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Expression and Antibody Production of Japanese Encephalitis Virus
RNA Polymerase (NS5) Protein
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Japanese encephalitis virus (JEV), a member of mosquito-borne flaviviruses, is the leading cause of viral encephalitis

in a large geographic area of Southeast Asia and Australia. JEV contains a single-stranded positive-sense RNA genome,

which encodes its own RNA-dependent RNA polymerase (NS5) that is required for genomic RNA replication. In this

study, we have described a pair of mouse antisera specific to the N- or C-terminal region of the NSS5. Initially, two

hydrophilic regions corresponding to the N-terminus and C-terminus of the NS5 protein were individually amplified by
reverse transcription-PCR from the genomic RNA of JEV K87P39 strain. The amplified DNA fragments were cloned
into a prokaryotic expression vector, pPGEX-4T-1; the resulting constructs were used for the expression of GST fusion
proteins, designated GST/NS5N and GST/NS5C, in E. coli BL-21 strain. Following immunization of three BALB/c mice
with each of the purified GST/NS5N and GST/NS5C, we obtained two pools of the antisera, specifically recognizing
the ~103-kDa NS5 and several smaller NS5-related proteins in BHK-21 and Vero cells infected with JEV K87P39
strain. Overall, we have successfully expressed the N- and C-terminal regions of JEV NS5 fused to the C-terminus of

GST and generated the mouse antisera capable of recognizing the NS5 and its related proteins in JEV-infected cells.

This would provide a valuable reagent for the study of JEV NS5 in the viral life cycle.
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H7 (fetal bovine serum), 2 mM L-=FEFT], BIERY] 2 |
YAd/~EREunlo]21-& 7}t alpha minimum essential
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Ay BE AR Akl Alx3% DNA 7] (recom-
binant DNA technology)E AH&3} T} (23). WA LR
Aufole| o] 25221 K87P39 (GenBank accession
no. AY585242)2] 7l RNAS FHO & ARE3lo] RT-
PCRE SO 2 JevNSSNI JevNS5Cel a g ah=
cDNAZ 717} §4&k3ITh RT-PCR WHgoll ARE-3h g}
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2 04 pM forward®} reverse ZE}o]H 2 A5}t PCR
Ao -2 denaturation (94 C, 303), annealing (60°C, 30
%) 2 polymerization (72C, 122 T3 oH, &

30 Aol EE X e,

pGEX/JevNS5N¥} pGEX/JevNS5CE Z}Z} E. coli BL-21
competent celloll &3} (transformation)$+ 5, ¢+ 7
o] A7kl LB Ed|o]Eel 37°CollA 12A13F vl a3t
247} shte] EE FEUE gudde] H7be LB vl
Fhel A 12413 vl F, F 250 mle] wjgedel 1:50
o7 BAF e Age SHE7F 0.6~1.09 Hel =
W 7bA] 1A1E 3083 ThA] vl Fatslet 0% 0.2 mMo]
isopropyl-p-thiogalactoside (IPTG)E 3713} 44|17+ &<t
GST fusion protein®] =8-S =31 th

Az dds AAsk7] AsiA wdE E colis
gste] HHdE (pellet)ys gk ¥, 23.5 mlo] <14t
8- (phosphate-buffered saline, PBS)ll A 5--A1 1t
ol 1% Triton X-1005 H7}sh §- 3083 A2
gk ThE, 12,000 rpme] SEE 4TColA 2047F £
sto] sle FEeiilnh Aol AR oriE
GST fusion protein-> glutathione sepharose 4-fast flow beads
(GE Healthcare)2 AH&-3Fo] A A7} Alg-shs 2349
upepA] GES AT Al A Ay &
FEE 543 5 Bradford WA G o= HFSIA
o}

