The Korean Journal of Microbiology (2010) Vol. 46, No. 2, pp. 140-147
Copyright (© 2010, The Microbiological Society of Korea

UEL|HHI0[2{AL| Mutant M THHEEO| HHSSl=
CHEEESAC] ik = ofo|keih TH7]9] HiO|2{A
el Het
Ahal - eael - sHst. A7IF - olgal’

F2rfstm oulyst ojMEstn Y, osieiTA

Production of the Polyclonal Antibody That Recognizes
the Mutant M Protein of Japanese Encephalitis Virus:
Role of Its Charged Residues in Virus Production

Jeong-Min Kim, Sang-Im Yun, Byung-Hak Song, Jin-Kyoung Kim, and Young-Min Lee*

Department of Microbiology, College of Medicine and Medical Research Institute, Chungbuk National University,
Cheongju 361-763, Republic of Korea

(Received May 10, 2010/Accepted June 1, 2010)

Japanese encephalitis virus (JEV), a member of the mosquito-borne flaviviruses, causes epidemics of
viral encephalitis in the Southeastern Asia. JEV is a small enveloped virus with a positive-sense RNA
genome; the infectious virion consists of three structural proteins, namely capsid, membrane (M; a
mature form of its prM precursor), and envelope proteins. Here, we investigated a role of the charged
residues found at the N-terminus of the JEV M protein in virus production. Using an infectious JEV
cDNA, we generated two mutant cDNAs, Mml and Mm2, by charged-to-alanine substitution for E’
and K”K'"E" residues of the M protein, respectively. By transfection of wild-type or each of the two
mutant RNAs transcribed from the corresponding cDNAs, we found that Mm2, but not Mml, had a
~3-log decrease in virus production, even though a comparable amount of all three structural proteins
were produced in transfected cells. Interestingly, the prM protein expressed in Mm2 RNA-transfected
cells was not recognized by the polyclonal antiserum raised against the N-terminal 44 amino acids of
the wild type M protein, but reacted to the antiserum raised against the corresponding region of the
mutant Mm2. Our results indicate that three charged residues (K”K'E") in JEV M protein play a
role in virus production. Two polyclonal antisera specifically recognizing the wild-type or Mm2 version
of the M protein would provide a useful reagent for the functional study of this protein in the virus
life cycle.
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ol 811}e] 71 open reading frame (ORF)S- 7HA|3L glom, 5
I} 3 TRl 242} TS Q15YEIA] 2= 5’7} 3’ noncoding
region (NCR)S 7} 9JtH20). 3l}e] ORFERE W&EE
Z =Rl SFAE} Hlo|g22RE fHjE 379 &
WARS| LS osiA, HATF 3709 TR A (structural
protein) @} 77]2] H]G-ZE F(nonstructural protein) 2 AT
o} 3709 FEEMAC, prM, 2 E)= Aol s vkl
2 YAE FAske F8 FALECH, 7] HFERgwE
(NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5)2 RNA Al
EAlo] dagh aae} JAES AlFITH4, 33). AlE RNAS]
EAle F2 9 FHO AXxA|TA o] Fo|ZITK16).
2 ZElulolg e} v AR, g Qutole] o] Al
= RNAE o] 7]9] ¢ @idof of3 277 (packaging)H 2
ZA 7Fd LA =(nucleocapsid) & A3, 2719 <jId
WAPM/MF B)S Efee sTAIX2RE fHiE xdo]
Z2N(lipid bilayen) 22 E&¥e] dci(12, 21). prM ©HELS
E Thlds) gaglo] 829 33k 28 AT 4 Jdon
E ©iido] 33 2= prMo] TS deg k13, 17).
o|A prtM Tl do| E whlE e} F(folding) g ol A ALzl
E(chaperone) 7 22 4TS TIPS GAZIT: npolH =
2} Ao 2r|dAlel, prM Bl A2 E Tl Ay} Ao zkg-s)
o] o] 32 %A (heterodimer) & FAJsHH, oA wAds Bl
(immature virion)2] dAdol Z£Q3}cK1, 5, 30, 33). H|AS H]
g2 FEHLHANETL piM-E o|F2HAE F5A He
AXAR Zolgo g FAF M, AEo] EH|ZHZ(secretory
pathway) & F33sh= &< “d<SH(maturation) 78S #A Al
X gtog WEHEt(12, 19). 453t dAA] nAdSs vl
dell $1Ag prM Tl o] XA X M| F(furin) ol
oJelix 2=, 1 AP prM Tl A2 HE pr TH<lo]
HEEth27). 22, o7 prMM B E o] 7)e2 A
3HAl szl bl glck
E Ao dELArlo]#] 29 infectious cDNAES ©]
&3te] M @] N-deel] fx)gh A e G714 o
4kS dEPd(alanine) 0.2 XA O ZH, M T o] g

