western blot &5 E/R7E 70 kDa £ 5 B /A KMk, BTEXIETC 40, 450
P TF-E1 A2k 1B/ (K 1-5),

M 1 2
70KDa
53KDa
...
| L
-

K 1-5 TF-E1 FJ Western blot % 5
Fig. 1-5 Identification of TF-E1 by Western blot
M: EERD THREMRE; 1. BL21 2 B, 2. 4ifkb) TF-E1

M: Protein Molecular weight Marker; 1: BL21 supernatant; 2: Purified TF-E1
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2.6 83T SRR I 01

B A 28 JE PR3 ) /N SROPRZB A S SP2/0 2R AR HEAT SRR &, 03 ot S 1 2 A g 4 i
ik, RS —HRREW AR E 20 GETV E1 & W5 o0 B 2430 SR A Ak, KHiZ4n B pk o 44
109,

2.7 BT YA KB %

He 2 H 8 s BALB/c /MR, & RyES 500 pL A, 7 K5 HE IR 24 A0/
HMIRR (2 3X10953) ST/ RIER, 1 AL /NRIEEZREE A, FESE B /N
BEZK, £ 2000X g 5.0 10 min, WS HIGARTEOE Y, {RFFT-80°C,

2.8 BT EPUARI YRR

2.8.1 [ BB R L
5 FH A SEG = AR A7) GETV HuN1 ##R %8 MOI=0.1 /& %% ST 41, L E1 mAb N
—Hi, #H4T IFA X5 . 4R 5K, El mAbfeis 5 GETV KRN, HAE 5B,

E1 mAb DAPI

Merge

GETV Infection

MOCK

Kl 1-6 E1 550 SR TFA Kl
Fig. 1-6 IFA detection of E1 monoclonal antibodies
2.8.2 FH H AL LLK
MIFHA LSS S 1) GETV 2R EG: ST 40fie, LASRAGH) E1 SRE S5y — Pl T WB
frill, @RER, ZBPEEY S GETV I E1 S E RN, BRI 2R 7 2640
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M 1 2

72KDa
55KDa
43KDa —

33KDa
25KDa

17KDa
8KDa

1-7 E1 B 5 FEHUARY Western blot il
Fig. 1-7 Western blot detection of E1 monoclonal antibodies
MR (o TR EbadE: 1. GETV B ST 40k 2: ST 41

M: Protein Molecular weight Marker; 1: ST cells infected with GETV; 2: ST cells

2.9 BIiEHUARIRA L2

¥ E1 SRR B N TA X, A [F] DX A% R 7 91 1 e S 1 5
Yo, 3 E 0 Bk A B R IA AR, K BAPE PR S G BHK-293T 44T %
k. JEIT Western blot &l ASSLIGHIEBARH E1 mAb A8 5 Rk B 31-93 A1 2 SR X 35
N AREEBIREL, &I E1 mAb BERERS 5 51-81 fra B me X IR B, X5 71-93 fif
RER XIS, #2777 Bl mAb S5 PR RAAL T 71-81 A2 R IX 4, T k3K
AT 71-81 G2 HE R DX 45k R IR % 794 3 43 R AT 4608, B )5 BRI E1 mAb 9L R AR
BPRPDYQC™ (& 1-8).
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A 268 promoter
Nonstructural protein structural protein
SUTR —— N (¢ [Tea T1 3UTR
B3 6Kk}

31 ] 182aa

121 eSS 182 32
76 ——— 138 aa

71):l9353
71 7 81
72 81
73 81
73 80
73 79
73 78
74 PDYQ n
RIS
I NN N
NTONYN ¢ ¢ Q
B M T c oM
= —
43KDa e
37KD 43KDa W
a -
37KDa bad
.
D L QLT s s &L
R 2 AR R
'l\ ',\ :\' 'I\ ’ :I '\"\ '\"\ Q’I\,
M e & ¢ @ @ & «@ «
35KDa |
- e e - e - -
25KDa

1-8 E1 iR R AL
Fig. 1-8 Identification of E1 monoclonal antibody epitopes
A: PUERRMEEREE: B: YESEENMT El-1 FBG C BB % e T EI-BC S A B
D: PR AT 73-78 TR X 5
A: Schematic diagram of antigen epitope identification of E1 monoclonal antibody; B: Preliminary
identification located in E1-1 fragment; C: The second step is to identify the overlapping fragments

located in E1-BC; D: Antigen epitope identification located in the 73-78 amino acid region

2.10 PLRRALRF T

iHIdE GenBank EIKILC_EAL ) GETV ##k/741, LA HT E1 mADb 415 135
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KA X (PRPDYQC™) 5 HMBHRERAFEESR. AR ER (B 1-9), XK
RAEER S MR A R A —FF, MFsEeksy, U TEENA GETV #itk.