. A

1

X
Al
h=i

Sl
A
H

ot n e o
© X o oy A

—

)y

e

old-2 12% SDS-polyacrylamide gel electro-

55

staining WO AMste] Ashs wue] Saue

AT (23).
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pGEX/JevNS5N¥} pGEX/JevNS5C HE] 2 5LE] A H
A (GST/JevNS5NTF GST/JevNS5C)S W o7 A}
4-3}o], SPF BALB/c (45°%) vh¢-2=9] H74ol & 621
AFsIATh 12k HE2 500 ple] FAE @A (100 py/
ml)°ll 500 pl9] complete Freund adjuvantE 414 S=A}s}k
Fom 2~62F HEL 500 ple] AAE @A (100 pg/
ml)°ll 500 ul9] incomplete Freund adjuvantE 2404 F=A}
stk 1~22F A& 27 Ao R A S, 2~6
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fusion proteins &43st7] $lai4], B 2 ARl Ao
71 NS5 el tigh FHAS HAEsty] aliA ¢l
2 EES 2ASSItE GST fusion proteins 543}7]
A= BAE dds A3 BER ARsilon, &
HS A3 HalAe i gntole 2ol T E
A (At AhEA @2 A (JE2T)E sample
loading buffer (80mM Tris-HCl [pH 6.8], 2.0% SDS, 10%
glycerol, 0.1M DTT, 0.2% bromophenol blue)= 27 83
A ZAE, o]# A doiH cell lysated]] EA|s= A
12% SDS-PAGE® 2|8 ¥, mgh22 “d*]2]¥ PVDF
membrane (Millipore, Billerica, MA, USA)oll #7195 S &
&4 o1 '8 AIZTE. Membrane 13} &4 24 GSTOl| 50
Ao g Hk-$3l= WE23HA] (AbFrontier, Seoul, Korea) &=
= B dATelA Qoj vk FdEHP o7 G thy,
22} kA2 alkaline phosphatase (AP)-conjugated goat anti-
mouse IgG &A| (Jackson ImmunoResearch Labs, West
Grove, PA, USA)E AM33lth 12} 2 23} A= A
¥ membrane> APS] 7] <21 BCIP (5-bromo-4-chloro-3-
indolylphosphate)/NBT (nitroblue tetrazolium) &3}-8-90 &
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Table 1. Primers used for PCR amplification in this study
Primer Sequencea Polarity Size (mer)
B-ns3-F 5-GATGGATCCGGAAGGCCTGGGGGCAGG-3' Sense 27
B-Nns5-R 5'-ATCCTCGAGCTAGTGGTATGTCCAAGTGCG-3' Antisense 30
B-Cns5-F 5'-GATGGATCCGAGTGTCACACATGTATC-3' Sense 27
B-ns5-R 5'-ATCCTCGAGTTACTAGATGACCCTGTC-3' Antisense 27
aJEV—speciﬁc sequences are indicated in boldface types.
Restriction recognition sites used for cloning are underlined
E Molecular Weights (kDa)
g 5 3
g o B PGEX-4T-1 | GST | ~28
< z z
zZ 3 3
e s PGEX/JevNS5N | GST | Jewnssn ~61
PGEX/JevNS5C | GST JevNS5C ~79
EcoR | Xho |

Sl full-length NS5 %tﬂiéﬁ °J6“Hli Ll H%‘Ei—% AR-&-
3le] E. coliol A1 GST fusion protein 3
Al ey ofe] Apele] APAd 243 NS5
S E coliol Al o] Ao HA s
o (R= PAAD. wERA, NS5 T A S N-Ieh-g) o)
C-IEH9) & o] WS fiestaral s3Itk E. coli
oA AzZF G AS soluble formO 2 WA 7121},
DNA strider 21515 AR838}o] full-length NS5 w2
©] hydropathy ¥ =5 A8 o] EAAE B
= NS5 e o] N-Zeky} C-Ee-97) Jido] w5
Ao FAEJoH, o] F95 & Ao ARSIt

A X Anlo|g| 9] Fh=i-u]S K87P39RH-E He]H

Figure 1. PCR amplicons of JevNS5N and JevNS5C (A) and schematic presentation of pGEX/
JevNS5N and pGEX/JevNS5C constructs (B). The JEV NS5N and NS5C regions were PCR-
amplified with an appropriate pair of primers as indicated in the text. The amplicons were
separated by 1% agarose gel electrophoresis and stained with ethidium bromide (A). pGEX/
JevNS5N and pGEX/JevNS5C constructs were designed to express the N-terminal region (275
amino acids) and C-terminal region (461 amino acids) of JEV NS5 protein, respectively (B).

