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TBEV 7tk E ERIXIRZETIE. difk
K B v fEHu i &
iR A RO

=i I AN R R
WS HOIm. HHARE UF

TR RFRME Z A S5 E A=, % 710032
PR SIE . THEERRKFEFHE S ANAREF R (2020rcfelyd

L&

FRARIK 28 955 5 SCRRWSAL i 4 % 7% (Tick-borne encephalitis virus, TBEV), £
HAERE, A5 DL E T AXA 2 R G AL A RRIE I AR ARG 48 (Tick-borne encephalitis,
TBE) (XA Wi B4 ). &4 A BRIOE 1 AR ARG 28 3 188 10000 i, 3
BRAT FARE Jik. 287, FRERICAFILRX WA 7T TBEV BALRK
HARA KR Ah Z R 5800, B AT ERE a7 254 Bk, TBEV 4L ™
HPAFEPAMEZ —.

TBEV R4 N % EEE RNA, HIFHGELASHE (Open reading frame, ORF) %
i 3 FpsftyEH (Co PrM. E) 1 7 FIESHEEH (NS1. NS2A. NS2B. NS3.
NS4A. NS4B. NS5). HPEREN E 515 FHMRZAELS SN FHRETEAM, 7i%S
U= R I AU, R i E R Y, 2 MIE 12 W1 £ AR
E &AL EYANLE M4 AL, DI. DIF DII=ANSE MM T E & A fANX
(Envelope ectodomain, Eecto), DIVNZE X FlE5 4 5 [X . Eecto % s T EE R 1H
EJ R A B AL R F R TR TR, RN TTAYE E &R (souble Envelope, sE),
HA AL e BOR AR E SRR —3, &7 E AL PFIAEMPURE M. 45
FEE 1 PrME 7E40 i 1 38 J5 n] T Ui B FE UKL (virus like particle, VLP), L%
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HAFRABA 2 () 2540, JFL e e 5211 200 I o 48 PRI S5 03 5 UKL (Reporter virus
particle, RVP) AT~ 178 K Pu B H AE P PPAT o

AW 7T LA E FERATH TBEV AKX R, B et & B T
Eecto [T 41, MR ZREHMAIITRE G ML, A0E A %02/ RIEN ME RS
Ve RAZRZREAR M Becto FITREUA, 0 RIMNEMY R E AE S R VT
Y Eecto REFEME R T B fR o LASLES 2 A 1Y) 38 FA05 25 B T AR 40 il R o 2
i & 5 A i i BRI ) TBEV-RVP, X3RRI 53 5w B SR AT th ANEVE VR . AHOG
O WY&

1. TBEV-E EHMAXHRZRIE 2l Kk ek R EE;

B /M Genbank 2 FEf R TBEV FRIKIKIIZE T H, &8 Eecto J74FF3AT
KA RS T IRAC AL 22 A . %% Eecto 3 A 50 B N JFUA%Z £ IA B i pET28a 4 2
HIA ik pET28a-TBEV-Eecto. FAFifiZ: PCR %5, Vi 7/ TEZN 1,200
bp MRERPESEAT, SHEW RN YIS, B, Wpas R &
7~ Becto J7 81 T01%

H K pET28a-TBEV-Eecto 74k BL21 52 45, 4 1 mM/LIPTG /M SFRIX,
SDS-PAGE 7Rk Eecto & A LELRR T ik RETE 3 RIE G B OICEHE AR
B, Z6MERIT (Gua-HCD V& fEEZIEZ iR iEH TS EEESR, 5
H B UE S Ni SR AE A 2iA,  5n P& IE 2 BRIk, SDS-PAGE 73 #7 R
RAF 246 BB = (1 TBEV-Eecto £ 1, 1) F 4 20 B2 Ar 25 o 4k AT £ 1 B0 228 i 5

(Western blotting, Western blot), Z5H o H& R, SHUHR/DN—E

% 5E TBEV-Eecto B % [ 1%, BX 20 ug TBEV-Eecto 2 H S51E 7R & o LA 122
Fp e N 58 3 AR Ao s 14k, 56 5 HJERJERIM. L. TBEV-
PrME %A ORI Gei¥) 293T At 5, FIH ik G s —bidkir sk
EN#E (Western blot) A4z 3% % Y6 ¥ (Immunofluorescence assay, IFA) SZIG .
Western blot 45 B REEF 445 TBEV-E & AK/N—8, TFA G5 RERERIET
TBEV-PrME (47 E4F S 0. %45 B %M TBEV-Eecto 8% %% /N R
IMEBERE WU HAZRIAH) E 52 H, #7K Eecto 82 H BA RATFH S J5 1k

2. TBEV-E % H M 5H X 15 50 Ui ] & R AT VR

il Eecto MHsLRESLAR, FIF A4 BLISA vENE FiR Becto & H Gl /MR
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MiF, EH R MIEL 1: 1000 #%E f5 1 ODasonm 5% 1 1 2 R /INBR 73 B IR . 5
AR/ R BER Sp2/0 4HffLLL PEG 1500 M{ER TRl G, AlAEIL/E4 HAT
N HT B5dkim et e, FIA A4 ELISA 2052 22 5S4 i i ity , 30K
W AR FLEEAT B IR R E e Ak, &5l 4 TR BIRE R IE Becto
R B e BE BRI AR ST R A, 3k 6tk PuiR s R oR, 2H8H4 A 2E3G6 1
PUATW R A 1gG1 BY, 15 3C5D4. 4H10D4. 4H3B11 . 2B11H4 ¥y 1gG2b Y, 6k
BT U R Y 9 kB o WS ORE 6 AR AN A 43 i S A e v AL 5 () BALBYc /)
B R IEAOE RTINS, S5 R ERA AR BTSN T 1 105, 28RN 1 10°,

NFE— LM Eecto H 5 S BEPUAR IO RE S AN A2 SRR, B 58 DAL 40 i
ik TBEV-PrME HIAHTE, KH 6 MREFTIIIE/K Y —HTE4T Western blot AT IFA 5K
%, Western blot 453 i/~ 2E3G6 A 454 TBEV-E & H I PER AL, [FA 4550 SRk
2E3G6 4 S HREFTI I 454 TBEV-E & A A MM LK AL; UL pCAGGS-YFV-PrME
M pCAGGS-ZIKV-PrME #: 4 BHK #4iiffd, HAJX %5 (Japanese encephalitis virus,
JEV) FI& 7 (Dengue virus, DENV) 2 AIEYe BHK 4] &PiE F, TFA 45
RN 2H8H4. 3C5D4. 4H3B11 f1 2B11H4 5 JEV fA1ERE X N, 3C5D4.
4H3BI11. 4H10D4 5 DENV2 fAAER X B, 6 PREFLE 5T (Yellow fever
virus, YFV) DL ZERRTE (Zikavirus, ZIKV) ¥TERZ X M. #E—# ] protein G
O B K AT SE A E M 4lifh, R 2HSH4 4L 5 #RIgaitb 885k, SDS-
PAGE 273k 15 (1) 5 5o B AR 40 FE L

NPT FIR3RAG Eecto & 8 SLFEHUAR tHAETE, FRATAAH TBEV-RVP X} E
BYUARIAT RGN . & T pCAGGS-TBEV-C RiA ik, ¥H %k 5
pCAGGS-TBEV-PrME FiA#AILE Y YFV ZHF40M (A=ME) #l#% TBEV-
RVP, Kalifh 5 FPiik LRI E 5 TBEV-RVP £ 37°CHE & 5 /4 BHK 400, #
JE I E AN 58 (Relative fluorescence unit, RLU) H5E HUAKI R AR, SR E
7R 5 AN EPTIASAEE] TBEV-RVP %t BHK ZHHfESE, R BT ANE 1
gk

AW T RN K AT B vh A 44k T TBEV-Eecto B [, B AT B B i b,
M4 T 6 PRELERED IR, 5 1R R B B () A7 2R A R B I 28 XORORE, il & 1
TBEV-RVP. A5y TBEV WA FEIR M 1 — & I SEI AR LA o

_5_
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Antibody preparation of ectodomain of E protein of
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University (2020rcfclyf)

Abstract

Forest encephalitis virus, also known as tick-borne encephalitis virus (TBEV), is
transmitted by ticks and can cause forest encephalitis characterized by acute central nervous
system lesions (also known as Russian spring/summer encephalitis TBE). More than 10,000
cases of forest encephalitis are reported globally each year, mainly in Eastern and Northern
Europe, Russia, and also in the northeastern and northwestern forest areas of China. TBEV
is associated with long-term neuropsychiatric sequelae and has no specific treatment.
Therefore, TBEV infection is one of the serious public health problems.

The genome of TBEV is a single-positive-stranded RNA, and its Open reading frame
(ORF) encodes three structural proteins (C, PrM, and E) and seven non-structural proteins
(NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). The envelope protein E is the main

structural protein, which binds to host cell receptors to mediate virus entry into cells and
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induce protective neutralizing antibodies in the body, and is the main antigenic component
of the vaccine, and the main target for serological diagnosis. The E protein consists of four
main structural domains: DI, DII, and DIII, which form the ectodomain of the E protein
(Envelope ectodomain, Eecto), and DIV, which is the stem region and transmembrane
anchoring region. Eecto is exposed to the surface of the virus and can be shed upon treatment
of virion by trypsin. It is also known as the soluble E protein (soluble Envelope, sE), which
has a crystal structure consistent with the E protein on intact viral particles and contains
almost all of the antigenic epitopes of the E protein. After the expression of structural protein
PrME in cells, virus like particle (VLP) can be formed, which has a similar spatial structure
to virus. The Reporter virus particle, prepared by transfecting PrMe into replicant cells, RVP
can be used to evaluate the neutralizing activity of serum and antibody.

In this study, the main prevalent strain of TBEV Senzhang in China were selected to
study. Firstly, codon-optimized Eecto sequences was chemically synthesized and a
prokaryotic expression vector was constructed for expression and purification; Preparation
of Eecto specific monoclonal antibodies using hybridoma technology, and evaluation of
Eecto specific monoclonal antibodies based on their potency, specificity, and cross reactivity.
Finally, TBEV-RVP containing the reporter gene were prepared based on the stable
transformation cell line of yellow fever virus replicon constructed in the laboratory, and the
neutralizing activity of the obtained monoclonal antibody was evaluated. The ralated study
methods and results are as follows:

1. prokaryotic expression, purification, and immunogenicity indentification of the
extracellar of the TBEV-E protein.

Firstly, the gene sequence of the TBEV Senzhang strain was retrieved from the
GenBank database, and the Eecto sequence was selected for E. coli codon optimization and
chemical synthesis. The Eecto gene was cloned into the prokaryotic expression vector
pET28a to construct the recombinant plasmid pET28a-TBEV-Eecto. The recombinant
plasmid was identified by PCR, and a specific band with a molecular weight of
approximately 1,200 bp was amplified, which was consistent with the theoretical size; The

band after double enzyme digestion was in line with the expected size; The sequencing

_8_
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results showed that the Eecto sequence was correct.

Next, pET28a-TBEV-Eecto was transformed into the BL21 receptor state, and induced
to be expressed in small amounts by 1 mM/L IPTG. SDS-PAGE showed that the Eecto
protein was expressed in the form of an inclusion body; After a large amount of induced
expression, the inclusion bodies were collected by centrifugation, and dissolved in 6M
guanidine hydrochloride (Gua HCI) to obtain soluble proteins under the action of refolding
buffer. The latter was purified by ultrafiltration and affinity chromatographic purification by
a Ni preloading column. Finally, imidazole was removed by ultrafiltration. SDS-PAGE
analysis showed that high purity TBEV-Eco protein was obtained. Western blotting
(Western blot) was performed using histidine labeled antibodies, The results showed that
the target band was specific and consistent with the expected size.

To indentify the immunogenicity of TBEV-Eecto, 20 pug of TBEV-Eecto protein was
mixed with adjuvant, and the mice were immunized by intramuscular injection. Strengthen
immunity once in the same way after the third week, and collect blood from the tail of the
mouse after the fifth week.The 293T cells transfected with the TBEV-PrME eukaryotic
expression plasmid, the above immune serum was used as the primary antibody for Western
blot and immunofluorescence assay (IFA) experiments. The Western blot results showed
that the specific bands were consistent with the size of TBEV-E protein, while the IFA results
showed the presence of specific green fluorescence in cells expressing TBEV PrME. This
result indicates that the serum of mice immunized with TBEV-Eecto protein can recognize
eukaryotic expressed E protein, indicating that Eeco protein has good immunogenicity.

2. Preparation and preliminary evaluation of monoclonal antibodies against the
extracellular domain of TBEV-E protein

To prepare monoclonal antibodies against Eecto, indirect ELISA was used to determine
the serum of mice immunized with the above-mentioned Eecto protein. Two mice with the
highest OD4gonm of the immune serum after 1:1000 dilution were selected to prepare spleen
cells. Spleen cells and mouse myeloma Sp2/0 cells were fused with PEG 1500 as a fusion
promoter. After fusion, they were selectively cultured in HAT and HT media, and the titer

of the supernatant of the hybridoma cells was determined using indirect ELISA. Cells with

_9_
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higher titer were selected for limited dilution cloning. After 4 rounds of cloning, a total of 6
hybridoma cells stably expressing Eeco protein specific monoclonal antibodies were
obtained. The antibody subtypes of 2H8H4 and 2E3G6 were IgG1 type, while 3C5D4,
4H10D4, 4H3B11, and 2B11H4 were IgG2 b type. The light chains of the six monoclonal
antibodies were k Chain. Subsequently, 6 cell lines were injected into BALB/c mice
pretreated with paraffin oil to prepare ascites and detect their titers. The results showed that
4 monoclonal antibodies had a titer of 1:10°, while 2 were only 1:10°.

In order to further analyze the specificity and cross reactivity of Eecto protein
monoclonal antibodies, the ascites of six monoclonal antibodies expressing TBEV PrME in
eukaryotic cell were used as the first antibody to carry out Western blot and IFA experiments.
Western blot results showed that 2E3G6 could bind to the Linear List of TBEV-E protein,
and IFA results showed that all five monoclonal antibodies except 2E3G6 could bind to the
spatial conformational epitope of TBEV-E protein; Then, BHK cells were transfected with
pCAGGS-YFV-PrME and pCAGGS-ZIKV-PrME, and BHK cells were infected with
Japanese encephalitis virus (JEV) and dengue virus (DENV) type 2 to prepare antigen plates.
The IFA results showed that 2H8H4, 3C5D4, 4H3B11, and 2B11H4 had cross reactivity
with JEV, 3C5D4, 4H3B11, 4H10D4 had cross reactivity with DENV2. Six monoclonal
antibodies did not cross-react with yellow fever virus (YFV) or Zika virus (ZIKV). Further
affinity chromatography was performed on the ascites using protein G chromatography
column, and all 5 strains except 2H8H4 were purified to obtain antibodies. SDS-PAGE
showed that the obtained monoclonal antibodies had good purity.

To evaluate the neutralizing activity of the Eeco protein monoclonal antibody obtained
above, we used TBEV RVP to evaluate the neutralizing activity of the above antibodies.
First, the pPCAGGS-TBEV-C expression plasmid was constructed, and the plasmid was co
transfected with the pCAGGS-TBEV-PrME expression vector into YFV replicon cells
(constructed in our laboratory) to prepare TBEV-RVP. The purified antibody was incubated
with TBEV-RVP at different concentrations at 37 °C and then infected BHK cells. Finally,
the relative light intensity (RLU) was measured to determine the neutralizing effect of the

antibody. The results showed that none of the five monoclonal antibodies could inhibit the

_10_
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infection of TBEV-RVP on BHK cells. It indicates that monoclonal antibodies have no
neutralizing activity.
Conclusion:

In this study, TBEV-Eecto protein was successfully expressed and purified in E. coli,
and showed better immunogenicity. Six monoclonal antibodies were prepared , and were
cross reactive with four kinds of flavivirus of the same genus. TBEV RVP was successfully

prepared. This study provides a certain experimental material for the study of TBEV.