BRPDYQC BRPDYQCS
Hul [ MF741771 EREERRE HNPDS-2 M865969 ok
M1 EUD15061 ok ok sD17/09 MHI106730 Hok Kk
MM2021 MW404214 dkkdkokok 80483 MN4TEA86 Sk kkkE
SC201807 ME693225 ok ok HMPDS-1 MGEES 968 Hokk ok
GX201308 MT269657 Rk SC266 MN475487 Rk EERE
TH0540 EUD15063 bk GETV-GDFS2-2018 MT026508 kR
Kochif01/2003 AB859322 ko ok GETV-GDFS9-2018 MTO86509 ook ook
SC1210 LC107870 ko GETV/SW/Thailand2017 LC534253 kAR
MI-110-C1 LCO73086 ks okk JAF218-3L-NH-Cxp-Y-1-1 MW246769 kg
MI-110-C2 LC079087 ok ok HeN202008-2 MZ7368010 ok
14-1-605-C2 LCO7908% kkikbk $C202009 OK423758 wkk
GETV-V1 KY¥399029 bk GETV-3J-2019-07 MZ383464 Bk kkk
16-1-599 LC223130 btk TH12031 KY434327 ok kkd ok
MM2021 MHN849355 kR AMM2021 MT121984 Rk
LEIV 16275 Mag EF631998 kb HED234 EUNI5062 rkk Rk
LEIV 17741 MPR EF631999 ok AHO192 MGEE5965 Hhk ok

1-9 E1 & 550 B HUA PR R AL G~y 17

Fig. 1-9 Analysis of epitope conservation of E1 monoclonal antibody

378

El FEH&Z GETV W —Fh&MEH, A THRER TR, 00 i R
GETV R4l iurIfe /152 E1 S A MM, HERAL T pH P54, E1F1 E2 B2 A #
B FE Bl MIREHN, ASREe A ARG, 75 B 2\ 12 40 i 58 s 4128,
HAT, 55T GETVEL SEE K DIReR Fiieb, s i) o 559 5 88 PUi i & it 98 2 4
i F E2 . CERALE, WoRkAH % GETVEL & A B Piidkia. Fik, % El1&
E RS FEBUA O H D Remt s de it TR, RGBT &0 GETV Hiii2 W
Jiike

Al i) % v o R ST LR, RBEE TR m AR s R B, K
WHCIEH T &AW ARTEEERI CapA JEF G 3 F A E iR 45 A FE B EE A (TF)
(1) pCold-TF #AKIOY, 4 KAt i ab FARIE S 70, HE F 3R RE B, (H2
AR E A A AR S S RIA . A TEE VIR alifb 315 =k B2 TF-E1 HIE A,
DLz AR /N . /N R A R, R sk R TF-E1 & AT
R R, WS TEE 58 N, R =4 XH TF-El EAMATEEE
F, SFANRATIEE R . %5 10K, X%/ BT IRIE R R, @il IFA %5
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A R R R N BT ph e . ELRALE . e AR I IR,
27 1 RRERNT EL 2R B B T A

IR, Xl n E1 iHE4T Western blot %572, 25 R EIRTE 43-55 kDa Z [HH
—AERPE, FFE ELEAKK/D. FE, KIMFEKRT 100kDa kb, A —FKFER
Phokar, MRN8 C A BRVIFE S HEB 2K (E3-E2-6K-E1). Xf E1 £
PUHEAT IFA K58, 2B PURERr e It 1) 5 % GETV I ST N, 7 AR 57 k.
DA E 25 R Ui E1 8 903& A T Western blot A1 IFA #&illl .

N Bl BPLIIPUERAL, KX Bl 8 B IRBG#AT 0 B R I 7%, Rl
2 Rl N A% R B A pEGFP-C3 H, B EAZ R A BUA RIS E1 B2 1, @
Western blot % E1Z . PLHI P R AN PRPDYQC. TR, BiZpliENMNE
GenBank Lff] GETV & E1 &M F AT, 4R E/RZPURRAAE GETV #
PR LR ST o

Zr ERTA, AERFHS T AN B EEE RIS, U T E1 BEURPUERA, N
WA EE XS GETV ISR s 7 — & B &l

4 A BN

(1D AAFAFAEZRIERGRINFKIE T TF-El HAEH, PAH 905 %
N, AR S ERIR, H4& TEN GETV El AR BEIA BG4S A El
1C9. &1 FRPTHEDS H T Western blot. IFA %5 5E .

(2) BiHf 1 E1 BHUHIHUER AN PRPDYQC™, ZFHI7E GETV Sk mE Ik
S, AT T2 W aR R .
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BE RIBWEEED N-ERUTIRHT A

AR R S E AR S, & Mo EARMEERT. 25Nk, &
2RI 2 M E E R BIRSER,  N-REEAL . O-RiEAL . BEEBEASELULEE (GPD
B E G HABAS RIS, Forh, N-REERAGZ 0 B2 0 FC K a1 R AR T X