97, -S54 RNA AlsS 7RITK6). Al T
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& AT, 79A0] Ae vlolE 9] Aikeko] dA|F] FHAst
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M= H{2Kcell culture)

BHK-21 Al¥+= 10% $-Ejo}Fa*(fetal bovine serum), 2 mM
L-Z2FER, HER, 9 Uy =EREro]il ARV B
% X7}¥ o-MEM (alpha minimum essential medium)®jA]
37°C, 5% CO, AL 2 Hj3IAith

E2IADIE N|ZKplasmid construction)

dEAntol# 2 M T o] N-TThe] X|gh 2] e
G718 oAks depdo g X]$AZ] 2719 mutant (Mml
I Mm2)E Atk SEkn|E AR debAQl A
DNA 7]&(recombinant DNA technology)®ll e} 3= %l
H(24), 971l AREE SELFEH QEIO] == Table 19 &€
ATFATE Mm19] 73-F, dEEAuto]#)29] infectious cDNA
(pBACY/IVFLx/Xbal, “WT” 2.2 EAZHE Fo = A}8-3}
©(32), ¥4 1& PCR ¥h&-& PO 24 Mm1o] 57 3
Zo| #Fsl= DNA TS ZH2F A8k € 2719
78 DNA ©H-e 3= 95 o83t 23} PCR ¥H-2
Fsto 2 1719 §5HE DNA ©#os A=A 13}
PCR ®ESO AMg-¥ Zelo]#= jevF/mm1R¥F} mm1F/jevRO]
™, 22} PCR YH3-ol= jevF/jevR ZEfo|HE ARSIt o]
o} 22 oz Mm29l SFsHE DNA THHE FAEL
o, oy A} ZglolmE 1x} PCR ¥HSA] jevE/mm2R 7
mm2F/jevRo|H, 22} PCR ¥H&-A] jevF/jevR ©]t}. Clal/Mlul -

Table 1. Oligonucleotides used for mutagenesis and recombinant protein expression in this study

Oligonucleotide Sequence® (5'—>3") Polarity Size (mer)
For the production of mutant viruses

jevF CCTACCTCAAAAGGAGAGAACAGA Sense 24

jevR TGCCCATTCCCAGACAATTAAAAC Antisense 24

mmlF CAAACACATGGGGCTAGTTCACTAGTGA Sense 28

mmlR TCACTAGTGAACTAGCCCCATGTGTTTG Antisense 28

mm2F TTCACTAGTGAATGCAGCAGCTGCTTGGCTGGATT Sense 35

mm2R AATCCAGCCAAGCAGCTGCTGCATTCACTAGTGAA Antisense 35
For the expression of GST fusion protein

gst-mm2F ccggaattcTCCGTGTCGGTCCAAACACA Sense 29

gst-mm2R ccgetegagetattaGAAAGCATAGCCAGGATTCC Antisense 35

* JEV-specific sequences are indicated in uppercase and non-viral sequences are shown in lowercase.
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2 ddd 338 bp =719 Mm1¥} Mm2 DNA ©#He Zhzt
Mlul/BamHI® 2 *]2]¥ 4,647 bp =7]2] WT DNA ©H}
BamHI/Clal©.& A2]¥ 13,580 bp =7]2] WT DNA ©Hd]
AgAZ o 2R, 2702 mutant cDNAS 4331t

M o] KPKYEY 718 2% dehdos X8z
mutant Mm29] 7%, g 2715 T N-TeE$ 9]
447) opu|:=AkS- GST fusion protein HEfE L3 s}e] 344
YRS 98t FoE AT GST fusion protein & H]
Elo] Al2S 918, #A Mm2 cDNA 33} gst-mm2F/gst-
mm2R  Zgo|HE ARESle] PCR WHS-S F3go =M,
APAYAYS T35 DNA ©HS ZZa9th $4E DNA
TS EcoRIF} Xhol 02 ATt & 22 AFdairz X2jd
pGEX-4T-1 (GE Healthcare Life Science, USA) Br&®E o]
AFQ13ko 24, pGEX/JEV Mm2 WEIE A|Zstch

