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Charactrization of encephalomyocarditis virus isolated from Korea
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Abstract : We have investigated the characteristics of encephalomyocarditis (EMC) virus isolated in
Korea. The CPE, buoyant density, polypeptide profile and the size of RNA of EMC virus were ex-
amined. The granulation, pyknosis and necrosis were observed from 30 to 48 hour's post inoculation of
the virus into baby hamster kidney and lung cells. The buoyant density was 1.30 and 1.35g/m¢. Three
different polypeptides, 26Kd, 32Kd, and 34Kd in size. were ohserved and the size of viral RNA was 7.7Kb.
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o E A% oS 0.5m¢ 2 30% sucrose cushion ol A
15K 2. 9087 2443t 22 pellet& TSA buffer(0.
25M sodium chloride, 5mM Tris-acetate, pH 7. 5, 0.
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12% SDS-polyacrylamide geloll 4 13~18mA & 5~64]
7 A 719 %539 molecular weight marker 2 & SD-
S-PAGE protein standards, high and low range(Bio-rad
USA) & 21 &3l 21, gel & 0.1% coomassie blue
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acid &} 2 & background”} 534 2 ofj7}=] &3}
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EMC Hlol&i 29| g8 ¥4137] 93t} Burnette'
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E50) & AM&3}9] transfer buffer(25mM Tris-Cl, 192mM
glycine, 20% methanol, pH 8. 3)°1 4] 4%C, 0.1A& Hybo-
nd-C nitrocellulose membrane (Amersham, UK}l 16 A]
7t transferdt A t}h. membrane 0.1% ponceau SH S &
E7F G283l polypeptide ¥ 89 o] 5L #AE T
BS buffer(20mM Tris-Cl, 50mM NaCl, pH 7.5 8 &
4 3}3L 3% gelatin &F TBS bufferel] A 141} blocking
sttt blocking & membrane> TTBS buffer2} (20m-
M Tns-Cl, 50mM NaCl 0.05% Tween-20, pH 7.5) &
B3 23 AlFERY. o 7iel 12 33 2 A mouse ant-
iserum ¥+ swine antiserum-& 1 : 1002.2 & 43t 7}
g thg 37Tl A 3A17E whg- A ATk EMC wlol e 42

polypeptide 9} 2317 &2 &S AAL Ao
TTES buffer& 1043} 23] M A s}, o] 9hzo] g
g 21.& 22} A 24 peroxidase labelled goat anti-mo-
use JgG(H+L) conjugate anti-swine IgG( 7 ) conjugate
(KPL, USA)E TTBS buffer® 11,0002 8 7} 84
3l 143 9E-8-§ o8 TTBS buffer 2 15~204-34 2
3], TBS buffer® 158 7F 33 M &3 F7]FolA 7
Z 8l 4-chloro-1-naphtol & 30% H,0, & AF-& &}
37Cel M 15~30% 7 w3t
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RNA2] 22} Chomczynski®t Sacchi®’ 9] acid guanidi-
um thiocyanatephenol-chloroform ( AGPC)? method & o}
&3-gth. el g vtole] 2 704g(400¢ ol 5ol
2Xsolution D.(4M guanidium thiocyanate, 25mM sodiu-
m citrate, 0. 5% Sarcosyl 0. IM 2-mercaptoethanol, pH
7.0} 8 71sle] 2 E@start. o719 2M sodium aceta-
te(pH 4.0) 0. 1mé, water saturated phenol 1mé, chlorofor-
m/isoamylalcohol(49 1 1) 0.2m¢E &l & 7}8k 1 1024}
vortexing 3 Th A&l 15487 WA 3 TH homog-
enate® 4°Coll A 10,000X g2 2027+ YA 5t FEa-s

Virus infected in cells  freezing and thawing three times

Crude sample centrifuge at 900X g for 15min.

