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ix B (mosquito) F_4 #F o & fFEA Ak et o Gi BIERE R Y HF S
el &ﬂ-)}%% A Blded fw,%i (yellow fever viruses, YFV) ~ % & ﬁra:i
(dengue virus) ~ %+ /];34 (Zikavirus) ~ @ R I‘%’.f?ﬁ-ﬁ-(WEStN”e virus) & % i
& f+(Flaviviridae) + J5# % (Flavivirus) # 5 A 2 5 4 (Chikungunya virus) ~
%2777 J5 & (Ross Rivervirus) ~ & 2 & J5# (O’nyong-nyong virus) ~ & = & %
* 5 4 (Eastern equine  encephalitis virus) ¥ s 5o & #* (Togaviridae) £fe
f: 3 %+ Fh(Alphavirus) s # o d 2% A v 3EIE(p 5 23RS § 76 g4 )ie (A
Bod D R e a RS B AR BRI R AiRE o @
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Mosquito is the greatest threat to human public health, apart from malaria,
arboviruses such as the yellow fever virus (YFV), dengue virus (DENV), Zika
virus (ZIKV), West Nile virus, Chikungunya virus (CHIKV), Ross River virus
O ' nyong-nyong virus, Eastern equine encephalitis virus are also wide spread in
the word and emerged as new challenge. Due to population growth (currently has
more than 7.6 billion people worldwide) of arable land to forest expansion to meet
increased demand, livestock farms to expand into the forest, making an already
limited forests spread of insect-borne virus have access to the city and with the
human as the main host. Beside, growing international traffic also makes more of
the insect-borne virus spread all over the world fast. Therefore, how to control
insect-borne virus is inevitable and urgent public health issues. This proposal will
produce recombinant baculoviruses that display the structural proteins of the
arboviruses to replace the biological risk of viruses, including CHIKV virus,
dengue virus, Japanese encephalitis virus and Zika virus, to develop safe and

simple serum antibody detection reagents.

Keywords :  arboviruses; recombinant baculoviruses; serum antibody

detection reagents
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TE R OfLoRF B op s p w a2 A L g (endemic) ik F E ¥ F R

B me o FERAL EEAATURE RO TP FE RN
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$3 f3. (MOSQUIt0) £_4 47 = & 2 & % chal o of BB A h e 257 5 4
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H

&31*—}?5-* T 0 Bl Ao # }]}‘3—% (yellow fever viruses, YFV) ~ % & T
(dengue virus) ~ %+ 54 (Zika virus) ~ @ R Regm# (West Nile virus) ¥ &
s+ £+ (Flaviviridae) & s+ % (Flavivirus)ss 4 5 A 2 5 & (Chikungunya
virus) ~ R 277 :}I%—% (Ross River virus) ~ % £ 'é’,),;a:% (O’nyong-nyong virus) ~
- I NG )}% (Eastern equine encephalitis virus) % s ’93—)?3 F

(Togaviridae)ihfe f: 3 o5 & o (Alphavirus)ji &+ o d 3t & v 323 (B w0 2 3%
©F 76 BA)EEREF T KW D Ak PR FIREDRESS FHE
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2.1 Sf21 & B iz (Spodoptera frugiperda 21 cell line)

- !

d 3 ek (Spodoptera frugiperda) =% B — A% 7 & B enfr i e o it
denimrz tk o & AL 5 IPLB-Sf21AE ot fmee cheh Lk {19540 % > 10 L R g en
FALE A RPEE N 1824 hrsieFH 2 > 12 & A 5 TNMFH (Gibco) 4
10%7:+ x iF (fetal calf serum ; FCS) » 32 % %3 & 27°CHZif » 2 FEHiA»

CO2 - plimedrk 5 A 7 & B 9P & mre & 14 0 ko0 SO cell line & # * 0 4%

]ﬁa%— IR % P o

2.2 11 Bac-to-Bac # »x & R I 4 % I % 3¢ (Bac-to-Bac bi-cistronic

baculovirus expression system) % # & Iﬁ,ﬁﬁﬁ-jﬁa.% SR 2 € Bk ,?5.,,

Bac-to-bac baculovirus expression system (F&p ThermoFisher Scientific)

A - il et Bfkmpd 4 4250 B R e
b b fmie p WITE Eopa G0 R e o chi Az (Polaves et al., 1996) -
A& 5 Monsanto = @ #7RE & > & B % o4 P £ =+ (transposable
elements) Tn7 » ¥ fie & & * &% iz ¥ ¢ cogf £+ 4R (helper plasmid) » #-§¢