RNA £M4(RNA synthesis)

Wild-type, Mm1, T2 Mm2 cDNAZRE A8 1] HA}
Qk-8(in vitro transcription reaction)S E3l4] genome-length
RNAE ATt WA Z47He] cDNAE Xbal 02 HTS
mung bean nuclease@ *]2|gro.2H HAWEZ-S] F&S F4)
Ak WS A(25 ) ~100-200 pg cDNA 5%, 0.6 mM
7 A (m’G(5)ppp(5)A, New England Biolabs, USA), 10
mM DTT, 1 mM NTP, 40 U RNaseOUT, 15 U SP6 RNA
polymerase (Gibco-BRL Life Technologies, USA), % A=A}
7} Algshs W FASIATE FAARRS-E 37°ClA 1AIZE
¢t FHsidon, ReEAS v ~1.5 WE optEs
A 79502 F9E RNAY 218S ASsislth F8€
RNAE -80°ColA Haalgrh

RNA EZHAHM(RNA transfection)

BHK-21 A|¥¢]] RNAS EWXHAAAF)7] Y84 electropo-
ration WS ARESITH32). ¥4 BHK-21 AlXS ERALS
2 X3 e, AgAdsE 31 AFegnt AEE AE
T 1 mlg 2x10" A¥7t EFHEE A AA4F2 ARFAZ
k. oF 2 pgdl FAE RNAS) 400 plo] 019 AEE 4
&, electroporationS AA|3}TE  Electroporation< 980 V,
99-ps pulse length =704 5312 A7]1%5Z(pulse)= 715}
Ak olF, AIEE 107 Bt Al WAF & 37°C, 5%
CO, Z7ollA wieFstsith

AEL B2 EXM(Western blot analysis)

AZ(3x10°)E 1x AZHW(80 mM Tris-HCI; pH 6.8, 2.0%
SDS, 10% glycerol, 0.1 M DTT, 0.2% bromophenol blue)=
BalrR & Dol AE 8al=S 12% SDS-EEol=aoln}
o]= Al(polyacrylamide gel)Z E2|a}3ith. Aol Eajd &
HAES Weg2E FHAEl® PVDF membrane (Millipore,
UsA)e 2 #A7|95S B3l ol 5A1Fth Membrane2 Y&
Futeliz=o] C, M, % E @ do)| 77} Sol2 o7 whgsh=
E7] ddxo=z 12 AgE 3 the, alkaline phosphatase

(AP)-conjugated goat anti-rabbit IgG(Jackson ImmunoResearch
Labs, USA)E 22t A2tk 139} 231 = Aejd
membrane AP<] 7]&<] BCIP(5-bromo-4-chloro-3-indolyl-
phosphate) ¢} NBT(nitroblue tetrazolium) Eg-8No 7 2

s3Ik

GST fusion protein &l

pGEX/JEV Mm2 WE{Z E. coli BL-21°] &2A%trans-
formation) A1 ¥, du]4do] Eoile= LB ZH|0)E
37°ColA 12A13F stk g 7ie] SE2UE Anddo]
A7V LB s Aol A 12413 B2t vkt tha, 250 m1<] Hl
FHOFE 1:5008 MG T Ao 5857} 0.8¢] 2 wWj7HA
vtk 1 o], 0.2 mM IPTG (isopropyl-B-thiogalactoside)
= F7lske] 4A)17F F<F GST fusion protein®] T¥-S F=3}

Atk

GST fusion protein ZX|

HFE E colis AARERE FE9 & 235 mlo] A
AFE AFEFAIHT 5ol 1% Triton X-1008 H7}s)
2o 3087 WAE T, 4°CollA 2087 FAEEs A
SHE gk Al EAsk=s 7H8d GST fusion
protein- glutathione sepharose 4-fast flow beads (GE Healthcare
Life Science)S ARFEste] GAlSIAth AAE Thifde] ¢k
Aso SH%9} Bradford Tl AHFHo =z =H3Iom,
12% SDS-PAGE (polyacrylamide gel electrophoresis)<};
Coomassie staining WHS S|4 T TH24).