genomic RNAS 58 0% ARE-81aL, Table 10 7% =
oM & o]-g3te] NS5 o] N-dehE-$lo) 33t
= JevNS5N (ko] B-ns5-F/B-Nns5-R)¥} C-LEH4-9)
o 3 ‘:}?3‘}5 JevNS5C (3Z2}e]™: B-Cns5-F/B-ns5-R) cDNA
7} Z=Z 319t & 905719 olnjxAlo 7 A
% NS5 %‘ﬂ.‘é‘ F-E] JevNS5N cDNA+ N-Zeke] 27570
ofn| bol] S ali= 90w, JevNS5C cDNA= C-Heh
o] 4617 opw|Ate] sFsh= F-9lojth RT-PCR 5%
A¥} A% cDNA T ﬂﬂ—e‘ ol 7] flaiA 1%
agarose gel= AMS3le] H7195& AAIEI2H, ethidium
bromide= 413} T} JevNS5N2] 749 ~825 base pair
(bp)] cDNA7} SEE|L 31, JewNS5C] 749~ ~1,383 bp
©] cDNA7}F SEH AT} (Fig. 1A). ©159] A7]= st
A AR5 %E}
ojo} o] FE¥ DNA TS FEYS AdsH
gat7] 21aiA OH’GOE sefolme] 513} 3 dhol] zh
7t 29} 3k EcoR 12} Xho I A|FEALE AME-3Fo] E. coli
W W E] Q] pGEX-4T-191 4+9)sH3ith. Fig. 1Bel Yehd
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A3} o] AFd® JevNS5SNI JeyNS5CE 25 pGEX-
4T-10] 01:“%8}3 9= GST whfade] C-ab-elol &
FE =R sFow, 1 A¥ pGEX/JevNS5NZ} pGEX/
JevNSSCO]E}J_ [y Zetan =2 A5 Ak
gt cDNA9] 17|14 ¥E2 RT-PCRS $J3l o2 AR
gk A Anele 2 K87P392] A7IM DI dAIHS &
N A

GST/JevNS5N2t GST/JevNS5C THHA S| e B FA|

PGEX/JevNS5NZ} pGEX/JevNS5C & HIE| & AL-g-31o]
E. coli BL-21 |34 GST fusion protein (GST/JevNS5N
I} GST/JevNS5C) S thFo = oy 4 4 xﬂs}ﬂx} F
th o] & 9lsiA Ztzhe] wEHE R ¥
Azl IPTGE F7Fate] 4A17F &<t %é}b GST fusion
[e] 1:—5—],01]‘[:], uLz‘qu] H =z 3}k 1;}13147‘\21%

protein®] &S Z3} o
GST columng A8-3te] AAlstFon, Yl whulze
5 3
[42] (]
-~ Z %
= 9]
N =] 2
5 D B
Q @ 0]
kDa = o =%
15—
82 —
e | — GST/JevNS5C
o= W |-GSTiewssN
49 —
37 -