WHehp FAFINE - iz £ 2 (site-specific recombination) &7 3¢ 4%

»Hiziwie ¢ ko4 DNA & o d st chiz B £ % LacZa A FY o
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T ES T S B F)E 9 &g (Blue-white selection) #t 116 ¢ FE (7
1B EATFISE o kopd DNA)> 2 (s #op4 DNA S 2 ko % 3 %
Bmre P fj%aﬁ‘é 2 AT T kB E o AF % F 0 Bac-to-Bac® fE ¢
Bk ARG ATR Y Rl pRastBac™1 L= o de r i i kA 5]
DsRed2 m %2 2 i f =% 3 %] iv e Liu IRES A = &1 pFastBac-MCS-Lir-
DsRed2 @reffpmd 2 MR- 2 ¥ %3 FFH AL Qw2 5

pimre W B % #E 4 (Livetal, 2015) -

2.3 .5 ¥ % &+ (Immunofluorescence assay ; IFA)

%02 MO.I=5 T 54 7] 96 well (4x /well) » A 415 % 3 % prou g %4
HeBL LR A7)0 2 8 8 Fop 4 o 1 40l <0 4% paraformaldehyde 4
~ 2 B owell @ > & 10-15 A~ 4515 > # ",$ 4% paraformaldehyde > 12
50 ul/well 1xPBS Eix 2 = #3 ",% IXPBS {¢ 4 » 3% BSA i& {7 blocking -
L] {5 2 2 50 pliwell IXPBS 3% 2 =0 # % 1XPBS 15 4c » — 2 (1°Ab)
40 pliwell > €% 5> %@ ¢ cdeds v 1 /] BF ﬁ%",f— Lo £ =% 50 pl well
IXPBS i 2 %t » 4% 1XPBS &4 » 40 pliwell = o (2°Ab) - £ % 2t %
B EFER bEL VA LELEH Fo Ao B {8 12 50 pl/well 1x PBS

e 3= # "f IX PBS & £ 4t » 50 ul/well 1X PBS 12 if 2 Bg ped Lz o
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. B

3AMH ERE 2pE BHERD 2 £ 2B R4 VAC-CHIKV 265

Nz w gkt 7 B VO pERE ) &35 (internal ribosome entry site,

IRES) £ % 3{&3-v (targeting protein) ¥ ¥ & F-v (fluorescent protein)

AP E R kA et e BRI B LA BT ARA 2R B

2. & g R /]ia% VAC-CMV-Ph-CHIKV 26S-Lir-EGFP 7w & B8] o #% i 12

PR ) S Lir (Lir IRES) £ 4 3% % 5k Fov 12 1203 18 3 4 B ficdh

BLERE wpa it b flmie (S21) chp Aokiw > Bl 1B SR HE RS (S
FZ Ao pd R AR A S ¥k Fd (EGFP) & AFA, 0 B 1-B ¢
EANA

BLETNG M2 pF 3 E b ARPITE S S21 wi g &R %

it — HFEst VAC-CMV-Ph-CHIKYV 26S-Lir-EGFP el % 2 _=¢ 5 erast i

BEULAERLS AR A F b B DB E B R Sl

1B1.2.1+ 2 2 # #3058

FERT| B B e

$4h MBS pA Bk E208Y

%gé 6“”3%;,5.’;&«;'24\#’?&2-[]% B0 AR B Y g 1B12.1 &

wie A R g s bV FRT

g 3% 55 kDa # &FEH o) e E2
Fv oo T A P FERL VAC-CMV-Ph-CHIKYV 26S-Lir-EGFP v 12 = 7 4 3 A

\f]i‘:'"" Pﬁlg‘” °
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3.2 Rl3# VAC-CHIKV 26S it 3 * g Rl 77 Lk A\}Fa-% IgG & IgM

gAY Y APRKNE 2R EE VAC-CMV-Ph-CHIKV 26S-Lir-
EGFP »t ¥R L ehb B fmie v drf Gl end 2 & w5 R ﬁfs* ** ”budding off”
Dt H o 2 gOw BT EILA O /A 2 Bk EL1 ¢ E2(R12) - ;
#E et km 4 VAC-CMV-Ph-CHIKV 26S-Lir-EGFP »* H # 9+ & 3Ry 2
Bk 2 B R OEEOAPEAFFL IR L fIr E e FREARY
PRI S RA B E R R R AR Y s S pE B E

i J5+ 2 IgM-antibodies capture ELISA (Mac-ELISA) g2+ o it

44
rjﬂﬂ
A%

(B 3)-d Bl 3 ¢ enFTHRET I IF - AL A 2pEF/HFRER2 A i
(Nserum) %t & i 4% Vg # VAC-CMV-Ph-CHIKV 26S-Lir-EGFP (BV-26S)