Supernatant add PEG 6000 7% and NaCl 2.22%
i centrifuge at 2000Xg for Zhrs
Pellet resuspend in PBS
ultrasonication
1 centrifuge at 3000Xg for 10min
Supematant add CsCl 46% and Nonidet P-10 1%
i centnfuge at 38K for 24hrs.

dialysis in TE buffer
. 30% sucrose density gradient

i centrifugation at 45K for 90min.
Pellet(purified virus)

Virus fraction

resuspend in TSA buffer

Fig 1. Procedure for the purification of EMC virus.
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# 38l isopropanol 1mé & 7+t th& -20C el A 1413 %
A 8kat thA] 10,000 gl A} 2087 94]51] RNAE 3
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Aol 28 ¥ RNA+ diethylpyrocarbonate2 A2l & &
5ol g5t 70T BB HA AEo A3t
=
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At RNAE 1pg(5¢¢ )oll 5Xformaldehyde gel running
buffer 2.0z¢¢ , formaldehyde 3.5#¢ , formamide 10#¢ &
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er(50% glycerol, iImM EDTA, pH 8.0, 0.25% bromop-
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g@3 S0VE 2A1HEt A9 3Rt AVYEFF g
el € 0. 1M ammonium acetate®l] -3l & ethidium bromi-
de8-94(0.54g/me) & 2 30~40%-7F FM 3L UV transil-
luminator2 RNA bandE #23t%ch.
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Encephalomyocarditis virus2] CPE % buoyant densi-
ty : EMC u}ol 2] 2 K35 & baby hamster kidney (BH-
K-21) M & 2 hamster lung (HmLu) Al £ Z A A
37C, CO, W7o A v F3HA BAH 22 cytopat-
hic effect(CPE) & @#3tgit). vlolgi = ZEF 36~
48717t o]y o] BHKA £ 2 HmLuM ¥ 254 A2
o 733 Y AEEo A% HAE fEEe NEH
9l CPE7} &= on, vlo]d2E HF8A & Al
¥ 7o ME CPEE Uehl A ¢ko} vpo] 2] 2:7F FA 5
RS ¢ F AJHFig 2).

Z 3w ok ol 28 &4 ¥-887) 93t PEG
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At} cesium chlorideE ©] &3 Y4 Eeo A {13
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U8 A7 g 7 SA7E SRS AR F £
2ol A 26 R 2E] 30AA7HA| AlH B 46U A HE 48
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A =& HAZFE Jerd gl bpo] 2 2 9] cesium chlor-
idedll th@t densityE 2A}EH7] 3la] 278 9] 8ol o
& refractometry & 4 A ¥ A 7} density= 1. 300 A L
352/meo] AtH Fig 3). ©] £ &L ¥ o} 30% sucrose c-
ushion® o] &3 AAE A 23t £4% viron THg
T3t AAE vloldl 29 4 2 AN FFEE
ZAVsl7] 918l wlol2 2 301¢ & UV spectrophoto-
meter £ 240nmoll A 400nm 7} A 9] &3 & scanning 3
47 Fig 4o M} 2 & F3 % spectrum e €& F
ek o] A OD g2 240nmol A 0. 068, 260nmell A
0.010, 280nmell A 0.0542 260nmo A Hth, 240nmel| A
Harz vepdozi A vlolaj 29 548 Jet
WS Ao/As®l Bl 1.85, Amax/Amin] H]& L
4701},

Encephalomyocarditis virus2| polypeptide prdile © E-
MC vlole] 29 A& ¥A 7] 3t AA S vt
o] 2 22 & SDS$} mercaptoethanol 2 * &) 8] SDS-PA-
GE# gel® coomassie blue R-2502.8 & A E-
MC vpo] & 29 polypeptidets 3%/ 24 E&#H2 26,
32 @ 34Kdel At} Fig 5). 3% 79 polypeptide &4
& 7 3t7) 918t EMC vlo]l 8 28 SDS-PAGE=Z
77} 8+ nitrocellulose membrane 2 2 electroblotting &}
21008 3] A% =] Z pl$-2 antiserum ¥} ¥HS-3F o}
& peroxidase labelled anti-swine conjugate, anti-mouse
conjugateE o]} A2 2z} o] 834 4-chloro-1-nap-
htol# 30% H.0,2 WA stk & £82 25 E.
MC wpol2] 29 a9} Aate] SolHQ FENES
vehden] giz¥yP o g AHES vpg2 A48
A= 98812 Atk Fig 6014 B vlel 2] lane
A¥: 92 antiserum . &2 ¥H3-3 26, 32 2 3MKd £
o2 RS 3 9hg-& B 5319 bandE UERHILL
o, | antiserum 2. E 3§ lane B 7 £ 8ol A
o} -$- % antiserum B.UF 0] 9F 3k 98- & e Rl 2 n,
26Kd #8232 2 MKd8 Rt oFshA vebsich