IATFRY, K280 E AR R 2 R AR B, O R4
MR E . MEEREE AN NP RG22 MR, AfEERE. Fig, md. 54010
RIMZALE G VLR P b RIS, Flan, DWERWE (PRV) 1) gH B E N-FEELL
PLRRAR G gH Meia . ARG SR, ERHEE AL oi B RURL 10 T2 BSOS H il 44 FH B
2 HUBIR I BE(CSFV)I E2 AU A MR AL AL s SRR S5, R B AR kR, (2
E%Q%nﬁﬁﬁﬁﬁﬁﬂ&w%ﬁﬁ%,mﬁfﬁw%%ﬁfﬁﬁﬁm HAr, %
T GETV KR B R IR kB E/0 . BT, AR @ GETV R 444k
REGHE GETV 8 N-HEEALA IR R HEAR T, W5 GETV El. E2. E3 &H
N-HAY AT A5 TRAR i 09 5 B AT E0% 712, 9t GETV AR AN S0 v
RS,

1 MR v
1.1 ZHfa AR
BENHHM (ST). CRE4M (BHK21). GETV HuN1 FEkk¥Y A 28 =347 .

1.2 FORL. BR K SERzhY)

GETV HuN1 ¥4 K cDNA Byt i pAC-GETV A LIS S/ 3 IR, KW
B TOP10 52 440 F A SE36 = 1) & PR A7 - 2 H#d ICR LA BF BRI H 70 K22 5E
st .
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1.3 EFERFH]
IR A —
1.4 FEBRBRFARAFN I E

FEAFNAT, HREASEHRTNEE &

2% EIE g 2 g (RIS S EBURE T 100 mL £ B F/KH, ®mEERTZREF.

0.5%Z5 iR gLyl 1 g S5 MR, T 200 mL PBS ¥, T 37°CHETIAME,
JCE R ARAT o

1.5 EEFZAE

1.6 W& E1. E2. E3 ZE[H R REK GETV B4 77 B jokr

1.6.1 MR T Wikt

Y5 GETV HuN1 #4875, it E1. E2. E3 J:K S RAE 514, ¥ L LK P
(1) N BB AL U GBI N CRABE ) RAHN A(NEER), i#id Overlap PCR )
TG NRARNL 5o KRG pAC-GETV J& G So R N ASAR , BT 5 14 51 I AR Pk
s SV 8 e RV E AR S G R 2-1.
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2 2-1E1. E2. E3 &R A RZ5Y)

Table 2-1 Primers used for amino acid mutation of E1. E2. E3 gene

RAL K Sk LY FFEl (5" 30 )
Mutation sites Primer name Sequence (5’ -3' )
E2-10059-F CCGGTGACCGAAGATGGG
Mlul-R TACAATTTACGCGTTAAGATACATTGATG
EI N141A 10983-F CGGGAACCTCGCCCAGACAACAACGGC
10983-R GCCGTTGTTGTCTGGGCGAGGTTCCCG
C-8740-F CAGCGACAGGCGCAGGTAAACCAG
E2-10156-R GCCACCCATGGGGTTTGC
E2 N200A 9707-F GACCATCAGATACGCCTGCACGTGCGG
9707-R ACGTGCAGGCGTATCTGATGGTC
E2 N262A 9894-F TTCCCTCTGACCGCCTCCACATGCAGGG
9894-R CCCTGCATGTGGAGGCGGTCAGAGGGAA
E3 NI11A 8950-F GCGTCTTAGCCGCTGTTACATTCCCATGC
8950-R GCATGGGAATGTAACAGCGGCTAAGACGC
E3 N57A 9085-F CCACGATGACGTGTGCTAATAGTGCACGCCA
9085-R GCGTGCACTATTAGCACACGTCATCGTGG
1.6.2 RRZRFRLHI R

DU, FE b€ pAC-GETV MR, Wit b FiEsl¥), iEid Overlap PCR 1975 25|
N RRAR, RIEBAR L 0Rr B VI 5, SRR B[R IR 34T B 1), K Overlap 1)
Fr B ¥ 2 SR S B KL pAC-GETV. L E1 N141 {7 S A A ], BARSIRuT .

HH R B34 i F 51405 E2-10059-F/10983-R Al 10983-F/Miu-R ¥ #7531 1 Bt
N141A-1 F1 N141A-2. PCR JZ Ak R 1% 2-2.
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% 2-2 PCR R JVifhk &
Table 2-2 PCR reaction system
Hpy R (ub)
dd H>O 21
E2-10059-F/10983-F 1
10983-R/Mlu-R 1
2 XPrimeSTAR Mix 25
pAC-GETV 2

S5 At 98°C, 3 min; 98°C, 10 s; 58°C, 30 s; 72°C, 1 min; 33 MEH;
72°C, 5 min; 16°C, 5 min;
R mle: H5 PCR AT I [mlietift, 3RS0 7 BedEAT Overlap PCR, H43R4540
= WVE AR, overlap PCR §HE /e AR R U 2-3.
% 2-3 overlap PCR Jx Mifk %