TEFMMEEFHRE B A X A 2:;];3%; ;};’7%},5\, %2 4 i (CV infected
serum) ¥ A 2 pA pA+ (CV) 7 P ESFRMEEHRS B XZL B+ R
# 2 4 end - (DVinfected serum) % & 4 (DV) 3 P RS &4
#FE e M E ﬁﬂ’}&}k-‘lf%i VAC-CMV-Ph-CHIKYV 26S-Lir-EGFP (BV-26S)

Doy 2 & 97 17 o0 Mac-ELISA a2k 2 facitid b Moo 2 AR T

3

Eh e TR T HARHE Ry 2Bl RkpES (BY 4]
2) 20 Bzt o FpE e kEH A VAC-CMV-Ph-CHIKV 26S-Lir-

EGFP(BV-26S) & } B~ iy 254 (7 Mac-ELISA #h% cn§acito m it
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~ Mentesk b oo AP E et ks 4 VAC-CMV-Ph-CHIKV 26S-Lir-EGFP
(BV-26S) kit (7B~ % £ 54 (DV) ik (7 Mac-ELISA % % %4
THEASE FEBEALRI0R B LG Ak - e d B30
iR SRS LT 2 E 2 fks 4 VAC-CMV-Ph-CHIKV 26S-Lir-

EGFP B~ j ;}:;];3% 27 Mac-ELISA #5& o

3.3 VAC-CMV-Ph-CHIKYV 26S-Lir-EGFP B~ A\}}’ia:i & - iR

RE-HR G FDE - AR PR R LR ORPT A
2 VAC-CMV-Ph-CHIKYV 26S-Lir-EGFP 4 %] & 47 A ’2«‘},%5 “E R fﬁi}% o p
ST U};a%,;& Fo2o A ggend FiR ST Mac-ELISA sk (8] 4)c & % -y
Apd (CK¥) - #E 4 (DN#) - fop »% Lpd (JE+) B %2 4 i
i # & (1:100 #f%) 4 » coating 3 Coatanti-humanIgM =7 ELISAplate
% 1 -] (37°C) {4 £ # VAc-CMV-Ph-CHIKV 26S-Lir-EGFP (3.3x10’

pfuiml) 4c » = fis 1] B¥ o $ {5 £ 2 mAb-Ap conjugate 2 ik 2 4 H

FRfe £ PNPP X Fragisfgip] o ptohvipy 1 2 B B 7| #1% <1 VAC-CMV-

Ph-CHIKV-26S 4 %[t 3 B My = Js s A o jp @ IgM ense (T4 R > 5 % BT

bt efhknd PARRRIZ 4 4 B3 1.36x10"~6.81x107 pfu/ml

(B 5) -

14



34wt A SRS AFIZ AL LD

BT HH EE SR A T2 1 AP ER R D SR
(pre-membrane protein : prM) 12 2 3t % F- (envelope protein; E) &+ f& %
Rtps3E ke AFRYFE 2 hma VAC-ZIKV-prME - g8 3
FAsdm b Sf21 R fmre ) (B 6-A)c 7 A S 3T A
iﬁ,;“ f8 pFastBac-MCS-Lir-DsRed?2 - i%i% Bac-to-Bac® 4% ,1%:;,%:% + I % kb
BWirgp :f}is% prME 3¢ Zikﬂﬁv;é‘_ég#&;]%:@i k> &+ pUC/M13
51 F TR AR F RARP T B~ ) 5 FE e X Skbps (B 6-

B ts A AT S21 & flwre KW £ fh o d o % ¥ kB HE
BLESPR2L kR fme Lot hopd B AR R A1 F 2 0 Sf21 e g
2R EFEFY (B 6-C) BB S LI E LA F L4k

W EFY E E N FE prM & IR o

35 VACZIKV-ME 4 % & Adnse 4 G+ 54 2430 AF2 4 4-

Western blot 7 IFA

Frd B2 REEAARFRAS AT EF RE SR AR A
wiE R A E M&;}L;ﬁa% VAC-Ph-ZIKV prME-Lir-DsRed2 i % = = (M@

7-A) > 11 RIPA fmoe Bl fRie feBre ph dod o @ % ftid E S0 4l
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(GTX133314, GeneTex) ¥ 1 33aF|3F# + - ¥ 55kDa thiz+ E B4 3y
(F] 7-B) > & * i+ PrM 5id-v #ukl (GTX133584, GeneTex) ¥ 1350

PIFEH L 0] 9 18kDa hir+ PrM wd-v (B 7-C) e R4 is % = X chi B

[x}

wmie o & Bl ft B g - il (GTX133314, GeneTex) & i £ ¢

#3375 E (M 8B) &5 3d M (M 8C)- T 2 Friin VAc-Ph-ZIKV

PrME-Lir-DsRed2 ¥ r = # & 4+ 4 Bl do o

3.6 #l3# VAC-ZIKV-ME & _Z ¥ # 34§ Bl & 5 ¥ o+ -‘}?‘ii 2. IgG &

IgM #48

B g ¥ & L2 9 %% 1 IgM-antibodies capture ELISA (Mac-ELISA)
WL CEFF R RFEL LR HEF VAC-Ph-ZIKV prME-Lir-DsRed2
(VAC-Ph-ZIKV) L 8F B %+ x4 2 B ded ik (B 9) -