26 —[W— --_GST

19—

Figure 2. Expression of GST/JevNS5N and GST/JevNS5C
proteins (coommasie staining). The E. coli. BL-21 cells were trans-
formed with the parental pPGEX-4T-1 or one of two recombinant
plasmids designated pGEX/JevNS5N and pGEX/JevNS5C. The
expression of the recombinant proteins (GST/JevNS5N and GST/
JevNS5C) was analyzed by 12% SDS-PAGE and coommasie
staining. The molecular weight markers in kDa were indicated on
the left and the sizes of GST, GST/JevNS5N, and GST/JevNS5C
were shown on the right.
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e dAEE A FARE A719 GST/JevNS5N (~61
kDa) THl @3} S| o] B} 22 A7 (of: ~28-kDa%}
~30kDa)®] THldSo] v FAH = As d T UM
T} (Fig. 2, pGEX/JevNS5N). ©hze] H7]5 7]Fo =
SHH, ~28-kDa T W=3i= GSTol| 3F35}H, ~30kDa
A S GST/JevNS5N| truncated forme] Ay & o
M2l Y-S A internal initiation®l] oJaiA LEE Ao
A} 3 pGEX/JevNS5C EWE| 2 &4 gl
BL-21 A|¥Eo| A% pGEX/JevNS5N2] 7-$-9}F F-A}bah
=, GST/JevNS5C (~79kDa)2] )
7 o] Bt} 2 A7]9] o] @S] 3
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uw [T
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kDa o o o
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Figure 3. Identification of GST/JevNS5N and GST/JevNS5C
proteins (immunoblotting). The parental pPGEX-4T-1 or one of two
recombinants (pGEX/JevNS5N and pGEX/JevNS5C) was trans-
formed into E. coli BL-21 cells. Each culture was incubated in the
presence of IPTG to induce the GST fusion proteins designated
GST/JevNS5N and GST/JevNS5C. Following purification of the
recombinant proteins with a glutathione sepharose column, the GST
fusion proteins were separated by 12% SDS-PAGE and immuno-
staining with a GST-specific mouse monoclonal antibody.
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Figure 4. Immunoblotting with two mouse antisera raised
against GST/JevNS5N and GST/JevNS5C. BHK-21 or Vero cells
were mock-infected or infected with JEV K87P39 strain at an
MOI of 1. At 20 h post-infection, cells were directly lysed with 1
X sample loading buffer and the cell lysates were separated by
12% SDS-PAGE. The NS5 and NS5-related proteins (asterisks)
were recognized by two mouse antisera (a-NS5N and a-NS5C)
raised against GST/JevNSSN and GST/JevNSSC, respectively.
Molecular weight markers (in kDa) were shown on the left and the
sizes of NS5 and its related proteins were presented on the right.
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= ATl L dubol el NS5 tha o] Nk
59 27570 oprliihel C-EeHEe] @617l obn|imAh)
S GST9] C-geto] ZA3tsle] GST fusion protein =
E. colioll A 23 51 FAIE stolon, o= tigh vk
2 FEHS 77 AT o3 A dojxl FEH S
Ry dulole] A7t 7HAE AlE (BHK-213 Vero)oll A
~103-kDa =7]°] NS5 T opufe}, 7]Eol] e~
A sl of2] 7ol NS59F Ak wpol| s wlH S-S
A= AS & ATk B A2 A Ax
o ©A ) A ko w dEHPute]e =9 NS5
o] Al RNA JAE ofa}, Alaze} ojugh s
285 dh= Aol tigk Al 7|oE o= Azt

AG7HA] Bargl d-Ael ofshH i duto]e] 2~
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(15, 24). Methylation ¥H3-o] Z-&3l= FQ ofn|=AkS
UE A7& ASA7|H nle]E 28] F2jo] AA|drh=

Apdol Byl vl glow o] A& methyltransferase2] 7|
5o] mpolef e Al Aol Wl FLF 4BL
b AS oulsit} (24, 25). £3] IH|REL AMAS
WNV NS5 &z e] 23t guanine cap2] N-7 methylation
2 WNVE] f7|M el Solzor dojdty= ARl
t} (24, 26). °]ZS WNV NS57} nlo|g]2~e] syt &=
= o el e 54 V1Mol 24F x2S A
215}he], ulo]g] o] Eo]H 0 & methylation ¥Hg-ol 2-&
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methyltransferase 7]5¢ll gk 544 4] - Hlﬂ’«ﬂogw
o nfolg] ol iz X 5Al /o] Ta3 V| 2AR
A 5 e Aoz 7gdth

NS5 whiido] i o2 FQ 7]5-E RdRpo|H, °] &
a0 242 AEA FdE= Al RNAS T (poly-
merization)°ll #]7d 283} T in vitro assayE E3 4
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o QAsh= A, ojw gt 21§71 -l oJai4 RNA A
o] AAtE= Aol tigk A-drt Barg Bf vk 27~

A 7Hz1 trls daE o)t (13).
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29). o] A Ao wE=H, NS5 Tl EL A5 RNAQ
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