Table 2-3 overlap PCR reaction system

NG R (ub)
dd H,O 21
2 X PrimeSTAR Mix 25
DNA(N141-1+ N141-2) 2

B S NAR R EIR )G, 98°C 3 min; 98°C 10's, 72°C 90 s, It 5 AMEHS, ZEfd
72°C 10 min; 16°C 5 min. I LLTF SR F:

ik R (U
FRIRETH 48
EWESI 1
NS 1

R21J5, 98°C 3 min; 98°C 10s, 72°C 90s, £ 30 ME¥F, #EH 72°C 10 min; 16°C
5 min. PCR /¥4 45l 5 HEATIZIR HIK, W S RLTII) PCR P2 HdEAT 44k . J3 7%t
SR TR R pAC-GETV A9 341 H (1) BLidAT 0 BB Y) (Apal+MIul-HF), N
%N 25°CHEY] 4h (Apal) JaiE4T PCR 4L, ¥4ithr=4) 37°ClEY) 4 h (MIul-HF).
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BEUIR RNk 2-4.
% 2-4 HIYH BRI pAC-GETV #HAkEg 1) 74 &%

Table 2-4 The enzyme digestion system for the target fragment and the pAC-GETV vector

Hip PR Cul)
10 X cutsmart 5
pAC-GETV/H [ Bt 30
Apal/MIul-HF 1/1
dd H>O 24

W B ) 7= kAT I [T WSO RAT B BRI G Te B AR AN H 0 B, 3 H IR B
EWWGMVﬁ%,%ﬁHEIﬁ“Qﬁn%&ﬁ 7% kL pAC-GETV-E1 N141A; i#
AR RN 2-5.

% 2-5 H I BUR pAC-GETV 3R KERAA R

Table 2-5 The ligation system for the target fragment and the pAC-GETV vector

Ao PR (ul)
10 X Ligation buffer 1
pAC-GETV 3
N141A-12 5.5
T4 DNA Ligase 0.5

Bl ERERAI G, 4C R ERE . Ak, BhE . ORI, B SR N A A
F-FPR 1.5.4 155, @ EINRASA SSIGIN . HARAL SRR

1.7 BORCR G E AR B R R

Ji by Je 2 1 Entranster ™-H4000 #2347 St B0, BARER/EWT

¥ WA EF 1) BHK-21 4050 % 6 FLIR, Framfus B2 50%IN 3hT 5 4y

@HX 2 ug pAC-GETV-E1 N141A R4 fi ki 5 50 pL ) Opti-MEM DMEM & &3
%], Fif DNA, # & 5min;

@1l % Entranster™-H4000 ##:7%, HU 5 uL 1 Entranster™-H4000 5 50 pL Opti-
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MEM DMEM &%), ZEi##E 5 min;

@ FRWIFFRRROTIR G, FiRREA TS, ZHHE 15 min, HI&HELE
E;

O LR E AW, IASRTTER AR 6 FLIR T, BRI MBE TR,
fHE T BV S ML FRIRIRE], T 37°C. 5% CO» KI5 7848

@#Y)5 6 h, FEFEEFRIL, A 2 mL BrEEH 10% FBS J55%E, TN
FEFA Ak B TR

@G+ 60 h J5, WEEH| BHK-21 e 2= EmAg, FILgu b4 i st7 ik
£, 8000Xg, &0 5min, FEEAMIEE T BB EIERAFT-80°C;

@WUR#E LIEWR 10 pL Mt TR BT aiLF i ST 4, M2 SR .

1.8 EHRBREE

Y P I I EL 2 55 40 X 5 L S CL AR AT AR U1 ST 4R, (RN B 1E 5 410
HSFATERS IR, T8 37°CL 5% CO2 s FRFEY 2 h e, BIHJRES AR, A 2%
FBS A7, A 37°C. 5% CO; WIEEFRM P4k 4L Rt 7%, 12 h J5 WS40 i A2
5L, FrAMRRALE 60% /i, X AT A e, @id IFA 177 e AR 7 2
YRR, TFA BAREESH % 1.8.1,

L9 EARFEKFERR

1.9.1 75 F FE I S B AR K il 22

WBAE ST 4 L5577 K GETV (E1-N141A). GETV (E2-N200A). GETV (E2-
N262A) . GETV (E2-N200/262A) . GETV (E3-N11A). GETV (E3-N57A). GETV
(E3-N11/57A) & RAREHATHERENE, LT

%% ST AAEE A 96 FLAR, FirH P FE A8 80% /c Aq I JE AT 5 B i FE I 7

Y EAR TR LM BER 102 0 10° £, RTUMAGMFLH, F 4 NEEAL,
A B BB IR . BT 37°C. 5% CO, HIE F40 rh 4k 215 5%

@72 h )5, XTHAMP AR AR ALATER D, 12H Karber VATH B E

— AR I R ER e R A 0 B2 B I MOI=0.1 $:Fh T4
RGP STAME b, 2 h )5, FEERETRE, 8 2% FBS M4iuls st Tfks
TR Rk, 39T 12hy 24h. 36h. 48h. 60 h Wt #E 150 puL A EiEW, FHAMn
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FAIRRRR G TR AR o 2 S ) 4% 200 B s 5 PE A AR, R AAH R AR 2 T P2 DU — #°F
FI ] Graphpad Zx | — DA K 1 26
1.9.2 ZEHELLR