Sk MAKantiserum production)

pGEX/JEV Mm2 WEZFE 3% GST fusion protein
(GST-Mm2)& E7| a8 ALk 98t o2 ARSIt
HANR-S F=at7] fleix] FAE GST-Mm2 & &S SPF
(Specific Pathogen Free; S4WAJV|AE FASE) E7|
1-2F Ao 2 AHEsATh 13 HFS 0.5 mle] complete
adjuvant®} 0.5 ml2] GST-Mm2 ©¥2AS &3lsle] E7d] 4
3190, 2-63F HEL 0.5 ml2] incomplete adjuvant} 0.5
ml®] GST-Mm2 TaS E9tate] HE3IAtk 52 complete
adjuvant (5= incomplete adjuvant)9} Tl e] 3o s &
719 B3 Sivke] 25290 42 AAlstth HEel 549
o, E719] o 2Ry s A FEHS 8Tk

ZAqt
U= |HHO[2{A M THHEIS| N-THARl0f| 2UXISH Abd
= 7Mool Ale YBPHoE  X|EHAIZ] mutant
cDNAZ2| &M

dEyHufole~e] A, Al RNASE H7|AS w2l
BAET) 2FAUNZ Zolgto2M, WA prMI} E 9]ajthid
S 717 wASE vlolgs PAE FAZITE v|AdS nlolg
W= AL BHARE AX A Bz WEHE T

N
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JEV genome
5'NCR 3'NCR
C prtM E NS1 |NS2|AB NS3 NS4 AB NS5
1 N
1 N
row M
b —
T T —
P T
WT SVSVQTHGESSLVNKKEAWL ... ...
Mml SVSVQTHGASSLVNKKEAWL ... ...
Mm2 SVSVQTHGESSLVNAAAAWL ... ...

Fig. 1. Schematic diagram of the JEV WT and two M mutant cDNAs, Mml and Mm2. The JEV genome is schematically illustrated at the
top. The single long ORF is flanked by the 5° and 3’ NCRs; the ORF-encoded polyprotein is processed by the host and viral proteases into
three structural proteins (C, prM, E) and seven nonstructural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5). The prM protein precursor
is further processed by furin into the pr domain and M protein (solid arrowhead). Highlighted are the charged-to-alanine substitutions that are

introduced in the context of the viral genome.

A AN TR a4 F 93 prMo| pr =1
M wlds AgogEci12, 19, 27). B A7olde YR g
olgj= M Tl N-UEHESlol] $X|g 4 e A7
ofn|i=ibo] npolelz Pzt Akl FRg AES I=RE U
o}R 12} charged-to-alanine mutagenesisE 35}t WA
YE x| nto]2] 9] infectious cDNAZEFE], M Tido] E’
S} KPKE"S 77t gepdez XA 2709] mutant cDNA
(Mm13} Mm2)Z overlapping extension PCR W'Ho2 34
SIATKFig. 1). FHs] A3, X3A7|224} She ofn]w=it
2717} 2HEE2 2719 DNA ©8H< 13 PCR=Z 43 ot
+, 2709 F3 == DNA ©938$ 23 PCRES F3A &3t
<, dEAulo]H 29 infectious cDNAC] AFYstth 13}
9 2%} PCR §H3ol| A% Zejo]ml= Table 19 7]&3150
™, overlapping extension PCRoY| that A3+ A3k Alg 2
s IR I e A=

YZr|HHlo[2{AL| YUK} ML M THHEIO| N—ZUTHo|
2Ix|5t 3702l 3 ofo|:=AKKPK°ET) 2| of&t

deEEguteleiz M Bl de] E'eh KPKE" 2717} wje]
21220 Yab Aabel] oulgt e sk AE Gopraxl, ¥
] wild-type®} 27§9] mutant cDNA (Mml1¥} Mm2)Z5-E
SP6 RNA polymeraseE AH&-3H ATl HAWRS-S 53 7t
Ztol| d|FshH= full-length RNAE FASIATHALE FIAA).
S RNAE BHK-21 A|¥o| EANATAAZ] & o]lEgH
B AEE nle]g o] KElOENE ZTka olAMlol(plaque
assay) & 53l SA3IAT

Wild-type] 7%, RNA EAXHAM 5 484|7t0] A3 o
£ 1.4%10° PFU/m19] Blo]#]2~7} A2k=l9th. Mutant Mm12]
7% wild-type S-AFSF 1.2x10° PFU/m1S] Hpole|27}b Ak
52101}, mutant Mm29] %5 ~3 log7} %2 1.5x10° PFU/ml
o] nlo]#2r} A4S ATHFig. 2A, virus titer). L3 o]} 2

& nlo]#] 2~ EolE]e] 7hAhE EdAHMAE BHK-21 A|XolA
PAAHE Zetm 279 7249 ¥Xsdth =, mutant Mml
RNAZ EW2AAE A EAE wild-type RNAE Ei2]
A AEoA B e gas BT 5 ddon,
mutant Mm2 RNAE ENAFAE ALojre u]$ 2o 5
719 EgtaE50°] FA=AKFig. 2, plaque morphology).

