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=Abstract=

Cloning and Sequence Analysis of the Full-length cDNA of
Coxsackievirus B3 Isolated in Korea

Yoon Seok Chung'’, Ki Soon Kim'?, Jeong Koo Park’, Yoon Sung Lee,
Soo Youn Shin', Doo Seong Cheon’, Youngmee Jee?, Moon Bo Kim',
Byoung Kuk Na', Jae Deuk Yoon?’, Kwang-Ho Lee'
and Chul Yong Song'*

'Department of Life Science, College of Natural Science, Chung-Ang University,
*Laboratory of Enteroviruses, Department of Virology, National Institute of Health

We have determined and analyzed the full-length cDNA sequence of a coxsackievirus B3
(CVB3) Korean isolate (CVB3-Korea/97) which has been known as a general human pathogen.
The whole genome contains 7,400 nucleotides and has a single large open reading frame with
6,555 nucleotides that encodes a potential polyprotein precursor of 2,185 amino acids. The
genome also contains a 5' non-coding region (NCR) of 741 bases and a 3' NCR of 104 bases
followed by poly(A) tail. Sequence homologies of nucleotides and deduced amino acids between
the CVB3-Korea/97 strain and the prototype (Nancy strain) were 81.7% and 91.5%, respectively.
The genes encoding the functional proteins including viral protease and RNA dependent RNA
polymerase showed higher homology than those encoding the structural proteins. We have
further analyzed the sequences of 5' NCR, VP1 and VP2 of CVB3-Korea/97, which are known
as cardiovirulent determining factors at the nucleotide and amino acid levels. Although the CVB
3-Korea/97 strain was isolated from an aseptic meningitis patient without cardiomyopathy, its
234th nucleotide and 165th amino acid were uracil and Asn as same as those of other cardiovirulent
strains one. However, the 155th amino acid of VP1, which closely associated with cardiovirulence,
was replaced with Arg'™ by single nucleotide substitution from A?'* to T?*. Moreover, additional
amino acid substitutions were observed in the flanking region of Asp'”. Taken together, amino
acid(s) substitution in VP1 may play a critical role in determining cardiovirulence of the CVB3-
Korea/97 strain rather than individual nucleotide replacements in the 5' NCR and/or an amino acid
substitution in VP2,
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Coxsackievirus B3 (CVB3)= ¥ 7/ & Picorna-
viridae3} Enteroviruses&o) 431, A7 < 30
nmo) ¥ 7.4 kbe] @Y AlL (+)-stranded RNAE
¥ g8l 93] ¥ 24 (non-enveloped) Hlo] 2] 20]
th. CVB3w 4l Aol B < frofol A B4 wutyg
£ U3 A4F AW E FEE UM e A
29 (myocarditis) 2 234 A 2% (dilated cardio-
myopathy)?] F83 WHA 2 BanHo] gt &
3 AARATSAZ] o 20~30% B =7} CVB3S)
#Ho] gle Ao 4HA Yo} oA A
G371 AL wE A UA €9 (2, 10, 19, 23,
24]. YR 02 CVB3= AATSAES Yoy
€ WA vtole 2o AR S FRg vy
4 vleldaz TRHN A2 de A7AEL
B Ag v A vlolel 2 ¥matel 47
g L AE A S93 AR £ d
TE JAsI A (6, 15, 26].

22 AFLRE L Picomaviruse] 5 2ek vt E
3} ¥-$} (noncoding region; NCR)7} nlol 2] 2 & |
AES s R BAdA oj$ Fad 4 F
Fal= FEo|u, CVB3%} 7o) Picornaviridaeo)
&ty FE e ulolej2e] A9 WL Je
= F-&o] 5 NCRU¢] &gttt 238 65 ¢)
o} [9, 26]. 53] Tu T [26]2 LA 2 v|wH LA
CVB39| ulo]af 2 5 NCRY H7|1NEE vlud
23}, A vto]y 29 79 234 R 2] G717}
cytosine(C)ol| A uracil(U)=2 AZdE AMH S @@}
Hon, o] HiEol HAA S AR = F2939
d& Busfvh 23y 2 S0 d¥3 CvB3
279 Grixdel W AbA 2340 @77}
Udd= E73tn Hea4dE JehR ge 2§
7} R1EE 5 5 NCRE| 234¥ @7]7} CVB39]
BEAE A= 2T 8%9] obd M50l
Eve 47 23z 2x A [6]. =F 5 NCR
o)== Internal Ribosome Entry Site (IRES)7} &) 3}
W 22 F27F W Ao el CVB3AAM = Y
’d 273 5 NCRUI 9] IRES T2 9o} #A 71 ¥
32 7Hsd ol kAl Ut [4, 6, 12, 21, 26].