W PETT AL B ST A% 12 FLIR, Frai BB TR, %8 50
TCIDso X} GETV FISRAR B ATHRE, HL 100 pL JE Y% ST 4N, 7E4nfussF=aa 4k
SR 2h E, FARIREE, W 2%IRIE IR 2 X DMEM(4% FBS+2% 15 -4 5 ) %%
ARG, 1% 15 mL/ALInEgfulisit, BT =M 1 h A4, BHECT 37°C. 5%
CO, MG FRAAT P 4R B85 7. 12 h J5, HERE— B B SA To4i s AL, 4 7E (5] B W5
Bi N ReEE B R X IR AR, A L e IR AN OB BRI AT RT3 0.5%
W45 R R s A R AT B €0, =R 3 h 5, FRRGWl, HEK RS RZ
ML= PETAS o

1.10 N-$EEAAL i RAENT R EE LTI BT A R 4 B IR T

KRR IT 0 ST 4IMUE 4°CHEAT A 10 min 4, 263 LUk 78380
MOI=5 PR FFR AL 2, R 4°CHEE 2h, [ REAeae 4, Hrh—4 4
PBSIHEUE 3R, EBRARGGIRTER T, $2HRNA, 81T RT-qPCR AT 285 DLEL
F—HAE 4°CHFE 1 h Z G %E 37°CHRILFRAEME 2 h, LMEREENRYM, BE)S
FI PBS & ¥E, $RHL GETV BRILAH AL 05 RNA, i R #4553k cDNA; BAR
R IR1S cDNA IR, BETHERXT nsP2 ZEFE MR E =T, ik RT-gPCR i/
AL GETV K nsP2 &K {142 %L

1.11 N-FEEAL AL S RAENT GETV JEE FbsEin TR

¥ ST AMREE 12 LI, FFAUIEER 80-90%M, KB & Al 5 AR B 34 14
MOI=0.1 /&4% ST 41/, 12 h o WEAIMIHEAS, FHRAEE 50% M0 AT 2L oD
HEAME, WE 10%M5 8k, MmN LRI 10 pL 8 AR, T E B Ik,
r IR W AR o B BRI IR JISHER f5 34T 200 mA #5160 min, {FH E1 M1 E2 &5 H
BPUERN—Bud T WB Rl
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1.12 N-FEEAL AL 5 AR B/ R B0 PRI

L12.1 A RBEER TR

8T R SN RIEOR 1, 2 RIS 9 41, BHLEH 6
R BRI LR TL. ARSI R BRI L, 7 0]
A SR AL 5L R Fe AU 007 BG4 1045 TCIDso 9 BFHER L

[l B A0 HR A0 3L BRBEAT W A R B RV E S DMEM. B4k, U ZHED 2 AR, E
4 dpi I BEAT 22 SRAEAL B, JF REEHIIREA AT i 23 AT -
1.12.2 SEH /N BOAR S VRAY

BRICFKADRARE, REZ, LN EN.
1.12.3 HEH S RNA IIRBURI R

KA/ BT I H SN IR BIR R, R 2 = UR TS R h AT B
HIRIABOINAR R, B2 REIIR . KT B 58 2 I AL SR i e 18 B 1A I B O
H, #% I RNA-easy Isolation Reagent Pt B30 3%, VN %4415 RNA.

KR UK RNA #Hl TOLOBIO J 8%k M G U BRAE U 5, X3RS RNA 24T
Tk, A cDNA. [REEFIR RN 2-6,

% 2-6 RNA M8 7
Table 2-6 RNA reverse transcription system
oy AF(20 pL)
5xAll-in-one RT Buffer 4 ulL
All-in-one Enzyme Mix 1 ulL
Template RNA 8 LL(RNA #FEA 0.8 pug)
RNase-free dd H,O 7 uL

SRR : 50°C, 15 min; 85°C, 5 s.
1.12.4 MRALFHERERN

N TR OE B BIFHSA R EREE, FIA RT-PCR lGfI &%
GETV nsP2 & K[ HEAT 5L N 526 € & PCR 704, DRI/ RS AR BT S . 5190
FPA WA 2-7.
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# 2-7 RT-qPCR N 514
Table 2-7 Primers designed to RT-qPCR

BB S R (5" 3! )
L7519 (nsP2-F) ATGCCCTGAAGGTTACACCG
i 51 #)(nsP2-R) GGGATCAATACCCGTCCGTC

SER 56 2 B PCR R NAK R N FE P W3R 2-8 A1 2-9.
% 2-8 WILER PCRY AR

Table 2-8 Fluorescent quantitative PCR amplification system

Hoy RFL (20 pL)
SYBR Green master mix (2X) 10 puL
L5 (nsP2-F) 0.4 uL
TSI (nsP2-R) 0.4 uL
RNase-free dd H>0O 7.2 uL
cDNA 2L

* 2-9 RILER PCR I IEEF

Table 2-9 Fluorescent quantitative PCR amplification procedure

TR I 1] TE
95°C 5 min 1
95°C 10s 40
60°C 30s 40

4RO E & PCR &5 R S AT R R IR S = .
1.13 &t 447

i Ffl Graphpad Prism 8.0.2 #K A i fFr, @ R R 7 Z TG, B
BERN: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001.
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248