BEF R N E o A Y 0 IgM > Rtk X7 R PR g s
fedsF LR EE pa B P Vo A AR E RO R E 2P R

R Ao
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3.7 RIFT * AR F P EA :}%i 1gG & IgM 2 vAc-ZIKV-ME

24

APl VAC-ZIKV-ME H_ 7 7 % 3N 4§ P n '},%‘“ Fui+ }?’7% Z_. lgG &
IgM FRg g sk ¢ o & * ﬁai 4% 5 1.1x107pfu/ml =g &.EL%&;}%:;%% vAc-
Ph-ZIKV prME-Lir-DsRed2 #&+ # B 3%+ Bd o v IgM o LTk 7
0 SR Hplh Y Rt 419G 1M 2 VAC-ZIKV-ME g4

4 & < 1.1x107 pfu/ml (8] 9) -
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ERREL R ENS L C LIRS R R RS 28 TN

FRIEFELIRB AR LL 2B 3 U Gp At T XD

|

FRRGR L FRESFEARF LR AEL AL BAEL

FARFE- LE 2R R UV & saeEA iy g
100%iF # ek g 0 Flt A H P FR L E e R omF BRI B iR
AN AEE 2RI R F i TR - B - £ & ehigip) 2 R ako

GRS AR L FERLY S SRR IRy

A2

ii@% [];3""\29 gi/ﬁi—%““"k/}%—*‘é$/\/ﬁ5—a—§’ﬂ PG ’[]%.%.;;‘bb ”};

Wi

Wi

envelop s & > FlPt B ¥ RS HeRI T 2 R Bed W SR oA R P AT

2R 2 gnd EL 8 B2 v & W A HPIM Ao E o6 F o 2 ko4

A EAREA FAR ASNE X B ARE G epitope 2 ¥R §F - Tenip
RS SRS SRS LS N L F SRR Y RN R e
O R

AP R ABE 2 HF EL & B2 30 X uH pd o PIM e

E 3¢ 'l’f&#[ﬁ-&?lﬁifﬂz\lﬁ.,ﬁ§ ATz B o %%&}P\“-‘[ﬁ—%i@ﬁ
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budding off B § %3 & B e thdew 4 RO & E A

envelop + - Flut B & F it kom A e TR TV R TR o AP0

PR R 1 e R R R R PR e e R § L B

. f ‘z‘:?*

L, SRR P - N
Ty b= FE A X 2@ P SR
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T HhEER

AP LR PRI UERES ERIABFLG ASF T 2HI AAR
M2 B A BRI AR A PR 22 £ Rk
FERBAFA LG PR T A D HFAEZ Rl a1 E B RS £
BB Hd PSR < NRBINE R B pA 2 m 4 gk P 2 IgM o
B 52k Aol 2 HILM 2 Rk o FIRA AP S RO B
TR koma IR K S B L 2 M A enG dom A 4 om il e R
SR ARBF R ELIE G A ST IP 2 LERAL TR L RR
FlRREGRR - A7 H 2 B8 P RIAFZ 00 £ fiRpa & RF R
B2 AMHE BA R RR AT LR TR R R B FRE 2

FALE EFo P ARL - FER U RARLFEE A HZ %R

e

AR TR SEE SE DRE 3 2 HE TR T A MG 2R S
LET AR FIREFRRD P AT R F LT 2 S RSP R
e 3m A F e TR L R F R AR T H B AR E e 1 TER TR S
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B, PFIRERFALIARZ EHER

1. #F2ZAFRLFEFP
AVRZPHRSHERELEF AP X 2RI AR 2 RS B

Ftl ELISA P e ipld ] - A2y 2 5% 22 & wfjond LA

SpAfrutpd AR TR E LG B RIAEE - LB

2. PHEHEAKERTEHEL A%

BESS AP E 2T AR S5 RAFAFITT 29 o hpaTA ¥k

20 w9 P AR FY EE S = Lo R 107 # & ¢ %4c T — P g iR

EX R R T ﬁ‘k‘l—/fi% B oAy 2R B Il%xr B2
ER N mEOE BRI R gH L X RIRE o APPSR AR ETIBSE
i FRZ ERITAERRE S AMDRR J I G R SRR RS
g T R RS T REA L A G T ET W D2 R G
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Sf21 cell fusion
Western blot of CHIKV E2 protein
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CHIK Cap IgM ELISA
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Recombinant baculovirus detection limit test
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DsRed2
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ZIKV MAC-ELISA
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