Keywords: TBEV; E protein; ectodomain; prokaryotic expression; monoclonal antibody;

Reporter virus particle.
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TBEV J& T~ 55 7 R 5003 73 J i gAY, S Bid bt e N e B FH R 22 KT 119
FUH AR R, TBEV YL 51 ARARN 22 bR 13 MR O TR 9 fr IR R g
) DAAMR 3 B ANZRIBAE GG . TBEV T 1937 o IKIEM P ikl 4y & ok, 53
FERAT T WM AN IR 2 [ 5K, H BTREAE A BRARE B B 7575 10,000 451 LA_ED-41,
TBEV R4 73 A A E 73y 3 AR Bz A (TBEV-Ew). 7845 ) M A
(TBEV-Sib) UL i R A (TBEV-FB), 73R EAEFRATHIEE N TBEV-
FEPl, JK[H TBEV M ZREX P ARAET AR FBATTAI A S8 S AKX, Brait. 7
PO B r A TBEV W4T, TBEV FE 5| AMMHRME RGN, BULE
B, R R AR IR B RS e e 45 8 Bl H AT M o A 2L TBEV ¥R
S, IRAR T BELXPERIT A . Ik TBEV 1SR K& B FH A 706 F B B f

TBEV JNH K IERE RNA FiEE, FERARKEZ 11,000 nt, H—4 ORF HPil]
(¥ 5°F0 3 JEEEEIX (UTR) 4lpk. ORF Zwfd—AZREAMME, o A=FratEa
(C. PrtM F1 E)A1 -t Fh 4F 45 ) 2K FA(NS1. NS2A. NS2B. NS3. NS4A. NS4B Al
NS5 8, Hrh E EARM R FENEWED, M TREBRNEL, S25H0%
A REE DL RO R - M R, T EL R R R BRI RS, AR
FRA R APLARD 10, B ORI A X A, AR DX AT 4 = AN S
. DI. DIIFMI DI, N uiphiRAb i) DI T e, —MDR &Rt & 3Rk DIL 5
— R AT g BREE A REHT B 1Y DI HAZ X380 & AR Aol

TBEV-E & AMKIE LK A M EZEIM. Hil E EENRIAFEZMIE
X, W EHEHA4K. Becto. E DI LUK E & PrM 8 [H HERIK T B0 25 FF MUk

(Virus like particle, VLP), 7£ TBEV iZWi. N7 HCEARINH . Ea,
E DI O I o B BRI 5 5 Hpo R8s, VLP o] B A5 9% 2 9 R
TALMM, TBEV-Eecto H A& R RGREANG, AhiRai i Lom H 55 R 1 1)
E S E S5 AHEL,  HpE ke A HhaER,

_12_
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ARWEIU B £ )5 A% 2RI TBEV-Eecto 8, 204K Ja e e /N, R /N BRI T 46 7 L
G R NE; JT TBEV-Eecto % f& /N B il B g FEPLIA,  IFRTBPUIRFEAN LTS 1
BEAT VR -
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SCHR 21 B
LA K BRAT BORILR 15 R AR B 8

1.1 RATIRFAFE

TBEV & HUitipieE B 2L &8 S G #EM— Y, BT 3R ER N )E
O, IR E A IE R AR YRV 8 . H AN R 8 (JEV) FIE 50 3
(DENV)LL K 28R aE (ZIKV) 0] DA™ E faH N fE. TBEV BAMEMEH:,
ZMRAE R SR AN A FAE 18 AL HUA e, 1A TBEV 51 1 2R ARIN 2% 15 AT 1
T 1931 FEAEBUM R e, T 7E RO KK H O R AT, BRI % 1T
L HASE, HRTREREEE R AOW A BB 10,000 #1854, T AEVE2 B AR
I ZOR R Bl TBEV &Y, DAtk S bR &8 N BAT RE LE SE PR Ge i858 2 —
s MR I A A F, TBEV 48 3 MR @A TAE (TBEV-FE). FH{IF]
WA (TBEV-Sib). FRHEAY (TBEV-EU), H:A izt 42 1P {11 1 S0 0 784 3= 2 py 4594
T AL 1, D IV 28 = 2 o AR S A 9

SET T2

b N 2 PP NhA_ e
CJw N ¥ Ty KU i R ey
) Z 5 A i >
] powv P il L)
[ krov Y , ¢ <
|7 /| TBEV + LIV N\
ZZ] veev + onrv i ) -
A g
B veev + POWY ‘{\ :
I — o 130 sme PR

& 1: TBEV AT XI5
Fig 1: Distribution of TBEV-Endemic areas

T 1943 05 YGRS 7 AR R B, R HIRE H FEE AR ORI,
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£ 20 Dl 50 FARLAG, ARACARDXCIFART 2 1t SRR bR I 28 0 91170, ] g 32 22
TBEV UMM AE T AR, BRI, NEH . BraEas i, Uk vh g LA S i X
S O A AR 2 BlRE S . FRERATH TBEV FEREATA, E&=A
RSB RN, L 20%0,

TBEV Sl i i g n] s iy e 0 g% 4, A sjT i J5 ik 4 TBE HIMERAE
1/200 £ 1/1,000 2 [A], X 5K RAH RO, HdA & HREEREHEE RS ERK
B RO FLE AR RR DY, R DURE . AR, 2. DS R HE EAMEE .

ORI FTARE T — B4 BEFLAL 3% TBE 5], $2/RBEFLIRSRZ TBEV AR 1) —FhmT
AexE e,

AR R BORAT TR B W R 2R R, W OIS B I8 AR AR OR IR (]
R I, DAL ) e e 08 AR b T 5-7 343, 6 A a8 BT, 2R AR
(¥ 3 G L Te i i A3,

AR 28 10 2 N 2RI TAERRAR . 3% T AR BT AN ZRI
N5, HAHBRMBOA M . EF R R R, — 2o 305 X 1 P A iRAT A 7
SR AAG 58 995 7] 413, 26 AN W 384 0
1.2 BUwEHLH

BRI N2 J5, TBEV 2 i 5 ! rh i e v SR A Bz S0k B P i3k A N4 . TBEV
SR AENT WAL B Pk FRARS SRODR 200l R B A A P S 5, SR B g 4 i A S B
I EIRKE G . A5 ZAE Rk A A 8 S 78 I . AT B 55 K S G 5H
(4151 b F—3 o e &, TBEV TEIX L840 4K 538 FE R O B R NI, JRK
& IBOR W B MUAE I, 98 25 UKL T 3 2o L fi 5 % (Blood brain barrier, BBB)
NI SRR 28 o 0T o R Gea kU, TBEV 1E B¢ MUAE HA 45 B i A0
e A2 I 2 B REEARTS). 56T TBEV i 8 BBB BEA KK, BARHLHEA
ER. HATA LT UMMRS: (1D BEIEEBIR BBB; (2) MBS JE #4347 R
W) is i I e 2 LA S ML AL R B BE T KA 2 B 200, (3) it 4l
1 BBB F) 10 540 L8 AR DL A B AR A A A A E R E s (4) I IR Ll ph 22 T
BET AL R R 18 (5) B B G 1 BAZ A K TBEV &% £ H A R
B, FONFRERARSHLHIN, TBEV 4% BBB 5, &2 dGl7Em N EH], EEE
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TR A AERE. MNME SOIRAZ . /DN R R R S A AR SOIR A T A 2 T 4
BAEDRETANME . N B guf LA E .

TBEV BEnS LA RSN 28, o n] LS| AR s 2 o 51 SN 6 4 fr) 48 14 40 i il =
TEXE /NI BT AT, T A 78 e I o 8 2 1 78 1 4 PR ) = B Ao R i - X 45
TBEV 4%t s 22 22 G2 14455 ) LA 78 T A IR & A0, JOHC DUAERE . iy
AN B BRI TR RE O 32, 5 B A SRR T 2 4 A kA I
B BRI /IR ST AE M A R R A5 T L A G PR SE DL S 28 o R o A A
VG2 o R AR 9% B0 T 53 10 A w30 K o 60 B8 i A7 7 DK e £ 4 i R o
RN kI8 MR . 84> TBE B35 KK 2 Mia 8h X 45 R A E 4505, 91 e s
AHARIR Y . bk T 200 A R B A o 2 g I 4 g A= 200

TBEV Y2 Gk L4 i A B84k, T 200 4a %) 50 K2 278 3 ME I
28 4 RITHaHECD, —HEIP ARG B2 M5 T W4k 2 LK. B
AN AR S E L IR ARRE IR S (1 7-23 KA & T IER KR, fE TBEV B4 Y
CEEL U 4 I RV GV T K I B S TgM AR, S Y TG Bk T e i
Yt 6 J J5iL B0, FERT 1 TBEV PGy K ¥ 25 2 4E FH 21,

1.3 I RYFHIE

FRARIG 2 (98 AR AP AL BB Oy 8 K, BN 4 K, ikl & 28 KM, R
W JER AR, —Mairs: 2-8 K, HIABIRGmESELL, F BRIV,
hw, 271 BEAE. B AV ERFER. mEES R, B o HI
— BRI ORI R TR, RO R IR R, (HKEY 13 MEES
ML SRk LA B0k BRI b A A5 4 RGUREIR. 2
ST, TBEV M BBB#E NHHXINE 241, FEUEH IR i
i ¢ A i P 5 85 ¢ S5 AN TR I R R I, 6 i JEE ¢ 1) S BRI TR 203k o %
Lo WRIE RBMBREL . R B Z AR o T N A % P R S T 2 A X
B, BEESMYEE, A%, SREEHEESEK, WEAE RS, BE 2.
AN A EiEg) . LRI BRSO S EL SR I, A 12 P A B RS B
RWBNERES, & 5EMKMR N SIS RREE, WWHE. TR,
VU Ji i S WP U, P SRR PR R A B IR 552 B, T v T a2 i
X TBEV {ZZ2FM& RGtf, MENREL. HHs LS IL N D g 2 A [RIFE B2 1
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Pfc, T A S EUW T ERAL A R, ] S SO IR R v BT 3 BB AT
(1, RRR M 2 Pk S 9158 3 I PR R I B ARIR N B PRI 2R . I8 A Pk
2. EOREERE, ERZBERR RN L. HEn BE VS EUUARER . BN g
HBNRERG . ERERG . A0 77N RS2 R G 5 SR N R BUE .

1.4 IR A HETT BTG
1.4.1 ZRMRNKRYIETT

ARG 28 H AT M TERE R IR T T 254, UOSREYRYT M. BRIRA B TRM IR E,
AR AR R IR A oK RS RIS, A TC IR AR T LA IR R e 2 . AR Ik
2 L2 AERF AR ST AT A BT S A B LAE IR o R T EE R
— MR FH IR T B S [ W R A MR 7 v, B 2 s R 7 3 BH A8 P R i 2 [
2 b S N AR BRGS0 4o 228 JTL PAD BRI 5 0 Py e S o iy U1 5 2
IR IRL R SR, e ke S 0 e sl A8 [ e v 8 i P9 LB 7 R 2 e SR BRI A
T B 0 S G % 51 A PR i 7K P 5 S5 A s e B 24

I RIRES R BT TBEV S BREE X T EAEARMAMN 28 A R BCR, Rt
S8 BRE A T VAT H A e 05 R 5 RS (i 2 125 280, bl T T R L
Y B I A7 AE U R A E B9 58 (Antibody-dependent enhancement, ADE) & 4L %R,
BRINCLZe 45 11 T TBEV i1 42 Bk EE 1 Encegam(FSME-Bulin) 7E 11 A H 4 £ Fi (281,
AR, AFH LTI EEAT IR, &5 RRW SRR KN #h4s T TEBV
SR E AT E IO S e 3R 1, JEA 251 ADE R,

ZE R ZEIRTT TBE WA A ERNISEL L —. AHFAEKY 7-E%-2-C-
HA IR EF (7dma) 76 /)N R SE 36 AR a] e o ik TBEV, [HIkHt TBEV 2440k 5 s jil/E
B E M55 07 300, Alexey A. Chistov Z54R1E T 3-FJE-5- (FE-3-3& 2 p3E)
PRUENE-1-C R R Wb, e T 5- (FE-2-3L 2R FD) JRMENE ST AR ARG,
T TBEV 1] ECsofHAICT 1.9nM, & DL EAR 10 77 AMH i st &, HAENR BORUZ
B E AL AT TBEV G JIR AR UK 26 W5 2 68 A2 3 4 i B,

A SRS TR, T 2 TP R R A N A S 45 1 IR 25 Reafular-
ES-Lipint A EUFHIHT TBEV BUR, el ¥ 55 mtt sk A ikas sy, wf
Y S A AP G 8 S8 TR T 32
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B IR A2 A, ARG 5 R LE RS TN B S B P AT A 2 SRR T B
SWEREE, )5 BE R AP E AR r] RE S BUEH OB FE BHAR, X
N BIRE AR SCRF AL 2 (R SCRAT B 1 B B ) Bttt AT RE NS, (A EAS e AR
ER N NS 7

1.4.2 ZRARBX 2RO TR R

T RRAR M A TR B A R T A v, AT SR B T RS O KIS
W, R 184857 Hur AR E 0 dik. s & &, R AR aERe . 7R
HEHE (1) P 3K 1 43 B8 FSME-IMMUN 1 Encepur, e A1 BT {5 F 14 35 # 43 51 A
Neudorfl (TBEV-Eu) ¥k K23 (TBEV-Eu) #k, PR (A4 77 35 5K H JEAR RS iR
NERRATHESR My B a5 . HEKTE . MR B Ovkalif, RIS v E AR . FSME-
IMMUN Hi# 5 &, E7EEE R 4N TicoVac. Encepur HH & =% & it &,
T 1991 FEAEEE M . TR H FSME-IMMUN F1 Encepur % 1 ANE AT LT
HI TBEV ER#HNIEAYEEGY, Xf T TBEV PO SV V. R A 378 7R MV A F) Sk e A7 52 SRR
ER . XWFZE L TR T4 1 S BLF JLER FSME-IMMUN®(Junior) Al
Encepur-KE7381, {2 ¥ H A ftbvE/E F P Rl T TBEV iz 4R W 74 () 9% 11 (TBE-Moscow
A EnceVir), Hil# T2 5MMEEHRML, AFESE T EHER SRR, 2
Wt ) LE I Tick-E-Vac B Chumakov BEFSRFZTOATR, %2 T Sofjin
FEAR I S S ) £ TR B . IR E H THEESE R TBEV R H N KA APl 5 B A 7=
fretRZetn”, e BV R WA ARk dk, K BB 4Ry B s, )
NEFAER, HM 5N 8 5 UL EAHE, yFR E ARG & 1B va K3 T EEAE BT

By BHEERN AL, N N B4 A 2 b B, 51 D AE PR X 2l I kG 5 L R JER A
FRARRE R, 9% DB N DR E SIS BY g J2 R R B, DAR A 2K R0 % T R AR LE
(o e, 2 DX PR £ FH 403 B ) St AT EAT IR IROK B, Bl 1 TBEV g Gl 361,