upolg 20 T2 E AH 3= VPIF VR2E 3
T Ax FEA 9 AdsA Ho, vle]g A
9] ZAFA] o] A FF (attachment)o| } FY
(entry)¥} #&o] e Aoz d2A Ut [7, 13,
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14]. CVB32] 7% VP2¢] 151¥ o}u] x=4ko] Thro]
A Sere2 AZHT wpol 2 uhHA (cap-
sid)?] F27 Wt fFEso] vlolH2e £33
ME FEA 0 BHsaERE ARtk Aol
Bus At [3). o33} Zo] CVB3 Hiol2 29
d714 @ WA3tel] whel RNA 7271 A3s 3 6t
olgix dejAdel Tz W5yl fdEw, vl
H2o] &3 X AP R S5 AX HAX &
AEE] dhg Asyt oprjg o WaAg Y &
o] & verd Fhs Aol Atk Az

&5 AT 5849 ARE 9% 84
o2 ¥HEE FRUH7] (epitope) 2919 Tl
g FE FAA BRI Z st A)
£4¢ Jehie vhole 27t $8E 7H54
o] J=d [18, 20], A2 CVB59] EAMo|2Y
B f# ¥ swine vesicular disease virus (SVDV)2]
7358 o] FHA EAQold o3 M2E A
F9 wlolgl 27t 2¥E F Uvke A S o
AL o3 olm #Ad up 3lT} [27). o] <
Zo] Ho]go] H& RNA Hlo] 8 A<l Fulo]
228 BAEE e WFo] 28E teAd2
T E¥9n 8 F 3len, olg AFgeHev 2
W REVIAE Bel7l M e AA Alsel o
& F71ME EAo] Wi ¢ F 83t & 4 Uk

dA7EA CVB3e] HA G7IAE2 A A
2 2% 57 Fo thajel ¥ vk Qom, 1 F
Ol Fe 4PABE Doy P Foln, b
WA shie N Y4 Aoz QA UG [,
13, 14, 17, 25}. 9] 72 ¢ CVB3& %33 A
vlol2j 29 AFE 1990 th ZENEEE o] Foix|
o ov Adad, 38 42 T AEEeS
frdete CvB3e] £ 2 734 Hod 8=
5H £, $3 9 CVB3dX = HA G7IHE2
B3 b glvh. 53] Exd CVB3st I £
CVB3 23739 97149 Wo] FAout 4
A% wE TEY YRGS e 2IFE
o Wagw BAE GAHLe) BHE A A
=9 v gl APolth o B dFoE 3
W 734 H=d ExtA 219 CVB3Y M A
AsS dBeE 78S B4 F 4+
(Nancy strain) 2 5+2}2] CVB3 g7 <43} vl w3}
dod, I EelFe AdAge] A #d
" frAA el 2 AT
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e Wy
1.Hio|2A 22 % 53

e} 29 J171 2 PBS (pH 722 10% &
do] HEE A2 F AAEE ANdod A=
Y& chloroform 2 A= 3 He;. Ad HHE
49%-& rhabdomyosarcoma (Rd-cdc)®} human larynx
carcinoma (Hep2-c) Al £ of] H £3sld 70~80% &
Lo NZH¥EN (cytopathic effect; CPE)7} &3
HA AXE -0CAM YEAI T A ol
H3 & 2~33] WHEQ F HAgAE T A2
HEE2ZA vhol B2 Felstgith g vt
olg] A W@ &= RIVM (Rijksinstituut voor de
Volksgezondheid en Milieuhygiene, Amsterdam, The
Netherlands)ol| A | Z}8le] A Al HA7]) 77} Bokat
enterovirus serum pool set @ CVBo)| thd E7| o}
& &3 (Denka-Seiken)& AL&3lod 71 5 [1)
o oz AT EH o AHEF blol g
28 10"~10"" TCIDsymle) G712 34 3}o] A}
&3ttt CVB3e Uizt E7] B2 & 333 5
371 gl gl wholey A2 CVB3-Korea/978} W Hl 3}
o plaque assayE F35te] wlolg A S A A
& F RNA FZof Ab&3tqi o)

h=t

2. 4}0|2{A RNA £&

vtojej 2 s eF A& 100 pioll Tri-reagent LS
{Molecular Research Center Inc.)E 300 ul 3 7}t
oA 15821 A & chloroformE 80 ul 3
etz @ae TRkl oAl Lol 1087
WA F 4TolA 14000 pmo 2 1583 AR
U B P9 £52 Pelod 2 Fu
o $7)3, T2 isopropanol & A 7}3}o] AH-Lo
A 10237 g3tk o8 ThA] 4TAA 14,000
pme 2 1583 4R & F AAES 70%
A2 A H st dzAZch JAEL 10 ue)
0.01% diethylpyrocarbonate (DEPC, Sigma)Z =)
H SFTE AHAA DNA S 7 FH2
2 ARt o