U322, Mm2 RNAZ E#W2HA%E BHK-21 AlEolA
HEEE F2a 3719 49 o]F AlEdA AibElE vlo]
H2 o] 747t Mm2 RNAZRE FEs= nfolafs o
Ao] oFA zolol] 7|90EH=AZE Lol 1A} STk 02 Y3
A, Z}7to] RNAZ Ed2sHAE A o] A9 njolg]x
o} FEehEe] Al 2 3749 FEEYAC, prM, R
E)oll 7t Bolzo= weshs E7] FEHS ARSS 928
B3 248 53)A vwstith Wild-type RNAZ EH2H|
AE HEo} H| WSS ul, Mml RNAZ ENHAHAAE A3
M= 370 FREE BE fAlE o] Ak dTh S
FAE, Mm2 RNAE ERHAE M2 39, C9 E oY
A& wildtype == Mml RNAZ EWN2FHAE AEoAe}
2o] B o] Aits= AL BB o, prM/M TS
Ae] &x)¥=] PUTHFig. 2B). & A3dAH, e F /1A
7HEE A S Ak ARE, A" BERE 24 AFRE M
A gt £7] d3HLS wild-type M @] N-TH
447) ohats o Abgsle] AFtE Ho|r] wol,
Mm2 RNAZHE ZHH mutant M A= vhE=rt &
#3] Wold 4 Atk A=, Mm2 RNAC] ZHH 379] o}
ik MK A, KA, 2 EVA)e] o]27E LHE mutant
M ©iAe] g A (stability) S Hol=d 4 ik

=
T

o F e
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A) Mock
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Fig. 2. Importance of the charged residues present at the N-terminal region of JEV M protein in virus production. Naive BHK-21 cells were
mock-transfected or transfected with WT or each of the two M mutant RNAs (Mm1 and Mm?2) transcribed from the corresponding cDNAs. (A)
Focus morphology. The transfected cells were overlaid with MEM containing semisolid agarose and incubated for 4 days. Monolayers of the
cells were fixed and immunostained with the hyperimmune antiserum specific to JEV. Also, virus yields released from the transfected cells at
48 h post-transfection were estimated by plaque assays and presented in plaque-forming units per ml (PFU/ml). (B) Immunoblotting. Each
monolayer of the transfected cells was lysed with 1x sample buffer, and an equal volume of the cell lysates was separated by 12%
SDS-polyacrylamide gels, transferred into methanol-activated PVDF membranes, and stained with each of the three antisera specific to the JEV
C, M, and E proteins. The molecular weight markers in kDa are shown on the left and the sizes of JEV C, prtM, M, and E proteins are

indicated on the right.

= 84 A ot FAs Frs] ¢, WA mutant
M wFe] N-Zeho)| sigsle 44709 o=k E. coliol
X GST fusion protein (GST-Mm2°°) Hel2 W&A|7)12}
31tk GST-Mm2*°® Tl I E(pGEX/JEV Mm2)+=
Mm2 cDNAZ FEO 2 ost-mm2F/gst-mm2RE Zalo|H =
ARESle] ZZE DNA 98-S pGEX-4T-1 ZEWE] 2] EcoRl/
Xhol $1X]ell A4go2ZH A==} (Fig. 3A and Table 1).
AFE mutant M T A 9] N-ZHHH-9)= GST Tuide] c-&
el FHEHEE YRS

pGEX/JEV Mm2 W& EE Al8-3}], GST fusion protein
FHEf2l GST-Mm2*°Z E. coliolA &tttk WA pGEX/
JEV Mm2 9EZ FAHEE E coli BL-21 AXd IPTGE
A7kt GST-Mm2*° @ o] WS fstg]on, wad
GST-Mm2°"° THil Ao GST columne ARl 7|81tk
A o] 779} & golR A} 12% SDS-polyacry-
lamide gelZ A7]9%FS A3 &, coommasie stainingS <
sttt 2 23, pGEX/JEV Mm2 WE 2 J-AASE HE
2XE ~32 kDa =7]2] GST-Mm2*° ©@ Az} 37, ~26
kDa =7]2] @ do] HAE= AL & 4 AANHFig. 3B,
pGEX/JEV Mm2). F7}2 47 ~26 kDa F7]9] whijde
ol GST-Mm2™° whilde] c-drto] AALHJAY, Z&
W S(translation) FAIo 4] internal initiation®l] 2J3]4 FAE