R 1. SRR R
Talbe 1: Approved Tick-borne Encephalitis VVaccine

JEH #Hk (EAED PR & & il FEFP AR S
FSME-IMMUN Neudoerfl (TBEV-Eu) 2419 QA TE

-
Encepur K23 (TBEV-Eu) 1519 A

o1
1
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TBE vaccine Moscow Sofjin (TBEV-FE) 1.020.5pg/mL g gy 4 >3 %
EnceVir Sofjin (TBEV-FE) 2.0-2519 A& 1R
Tick-E-Vac 205 (TBEV-FE) LOBS/ML  graipsm g

AR R XK (TBEV-FE) ARH AE AR >8 %

2. TBEV 8§ 45-F £ % 5 K 4E

TBEV J& T3l # R R BB AL IR, O 1 352 — AN IE TR X AR 1 BRTE
Bk, B2 50 nm, SMNZAMRFRAEE, FRAAKEZL 11,000 nt (58 IEE
RNA, H ORFZi%—AN 2 RE A, 768155 4 555 A BEAITE 32 8 A B /K i
NN 3AEMER (KEER C. EEA M. GEEA B) M 7 MESHES
(NS1. NS2A. NS2B. NS3. NS4A. NS4B. NS5) BT, 7 (Capsid) K[ %
FIZH RNA SLRIZE T BARZ) 30nm A% AR Fe 45k, AMNIAL 6 DUZ R, ek

Ly
% EEAMMEA.
y Y v v NS28B g 52K §
Lol & | nsi|nsea NS3
' il nsaat
i NS5
5 Protease Polymerase
M NS2A  NS2B
‘ JOOOC ' ’
QR I g R 1 S Sttt st
N A ;xiuL ) RE (ﬁxx;yxju;u‘l;;,\ i
~ X
pr E NS1 NS4A
A | Y Golgi protease ¥ NS3 protease ¥ Signal peptidase

B 2: TBEV ZEFHKRKEEERES

Fig 2 : Genome organization and gene expression of Tick-borneencephalitis virus
TBEV Ji # iR L M £ HL 90 NS A AT (0 E 82 24K, A E SR E skl g A
Zif gL, DI DIDM D M=l 1 E S EMSMX, D IV ZX A
i X0, fAbIX FELL B RSN E, D 6T D IDF D Lz (A,  F E5f

—HIPERAAL ORI % (Asn 154) , BT TBEV K 2 e ph & ) B R 4,
WNV. ZIKV. JEV e A B A A R Ao 4, D S e, e
&7 E EA SRR S, 2 AR Ay 14.9nm?, @& (100aa-
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109aa) 7= B PR af Ho e — 28 5 — A E4E 1 D I D R M BCREX &5
F TBEV fE N JRR B (B RL &, i 22 R4 RNA A v i At . TBEV-E S
HNXAERIRIRES T A /DR i, X FE T ORIERL G PR e B K e, AT B 1
B FREIEAC pH &0 T SIERS . D Il 8A S RE AR 2580, &EH
JEE, FESRAGUA R A, AR 1 R AR R AR 2 B N R 2 ),
WS TSR T S T a2 AR S5 510 424, D IV R TR E R
U ETERE |, BFFUR L 420 A 2R (Trp) 44500 B 45 1 S 33 RETECH %
SV, Nk EERAMAMNES S T 2400 PR LR R - A MR R, 1
HALRRTF O R R PSR, 535 A p AR 47,

& 3: TBEV-E EAZHAREE (A) X EEH_RERSIXEHREE (B) P
Fig 3 : Structure of TBEV-E protein (A)and the ectodomain of E protein dimers (B)

M AT 75 MR, &AM A BRIR e A1 2 4 R E L K — S N 3
WIRGE M. M EREEFET E RAER S mt, HaraefEouki &mnse 7 E %
2 MM EAER . MERMFTARN PrM B E, 7557 35 S 2 H o g 32 4 i oh
PREE B 24 Pr 43 D) 12481,

NS1 EHEAMAMIHEIELIL 2008 Z RN R, 8 L RIEE AR
RIS AT et s R = 1, RN BRI AN B T SRk 1 3 F 2 50 R
Hom . NS2A & 1F I NS2B S A #O R A IE R, A8 TRk 4% .
NS2A H H fEEHIF el e E A, 1ff NS2B & E 1E MBI 75 NS3 I E
WEEY, HAENEASS TS 2REAMERRER, NS3 ERIEAH ATP
BEROETE, % NS4A 1. NS4A ZH Fl NSAB & H LNk 3 Z h I Rt /) &,
ZIM 5 NSAB LM BN ME (ER) , BZ5 1 EH|E&WHIE L G if 545
ZAIIREPE %, NS5 & A 1EJy RNA kil RNA & (RdRp) MR EES
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595 E 3L AL RNA (9501, HL2 5 [ s R G005 1R 5% 54,
3.TBEV & E & & & VLP & A #F IR

3.1 E &R DIIKIFRIA

TBEV-E $5H DI T DIF) R 4h—Ml, il v scsiidss, B3 E RE MK
HiEX. E A DULKAEH 100 NMEERREY, ¥F 2 AUk rT 45 & MR A #R AL T
DI |, XEFA S5 TBEV Jk 7KL 176 A M 5 40 M Il 3K 2 R 45 5 .
EXE/DPPFG /247 T~ DL b —FhE 0 b B2 AR F bt R A ). R E A4
Kl M AN XA B REAT ML A B, F T 58093 2 IR 0 1 2 TR 2 5 e
TR X, TAFTEREZ AN E DI BERFIIGFAELEER, ALl
& B B A SR NSRS W T4 IERAntk, E DIN &4 TBEV yay7 Itk
LRI I I 212 T ) B

MR AR K 2R ZE 2R R A R e D) F R A% R IR R GSTpET-30a(+) £ ik T
TBEV-E DIIE, Western blot LA & ELISA iR EHIE A I P 5 bt TBEV Ik Fe 51
KRR, JFI%FIA ) TBEV-E DILEA RUFHR:F 1P, [EH4bd Anna S Ershova %5t
FAH KA EERIE TBEV =AMWAK E A D NS5 MRS F7 8 B R 2k B
(Leuconostoc citreum) KM20 [H)5 SEHE&5 & S5t & & H, 3 FEA DIFS AT

55k B A MO A 2B LT B PR A S S BB, Vasily Golotin &5 0K | —FliJE
TR S5 HE /R 7R BN A48 HSP70 il TBEV-E DI &8 H, Zik&EAERN
EIRGIERIEEY) (TI 65D S/ R, WRIEY 585 E DI, #&
B AT IR DT DI U B0 2 A DI 3 A5 05,

3.2 E EAMXHIRIE
TBEV-E 5 1 2: BRI 4 € X ML AN F-o E SEIAMX, BRI LE B 1
PR EERL T JE vk, FRATTIENE E 82 (souble Encelope, sE). HT E & H
SMX EBR T EBEIEX, RE TILTPRARIPUERRM, REEEEAS 2K E EA—F.
Rizzo S51E KJAT B vhdid JRAZ R IA & H GST b5 i) TBEV-Eecto 8, £3d 5%
HZEHT2t4k 5 ] SDS-PAGE Fll Western blot 3 T FL 405, FI ] DNA 5% /) i L7
RO T HePh 2 IS HEAT ELISA 56, 45 R W3k TaE S HES BIRE T
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PrE SO, Dubova & tH7E BL21 KT HEF*RIA T TBEV AR WA Sofjin # 1 Eecto
B, T EE ET SR T ST E A, I T Eecto SE4E M, Wk
ITT X FJEfTHmth (aFx 32 A, 5 TBEV Bl WAL (Neudoerfl #£) 1)
Eecto (PDB: 1SVB) M4 F&5MS M52 1.519 A 377 W% (root mean square
deviation, rmsd). 1SVB j&H [ FBGAL B R SRR B BURL 3K AR AT VA 1 Eecto 5 AT
IR SE . ZRF TR EAE RIE M E L Eecto B AL AR 5 5 1 2 J5 95 75 15
RLZRTH 1 E SRS, AT T E &A= Diaemt 72,

3.3 2K EZBNFRE

E EAMKBRARNN S T SRR 2L S, XrlE S LRk
ik, BREEE . 2. PURBRAYTT AR E AR, BT E EESABRX,
SRR IE K E B EAATE—E .

ALLISON Z5ty 7 A= TBEV-E H:PR e KRIAFURL, RN | Eecto PLA
PrME A IFRIE TR, K i g LG COS 1 40f, Wk e AT _Bimrn4n
HZLED) T B PIME Rk i, 2K E B AIRZ, Eecto H iKY,

B YA AR ) ot BT B AR AR IS5 AR T 2K E SR A RIAEK pET28a-TBEV-
E, 7E£BL2LAHBEE T Ih&RIE T 2K EEE, BFSRAMENT G 2L 90%, T r 5/
BPL TBEV MG R AR TN, $FERaK E & A HABUF i i rEld, i ek
NI FEZ S T TBEV 2K E&EH, HEAUGEREERGAE, S+ kil
RN AL, 8B R R MERIR SN SRS T =K E &
F1, AR v M S s Wi At T ik . H AT sk Rk E EE
HE NI RIS .

3.4 TBEV-VLP BFRi%

REEFERURL (VLP) ZIMEKTT. ZOBORERARRE, IHELEAZ
JZ95 T I AL RURE 1) 1) 25 P i A (R ORE, VP [ 42 AL T 4 0 7 /N AT
SERRVERIZER, (A HREERA, FASTEAbR RN & RIEEE . W
TR BT AN R AR E . E MBS, BONENIABAEYE, etk
SRR BeAh, VLP R0 2 e AT b S B0 92 1 5 L S J5 i, VILP
(I S 048 B2 52 A% 14 e B 6 LA S B R AR TgML e AAibal), - DTG 28 b
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Higsst, SEBURIEIEEN RN LY, R R OTERR, B S REARK
FE 2K A0, TBEV ) E A1 PrM AL 1k vl (5 L 7E P 53 I Bl T 4 285 1oy
TBEV-VLP, HTHABAFLEMEH C MEKA RNA, BEHINENENEHEA
B (1 22 A e,

TBEV-VLP tL KRR e B R EERURL /)N, FLARZ) 30nm, (5 R IRHEERURL LI Hi AH
ALl 1 2 A HZ (R PR S5 M) RIThRE S BivE(IE pH NI EHERIRL S, LS 1),
HI T L4589 5 R AR5 B BRI A L,  TBEV-VLP EA7 i B I s IR e, Be ik ik
VBUFH 200 0 G2 J SR 14 63- 661

[H 4B Z 15T TBEV-VLP FIT5T, U1 Yoshii K 44445 PrM A1 E =K 2 7]
J¥ %) TBEV cDNA ffi X pCAGGSS #f, K15 pCAGprME FKikJiiki, F IFA Al
HIHE AT pCAGptME # 4% HEK 293T 48 fpuJa sk, 453 EnH 5 TBEV G #
JEGLI) BHK 40 B FEAL R R B 7. Seok-Min Yun J T~ H i i -3 i Jin S iy
(GAP) 33T R BER 1L RS 4 7 TBEV-VLP, {f &y TBEV 3 [H I
KM 93, £55R B R VLP AT I 290 1) B 304 He iR e B ) 855 5% L 37 T 4o b
FALABAIO8,

4. TBEV R4 &k
4.1 IR ERERR

RVP (reporter virus particle) &85 A & E B EE, BT HERERA
TREEAAL,  FTACE KON BEEAT 2 P A ARG, K5 ) o T A A s 5 e A o
B R 7 SRS AR DN T, BRI A R SR R 1 RVP 20 2 50 7 11
TR, HArsEm i RVP BH A CEBUS TIRKERE, HioUrE T 5 e v
TR R AL ST (oA 7 45 M) A 1 110 B R A A5 BRI EAR,, L AR A R T 1
. R 20 2 ) T AT B IR D, ARG e AUER g i 45 4 B 1 1 R DR AT B
ALt RVPUY, RVP T HAAE IR A i = 25 R O gmid iR, Bt H A
1 A, WITE BSL-2 205 1 S5 = AT B A
4.2 Bi%&E RVP

FORER I MLE A2 W o E B A s B R 2 R AR R, S E02
5oy KAEARRE SR BPRPESE R, = Rk D P ATIASS (plaque reduction neutralization
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test, PRNT) #iAJ /2 MG FiRI M Ehnk, (HAEFRIR BTN PRNT FERTHES,
H.4n DENV 1 TBEV #F7E BSL-3 0| SKie 5= AT, BRI T2k i, s
FRVP 2 M4, HifEMEAN . 3R R i S SR 45 1 ZE R 3% RVP I
MisnsE 2 H, HHEWEARRE (CPME) @il — Mkt ft, tha ot 2
ANFURLER A, Khromykh 5 [ 58 % W J5 # (0. 2¢ RVP (77 & & T A 10 50710, Wh
SR AFEAE PPIME £:H, fEE S| THREKRFTEA C2. Bl Of 2 AR 3% &
(¥ RVP ot ke, s F JLAE AR A4 P B0 4T 580055 35 B0m LR Bt 44 07 128 22 77 THI F
o

Davis 27 WNV BHK WNIIrep REN 4l (575 %A Renilla %'t & BEE K (1
FEAA WNV EHIT) R YeE 1 DENV CprME 459 J2 K AN 35 bk 2 1 il 1) ook A4
DENV RVP. B.0L4ifl 51T Western blotting %1, &I H AT ii3h 5 %Pt DENV
M/E £ Sl i as &, oo E S nl il R e R PUAR A, RIS 5 R AR Ak
T AP35 173, Arlen-Celina Liicke 5 UK FH XU il 7 10 7 ok i g, BPAE
TR EE (SINV) &7 2 MEHEFEH 554N YFV B prME f1 C B£F, 1
YFV B & 56 N Gaussia G REE (Glue), WM 724k oM 5
2 fLILE G BHK 400, Bl 72 5 UG AN B R 24E T Glue, 15
hifil# T YFV-RVP, 54 L) PRNT AL, UL Glue fE IR EE, 7E 96 FLIR FHf
PROEHEATHEPEN E 1 T 30w 2 T AR 1 il & 4 A7 . Mami Matsuda 454
T A 9K PO R BF(NanoLuc) 2 K ) DENV1 SRk, #HEE4 293T 41
8 FH R EEL =5 bR Ak B AT I R W 22 B NanoLuc I 1 FEAK, SR 5K 1% & # 1 FORL 5
DENV1 ] C FARIEFHRL AL HES WNV ] PrME [ FI BRI 56 4L 293T 404
WNV-RVP, &4t Vero 4HMIIH 5 1) NanoLuc i 5 BSR4 i iy Fe B S5 UIAH G, M
WNV- PrME JB R % /)N B R IfLT T RE S 14 HP D WNIV-RVP, R BZET- WNV-RVP [
AR & —FP LU AL S8 PRNT RUCRH . A IF i 7 R,