2.1 GETV R A N-FEEAAL m RAR A BRI X

1 FE 28 B 1F NetNGlyc-1.0 X GETV [f] E1. E2. E3 & AR LR F 53T 04,
FEREIN B A —A N-FEIEALAL S, B2, E3 231 HAS N-BEIEALAL S . BL GETV J&
Jebk TR ORLAEAR , &R N-BEEAL AL s AT SR W54, 83d Overlap PCR /)
JiE, 3R EIN141A. E2N200A. E2N262A. E2N200/262A. E3N11A. E3N57A.
E3 N11/57A FAZ 1) H 4 Jk et o B SR, ) A 1 B 40 AR TR A3 e il R AE ) A 7
BEATI, R ER (E2-1), E1EAME 141 IRABUZRIIRAZ NN AR (AAT-
GCC), E2 EHHEMIE 200 ALAIEE 262 A7 B R AW 53 0] 5 2 RAL W T AL N AR

(AAC-GCC), E3 BrHEMIEH 11 N5 57 AL R &l 7 ol B i RAR L WURAR P &= R
(AAC-GCT). M7 45 B Ewh i Bk 43 7l #r 44 9 pAC-GETV (E1-N141A). pAC-
GETV (E2-N200A). pAC-GETV (E2-N262A). pAC-GETV (E2-N200/262A). pAC-
GETV (E3-N11A). pAC-GETV (E3-N57A). pAC-GETV (E3-N11/57A).

A TcEGCccac B "AC[GClcTG C cclgClcTC

|
v ol gl
E1 N141A E2 N200A E2 N262A

D 3CCECTGT E -GTECTAAT

An | i
l’\l f\ \ W\ I/I\v ‘1,"}{‘
J\ Y

E3N11A E3 N57A
F sccEeemeT GTEETAA® (G TACBETC \cCGECT!

N\ A Y A A |
NV AW /\/\AM A

E3 N11/57A E2 N200/262A

2-1 FEZH ORI 45 R

Fig.2-1 Sequencing results of recombinant plasmid
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2.2 AT TR

¥ pAC-GETV (WT) . pAC-GETV (EI-N141A) . pAC-GETV (E2-N200A) .
PAC-GETV (E2-N262A) . pAC-GETV (E2-N200/262A) . pAC-GETV (E3-N11A) .
pAC-GETV (E3-N57A). pAC-GETV (E3-N11/57A) #:4x% BHK-21 40, &K%
MDRAS, KINFEGL )5 55 48 h AR IR B . vk, HIRAZH ) CPE FEE W] WAL T
PR, mWiAMEXTRATE CPE, WHCH AR A BiE, fridh FO B . K Fo 1R
JRERRERP ST 4, J&Ye 24h )5, EFERIA AR5 H BN AR A 2N, (CPE) (1A 3-
2). PAFERAN T2 A% AN GETV (E1-N141A). GETV (E2-N200A). GETV

(E2-N262A) . GETV (E2-N200/262A) . GETV (E3-N11A) . GETV(E3-N57A).
GETV(E3-N11/57A).

GETV(E2-N200A)

TV(E2-N200/262A GETV(E3-N11A)

GETV(E3-N57A) ETV(E3-N1 1/57A)

] 2-2 PRBOFE #ECE ST 4HiH 1512 CPE
Fig.2-2 The CPE caused by rescued virus on ST

2.3 RAJRFH IFA £

¥ WT-GETV. GETV (E1-N141A). GETV (E2-N200A). GETV (E2-N262A).
GETV (E2-N200/262A) . GETV (E3-N11A) . GETV (E3-N57A) . GETV (E3-
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N11/57A) 5 ZAEHA R BEEK S ST 4, 36 h [5G M & 15 DL K35 7% Bk
AkZERM T ST 4, FHR BIG 03 RAFT-80°C. R EHA R #EKG: ST 4 36
h JEREAT B E I, A S = AT EL. E2 & AR EPUAREET IFA K58 . 256
45 B 5 o8 GETV (EI-N141A) . GETV (E2-N200A) . GETV (E2-N262A) . GETV
(E2-N200/262A) . GETV (E3-N11A) . GETV (E3-N57A) . GETV (E3-N11/57A)
RGN A0 MRS R R e OB ELL B2 SRE RIS e RE BRI, AR RO (K]
2-3), %45 B B RAZ N B S B DI PR R

GETV(E1-N141A) GETV(E3-N11A) GETV(E3-N57A) GETV (E3-N11/57A)

ST
" - - - - -
WT-GETV GETV(E2-N200A) GETV(E2-N262A) GETV(E2 -N200/262A) ST
o - - - - -
"~ - - - - -

] 2-3 HEZH RALIp 7 IFA %€ 4

Fig.2-3 IFA identification results of recombinant mutant virus

2.4 N-FEEALAL 5 FRARIR B K R

HU GETV (EI-N141A). GETV (E2-N200A). GETV (E2-N262A). GETV (E2-
N200/262A) . GETV (E3-N11A). GETV (E3-N57A). GETV (E3-N11/57A) 1] Fl

AR I Karber BTN R LI 5E , AR AL IR R A T AR, LR
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IRAE 10-300 15 o 5 5 Fh 5485 752 1 MOI=0.1 23 H B 10pL /&Y ST A, 9 FI7E 12,
24, 36. 48. 60hHL 100 pL BiEWH, HEATHREEHIAERHIZNE, M Karber 8 € R
ThRaE AR . SRER, BAENRBIRARE, RABWHEHFNHITE K, H
1 GETV (E1-N141A). GETV (E3-N11/57A) #AREEMN T2 300 £%, GETV (E2-
N200A). GETV (E3-N57A) RAFFHFAN TFF 100 5, HRRLBHEREM NEL 10-100
B (AN 2-4).