Encephalomyocarditis virus RNA2| £ X2 @ 3 A &
EMC vlo] 2} &2 €] guanidium thiocyanate® ©] 83t
o] 2% RNAE UV spectrophotometer2 3 &3¢ 2 3
175mg9] uloli 2 K-E 36262 RNAE 228 + 9l
Aut. Bel3 RNASY 4% 2 A9YH F5499E =
Ats7] 938k 240nmoll A 400nm7t A o] FHE=E UV s
pectrophotometer 2 scanning ¥ A3 OD 32 260nmol
A Ao 2 veho] A A npol 2 Hit He B
Vel .20, 260nmel A 0. 84, 280nml A 0. 43°] At}
A260/A2808) B} &2 1.9524 RNAVL €437 &
A3S o 7 AAHFig 7).



Fig 2. Cytopathic effects in baby hamster kidney (BHK-21) cells and hamster lung (HmLu) cells inoculated with
EMC virus K3.

A * Nonifected control in BHK-21 cells C * Infected monolayers 24hrs after inoculation in BHK-21 cells.
B © Noninfected control in HmLu cells. D : Infected monolayers 24hrs after inoculation in HmLu cells.
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Fig 5. Polypeptide profile of EMC virus K3 on 12%
SDS-PAGE
Lane M T Molecular weight marker proteins.
Lane EMC T EMC virus K23
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Fig 7. Ultra-violet(U.V) absorption spectra of EMC K3

viral RNA.

(o]

WA e 2A Y A3 1A RNA B0 pay

ol
AR

o

RNA®) %2}
wetel 278 238 49 2R 7
8).

¥ & marker 2 Al-& % RNA ladderst u)

T7kbolATHFig 4 2ol wadel 1z Q8 ) 3}

flck o) A ob A AAL Al

Fig 6. Western immunoblot analysis of EMC virus K3
structural proteins from 12% SDS-PAGE.
Lanc M © molecular weight markers, Lane A © mouse antiscrum.

LLanc B U swine antiserum, Lane C @ mouse negative serum

Fig &. Electrophoretic patterns of EMC K3 viral RNA
on 1% formaldehyde agarose gel.
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23510719 “Mystery disease "o} 2t3 Be]oiA il 9l o
o, o] o] A= swine infertility and respiratory syndrom
(SIRS)*, Wld @ =0 X & porcine epidemic abortion a-
nd respiratory syndrom(PEARS)Y, %4 =04+ blue ear
disease™ o] W o g Belojx)x ek 2 el 917l
A 2A 4=
wine parvovirus, swine enterovirus, swine influenza virus,
leptospira 2 mycotoxin 5°] AE&H Aot HZol vlH

geo A o] Ao AAA 2 A FF vlo]# A To-
gaviridae 79} F4138F 2% vlojg 22 Bty ot
SO ol oo )& o) At} 7k Atk FHifel Ak
“Mystery disease” 9} H9A 24 24 s A= EMC
vlolel 22 Be|stoam ojg g Fuuao] gl
Aot ¥