4.3 TBEV-RVP

f£ TBEV-RVP 477, B BRI A i AR 3L R 7%, i
At A A T A R ) SR A A At A 1 B R AR %S . Jan Haviernik Ri4R 75
LA mCherry (— Rl AR ZOLE A, Hm ke HPUe# ) i TBEV
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SR C utih, ST R AR A RAN 3 N E HS DNA F B
P SV 5 R 2H 5 R S5 B R e e BHK 411~ 4= # 40 mCherry-TBEV, mCherry-TBEV Fl
A8 TBEV RILH AR A KS) /1%, mCherry (315 5755 5 5 HIAF7E R IFAHR
Y, HAE 4 AREAA B4R B 7= th R RS E , 2 TBEV MAMIIK i LA /1 LA
M. Yoshii 5 H H & A GFP i) WNV & il 1 kiS5 TBEV 1) CprME JitFiz L% 44 HEK
293T 41, A& TBEV-RVP B B, 185 ESE Vero 4, m=4mg AN E
ViR, ) O S [ D A B B UK BL SRR 3 (POWV) B BE B B A4 1 22 S
Y, % E T 2 AL R (TBFV) #AECESNHI/E I R R, Arlen-
Celina Liicke 25 F BT R H @2 1) YFV 61, PLLCKE SINV & i) 5~ ) PrME # iy
TBEV /] PrME t8%3h7#4: T #k & TBEV/YFV-RVP, F|f] TBEV-RVP P\ X TBEV i
F0% 5$H TBEV. DENV. WNV. ZIKV. YFV [{ A MiEBEAT R ALRE:, 45505
/NP1 TBEV A MK BARAFAE S H e 30 8 RVP K HIE B2 R M, {HE[{E TBEV-
RVP FHE B0 S ) B T S IR R AN, A% (1) TBEV-RVP 5 R85
A AL AEEE, HIOCRMEIE S ARG, FET RVP B AL 2
45 PRNT ) R I &7 % U4,
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E X
$—%% TBEV &K E 6 s EABAR. RUAL

BIRERE
1 #%

1.1 B4, AR, BRI

1.1.1 B2E

DH5a. BL21(DE3): WH Fg4EMAEMERGIRAE, HALK =R
1.1.2 40/

293T (AME'BE40iE). BHK (JFACE R E40M0): ¥ HASLLE SR A7.
1.1.3 B RL

pET28a:llJ Hf H A Takara Aw], HASLIGE{RIF; pCAGGS ik, A=
,f%ﬁo

1.2 315
SEAG P FAR SRR 3R 1-1 Frossc:
£ 1-1: ZHRH
Table 1-1: Experimental reagents
A R Fe U5
% DMEM 5 77 3% 2:[H Corning A

Ji A i HyClone A ]

WEFR 2P 7AW (phosphate buffer saline, PBS) HyClone 2 )
It JiE Wty %[ BD A H

DL 2000 DNA Maker. DL 5000 DNA Maker
BamH 1 F1 Sal1. EcoR 1. Kpn1 PR#IMEPN 1)
T4 DNA %4/ . Premix PrimeSTAR MAX PCR i
1A% IR _E AL 4% 2R H % (PFA)

H < Takara 2\ &)
H Z< Takara 2\ &)
H A< Takara 2 &)

H 74 Takara 2 &)
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JEE R BRI, Bk BflR
SOXTAE ¥ A4, PMSF. ¥l
SN FE-B-D-BACEIEH (IPTG)

AR HERE (DTT). KM, SOC R4 77l
Ni-NTA B g st (it
ORI NIRRT
RIPA (58) ZEfR. 100x =Pt - If3E A5 A
PEI MAX
SxEEH FREE MR
QuickAntibody-Mouse5W % % 14 7]
AT
BRI FIRE L FH 520%-201 (non-detergent sulfobetaine,
NDSB-201)

0.22 pm £k AL P (33 mm)
TKCEE SFNEE . DKBHER
1 maker

Triton X-100

AT
AT
FigAET
FigAET
AT
RIRAEMWRHLH IR A 7]
B R
Polysciences 2 A
BaEL AT
R R A A
Everbright 2 7

2% [H Millipore 2 7]

22 [# Millipore 2 7]
& FREgfe T
ZE[E Thermo 2\ &)

Sigma A H]

1.3 il
SRR P FHHUAA IR 1-2 P
F1-2: itk
Table 1-2: Experimental antibodies
Pk H5
Ft 6% his Prif AT
BRI Yl (Horseradish peroxidase,
AT

HRP) conjugated Goat Anti-Mouse IgG
IRDye® 800CW Goat anti-Rabbit IgG
Secondary Antibody

IRDye® 680RD Goat anti-Mouse I1gG
Secondary Antibody

CoreLite® 488 Goat anti-Mouse IgG
Secondary Antibody

% [E LI-COR A 7]

% [E LI-COR A 7]

& [# Proteintech 2\ &]

_27_



PREFEAXFA L F 424 X

1.4 BB AR FIECH

1.4.1 SRR EBRAR VK

1.4.1.1 1<TAE ¥AW: BHL 20 mL 50XTAE &, MAEET/KEESE 1 L. HEH
Fl, = IERAT

1.4.1.2 1% IFEREREES: (f FRE& P ARICE IR RE 1 g B THER S, A 40 mL
IXTAE WRAE LA, B 254 100 mL J5 IN#E 100 °C, R LA g e & A H,
R RA R F 1L, N 10 pL ARG RIR ST . IR, [,

1.4.2 SR FRAH R

1.4.2.1 1000>Kanamycin AR : 8 A % RFFREL Kanamycin 5 g BT 100 mL et
W, BN 40 mL R ETK, FRAMREEAE 50 mL. A 0.22 um — gk
JEERILIERR B, R IRAE T 20 °C.

1.4.2.2 1000Ampicillin A : 8 H K% K-F Ampicillin 5 g I 100 mL Gef =,
AN 40 mL £ B TFK, fREMEERSE 50 mL. ] 0.22 pm — AL G pE AR
JERRTE, A RAF T -20 °C.

1.4.2.3 23YT AR IR EE [ RS S R AR 16 g IREE E IR 5 g SUALAA. 10 g BE L
B E T 2 LA, IIAZ) 700 mL 287K E A BRE, fr e ifis i e I8
FAKEFER LL, H 1M EE AR TIER pH E 2 7.4, 57%% 500 mL =
R, mEARKEG T 4 °CIR A7

1.4.2.4 2%YT “FAR}G IR dk: FREX 8 g BRAE (IR, 2.5 g &ML, 59 MR E T 2 L b
M, IMAZ) 400 mL 28 7K JE AW, Fr i ie £ 8 Tk ER £ 500
mL, fEH 1 M SEERET AR pH E £ 7.4, mERRKE. SENE, 5
TR 222 40 °Cla e LEBIMAPUAE R BLIREN 100 pg/mL, 7RG G415
10mL B 1810 em LTI = ENE B2 ARG R EEE, 4 CIRAE, FIAML
H

1.4.3 FHH HBIKEMR

1.4.3.1 I}<HIKZE M 43 Tris 0.6 g« H%(FR 2.88 9. SDS1g ¥ T2 & 17K,
EARZR 1L, =E|R FRF

1.4.3.2 1<EEREGE PR : 0B Tris 3.03 9. H&EM 1439 B TEBET/KF, EFZ 1
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L, =i RIS

1.4.3.3 1<TBS ZZpfifli: 43X Tris 3.03g. &AL 9g B T H B 7K, ©HZE 1L,
i T IRAF

1.4.3.4 TBST Z&yiii: HU 500 mL 1XTBS ZEiiliii N\ 250 uL Tween-20, iK% N
0.05% , ZEiff F{RAF-

1.4.3.5 % B i e 0. A8 FRS 2 RSP ARES B 52 06 R-250 1 g IIA AR, 48
JEANN 250 mL A EEAT 100 mL PKESER, SOEMAZEBEF/RKERZ 1L, AL
IR EBRAEERRL, IR N R

1.4.3.6 % LW IE ML (0 : B 50 mL ZEE. 100 mL VKBSRRA T H 8 7K, &%
F 1L, =R TR

1.4.4 FAZEAE M RANZ R

1.4.4.1 BRI 0.5% Triton-100~ 50 mmol/L Tris pHS8.0. 300 mmol/L NaCl. 10
mmol/L EDTA 10 mmol/L DTT.

1.4.4.2 CIRIRE R : 6 mol/L Gua-HCl. 100 mL/L Hi#. 50 mmol/L Tris
pH8.0. 100 mmol/L NaCl. 10 mmol/L EDTA. 10 mmol/L DTT)-

1.4.42 B BZMW: 400 mmol/L NDSB-201. 50 mmol/L Tris pH 8.0~ 0.5 mmol/L
oxidized glutathione Z AL H K. 5 mmol/L reduced glutathion i J5 B 25 b H ik <
0.5 mmol/L PMSF.

1.4.4.3 Z55 20 : 20 mM Tris-HCl, 500 mM S AL%54, 10 mM Bk, pH 8.0,
1.4.4.4 PWE i : 20 mM Tris-HCl, 500 mM & Ab4H, 250 mM Bk, pH 8.0.

1.5 SEER{Y %
S i A AR W0 1-3 T«
R 1-3: LR
Table 1-3: Experimental instruments
W RT HERF TR 2 2 7]
HALKIFALHL Fa I W 518 2 )
B B AX 3% Alpha Innotech A ]
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R B 0L 2% [E Thermo 2\ A
I T B L K e & A
PCR ¥ H54% 2 & Eppendorf A 7]
LR LKA N —4Y)
DL A Olympus 2 ]
i TIEG iR T A A
AR BRAE IR R TR AR % [ Thermo
3 O R H A %57
P BB AR 5 [ SONICS
HH HLIKAX % [ Bio-Rad
B IRAX % [ Bio-Rad
Odyssey WO 2L M e pig R 5t Z[H LI-COR A ]
LGP < [E Watson Marlow A &]
PR 2 E T % HE GE AF]
AKTA #BIE R % E[EH Cytiva A H]

1.6 1)
5 RS HEME BALB/C /MR, TWH T EE R RZLEFHYIF L, AU REE TS E
TR REZESAC PR Lo, it 5~ 20200410,

1.7 Sy A4 B2 s
I 53 7 1 B {8 NCBI M3 Chttps:/www.nebi.nlm.nih.gov), /725 5 EL X %
SI¥YpvEiHE A SnapeGene3.2.1 4.

2 &

2.1 TBEV-Eecto R FTiERABIHEE

2.1.1 TBEV-Eecto =R &~ 5196 B

fRYE TBEV senzhang #& (GenBank H &35 AY182009.1) #HAT# L F Ltk 3F&
& TBEV-Eecto Jr B, &K E R 1,203 bp:
tctcgttgcacccacctggaaaaccgtgacttcatcaccggtacccagggtaccacccegtgttaccetggttctggaactgggtggt

tgcgttaccatcaccgctgaaggtaaaccgtctatggacgtttggcetggactctatctaccaggaaaacccggcetaaaaccegtga
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atactgcctgcacgctaaactgtctgacaccaaagttgttgctcgttgcccgaccatgggteecggcetacectggetgaagaacacc
agtctggtaccgtttgcaaacgtgaccagtctgaccgtggttggggtaaccactgecggtctgttcggtaaaggttctatcgttacctg
cgttaaagcttcttgcgaagctaaaaaaaaagctaccggtcacgtttacgacgctaacaaaatcgtttacaccgttaaagttgaacc
gcacaccggtgactacgttgctgctaacgaaacccactctggtcgtaaaaccgcttctttcaccgtttettctgaaaaaaccatectg
accatgggtgactacggtgacgtttctctgctgtgecgtgttgettctggtgttgacctggetcagaccgttatcctggaactggaca
aaacctctgaacacctgccgaccgcttggcaggttcaccgtgactggttcaacgacctggetctgecgtggaaacacgaaggtge
tcagaactggaacaacgctgaacgtctggttgaattcggtgctcegeacgctgttaaaatggacgtttacaacctgggtgaccaga
ccggtgttctgctgaaatctetggetggtgttecggttgctcacatcgacggtaccaaataccacctgaaatctggtcacgttacctg
cgaagttggtctggaaaaactgaaaatgaaaggtctgacctacaccatgtgcgacaaaaccaaattcacctggaaacgtatceeg
accgactctggtcacgacaccgttgttatggaagttgctttctctggtaccaaaccgtgcecgtatcceggttegtgetgttgetcacg
gttctccggacgttaacgttgctatgctgatcaccccgaacccgaccatcgaaaccaacggtggtggtttcatcgaaatgcagetgy
ccgecgggtgacaacatcatctacgttggtgaactgtctcaccagtggttccagaaaggttcttctatcggtegt

NEE RGZF Y JE s %R S pUCST ik, NA] SnapGene 3 fFi%it 5] ¥tn
® 1-4 FR:

£ 1-4: TBEV-Eecto 5| #1551
Table 1-4: The primer sequences of TBEV-Eecto

51 ¥4 5 51 5°-3°
TBEV-Eecto-F TTCGGATCCTCTCGTTGCACCCAC
TBEV-Eecto-R GCAGTCGACACGACCGATAGAAGAACCT

2.1.2 TBEV-Eecto 3 {13/ 1%
PAAF] & i) pUCS7-TBEV-Eecto R, &G4, Premix PrimeSTAR
MAX BE5HC B X B AA R AN5R 1-5 Firw:
% 1-5: TBEV-Eecto PCR ¥ & &
Table 1-5: The reaction for TBEV-Eecto PCR

el RFR
2xPrimeSTAR MAX 12,5 uL
pUC57-TBEV-Eecto
(100 ng) 0.1uL
7 RNA fig/K 10.4 uL

TBEV-Eecto-F 0.5pL
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TBEV-Eecto-R 0.5 uL
&1t 25 ulL

PCRY HEZ&FN: 98°C 5min; 98°C 10s, 61°C15s, 72°C15s, 330 MiEH;

72°CHIE{#H 5 min.

2.1.3 ##. ¥ pET28a-TBEV-Eecto EH A K 5E
A. [ PCR =i 3 uL 10<A% 8 FREGR PR, TRE I SIGHT 1%E8 Tkt

HIPK,  FEIK G BT B AR UL 5%
. MBRIRBEERR DT BEK/INE 1,203 bp K/NFRS S R B

C. A RAR M i 77 & B TBEV-Eecto J B, %€ [RIWAC =Pk & 5

. M BamH 1. Sal | BRI N VIR W) TBEV-Eecto 1 Bt UL & pET28a # 43
AT EEY]: 37°CH% & 2 h;
{8 FH R AR DNA [BISCRTT & AT RSO G Y] ) () TBEV-Eecto J1 B LA K pET28a %,
A, D0 5E [T ik J
4 TBEV-Eecto J7 BUE#E 2 pET28a #ifk, %3 1-6 ILEELA R T 16°CRLAE
B
% 1-6: TBEV-Eecto 5 pET28a A R
Table 1-6: The connection reaction for TBEV-Eecto and pET28a

%l (LA

T4 ZEFE 1uL
TBEV-Eecto /i B 5ul
PET28a # /& 2 uL
7 RNA Bk 3uL
it 10 uL

BUESZF=PIMA 50 uL DHSa #3278, SCEPE TUK E 30 min, 42°CH#HARTE 90
Ss

. BH 1 h JEiRAT T Kana $itEBUER b, 78E 5 min fr T, REHFRT 37 °C
PRI B FRAE

C AP HAEKY 12 h, EHCPEROWEE, BRI RS BON N R T, I
% 6 mL 2xYT 7R+ (Kana), ZAJEHMCE T 37°CIEIRFEIR T, 200 r/min 4k4E
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9% 12-15h;

B PCR W64 5%, 5,000 t/min 2.0 2 min WEE IERf 80 M A, 725 B3,
i R AR SR /)N B i B R /N SR BOSURL, B ORI AT UG Y, eI ™)
22 B N BRI HL U S 5 SR I A W)Y

I e 1E B J5 RAT-T7-20 °CHY,  #) D) i B A R IE Bk fir 44y pET28a-TBEV-

Eecto.