¥ B 85 5 RATFEHRFE MM 2 50 TCIDso /& 4% ST 40Ml, 2 h R & A 2% K%
MEBRAEH 1% -85 2% X 2% G DMEM IBEGY), H58 & THRRT,
IR A 30-60 min e A 5 AR B T AR EE FRAR B IR 36 he K AH IS SRR,
FH &8 R e o HeBR AT Y i 4 h Ao . 81 PBS BREMEERIE . 25, BAT
Xf B B RN R B R I BEEAT T 38R, JRRTX e IR AT T RAE M . 45 R
W 2-5 s . HH GETV (E1-N141A). GETV (E3-N11/57A) [IBEEIE i FL &),
X R GETVE] A 141 758848, GETVE3 AR 11 (A1 57 A7 548 %t
T B RS TR A ORI

9-
8-
T 77 _
2 o Ve—— e & WIGETV
= 4 GETV(E1-N141A)
E 5 - GETV(E2-N200A)
> : GETV(E2-N262A)
= 4 GETV(E3-N11A)
3 GETV(E3-N57A)
@ GETV(E2-N200/262A)
2 T T T T 1 =& GETV(E3-N11/57A)
0 12 24 36 48 60

Hours post infection

2-4 FAFEEARAE K 2R

Fig.2-4 Mutant strain growth curve
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GETV (E1-N141A)

Y
GETV (E2-N262A) GETV (E2-N200/262A) GETV (E3-N11A)

GETV (E3-N57A) GEIV (E3-N11/57A)

P 2-5 SR A B S BRI 4 A

Fig.2-5 Mutant virus plaque test results

2.5 N-FEEALAL U RAEXHRERRLT- IR AR 4 L KR

18 B A B AR RN S AR B R 2 i B ST 4Hiff, 7F 4°C FR5F% 2 h AR MR BRI, 7
37°CH53% 2 h AR FE AR B Do K IR BRE S b AT 244%, $RENARM N L RNA, 1@
it RT-qPCR X197 #3001 HOAZ BR ¥ DI BUG I . 25 BIR, GETV (E2-N200/262A) #tk
SXoF S L ) WO AR N AR B 0 I B S B M), H S SR AR B 4o 4 L 1) R B AN AR B 7 386

KUY GETV B EL [ N-FE AT s (R SO AR 55 0 5 MR B AN IR A B e 0 (A 2-
6).
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Adsorption Invasion
8 = 10-

Log,g(nsP2 genome copies/ml )
& <
[ [
H |:,
w
*
*
*
*
Log4y(nsP2 genome copies/ml )
Lok (=] [--]
L 1
*
*
*
*
}‘l @
w
*
*
*
*
*
*
|3
*
*
- 3
*
*

'Q\ al al "l al
N S £ B F P P T
« ,CQQ/ ,\3&\?. '&Q?' q,@q'v. ’153'1?. &\?' s;\?' '\\G;\?' é\‘o é\b‘\ %’19 © R q?"lv ’é\'\ ’eq,;\ \\\(,3\
& N A N @ @ N A R A A
& & & a - o \C N . <&
AN S MR & &S E S
& £ & & & & & & & N ¢ o 4L
q,'(‘\ & 04,6 e
¢

K 2-6 %2t e & PCR 45 R0 bt

Fig.2-6 Results of RT-qPCR

2.6 N-BEEALAL S AT GETV B ARSI T m

N T ERARFER GETV B E BEEE N A JCsem, 40l &M e GETV
(EI-N141A) . GETV (E2-N200A) . GETV (E2-N262A) . GETV (E2-N200/262A) .
GETV (E3-N11A). GETV(E3-N57A). GETV(E3-N11/57A)5 %87 HILA MOI=0.1 &
L ST M, 16 h J5 LA ML EL (I FF S iEAT Western blot %572, —Hufli A SLLG 1) 25 1
Pt El. B2 #idt. G5RER, N-FEREMWALSRAHEN Bl &2 AR pE2 (E2+E3) LK
E2 B RSB DN, FE08 B A IR G R A A T AR A I B 2% . S5 W] GETV EL.
E2. E3 [ N-FEIEAL A7 SR8 )5, 18 GETV EL. E2. E3 & A KIMEEEE N T .
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<
S ARG Al
A N ARG
R SRS N
QY WY e ¢
R N N P NN
S N R Y e e A e A
70kDa
Anti-E1
53kDa
- -~ R - d . < H
.
70kDa
Anti-E2
53kDa - R - <—E2+E3
- . . S
- oo an
) 43kDa
Anti-GAPDH
n SkDa WP WP W e = w— - - e < GAPDH
oo