Aoz AZtEL o3t A} o], 2T = ARS-S pGEX-
4T-1 HEIE FAASE A Eo M= ~28 kDa =7]9] GST ©
o] o2 BdEE S ¢ 4 JAHFig. 3B, pGEX).

Mm2 RNAZSEE| WSiEl= mutant M CHEEIS OJAISE 4
Uz S M
$2l= E coliZ2HE Aol GST-Mm2*° Thds

AEFo=EN FIHS et stk 1hds] Awshd,
AAE GST-Mm2*°® T&S adjuvant®} 7 SPF E7]9
AEAZ mEhA 6xtell JET & dolxl Aoz RE
FHe At olgAl Ao o] 3719 ofm|xAt
XBHK" A, KA, 2 E"A)S 71X Mm2 RNAZHE 3=
mutant M TS QIXEEA] ARE dolHy] A,
wild-type, Mm1, 5 Mm2 RNAE BHK-21 H¥E EalX~
HANNZAeW, L3 YFRToeRE EWAIAAANTR] e
BHK-21 A|EE A183519th RNA EdAdAd &5 20471o]
A3 o2, 4] AEE sample buffer® &3 &3)5l
AL total cell lysated} GST-Mm2*® Thifa gelo gz AJakst
A (anti-Mm2)S AHE3t] 28 B85S Y3y 1
Az, B AFox] Ak anti-Mm2 FEHS Mm2 RNAE
EaxdAE BHK-21 AZEoA ~25 kDa 271 prtM# ~8
kDa =719 M @FES BF AXsh= A4S & = AT
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molecular weights (kDa)

~28

JEV Mm2¢eto 32

EcoRI

(A)
pGEX-4T-1 (pGEX) | GST
pGEX/JEV Mm2 | GST
B)
A
&
g &
& ¢
kDa
115 -
82
64
49
374

Xhol

r GST-Mm2¢ct

26 - &=

ecto:

Fig. 3. Expression of the N-terminal 44 amino acids of the M protein of JEV Mm2 mutant as a GST fusion protein (GST-Mm2™"). (A)
Schematic diagram of pGEX/JEV Mm2. The N-terminal 44 amino acids of the M protein of JEV Mm2 mutant are fused to the C-terminus of
GST, by cloning the corresponding PCR-generated DNA fragment into pGEX-4T-1 (pGEX). The expected sizes of the GST and GST-Mm2°°

ecto

are shown on the right. (B) Identification of GST-Mm2

protein (commassie staining). E. coli BL-21 cells were transformed with the parental

PGEX-4T-1 (pGEX) or recombinant pGEX/JEV Mm2; the transformed cells were then incubated with IPTG to induce the GST or
GST-Mm2°°, as indicated. Following purification of the GST or GST-Mm2° protein with a glutathione sepharose column, the purified

proteins were analyzed by 12% SDS-PAGE and Coomassie staining.

o s 8
N 3 §
kDa $ 2 g g

45—

30—

.- v

20—

Anti-Mm?2

Fig. 4. Detection of the mutant M protein expressed in Mm?2
RNA-transfected BHK-21 cells. Naive BHK-21 cells were
mock-transfected or transfected with WT, Mml, or Mm2 RNAs
transcribed from the corresponding cDNAs, as indicated. At 24 h
post-transfection, the transfected cells were harvested by direct lysis
with 1x sample buffer. The total cell lysates were separated by
12% SDS-PAGE, transferred on the methanol-activated PVDF
membranes, and immunostained with the anti-Mm?2 antiserum that
was raised against the GST-Mm2*° protein. Molecular weight
markers in kDa are indicated on the left and the sizes of JEV prM
and M proteins are shown on the right.

(Fig. 4). 28}, wild-type 5= Mml RNAE EWAIAAE
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