2.2 TBEV-Eecto EENRZTRIA. SHRHAK

2.2.1 TBEV-Eecto FI/NETEFFRIE KT BT

TEVK BRI E. coli BL21 (DE3) J&KA2 4541 ;

) B B S OE I 1 pg pET28a-TBEV-Eecto F 4Lk, 55K TR
5

vk B3 E 30 min;

42°C4 JB IR R R Z A IR T 45 s

SERPH R SR 2K E, BB 1 min;

RSN 600 uL SOC K577k, HH & O 5 O

BT 37°CIEBFER S LL 200 r/min FIHE ST 1 h;

PEHTH %P7 % 1) Kana HUPERIEBUIE AL, T Kana 4 100 pug/mL;

HHERZE 5,000 g B0 2min J5FEE 400 pL b, FRBUAESEIRGT
Kana HUPERI BT b, T 37°C4k&ER: 5% 12-18 h;

PRI A BRI R PR T, NS S mL 7 Kana PUPER 2xYT K577 (50
pg/mL) 1, T 37 CCHEIEEE R H LA 200 r/min % #3E5E 8-12 h;

W5 355 I BEAE 1:50 #:35 T8 Kana Filk 0 5 mL 2xYT 8953, T 37°C
fEE R PR A LA 200 r/min B335 3% 3-4 h;

Tl E > BB, 206 BTN E TR 600 AMKALOGAE Asoos

. FF As0o 21N 0.6 B, I IPTG 2R N 1 mmol/L 5 KiA, 4k4:T 37 °ClH

EBRIR L 200 r/min #5EEEFE 4-6 h;
A3 B ST JE BB 5000 g BS0 3 min WEERR, F%E EiE, IMAGEE PBS
Jo R
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0.
P.

HESEHEAETIKE, WESHN300W. 55, 5s, ##7 3 min;

5,000 g B50» 3 min &0, 4B HIESUUE, PUEFINAIEE PBS HE, 450N
NI S<EH EFEgmi, T3 Ko 10 min;

SDS-PAGE %€ #HHEHRXIE: HHlSHFER AN 12%8E [ 5R H 31T
UK, S5 120V HLUK 90 min, HLPKEE USSR B TIONE D IE R OO/, R
IR Bt 30 min, 25 S EREAT B, BIRE 2 h #eii () B 2 2605
M, B R BCR AR R

2.2.2 TBEV-Eecto A RKERERE M

A

® mm o o

W B Dh 2R IE AL A% 20 TBEV-Eecto 45 [ AR LA 1: 50 [ L1342 25 & Kana
PUHER 1L 2T Braebhrh, HARBIERNETESRIL,

¥ 75 3R J5 W LA 5,0009 &0 10 min YOI 1A, A& R PBS (IIAERIEH
fiff. DNase /% PMSF) H &,

W B REIE A E Tk B, ESHCN 300W. 5s. 5s, 7 45 min;

4°C, 4,000 g &0 10 min J5 782 bif,  Ulie il B g ph i E R

4°C, 12,000 r/min &> 20 min, 3% Lif;

HE DR,

4 °C, 12,000 r/min £§.C» 20 min, 3% BiGEETHOKLR L, fKRaHRiGEEE
PR

FHE 35 mL/g f LA v ek 5 I B AR R IO\ ELIR IR T R g v, BT RILRR IR
EF 4 °CHEfR 4-6 h;

12,000 r/min &5.0» 20 min EBRYCRE, Xt EIEHET BCA R E & R E

% 0.59 HHE B/L BB TR Z IS rhis, 8 iFa07E EL 0.1 mL/min #
RN AR MR SR M T, E 4 °CLL 30 r/min 54 14-16 h & 1.

2.2.3 TBEV-Eecto & 4tk

A

W E M EAMH 022 pm — XA LU IERR L8, [ AKTA @ IELOHAT
Wi, £ 10 kD A, CEHARRIAE 20 55 {8 45 & S rh kAT ve g, Pelk 3-
5 UG WRAT: il

ffH Ni-NTA 1 mL st & A 2lifh, fEtis s [ ZEHr{ (Fast protein flow
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chromatography , FPLC) _F#E4T:

@O EETKIBHREE, BRILEY. B Ni-NTA 1 mL @i fEEE R
%, WEWMEAN 1 mL/min, HEHEHEER 10 min;

@ S EZMCTATE T, REREY 1 mL/min, 1£17 10 min;

@ W HIEWCRFE b B, EES 1 mL/min;

@ S EZMRBERAE T, WEREN 1 mUmin, B REBGEREZE LK
s

® Peft: MHVERBGEAT I, WERE 1 mL/min,  #0FICEBE LR
EUEEL) LmL, BRI & BB RAT

© 5 10 KD 8 8 R USUAR B R AT R DBV 40 B S R IOV R B 1 2
NEJEE 1, 4,000g 20> 15 min Ja M PBS, B8 2 K UWEERE

@ Stk e & AR T BCA B &, 3 {#17T-80 °C.

2.2.4 TBEV-Eecto & A & 5
AL BN B LA R 4k 58 B B )8 E A 5 13647 SDS-PAGE 73 #T,  #24F [FI AT
B. Western blot 73 HT:
@© ¥ Lkl TBEV-Eecto & [ LAKIINT e M A J5 34T SDS-PAGE HiLK,
BERZE 3 2.2.1, RJEHB % PVDF K I
@ Afi % 50 g/L AR YK (1) TBST Z a1 1 h;
® TBST ¥ 3 K, &5 min, AL 1:5,000 (TBST) FikEMI %Pl 6his
ik, 4 CREK EXEREE .
@ TBST ¥k 3K, #IX5min, JIA 1:15,000 (TBST) #i%¥ ) IRDye® 680RD
Goat anti-Rabbit IgG Secondary Antibody;
® TBST ik 3 ¥k, ik 5 min, f&J5H PBS ¥k—k, H Odyssey XA 4L 4h
FICHAR R GLHH
2.3 TBEV-Eecto EHR /MR
A. 1% 5 ¥ BALB/c MER 5 X, %l 1 KRR, 4 100 pL;
B. ¥ 20 pug TBEV-Eecto &R HHAEH /KBS 50 uL 5 50 pL QuickAntibody-
Mouse5W 171 78 731 21 5
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100 pL 28 5 BRIVLPE S, X HE 2 33 S S AR RR AR 3 K

SR 3 A S AT IR, SR AN 4 24577 2R B IR

R % 2 J el SR I, & A 100 L,  ##E 30 min, 12,000 r/min &5
L 10 min 57 B ik, PRAFT-40°C.

2.4 TBEV-Eecto EARGRER L E

N GE 5% 415 TBEV-Eecto 8 [ %04 /MRS B85 7 42 TBEV-Eecto £ F14R7 5714
Pk, THERIE TBEV B EERIRL, XTI 6% TBEV-RVP, Kby
#3215 TBEV-PIME I BRSNS G 5 ML HEAT RS e P E .

2.4.1 pCAGGS-TBEV-PrME # /& 145
A, UUIAZWTERIEH) PCl-neo-TBEV-PIME  (Fxik#k) BRI, I Snapegene
BAF B S AR 1-7 s
# 1-7: TBEV-PrME 3| #5731
Table 1-7: The primer sequences of TBEV-PrME

5144 5 JF51 5-3
TBEV-PrME-F TTCGAATTCATGGTGGGCC
TBEV-PrME-R GCAGGTACCTTAGTCGTAC

B. LI LERMAFRL. 514, Premix PrimeSTAR MAX PCR F45HC B 1k Rk
1-8:
% 1-8: TBEV-PrME PCR ¥ ik &
Table 1-8: The reaction for TBEV-PrME PCR

el AR
2xPrimeSTAR MAX 125 uL
PCl-neo-TBEV-PrME (100 ng) 0.1 uL
7& RNA g7k 10.4 pL

TBEV- PrME-F 0.5 uL

TBEV- PrME-R 0.5 uL

&t 25 uL

PCR #8444+ 4: 98°C 5min; 98°C 10s, 51°C15s, 72°C25s, #3041l
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;72 °CHAEAH 5 mins
C. TBEV-PrME 5 pCAGGS f#i il EcoR 11 Kpn 1 XU i A F K AR 1 A DNA [5]
W B AT IET A, TG EE A R UK 1-9:
# 1-9: TBEV-PrME 5 pCAGGS E#/k &
Table 1-9: The connection reaction for TBEV-PrME and pCAGGS

B A

T4 JEE 1puL
TBEV-PrME 5ul
pCAGGS #ifk 2uL
J& RNA fig7K 2uL
it 10 uL

KA RE T PCRACE, WEAN 16 °CHEF 12 h;

D. HAb s R HRAE A5 —#r 2.1.3 (Kana HutE#ey Amp Hith);
VR PCR W30 %7€, 5,000 r/min 20U IERR SR AR, 72 B3, (AR
AR TRL /N B R B R /N S AR BUSURL, K ORI EEAT XU Y], B V)= & B i
R Mz P K 6 5 TR i 3% A R

F. 3 IE# )G R A7 T-20 °C, #%RIh) E 20 Rk Ak dy %8 pCAGGS-TBEV-
PrME.

2.4.2 Western blotting % & 5 5% L% 4% 7 o
A, IRETE S 10%FBS . 1%=%1 DMEM T 5% CO. 37°CHAf ;7 293T 4 i ;
B. #4 293T 40y 1k 5 Hefh T 6 FLIR, IEAFELN 40%:
C. ke 2 RH, HFHILAE 80%/KL A4 pCAGGS-TBEV-PrME i fi Fl
pCAGGS % #;:
@© Bk 55 YR PEI MAX B 1: 3 (Fif: @A) 45 HEELiMmE
DMEM K572 50 kt, W MiaiREG TR TS 20 min;
@ Kt 6 FLBC S IR UG DMEM B 772,
@ F ARSI ZE 293T 4i)fid, 2545 5 h J5HEy 10 % FBS DMEM ;
@ Z545 48 h [ FEHURAAR, 40 ORAFT-80°C.
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¥ B SN PBS Yeik 238, AR 3 min;

AN 100 uL & E RIPA (58) , UK EZLHR 27 min;

UK b4, 2808 200W, 5S. 10S, JLi#EF 2 min;

BCA E=JE M 5x8 A R

Western blot 73-#7: #E [ 2.4.1, fH 1. 200 #k (TBST) Mg iEh—
Pt, ffH 1: 15000 (TBST) # B 1 IRDye® 680RD Goat anti-Mouse 19G
Secondary Antibody /£ 4 1, H Odyssey M L1406 A% R G4 .

r & m m o

2.4.3 BERCEE LEMBERR R

A. HRETE S 10 % FBS. 1% =4if{) DMEM T 5%CO,. 37 °CHsAH 7% BHK 4

B. Ak BHK 4Hiffl, MAEEFRRE B S M T8 40T 1f) 24 FLR, #BEL0H
20%;

C. ket sEmH, FHHICAEN 40%E AN Y pCAGGS-TBEV-PrME Jfi ki Al

PCAGGS 78, #RIEFZE &) 2.4.2;

48 h JE 1 PBS ¥ 31K, &RK 5 min;

TN 4% PFA, ‘=JE[E 5 15 min, PBS ¥Eik 3K, X 5 min;

B 0.2 % Triton X-100 ) PBS = i#iZE i 15 min, PBS ¥k 3 X, K 5 min;

B 3 % BSA (1) PBST - 37 °CE 141 35 min, PBS Ji 3 &, &K 5 min;

TN 1:200 #REH S 2 1L, 4 °CHF H 14-16h, PBS BE¥k 3k, AKX 5min;

I.  J0A 1:300 #i ) CoreLite® 488 Goat anti-Mouse IgG Secondary Antibody, %

I © mmo

¥H 1h, PBS ¥k 3K, HFK 5 min;
J. A\ DAPI XA AZ AT G th, = E 10 min, PBS ¥E¥ 37K, 4K 5min;
K. ANOHDRIR XM, CE T A SLodoei KE R s B, R ZO0
AR STl
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3IGER

3.1 TBEV-Eecto ZFE Y #4534

PAA H pUCS7-TBEV-Eecto M54, PCR 41 TBEV-Eecto, #1141 %EifiE
PR K A, T8 1-1 Z97E 1,200 bp AP AR 5717, 776 H R TN,
Al LT3 3] T TBEV-Eecto 2K B

bp M 1 2

2 000

1 000
750

500
250
100

& 1-1: TBEV-Eecto PCR =4 )35 R b B FL ok 537
M: DL 2,000 DNA marker; 1~2: TBEV-Eecto [J PCR ¥ 14 =#)
Fig 1-1: The PCR products of TBEV-Eecto were analysised by agarose gel
electrophoresis
M: DL 2,000 DNA marker; 1~2: PCR products of TBEV-Eecto

3.2 E{ARA pET28a-TBEV-Eecto HIBESLIE E

W EH KL AL pET28a-TBEV-Eecto-#EAT X EF )5 1E (BamH 1/Sal D, £ 1 %
b ngil=y SN G = 1-2 Z97£ 5,300 bp A1 1,200 bp Ab7J WA RIEST, &
TBEV-Eecto F Bt & pET28a ARTIIHAK /N, MFas R EREERTH]—8. KHPE
4H ik pET28a-TBEV-Eecto #4J2 EIH -
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bp

5000
3 000
2 000
1 500

100

&l 1-2: pET28-TBEV-Eecto HIE§] % E
M: DL5,000 DNA marker; 1~2: = Jfiki pET28-TBEV-Eecto i VI =4
Fig 1-2: ldentification of pET28-TBEV-Eecto by restriction enzyme digestion
M:DL 5,000 DNA Maker; 1~2: pET28-TBEV-Eecto recombinant plasmid digested by
restriction enzyme

3.3 TBEV-Eecto EEER/NBIFSRIELTE
NS ST I B AR PR S 405 EIETUVE, HIRE S #E4T SDS-PAGE 40 #7,
Z Ol e it G KB E R A E E DA KA, K 1-3 78 40 kD-55 kD

IV AT SERE SR, A6 AT RN (TR 49.1 kD).

kD M 1 2

170
130

100w
70

55 -
40

4

3
R

«—49.1kD

35

25

&l 1-3: TBEV-Eecto J3RiA KA BT
M F TR 1 RFSEE LA, 2: RIBIFWRTUE; 3: )5 Eik L,
4: V53 e W AR TTIE
Fig 1-3: TBEV-Eecto exprsssion and solubility analysis were identified by SDS-
PAGE.
M:protein Maker; 1: Uninduced bacterial supernatant; 2: Uninduced bacterial Precipitation;
3: Induced bacterial supernatant; 2: Induced bacterial Precipitation;

3.4 TBEV-Eecto EAFH AL E

3.4.1 TBEV-Eecto E 4 K A AiLF=YI#] SDS-PAGE 4347
B KEFRILN TBEV-Eecto B E A EMIAR 6 mol/L ThERATAZ LA, £
NDSB-201 & 1 J5 H IR 46 M2 Ni-NTA i e fZdraidh, ¥ B 8 a8 g
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HEAT WS AN e P I VR B 45 A PBS, KR IR MR I P e Jie Ay A B & 4k i B ) 82
S EIREREAT SDS-PAGE 204, & 1-4 A, ARz mR. S EaiEs T
ali 55 =1 1) TBEV-Eecto 85 H -

kD M 1 2 3 4 5 6 7 8 9

170
130 — & ,

100 H—

70 &

- — t49.1m
40
i

35

25
& 1-4: SDS-PAGE 73444t i) TBEV-Eecto & H
M: B> 1 EARAE 5 1-8: BRIEIFFSE it 10 H & H59: aifbjm i H & A
Fig 1-4: SDS-PAGE analysis of the purified TBEV-Eecto
M: protein maker; 1-8: Target protein eluted sequentially with imidazole; 9: The target
protein after purifying

3.4.2 TBEV-Eecto B E F 4L Western blot 5347

¥ LRAMNEA . FSRIEMEE LR FHIFES 1T SDS-PAGE, ZJ5#%
f5, %40 6xhis PLATEA—PT, H 1: 15,000 #Ft) IRDye® 680RD Goat anti-
Rabbit IgG Secondary Antibody 1Ey =41, Kl 1-5 £ 3 EARYTIE M 2L 5 2 H AL TT
WAFE B S A RDMIR T, RIFFEIETCRN, FRIE S 21015 2
7 TBEV-Eecto ® [, BCA E &L R T RKEN 1 mg/mL.

kD M 1 2 3 4

55 | N—
49.1 kD
40 [ —

& 1-5: Western blot 41T TBEV-Eecto 5 H
M: FEHEBEDTHRESRME: 1 REPEE L ; 20 REFEEDUE3: 20461 TBEV-
Eecto 5 H; 4:1%5 5 J5 B AR TTIE.
Fig 1-5: Analysis for TBEV-Eecto proteins by Western blot
M: protein maker;1: Uninduced bacterial supernatant; 2: Uninduced bacterial
Precipitation;3: Purified TBEV-Eecto protein; 4: Induced bacterial Precipitation.