K] 2-7 E1. E2. E3 A AWML MT WB %52

Fig.2-7 Identification of deglycosylated E1, E2, and E3 proteins by Western blot analysis

2.7 N-FERALAL R RATR B X/ R EBUR PRI

2.7.1 AR IR /D R A BRI FAE Z T

NERFE GETV El. E2. E3 £ N-FEILALAT 2 5848 2 75 52 M3 25 071N BRI B0m
AT TR FFIL M 10% TCIDso #FPFLE, BRI/ D RAREIATIRE, ELE 10 K,
HE N R AMERRAS . FErENL . % . SHHAMIL, RARFERNRG,
NERA RS PR BE . BEEREL. S AR AT R IR ) s
FNEMGARRER, (HIXERER B SRS . B F 4 L g 1 28 DY R A SR B FL RS T, T
SR YL SRR /N AT 1) R AEHEIR . (BFER S GETV (E2-N200A) 4, {54 /)
AT, XS id N R AR IR Bt SR AR, X e g /N B ) A4
AUATIS /N DL ESERE I GETV (E2-N200A) Xt/NROECUHRMERTS (K 3-8), %
N-HlEFA AL A EE B P A% 1 AR .
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100
75 GETV(E1-N141A)
—— GETV(E2-N200A)
2 GETV (E2-N262A)
% =~ GETV(E3-N11A)
R —— GETV(E3-N57A)
g —— GETV(E2-N200/262A)
@ GETV (E3-N11/57A)
254 - WT-GETV
DMEM
0 | | ] ] 1 | ] ] 1
0 1 2 3 4 5 6 7 8 9 10
Days post infection
10-
GETV(E1-N141A)
g- -=- GETV(E2-N200A)
= GETV(E2-N262A)
£ 6 T - GETV(E30-N11A)
Z —
3]
=2 / hy —— GETV(E3-N57A)
) -~ GETV(E2-N200/262A)
4= 3 5 T
3 =zt b GETV(E3-N11/57A)
S Y/T’T—’T_ T~ I - WT-GETV
2 DMEM
0 1 1 | 1 | 1 1 | 1 |

1 2 3 4 5 6 7 8 9 10

Days post infection

2-8 NFAIRATFIRIEAY MR AAE R (A NRE(B)Z LA
Fig.2-8 Changes of body weight and survival rate of mice infected with different strains
A: AFFHEGYN A D RIAAER WA B: ARG WA A E AR
A:Changes in survival rate of mice infected with different strains of virus; B:Changes in body weight of
mice infected with different strains of virus
2.7.2 /M RAESR B R E RN
PAR R Ja (/N A E Y e R AT ], RN, JRIB. OE. BAEH A,
RSB B AWM, TR, MMM ALIZ] RNA. J#id RT-gPCR £R,
IS HA PR R R, SCREIR R, AR /D RS HA R HE K
T4l Aok, 2R RS RS2 A (B 2-9),
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=1 WT-GETV

B GETV(E1-N141A)
BE GETV(E2-N200A)
1 GETV(E2-N262A)
B GETV(E3-N11A)
100 - *okok =1 GETV(E3-N57A)
804 BN GETV(E2-N200/262A)
60+ I i £ GETV(E3-N11/574)

Relative expression of nsP2 mRNA
in brain
(fold change)

Relative expression of nsP2 mRNA
in hind limb
(fold change)
N B [=2]
o (=] (=]
S & o
L 1 L
Fi
e
b
iz

o N A O
L1
| *

Relative expression of nsP2 mRNA
in kidney
(fold change)
N B (=]
o o o
L1 1
n
Ik
H 2
13
iz
Oz
iz
Relative expression of nsP2 mRNA
in heart
(fold change)
- N o«
o o o
L L L
Bz
*
Hs

A D D D D D D N N R AN\ SRR SR
I P Ay § NS
RSETC S e L A A RN S AT
P g P NP P PP
& & &
& £ & o o&@oc‘ & & & & F ¢
& &

K 2-9 /N R A LG P B i B

Fig.2-9 The viral load in various tissues of mice

BlEEAL R — Bl WA IE S B 1, B R G R T B 2 RO M AR A E
RN FEART BRI SRR ks, iR, RN E
R AL A 5 S AR R e B ) R A0 . R R E (SINV) E1 SHEH)
N-HEFHEA AL TR J5 A8 75 S 1l B 0 FeAK, R B 0t /) BRI 3850 i 701831, 22y fik 1
WiEE (SAV) El SR ERERAAL R G S BURTE B2 K0, E2 B ERERAL AL s AR w]
PASSCAS R EE5E /), A0 B B e 4 M ¥ e 7955 184

NWFF GETV R [ N-FEIE LA 1 5848 06975 25 & i A B0% J1RI52ma, AT 78 LLRT
WIS H) GETV IAEEHAEF &, #E El. E2. E3 A N-FEEEILAL SR 1
GETV KRG PETiRE, K N-BEEALAL £ AR R ek o B ORI A% 4 2 BHK-21 48
BT RER R KR aE i LIS AT ST 4, RIHASLIGH &0 Bl B2 FAPUATE
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