& 04'?%5 @ #2] EMC vlolal 29 44& 1

Z1-& EMC virus, pseudorabies virus. s-

&3l A2} cloning 2 #AALE o] &3 7gho) 9 g
S wusirzal stk
szmamml(w&l- enderouvirus, cardiovirus, Thinovirus S a-

phihovings 2] 478 genus 2 V™, EMC 8ROl 22 & ear
divvirus©ll 4 8tk Picornaviridae 3Ol 43812 vlol ¥ 2: 5=
protein shell W ol = single stranded positive sense2] R-
NA genome©] &4 39, capsid+= 652 subunit@ 774
¥o] iy Mg & 4% 9 polypeptide 2 4 5] ©
Ak

uba] o wpol# 2ol gk 7H4A A E v vo]e]
vhit g gt Aol @75l dluxleh A7 E &ty
ol #] 229) receptor, virion assemblyol] .8 § A 39k}
viral RNA g2l 4221 125& A gt
Picornaviride®+ 2] B}o1 8] 2~ permissived] 2] M| 3 F of]
A ZAE o R ulo]H A genomeP Aol & A4
& vlo]@ 42 2l MAHIH™, cytopathic effect( CPE)
= phospholipase} #-& lysozomal enzyme <] ] -uf o]
o) sked v Gk * wpol ] 227} Ml el WY 7Y
M EE 1A olWiell 42 9] marginationd Y271
¥, A X RNA, DNA 2 ©id o] g4 o] 7h4ah7] *]X—}
5“4 * Cardiovirus®) 45 histon @] F A o] bR 1
Aol = vhol & 2 Q] A b Al Z Aol A A & /]E
8]_];"_ H9

Picornaviridae 3} v}ol & 2= AREA o2 M Lo o ¢
L34 A4S s 4 Ad oy EMC viruse
o

o} % 2% Chinese hamster ovary Al %6l A} 2] £ 2] )
e fsrle gtk Buvt Qo
Dea %2 Fl1t}ol “1 ¥-213k EMC vlo]2 2 & con-
rinuous monkey kidney(Vero), baby hamster kidney(BH-

K-21), porcine kidney(PK-15), porcine Fallopian tube(P-

FT) 2 swine testicle (ST)A Zo] 7+ g8t A 44
gl¢} sz % 59 CPEANS e} Zujo A el
g EMC vjo] 2] ~ K375 haby hamster kidney (BH-
K-21)4 i 2 hamster lung{HmLu) 4| Zoll A] v kg 7
T} 36~48A13F ojufoll A 3§ 3}e} My oy Qe
A3 "l EMC upol ]2 wjokoll M thebibiz CPEE )
Bllo] Dea €] A4 27} 413t Qch
EMC vpol&i 22 & cesium chloride® ©]§3F 2214144
oz YA HE 2~37)0 9 upoje] ~
¥, vidon 2] buoyant density & 1. 34, shell €] hunyam
density 3= 1. 3003 &4 ® Aok ™ L8 HA activity:
potessium #} boron ion9] 9 &k o m* AE o) IH
gk uto] 2] 2 9 attachments= 41 8 9] receptor 4ol ¥+
Az © Al 2@ el EMC npela] 2ol thdl recept-
orv major erythrocyte sialoglycoprotein @1 glycophorin
o A Qlep™
EMC virus K34& cesium chloride it o] 8§} =91 4)
2|3t Ax} 27) o] wpole 2 W o g EEd
o Ao gk A& S (HA)WEE-& HA8 7
2} 270 e] 82,0480 9] & HAVHE Wb o] npol
225 £8dg o 4 Udeh
oAby 4E Aol A% 2] buoyant densitys
1.30g/ml 22 A empty particle ¥E+= M AL yEeR 2} It 2
FHof iz vlold 1_5—. F45 9 8354 e buoyant
dencity 1. 358 ERH 2 EMC vinon & & AFs €},
ol A+ Dae "”01 Bl
30g/me 2] 3 At U5 L}.
Cardiovirs® 530 Picornavindae 3+ 2 capsid prote-
in- VP, VP, VP, 2 VP,2] 4% 2] polypeptide chain
o g zA Yo glom EMC uhol#]2:9] 7} 8 capsid
protein& 31,7, 29.0, 25.1 2 7.2Kde] 4741 2] polype-
ptide chain®. & 245 o] 9lth.® o1& polypeptide chai
ne “mature” protomeret i 3hi F U 47149 segme-
nted protein subunit®l 43 & A&7F 51, protomert o
ligomeric protein® 7H4 #-& %% subunito]t}h. 7
SPS-PAGE 2 &7l 83! western immunoblotting & &
9} & EMC K35 9] polypeptide ¥= -2t % 0] ok 26,
32, 3 Kd22A Kim 5%0] v]Zel A £2]d EMC 7
of cjar A A 26, 32, 3Kd#E LA A Dea §
o] Firichol A el @ EMCF9) 25.5, 29, 32, 39Kd3
& shol 7} 92tk Kim 54& o]9h & ol 7k polype
tld( 9 _,Ax].ato] e e Ag o o A Aol 7)218}
A} vroje] & AA Tl A £ A7) W Foletar s
Aot} Dea 5%l Attt EMCF 9 s 2] EMC
K3% ¥ polypeptide Aol §¥H oz tpariy & 2}