3.5 pCAGGS-TBEV-PrME E4 Rk # ko

FIFHAZT EAR-E1 PCl-neo-TBEV-PrIME  (FRiKFR) TRk AN, Bit4r St
1098 TBEV-PrME %:[X By, BVl Ja w2 pCAGGS ks, XY Ja #EAT % %
Hyk 4 e, WK 1-6 Fizn, TEZ) 2,200bp F1 4,700bp AMAFTERS 44577, 5 TBEV-
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PrME Fll pCAGGS H i K/N—5, M 745 Rt —BiFsL i@ 7 pCAGGS-TBEV-
PrME 5 2H £ iX 344 .

M ] 2

bp

5000
3 000

2000
1 500

1 000
750
500

250
100

&l 1-6: EHF K pCAGGS-TBEV-PrME HIEE) % &
M:DNA Maker DL 5,000; 1~2: FEZ1Jiiki pCAGGS-TBEV-PrME (1§ 174
Fig 1-6: Indentification for PCR products of pCAGGS-TBEV-PrME by
restriction enzyme digestion

M:DL 5,000 DNA Maker; 1~2: pCAGGS-TBEV-PrME pET28-TBEV-Eecto
recombinant plasmid digested by restriction enzyme
3.6 TBEV-Eecto AN RZRIELEE

¥ pCAGGS-TBEV-PrME Jii ki 73 il 4% 4% 293T 4Hfifd, FIH Western blotting % 5&
TBEV-Eecto (145 /) RUMLIE H 2 S B EERNZEA. 1 1-7 s,
Western blotting SE46: 1, 2 54 kD ALAAAERF AL, FFEEEADTTEA (53.
7kD), TxTHEATCA, AR 1R E /N AR A AL B E B A RAE R R T

.

kb M ¢
55 | . - — TBEV-E

. | B-actin

40 | -

& 1-7 : Western blotting 44T TBEV-Eecto & H I 5 2 JR 1
Fig 1-7:The immunogenicity of TBEV-Eecto were analysed by Western blotting

¥ pCAGGS-TBEV-PrME Jii K773 il 5 4% BHK 40, FIH %50 IFA &
TBEV-Eecto {145/ BUMLTE 2 BAEE R E A2 wbEdhiik. wEl 1-8 Bk,
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TBEV PrME £ FH3iA 1 BHK 4 a] ILRs R4k G, pCAGGS FS# LG
WKH. LA LU TBEV-Eecto 25 H BA R IFHI B 5 ME, S/ NG =4 7 0 RN
ik,

TBEV-E DAPI Merge

pCAGGS-TBEV-PrtME

pCAGGS

A 1-8: IFA 43#T TBEV-Eecto & H 48 R @R R A 50 pm)
Figl-8 : The immunogenicity of TBEV-Eecto were analysed by IFA.

(Scale bar=50 pm)

4 i

E 2 A7E TBEV EYLTE UM E B p Ok R HBAE, B TBEV
MR8 E AL RMEEIE. BRI E RSN N EE, HAKK pH
ST E HAMFEVE ZRAREHO N =, Al P05 58 R N0 M A 50 B A
WA RIS, TR R TR H . fEFRUR SRR, E &AM PeM HEH
R AR T R M, S E-PrM R RES TR S RAE S TR
PR TER I, E 8 ATEREN /R R 5 A S 15 v JR 5 D9 4 B 4 G o RO pHL B 85815
SERANNFHAS], Pr EAWIMAREQBEVIEIIF 2 E EAOMSHNREE, EE
LR AN R 3R, Rl B R A N SO TR U6 7T, E B I AE BRI
JEAEE X AN X L E 3 NI, DIH & A ok 22 00 B B B SR AL AT A
11 DI RE S TR R T 5 W AR RS, DINAA e skE B E,
AR, £%F E DIT B Mgk ] RIS pH 35S/ E 25 A 728 40 BH W i ik
U8, E EABEM e X a8 T 2 MEKER R, X2 B &AEINERIEN A S
BRI, E RAAEE EENPURRA, TSR E X)L PAEE T A

_43_



PREFEAXFA L F 424 X

AL Allison, S. L 554 IE %R E 4 € X 1) Eecto B FE AW E EE 5
WHAREE T FE M BUERRAL U,

HAl TBEV-E AT ZFRIERGRINESL, QFERMMELILERS.,
FENDMBEIE RS WEFRIX RGAFEZRIE RS . Anu Jadskeldinen 251 {H H
HAFIRFR TR BRI RIA T PeMM R E A, K18 T 20 B 373 b
TBEV-VLP®, B MR E KRG A & ot H Ny liA &, AE ) i B,
Nozyechi N Chidumayo ¥4 IgG Fe 4541855 TBEV-Eecto 70 FL 3V 40 i h Rl & 2%
%, BT EEASR 1gG FRBRMIER, WASMRERGREIREM. FARAE
Haith b B ewi, M HRAHBRE. Seok-Min Yun 2 EEREERERIA RBHIE prME
BA, FLERFWERT TBEV-VLPOS), BRERIE RGA7EIE H R AW RRAK.
BT E ARG R R . AR AT AR S5 A% R0k 2 G5 R D e R 0 (1 % 1 25K
PR 1) 3 B i 0 AR 2 1 R /KPR A TR 2 B I I AR 7R R A B T A 82 831,
KIsHT 1 BL21 (DE3) M pET 3Rk RGN N KI T P 205 540 B2 B i e i T
BARRS, HEZIENT BL21 (DE3) FEFHAH LERE KK T7 RNA BEE, €]
PURs SRR pET BORL B T7 R 3h7, JFRLRIAT B RAR RNA KGR 8 53 E
BB, 4 mRNA #A B0, H RS AR LUE 3 /)N a5 FR i ] g AR 28 3]
SAH MR Y 50% LA E B,

[E 4b Rizzo %573 5l ik 2h JF i #i% TBEV-Eecto [FIE, 455 SR G20 HKNEA
AR e AR 7 % 5%, H Dubova 5 A X SFERATH A HTseink i, M5
1 — 58 B MG R R 35745 5 KSR TBEV-E 5/ LLH TBEV-Eectol 1, & Py
e, FRIRUL S INTE KA hRiA T 42K E 25H, BLISA S50 BoR fuf R ki,
AB AR FL B0 A B0 2 1) 28 O REVEL> ), Ribeds . FFHEHS UL E A
DIE NS EATHYOE ELISA KM 7735, 1757 RE 18k o [ Ja 20 200 I R 12 T (1
T, AR AR R GUR R AEEDT 80, sk, BEESEMWAEDSRIEE, UK
A MERORK S, JRAZRIE B E A B B AR RS T LR A M RO B
W =R, T H AT A 2L B A s

AH Tk F 1953 A I ARALIEAR ARSI 2 SOAE I A i v 43 B3 1K) TBEV #R Tk A AT
X%, J&T TBEV @ARLA, 7F TBEV =ANWAIAFE 5o, SULRE X
20%, FEFREALAER) TBEV F i AR kMR KIE G &0 AWl 7 R
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BL21 (DE3) Fl pET KIAR S, (LRI pET28a-TBEV-Eecto B 40K IAH AL )5
I AR KA 3 o LA R FE UK IE T TBEV-Eecto, B AR MR R AR, AHIE
FNSERNZ M 3R 1 405 8 1) TBEV-Eecto & 11, 1M EL¥ H: G /N B 1 45 (10t g2
M5 e RN HAZLIA [ TBEV PrME H 1, R mEdf, $#&78 TBEV-Eecto HA B
R AEPIEVERI G S5 . 48T Eecto fEJ5URZ4HMIH RZ B, DHILE X T 68
BIRMEAAEYEENEAORA T EENIER . AR T80 LRI
BT ML LN HSP RS %R Eh1% #h /2 NDSB-201 &5/INoyF4 0 # Bh T A8 25
AREHIEAHER, LRI NDSB-201 &Y M A 2I A R i AEYiE MR TBEV-
Eecto . 1 H, SVEEREIERYE SR R S 2A B IE AR,
225y H 9 PBS 1) pH FEIT 8 A5 LR 28, BRI pH I RS Becto M55 HL 2
BRAF IE TS I AT PR AR R OB

RTINS | TBEV-Eecto, HEAAH RIFHIGEIRNE, Jyja8: % TBEV K]
B IR S E [ AR
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% — 3% TBEV-Eecto & & #9 % #.[& iK%
BREE

1 #%

1.1 AR RS

111N RE BB 40P Sp2/0, HIA S = R- 17

1.1.2 7 F740 i K5 T BALB/c /)N BRUIE i B e 4T i

1.1.3 R RIE YFV SHIF 1 huh-7 4 5 A S50 2= 6 %
1.1.4 JEV P3 k. DENV2 16681 ¥k H1 A< SZ6 = R4

1.2 R
1.2.1 pPCAGGS-YFV-PIME . pCAGGS-ZIKV-PrME Jifi i 7 S256 % 1) BARAT
1.3 iR 57
6 T R ANk 2-1 Brs:
x 2-1: SZHRHA
Table 2-1: Experimental reagents
A S
RIPM 1640 35773 Corning 2 )
PR F & ELISA H A proteintech A ]
TMB 20 {3 % (4. ELISA & 117 R E A
Lipofectamine 3000 #% 445 Thermo Fisher Scientific /3 7]
Nano-Glo® ¢ ;2 B A ik 771 Promega A ]
PEG 8000 Sigma A A
Hybridoma Feeder ¥ il &7 1 B RS A BR A 7]
Vo I s A 3 1 Ay
(tsponting amioptar ymdne, ATy MIRHHEHRAR
50xHT 1 B R A IR A
TG 4% v F ) & AT EE A R R A AT PR 7]
protein G ImL Fii%E A+ Cytiva 2~ ]
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1.4 BB AR FIECH

1.4.1 ELISA FH5

1.4.1.1 10xPBS Z21M: A58 R-FRREUEALEN 8 oo FAMHT 2 g, BERREA —4N 14.2¢ .
BRS8N 2.7 g JRONBERR R, TN 800 mL 25 3 /KAt #Ris M, ERE 1L, =
I T ERAF

1.4.1.2 PBST Z2M:  BX 500 mL PBS 2N 250 uL Tween-20, Z43KEEN 0.05% ,
FEIR TR

1.4.1.3 GHGK: i HUBKEREN 1.59 g,  BREREEN 2.93 g BREM T, MA LB FKE
ERE 1L, AT pHE 9.6, RETEHR.

1.4.1.4 MikE: BUBSA1lg, MMAPBSTERZE 1L, fRfFT 4°C.

1.4.2 FLARLEALZ R

1.4.2.1 855280 (20mM PBS, pH7.0): HX 200 mL 10xPBS JI 2L ek, i
ZETKERE 1L, W pH £ 7.0, fRFFT 4°C,

1.4.2.2 Vel (0.1M H&FR-HCI, pH2.5): K FHRECHER 7.51 ¢ T 2 L Btk
H, IIAEBETF/KERE 1L, IRSIEIAT pH 2 2.5, RFET 4°C.

1.4.2.3 BEPEFFALR (1 M Tris-HCI, pH 9.0): #RHX 60.57 g Tris #3555k, A
400 mL 25 & FRBEHAE L FE 0V i, EA A 500 mL, fFHWIEERTT pH & 9.0,
i 0.22 pm JEERITJERR R, TRIET 4 °C.

1.4.3 ZRATIE 4 MU SR AH RIS VR

1.43.1 HT ¥53#%: TEHF S N EI 10 mL 50xHT. 5 mL 100x=%7. 100 mL FBS,
I RIPM 1640 55772, EZ % 500 mL, 4°CIRAF.

1.4.32 HAT $:38%: T#5 46 N EE 10 mL 50xHAT. 5 mL 100x=%%. 100 mL FBS,
B RIPM 1640 55772, 4% 500 mL, 4°CIRAF.

1.5 (U8
SIS R AN S a0k 2-2 Fiow:
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R 2-2: LR
Table 2-2: Experimental instrucments
e IR
Gt y/Ere il % H Jouan ]
Glomax20/20 & A A [ Promega 2 7
etk % HEITHAMR IR A F]

1.6 SHTERHF

#5451 . GraphPad Prism 8.3.0 4

2 7%

2.1 MBRIE AR EIE

A. ff/] TBEV-Eecto JE IR HE AR, M4l 1 ng, FHEEBREE 100
uL JEIIAN, 4°CEHE 16 h, FEEBUASE I PBST ¥E¥k 3 X, X 3 min;

B. JIA 100 uL 5 %/l JEW54s Y ELISA £ P, =& 2h, LWL, MAPBST
PeVk 34X, K 3 min;

C. 237N 100 pL Sy i K e Jo A AR 1. 1,000 FREr) /N BRUMLTE, 37 °CHiF
B 1 h, FEBAKEGH PBST ¥eik 3 min, AR5 EASHMAKLKNE D i
T, EE 3K

D.  JOA 100 pL fFEHMEER 1: 10,000 #F K HRP daic i L EPU iR Biik, 37°CHF
H 50 min, FFRWAEMHH PBST #ii%k 3 min, SAJ5 B ESAWOKLME N L
BT, =EH 3K

E. JAA 100 uL TMB B4 B AW, FlEE 5 min, FFREEINA 50 uL 2 M i
FRZ IR

F. il FEEFR AN 52 L 450 nm AW G ODasos

2.2 RS &

2.1.1 Sp2/0 4R K353

A, BHA TR Sp2/0 iR I8 BUEAHARAIEE 37°CKIBw TR, A

& 10% FBS RIPM-1640 %55 557847, 1,000 r/min 250 3 min, ¢ 378 e
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B EEE SN, RIEET 5% CO2 1 37°ClaiR s 7= 46 55 7%

B. fRAREEIR: FRAfRE BEHEIT 100% 0 BEAT A ARALEE, R A D2 PRI Ik BE 41 i v
T, BEOEBREEFRIEE, MG R R IR RS S I

C. RAh& I 20% FBS RIPM 1640 £ 32 330479 KB %

2.1.2 1EJFR 40 M B 1] &%

A. ¥ BALB/c /NRBFALIE, RIET 75%LBEHHE 5 min, SRJEHANEG TES
, BEEREA B TR S AR

B. f# ST IGE/ANRIEE K, MBI NG, ERARBIBER, K50
BB FWOT bR, 780 B ER I

C. {fi FIE RS AR BRI I 75

D. FAVES 28 8 mL /£ 4 A58 4 RIPM-1640 £5 77 39 NS b, A sk

E. KR A AT 7R B B0

F. 1,000 r/min & 10 min, 25 _i;

G. fiH/b&E HAT B 7Rl &, ST, ARSE A0 M % AN IE & HAT B9
72 %5 5 2%10° 4N/ mL;

H. RERRE 72 I 4H i 29 LLAESL 100 pL BRI & 96 SLARES TR, AR5 T 5%
CO, ) 37°CHE I B - 55 55

2.1.3 4Rt &

A. HUE—#7r TBEV-Eecto 1 H I/, BB A M 1: 1,000 #08E Jo Rt i
2 FUNEL A 1SR 2, BRI SR IR BRI, AL e SR T 75%
ZEEH, 5 min J5 RN AR & A e T SR b

B. HKWMIBY JJIFIE, BT, MANCEEAATEE RIPM-1640 55375 1L
e — I, AN R 2SR R I 2

C. % 100 HIfME THRATIA T A58 4 RIPM-1640 2504 F, BT E T05 M,
— I B BRI S — JA T INAS 56 45 RIPM-1640 B53%3E, i g o 3m i j9 £Li%
T E L

D. 1,000 r/min &> 5min, FF% LiF;

E. FA5E4 RIPM-1640 Wik Mg —k, SO0HFx BiEEEE,;
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UM B0 20 pL, IS5 & 6 WY B SR EAT IS AR T2
RRRHTY KB IR ) Sp2/0 AR, B0 F% bif, HER i T4

H. 45 2 JUNRR 1108 N RRGH A 3x107 /S Sp2/0 &R, &% T —NE0E

HINiE B A 584 RIPM-1640 J5 B8 TR S ;

1,000 r/min £5.0» 7 min, 3% biE, B RGN B

W ERZ) 750 uL PEG 1,500 (50%, w/v) ZZEININE.OE Y, JHRIASKIEES) 20
B, BHAEHITE 60 S i, SRJGLRIFZ) 30 S B AR M Bl AN TR Y,
B 30 S5 30 S A Ay ] 48 B0

F1 5 min B[] 25 mL A 5€ 45 RIPM-1640, 800 r/min 5.0 7 min, # 2 Fif;

L. Z2f8hn N\ 10 mL HAT £5783E, WITIRE], VdahiE#3,

M. B R B in N\ E A TR RN 96 fFLERFRIF, SRET 5% CO2 | 37°C
fEIR B A PR TR

2.3 ZA BRI FMIE ST

A, HEhE TG4 T HAT B5980rh 595 7 d /24, ARG 2-3 d F kAT B b3, 1

s /0o A _E TR 1/2 55570 AR JE AN S SR A B IR, SR A T L%
AR 5

B. f£7-14 d i/ HT B389,  [FIREMRIRGE 2-3d RbAT HOBUAL B, J7 ik th oy~

C.

14 d HIEMETE HT £3589 4 20% FBS RIPM 1640 £235 3L 4k 45255

2.4 TRE

A

MRS S 16 d £4, #ETIR4% ELISA &, {8 1ug/4L TBEV-Eecto & H{E
NPUE B BRI, U A TR AT A LA, 6T P L R A AT
B4k

B. K 96 FLAR H s se AL I A SR AN A 2 IRAET R, R R S AT TG

W 160 ANAHA & 200, IS A IIME -7 HT F 82 1.6 mL RS,
FEHT1 96 FUA 1) 8 ANFLAEEFLIIN 100 wL 2 i By s

AREEAMINERFRMRZE 1.6 mL WATIRSS, FEHTH) 96 FLAR A1) 8 ANALAEESLINA 100
uL 40 i 2

B PR 41K
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F.

G.

W e AL TS AN E T 5% COo ) 37°CHEIR IS F- 48 h 4k B3 5%
G N BEAT R A SR A RS, A A R R s B R A, R R PR L
BT B BT REAT BT, BRAE R

2.5 B BEMIRR KN MRE

A

St 4 ORGSR TR 6 RRANAE I R e i H o B B 1 A4 A IR A
fa, F T25 40k IR £ 7%

B. #HL 6 W £ 47 1) BALB/c MR, MEEVESS 500 uL 285 e K A i 5

1 W E KA ROIRES R 47 H B 2% A2 S 40 B W5 973K T, 1,000 r/min #5+C» 3 min,
F EIEERTCILE 1640 B, BEATAIMHE, A /N RIS ERZ) 13100 >4
JL, AR HILE 500 pL;

SAF 12 W KA, BIEREHEIKK, BIREMI/NRALLE, /0 BRUIE E T g
b, N BB BY G S5 A SR IR IS K, 10,000g #5405 min JEHK
B3, 3 JE RAFT-80°C;

f§iH 1 ng/fL TBEV-Eecto & FE AR B REFRR, B UCKHIEKEL 1: 10 #ikE,
SRIGHEAT 10 BB FE R REAE N — DLtk A7 [H) 32 ELISA vl e JLaAn,  #RAF R 58 =3

7 2.1,

2.6 RRfERATEIEE
A, M\ ACHEUH B AR SE B PTARE R e R &, IR A T P4 30 min;

B.

BLE 1xIgA+HIgM+IgG-HRP : 10 puL 100x7 $T i IgA+HI[gM+IgG-HRP + 990 pL
1xPBST ;

C. JE/KAMEF PBST LA 1: 10° RGO AN ZEFL s

©

I © mom

B 1< EPLR [gA+HgM+HgG-HRP AL S LA, 50 pL/fL. k7B TRIR L8
AR, W] TR B PI 1 min;

wi DERAE, =IRPFE 1 h;

FEILNHAR, 1xPBST Ptk 3 ¥k, BT EHABKAMED BT,

BCE RO, A: B=1:100 J5R IR 0 2 B AL, 100 pL/AL;
ARG A 15 mine JIAZ IR, 100 uL/fL;

ZETT I RLEE, B E R (LR R E 2
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2.7 BRERERFENE

2.7.1 Western blotting 4 58 5. 5 FEHT 4 1 Re 7 14
pCAGGS-TBEV-PrME Jii i % 4« BHK 41, HAREAEFRE —H57 2.4.2, —Hufd
H 6tk EHTiAE K, {4 TBST BA 1: 100 k.

2.7.2 S BERIGCK E S ILE R 4
AR — 505 243, —PUEH 6 MR WREDUIAEK, (EH PBS LA 1: 200 #

B

2.8 ST E B e PEFL IR 3Z L R B

A. K BHK 4T AG J5 Befh T4 A7 40 MUIE 1 1) 2 4> 24 SLAR s IR, B 2008 20%:

B. HEEIREWH, fFHEEN 40%L 40, BN LIME DMEM, —&B4r4i
Y pCAGGS-YFV-PtME. pCAGGS-ZIKV-PrME Jii kil pCAGGS 7S #%, #Hix,
AN PEI MAX, HAREAERE 5 2.4.3; 55 76—8 7 40 45 008 T6 i iE
DMEM, TAWa4A6H 73 A8 4 JEV Al DENV2, MOIL %7128 2 f10.1, 2hJ5
BN 5% FBS DMEM 4k 5

C. HARHAERZE & 243, # 6 PRELITFEDUARMEAKLL 1. 200 FFE )5 40 70 %5 1€
B A4S YRV, ZIKV. JEV il DENV2 ] E & [,

2.9 PEMAA REE

A, K/NRBRACK IRK S 45 A v 1 10 AR5 1 0.22 pm &Sk 2 g 28 5 g

B. 147 FPLC,EA 20 mL/min 3 FEE 25 B 7oKEEZE, 2850 1 mL/min PR3 B
BETE, BRI . REERIZITHRA T protein G 1 mL FERAT mX pE
BAERS, WEREAN 1 mL/min, jE¥HEEFE 10 min;

C. MG PEF -+, WEREN 1 mL/min, 1217 10 min;

D. )5 HRE G B, WEFEY 0.5 mL/min;

E. (A4 &SEMRTEET, REREN 1 mL/min, BHZE I 280nm 4WFEHE Ao
B 22 T2k KT

Fo Welt: {8 PGS, BB RE | mL/min, S0P IR, IR
229 500 pL, AVHEIIABR M AT IR S pH & 7.0;
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G. XAl TE I BUIA AT BCA E &, 733 0RAFT-80°C;
H. EHiiR#IFE 54T SDS-PAGE X5, HAERE—E45 2.2.1,

2.10 TBEV-RVP &3 K4

2.10.1 pCAGGS-TBEV-C EH A g

AP SCHR, %% TBEV-RVP F e AUFR L 450 B A R D R A e Rk AT 1 i 2
BRI ) T 4R, B O I8 pCAGGS-YFV-PIME, Kt TBEV-C ik
Hk, T NCBIMui3i73 TBEV 5Kk (GenBank )5 AY182009.1) ) C JE[H )5,
X AT E TR S AR B R SRR EE D 288 bp.
atggctggaaaggccatcctgaaaggeaaaggeggeggecctectagaagagtgagcaaagaaaccgecagaaagaccaga
cagagcagagtgcagatgcccaacggectggtgctgatgagaatgetgggaatectgtggcatgecgtggetggaaccgetag
aagccctgtgetgaaaagcettetggaacagegtgecectgaageaggecatggetgetetgagaaagatcaagaaggecgtga
gcaccctgatggtgggoactgcagagaagaggcaagagaaga
A. N SnapGene 3% 1H 51 ¥~ 58 2-3:

# 2-3: TBEV-C 5|75
Table 2-3: The primer sequences of TBEV-C

51445 73] 5-3"
TBEV-C-F TTCGAATTCATGGTGGGCC
TBEV-C-R GCAGGTACCTTAGTCGTAC

B. PAAw]& ) TBEV-C-pUC57 N 514, Premix PrimeSTAR MAX PCR
G B VAR RN TR 2-4:
% 2-4: TBEV-C PCR ¥ #i{k &
Table 2-4: The reaction for TBEV-C PCR

Ewil A
2xPrimeSTAR MAX 125 puL
pUC57-TBEV-C (100 ng) 0.1uL
& RNA fifi7K 10.4 uL
TBEV- C-F 0.5 uL
TBEV-C-R 0.5uL

it 25uL

PCR ¥ 34251 4: 98°C S5min; 98°C 10s, 58°C 15s, 72°C3s, 30 M
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72°CH ZE{# 5 min.
C. 2 %L fiEHERR K% E PCR =)
D. TBEV-C i PCR /“#) 5 EcoR 1f1 Kpn 1 BV 5 1 pCAGGS A4 FH R i ]

E.
F.

G.

R DNA [l G e, BB R K 2-5:
# 2-5: TBEV-C 5 pCAGGS EEE R
Table 2-5: The connection reaction for TBEV-C and pCAGGS

%l FR
NovoRec®PlusRecombinase 1uL
5>Reaction Buffer 4 uL
TBEV-C 6 uL
pCAGGS #ifk 2 uL

7t RNA fii7k 7uL

it 20 pL

WIERAERE T PCRICE, WEN 50 °CHEE 10 min;

AN S B0 T PR R AR R 55— 43 2.1.3;

W /NI F TR AT WU Y) 558, 4858 TR IR ORI 23 =) PP+
W > 1A 1 2H FORL AR AT 120 °C, 44 N pCAGGS-TBEV-C.

2.10.2 TBEV-RVP [#)f8.3%

A

A R AT IR ERIE YFV G671 huh-7 400, BT A RS
Rk ik B (Nano Luciferase, Nluc), K444 YFV-Rep-Nluc;

fi F 20% FBS DMEM ¥4 YFV-Rep-Nluc 40 i3 55 77 22 %5 5 24 80 %I #6238 A OPTI-
MEM #5573

% pCAGGS-TBEV-PrME #1 pCAGGS-TBEV-C ik (Ll 1: 1) Hi&E & OPTI-
MEM FiféJE InN P3000 B A /5 BT —A EP &, ¥ Lipofectamine 3,000 [F#f
JiE = OPTI-MEM # Bt 5 B T 55— N EP & f, KR & )5 =0 A E 25 min.

6 h JG #i N 10% FBS DMEM 4k 7 ;

48 h JE U EL 3%, 1,000 g B0 3 min, 1 0.22 um — AL P8R L I8 5 5
FefRAFT-80°C.
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2.10.3 TBEV-RVP KAl

A. Hfk BHK 40 f5 2474t 4, 23 BL 5,000, 10,000, 15,000 A4N/FLH) % FE 4z
T 96 fLER Y, 4KZ:8%5 57 24 h;

B. e K5 96 LAk ) BHK 4l H By L ifLis DMEM, BUH ORAF T--80°CHI & H
TBEV-RVP HJ4i igT 37°CKit s PUd iRl 20l 3 A EGH
FERIFLR BN 04 404 80+ 160 pL, AFAAE 160 pL 1Y JE % DMEM %k
7

C. 2h /¥~ 10% FBS DMEM;

D. 48 h JGHUH 96 LA, fEZIR T P47 10 min, F A4 B3, A PBS ¥E¥k 2 X,
R 5 min, #RJ5 7 2% PBS;

E. H(H T-20°CIR A7) Nano-Glo® ¢t 3 Bk il a7 & AEAE = 6 T P45 10 min, #f

ZLPREL 100 pL N2 96 FLAR B4R, SR EAR 15 min;

W 24 A, 5,000 g BS540 5 min;

HESAS I : KA S A v A 1: 50 FILLBTE & s

B 10 pL RS 10 L f MRS, #E 3 min e SO

l. F Promaga A& GACEI RLU 1E

I o m

2.11 B ERAPFEENE
I SE BRI ANTE M, i CE TP AALE (Micro neutralization assay, MN)
SKRAEATIE, EIAN 1 NE B2 BAEAE T AENE, AU — b b ik 2 B 4
LI 20 ng BdG, K5 E 4 2.10.2 AL () TBEV-RVP 5 5 Jo B L 40 i,
WL TE B 48 h ELEB I S PUAIR AN BPT2H 19 RLU {821 W2 5 B R RS 14,
HARBRAEINT
A. M1k BHK 45 AT 40040, LA 10,000 /AL 2 R T 96 FLAR 1, 4k4:
BEF% 24 hs
B. # 5tk FESUA TG DMEM SMIRFE S 0.4 ng/pL, M 0.22 pm £tk
FRILIERRTE, 70X 50 pL MRS HTiA S 50 uL TBEV-RVP YR 5 FH iR ek
2VEA], AW 50 uL TBEV-RVP 5 50 puL PBS JR&1VEAXTIE, B 4T 37°C

% E 1h;
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C. 96 fLARH 1) BHK 4L AT N L il DMEM, ¥ B3 3| HA-RVP IRE
H PR BN AL, R 2 N

D. 2h/5#~ 10% FBS DMEM;

E. 48h/5illE RLUMH, #AE[FZE —#7 2.10.3.

3R

3.1 /R 7 i B B Se BE H A AR K AN I RE

3.1.1 NRILBE DRI e
BN B AP HT G MG 2 1. 1000 FRE J5 45 FH (8142 ELISA VA 2, 403k 2-6 i,
/INFRAE S % )5 I3 H A7 7E 5 TBEV-Eecto 75 14 N I 22 v BEDUMA, AT %/ R

EZ 1 1,000 FB S5 AR, KB TBEV-Eecto JFAZ 1A 8 [ ) 5o JR M BT
# 2-6: ELISA #ll i€ TBEV-Eecto £ H %/ R AT/EILHE 1: 1000 f¥] ODusonm

Table 2-6: Detection of OD4sonm value of immuned serum at 1: 1000 before and
after immunization by ELISA