u §] o L’]h]

O_'.t] gl

+ buoyant density 1. 30~1.
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o] 2R & glycosylation®] BAH o] 47+ 2 Eyo
2 A795 4 dEd # de s e 448 ¢
ek

vpolg 2o & FAE HEse P& Wyd =
o} 77t ot wholel & BAE A s gAY 5
g2 %75} neutralization test®} hemagglutination in-
hibition teste d 2] AM&-3t 2 Qo) vlolg] 2
ZA 5k ol e FATE SFY F U= GA
o] §lof RIztatA] g whyolet & + Uk 1Ynz
2ol 3} A 9 wkg-o] 7133 radioimmunoassay
(RIA), western immunoblotting, immunofluorescence te-
st ol &3tx Uk ®

SDS-PAGE 2 8 ¥ EMC K37 9] polypeptideol
th gt EMC &) & western immunoblotting ©. 2 &3 3k
A7 v}-92 4 SR antiserum©l o} 3l & polypeptide
Y 25 39-34 AN vdepl Uk vt a
ntiserumoll & ZE £¥o] FF A g oz YeElge
1} shA] antiserumol & 26Kd<} £& o] v ¢ wjekaiA
&3ttt =hA) antiserumoll A 7] <FEHA BEE-& AL of
QoM FEHFAY O HAH FAYHoZA FA 7}
b2 Ao FAED vh9-2 antiserum EMC b}
ole] =& whg-2o) FEstd AFAGAA A ZT hyp-
erimmune serum &2 A A 747} #9k7) W Foletan A
z}gh},

M EZHE RNAE Fal&e Bide o727}
A2} 2= protein denaturant$! guanidium thiocy-
anate® o} & & FEyH & de] A8 o, EMC
K35 2 2 ¥ acid-guanidium ¥ 2 2 A A g viral RNA
£ formaldehyde gel electrophoresis 2 &2 & 2 # 7.
7Kbe] 27124 Jordan 5%°] methylmercuric hydroxid-
e gel electrophoresis& A A3t B8 EMC BF 2
EMC D39] viral RNA =719 7. 7Kbs} € A 34t}

reverse transcriptase®) % 77°© 2 RNAE genome 2
2 k3 & vlo]# A& RNAY AKX 32 DNAY #
o] 7he oz ol ulo] 2] X genome?) ¥4, &
7NMEAR B AAEEE A7 AR FHx R
© o]} recombinant 3= subunit vaccine 59} 7§ 2 o]

7hs¥ olch
4 B

£ AFE FWol A 28§ encephalomyocarditis(E-
MC) vtol] 29 4-& ALY B& 02 EMC uhol 2
2=} CPE, buoyant density, polypeptide profile ¥ viral
RNA® 2718 ZAIG 243 CPEY 238 & ulolgx
HEF 0~48A2) 733}, Y52 g fYapados

VST buoyant density: 1.30 2 1. 35g/mé, viral pro-
tein- 3% 9 polypeptide 2 4] A 7] = Z 26Kd, 32Kd,
34Kd, viral RNAS] 27]5= 7. 7Kbe 2 Yelytt)
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