N R I G
1 0.086 2.400
2 0.073 2314
3 0.084 2314
4 0.061 1.933
5 0.056 1.7925
3.1.2 B G BRI 2

R FEVERE IR 4 IR e AL fS,  IUER Be P e S R A gk 47 1) 42 ELISA Al
R 6 ARFHTE RS A AR, 4578 2H8H4. 3C5D4. 4H10D4. 4H3BII .
2B11H4 . 2E3G6, A 4rih4%t TBEV-Eecto HIRFFIEGUA, By K RE 9% 5 I
VRSN, BN UK E H A, 45 R N3k 2-7 flrzs 2H8H4 A1 2E3G6 IR 1:

103, 3C5D4. 4H10D4.. 4H3BI11 1 2B11H4 =4~ 1: 10%,
3 2-7: [8]4& ELISA V51030 3 v FE DT AR AR 7K 3L

Table 2-7: Detection of titer of monoclonal antibody in ascites by indirect ELISA

FREH  2H8H4 3C5D4  4HI10D4 4H3B11  2B11H4 2E3G6  PFHPEXTEE  BHMEXHRE

10? 0.577 1.156 1.163 1.246 1.135 0.736 1.422 0.070
103 0.148 1.127 1.053 1.244 1.132 0.289 1.055 0.051
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10* 0062 1118  1.050 1.087 1.096  0.096 N/A N/A

10 0.047 0574  0.567 0743 0997  0.056 N/A N/A

106 0.089 0231 0.8 0234 0428  0.046 N/A N/A

107 0.045  0.066  0.061 0.074 0.119  0.044 N/A N/A

108 0.045  0.046  0.047 0.049 0.056  0.047 N/A N/A

10° 0.045  0.0045  0.046 0.045 0.048  0.049 N/A N/A
32 BnpEinA R REE

3 MV HX 6 MR BT BE U K S LA TR Y, 45 L R 2H8HA4 Al 2E3G6 BT
WALy 1gGL Y, i 3C5D4. 4H10D4. 4H3B11 . 2B11H4 ¥74 IgG2b &Y, 6 #kHi5E
BEPURRIARBES N « B, SR 2-1 PR

Fig 2-1: Identification of monoclonal antibody subtypes

3.3 Bm g RIENE

3.3.1 Western blotting % 5 S5 RF 714

pCAGGS-TBEV-PrME H 4 # 4 F1 pCAGGS 458 70 JHEJe 293T 400, #hE o it
1T Western blotting %7€, 6 HREHUEAKIEN—H1, WK 2-2 fion, 2E3G6 tRHHLA]
454 TBEV-E & ERIEMERA, HERGINIAGRL G .
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&
&

<
Q>
&

&

2H8H4 I:I
[

B-actin

& 2-2:Western blotting % & B5U 5 R4
Figure 2-2: Identification of monoclonal antibody specificity by Western blotting

3.3.2 EROCKEE BPiRr R

pCAGGS-TBEV-PrME #; 4t BHK 4/, HU4HMIJ€ 134T IFA %58, 6 HREhilE
KAEA—Pt, Wik 2-3 Fias, 2H8H4. 3C5D4. 4H10D4. 4H3BI11 . 2B11H4 %5 5 b
By nI 454 TBEV-E A LM R KN, 458K TBEV-Eecto JFIZE LA G5
WE R G, Fufe/NR PR AT 454 TBEV-E A FIIZRIERA AT L,
HHMRELL.

A

& 2-3: IFA B BFiReRE BFRA 200 pm)
Figure 2-3: Identification of monoclonal antibody specificity by IFA
(Scale bar=200 pm)
A:2H8H4; B:3C5D4; C:4H10D4; D:Postive Control; E:4H3B11; F: 2B11H4;
G:2E3G6; H: Negative Control

3.4 PRI R M %E
—# 4 BHK 40 ji % % pCAGGS-YFV-PrME. pCAGGS-ZIKV-PrME Jiii i Al
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pCAGGS 3, HAM—#5r /i G% JEV FIEV, i 6 #k bt KFRE S /E N
—Pi, RIEVOCIE HAZ R, WKl 2-4 fizs 2H8H4 #75 JEV FA4ESE XM,
3C5D4 5 JEV M DENV2 f#ERE X Miftk,  4H10D4 5 DENV2 fFAEAE XN,
4H3B11 5 JEV fl DENV2 #7522 X Mitk, 2B11H4 5 JEV 74538 X v, 2B3G6 5
JEV. DENV2. YFV LK ZIKV SIATELERE X
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AAl

TAANA

AdA

MAZ

Bl 2-4: TFA ¥ BPIHIR R ME (bR RN 200 um)

Fig 2-4: Identification cross-reactivity of monoclonal antibodies by IFA
(Scale bar=200 pm)
A:2H8H4; B:3C5D4; C:4H10D4;D:4H3B11; E: 2B11H4; F:2E3G6;

3.5 BRERANAHLREE
i protein G 1 mL FBEAE X B K BEAT SR M EMT 264k, {H 2H8H4 #k IE /K AE L i
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I 7E 280 nm AL HIMROGAE Aoso IR NELEIKT, VAR, 270 B 2HS8HA FRIE
IR BAR R EBIR AR, AT B4 G MPTE S B Rm iR g i, Har
5 MREPIHS R T2k, iR SDS-PAGE % KR, RN TKEHAFAE 12 25
kD 1] 75—/ 48 kD Wk A Eacts, £F& 1gG PURR B EEER R/, REfiikal
(LD AZIE

kD M 1 2 3 -+ 5

170 g
130w

100 e—
70 —

55 - <«—48 kD

e =
40
35 - -
BERRSERFERRE—

& 2-5: SDS-PAGE %= 4ifb /5 Midilk
Figure 2-5: Identification of the purified antibodies by SDS-PAGE

M:Protein maker; 1: 4H10D4;2: 4H3B11;3: 3C5D4; 4: 2B11H4; 5: 2E3G6;
3.6 pPCAGGS-TBEV-C EARAHFNERTILE

F/NEFRELE) pCAGGS-TBEV-C B4R IE AT EY] (EcoR VKpn D, A
Ja BT EAT 1.5 %BR NERE B FELIK,  anl&] 2-6 s £E4) 5,000 bp A1 250 bp &b 77
FERE ISR, 754 pCAGGS #ARFT TBEV-C F BYERIR KN, 545 FAIE 52 R s
TBEV-C mif# % pCAGGS #fk, FULERMH IR | pCAGGS-TBEV-C HE 4 KL%
e
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M 1 2

bp

5000
3 000

2000
1 500

1 000
750
500

250
100

& 2-6: EHFH pCAGGS-TBEV-C ] % &
M:DL 5,000 DNA Maker; 1-2: BZFk pCAGGS-TBEV-C [ I =4
Fig 2-6: Identification of pCAGGS-TBEV-C by restriction enzyme digestion
M:DL 5,000 DNA Maker; 1-2: pCAGGS-TBEV-C recombinant plasmid digested by
restriction enzyme

3.7 TBEV-RVP B4

NINE TBEV-RVP SIS, a3 H K TBEV-RVP DA FEATREGE 96 fL
EEFEARAT — REEF A0 ECA 1R 1Y) BHK 40, 7E/& 4% 48 h f5 i@ MlsE H RLU fE KA
5E TBEV-RVP HJIRGLRR, WiFk 2-8 s, B4 TBEV-RVP IMAERIHE %, MK
MK RLU EHEE 2 LT, M T IRAAR AR A T i — K3F 5,000 4
4Hfi, R 10,000 NEL 15,000 40T /4 TBEV-RVP ) RLU HRBE A & A1
FONBAE, RIS ERA I/ # FH TBEV-RVP AR & 159 8 YL, 75 96 FLAR 2 ar—
RAEFH 10,000 /15,000 G0 B G RR T f, ASEIR WU 1 B B3t 1 A7 AE

YL TBEV-RVP,

%% 2-8: TBEV-RVP & BHK 41 ) RLU ENE
Table 2-8: Determinnation of RLU value of TBEV-RVP infected BHK cells

RVP JIANARF (uL) /Befhdm i % 5000 10000 15000
0 146 197 208
40 694 73,066 128,798
80 195,736 292,559 1,709,539
160 1435,957  12,453207 8,599,151
3.8 g AP FTFEENE

N e A& 1) 5 R ST BE TR B A RTE 2, S AHF ST B2 Y TBEV-RVP i3
ITHEP AL . BRI — KT 96 FLAR HE:FT 10,000 4~ BHK 41, &FLIIA 20
ng (50 uL ) FHELLK 50 uL TBEV-RVP KI5 ZiHEATHIE 2R, 4 415 TBEV-
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RVP B & J57E 37 °Ci#E 1h 524 BHK /Y, RN 50 uL TBEV-RVP 5 50
uL PBS VA X HRAH, 7R/ 48 h Eidh e H RLU B R A B b2 5 47 76 H Rl
WEME, TR, X5 AR EPT-TBEV-RVP {8 & /8% BHK 41f1)5 48 h () RLU {45
FALTIN TBEV-RVP 48T BRI 27 Z AT LU, A R B R G 2R, fnal
I S BREHUIIAAEAE PRE

ns
1
1000000
=)
= 500000

4

0-

S > LIPS

D & NG

P D A
bg;\ &5: ﬂ:CJ n‘;é\ "»Q)

& 2-7: HEHARKE RLUEHE
Figure 2-7: Determinnation of RLU value in microneutralization test
4 11

UL RBE A TR L 1A e g - ATV Getsi e TBEV KBS, i =R 25
PTG ARBIE AT, B9 75 B 22 18] A AZ SN 45 AR ARG 28 112 W 55 e A0 (R AT )
ok T2 WM. R, e TBEV (55 B iRy Jy B2 St B 2L Al .

H ATUIR 1l s BOR PR R JE, MR SIRE B DU A B i e 7 21 2 B 2B B0oR,
ONRITEIEE T B BT RS R TSR AL T 2 Ak T, BRI ER S B T ) 25 SR AT
RIS BNERMER, EEEREET 1975 4 Kohler Fl Milstein AT & H A SC T 4%
A, EARDUARRI S % 2 e UL R e LA . HARAR B T PEG 2577
AR E G /0N B B B 5 ) B R AR PR AT Rl S, AR S IR RO e B S ) B T
(S 2 TP & 9 S 8 SR b AN W o =W W NG S IR e S ST £ 71K % N e 5 )
FETUATOR B PURZ S Bbrm. SHls . AR RERSEIL S, ca) 2N
TRGNELIG . H B GBI LU JRAE B2 W AR ¥ 177 T A
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FEPURT & TTH, BUSIERMEREHAE T EENEH . ARS8
SR KB 43R5 7 TBEV-Eecto 8 1, 11 H OV UF SLH AT R 47 1 6o 92 SR 1%
TE G E S E 5T, 30 Bl 77 (Freunds Adjuvant)/& H Al 2h 4 % % 52596 b & 3 P
PR, E R4 N e A IR IR AN AN 58 42 o IRVE 7). ol IRVE I/ 7E 20 tHAD 40 AR
Hi Jules Freund & M, JCJSUFRAE T 0] MEHT R RREEZERE,  [RIIN SCRE RS v Ve Hb I 5 L
A B SR PRI e P B N2, MR iR ORI 7 B 1) 8 i el S e S R AP0, b
B G o IR FRIA HE - QuickAntibody S Ve 7 B e A% . EF kb, BT
FAC PURHEAC, SUREHE S, PURRS imE. SREH MR R TAE LT
A s o AW TSR T %Ak, 5 A s RIE B T B i sz s

ASHIE IR F B34 ) % 1) TBEV-Eecto J5U% 8 B S8/ UK IRAN L 2 it & /51538 1
IRATIRANNL, R AT B S A IR S, FRATAE A Al B ELISA VETRIE ik
6 PREAMEA AR, A 2SI A0 By 56 /N BRUGIREL T K, RS E R 6 #k
AN 1gG AY, [A]E: ELISA VAN E FEK R Bom 4 BRI ATak 12 100, 2 #%
SN 12 10°, JEE W REAH A AR 28 J i M 5 72 i e rh Rk bk e ) Bk . FIHEAZ
FIL ) TBEV-PrME Ml HoR mll R ALRE i, 25 R 7R 1 R binT 455 TBEV-E S
MLRPERAT, AL 5 MRS AR RN, R Becto JRIZER AL E MG H 20 4
M5B 3T & . TFA S HA XM, BR 2E3G6 4, 5 BREEFIHIfEES
JEVD. DENV2. YFV MBS, 1X—&5 REER A T % 1 BP0 Kt i &
frrRe 2 8 AT EDILE, MAIPUE LA TR T m RS . A Tt Bir B
H& AR B EA A TBEV I, BATHAT THE SR . HTRR=EH=
TBEV &%, 1M HWABRKEY) 2722 =i skt JATRA TBEV RVP AAEH
WitE. HETEEER RVP AR CE B, HA O T H et s s 4 5
i s 7 45 0 2 1 PR R At o5 R DR UAR, LR S5 ) ik R j 1) Y i PR 4H 5
AT B IR E S, SR S SR g i 45 R E 1 2 DR AT B T LA
RVP, RVP 1T HAZE MR A e Z 250 B A gmAg 2 [N, DRtk X RAT B kg
Y, WIHE BSL-2 2l i) Se5e = gAT A, B F T HUIR h AEMEPPAN 55 . AT 7
AR A LI =M R YFV E 74 il gt TBEV-CprME J K i 2
f1%: T TBEV-RVP. ¥ TBEV-RVP &% BHK i /5l RLU {8, 45RERHEA
B G . HE— BRI TBEV-RVP 347 H 0 Fh AR S %5 e BUik b FNE 1, 45
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REWHIEH 5 RAGTEITCHAEE . A H A, AR BAT I 145 B 1 DT R
b, IEEFIRESHUAABATHANETE; 55— DR AR FRA% R IX 1) TBEV-Eecto J5 % 5
e B e Bl M RO G, (HERAHESAAB G, 2R b AT 7 T Y
((FEEECR

AT R AT —RIFEFURBEAR L, F/0 T RE PR sR D
RS AR TR 4R EL 050 TBEV Uik il 75, DU RN B
R S T 5 ) B T AR
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ih &

1. TBEV-Eecto & AR RZRE Atk Ko E Rt E

1) ## 7 pET28a-TBEV-Eecto JFit% Kk # {4, SDS-PAGE L& Western blotting
SEREIN, HATTE BL21 B2 A )R IA TBEV-Eecto 25 H, 4id NDSB-201 & 1%
Jo Ni HESRME 24 JE 345 1 2 B m i H R A

2) TBEV-Eecto JRZK 1L 4% /MR, Western blotting F1 IFA 45 5 % 7R Hu % ifi
T AT IR B HA% RIE K TBEV-E 284, TBEV-Eecto G IA 8 A LA BT %)%
JE 1
2. TBEV-Eecto 2 HH.5w EHU A ] & K& €

1) 3K43 T 6 #k3Ki& TBEV-Eecto SBIHI ST AN R, [ ELISA JIE 45 R 2
NIRRT AR, Western blotting 45 5 x 2E3G6 #4 7] 454 TBEV-E S H 4
PERAL, TFA 5 R IR 2E3G6 PRAMLAN 5 #RAT45 & TBEV-E S I R KA, TFA
U5 AT SR R 25 SRR W 2E3G6 4, 4 BREEITAA(E S JEV. DENV 2. YFV W
L7

2) FIH protein G MK R4l th T Kk 2H8H4 41 5 BREATEFESIAA, SDS-
PAGE 45 R SR 2L By A YRV B Hl-7 4l sl o 12 TBEV-RVP, &4 BHK 4]
FfL 5 I E RLU A Bos HAAAE G iE 1% A TBEV-RVP AT E AL, 2R R
N 5 BRI AEAE IS
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