3. cDNA &4

ulo] H AZRE FEE RNA 5 uld] 2.5 mM
dNTP 5 pl, 5% RTase +584 4 ul, 0.1 M DIT
2 ul, MMLYV reverse transcriptase (Gibco BRL) 1 ul,
20 mM oligo-dT 1 W& A7}slxn

B A

'5‘*rr—r:5_‘:' 20 ul

-73 -

2 A T 46ToA 243 S uke A A
99} Zro] FA P cDNAZ PCRO A8 2 AL4-3}

A,
4. Long Distance (LD)-PCR

CVB3 AlEE 7122 3t 5 A 26719 7 &
H LEto] =% forward primer (ELDF, 5' ttaaaaca-
gectgtgggttgateea 32 A 2H81 11, 3' @Y NCRE)
2270 FZ#) S elo] =9} oligo-dT7} T3 4071 <)
FEu eelo]| =& |3} reverse primer (ELDR,
5' tttutttititttittcegeaccgaatgeggagaattt 32 0] -2-31 g
o} [11, 15, 16). PCR §-94& FHFE A7I8l4
AR % 50 W o] dNTP (2.5 mM) 6 pl, 10x
EX Taq (Takara) $+3=-&<4 5 pi, ELDF (10 pmol)2}
ELDR (10 pmol) Z}2} 5 pl, EX Taq 0.5 pl, $A =
cDNA 3 u7t R EE g ow 94CdlA 38
%91 denaturationA] 1 ¥ 94C 30%, 58T 30=%,
72C 6% 3029 cycled 303 wHEE: wjA
o2 72T A 783} extensiondtd CVB3 cDNA
o 2% NEalgith PR ZEo o) YA @
DNA AFE-2 0.7% agarose gelol| A A7]| 953 &
ethidium bromide (Sigma)= g A 513t}

5. CVB3-Korea/97 M| A& cDNAS| 224/

LD-PCRE 3] =Z% DNA AE2 0.7% aga-
rose geloll Al A 714 %3 5 CVB3 AA| Als3=7)
9l 7.4 kb %-29] bandwh& M ste] Eejstsich,
3 A g PCR AHE 4 uie} pCR2.1 W E| (Invitrogen)
1 g £33t 587 FAAA AT competent
E. coli cell ToplOF=} 87| ampicilline] ¥£3+¢ LB
FouA o] 22§ F 14~16A17F A= 37C H)
F71oA w gt A€ WS ampicillino]
¥3%49 LB brothel] &3 3 plasmid DNAS
F238to] insertE #9131 v} Insert7} &1 € pla-
smid DNAZ EcoRIe 2 Atsled pCR2.2 (modi-
fied pCR2.1) ¥ ¥ of] subcloning S} t}.

6. 27IMY 24

2249 plasmid DNAZ F3 o2 Al&5lo
M13 forward9} M13 reverse primer % internal prim-
ers A 33t & sequencing 31T} (Table 1). ABI
PRISM dye terminator cycle sequencing ready reac-
tion kit (Perkin Elmer)& A}-&3to] A3 w3
AFE-2 ABI PRISM 377 DNA sequencer (Perkin
Elmer)& o] §&3to] zAFslgith d71A g B4



o)
i

A
& Lasergene 2 1% (DNASTAR Inc.)2 o} &
o AAstgen, 2 495 g7 gel 2x
71&9 5714 CVB3 £&F9 A7 43 |
2aysheln.

o

€
o

2 o
1. ol 22| ¥ F

o et 82 A ES AAERE S
A3 Rdode A Z 9} Hep2c Mo HEsad 4
Y ¥ CPE7} #3d A X9 W A54L -70C
dA dEla Fole AL PEI FYE AX
o AEFoN violg2F E3HTh ¥
% Hlo]2] A2 10*°~10* TCIDsy/ml2} 7} 2 3]
238}e] coxsackievius BF 53§ E7] gEFE
38 A (Denka-seiken) 2. & F2A 353t} 3 & o)
CVB3Z £3 ¥ ulo] 2] 222 ¥ Tri-reagent Y
< o] &3}la] RNAE %31 cDNAZ &4ty
t}. cDNAZ} Aujutol g 29 FHRAZRE A
g e A7) A8t Zoll T [28]0] w3t

Zfinte] 2]~ 5| primer (EntF, 5' caagcacttctgt-

Table 1. Internal primers used for the overlapping
sequencing of pCVB3-Korea/97

Primers Sequences (5'-3")
F-1-F cttccttatgtgecta
F1-1-R aacaccttcacctcceat
F1-CON-F tgcgaccaccattgctaga
F1-2-F ctittgtggtitctgctatgg
F1-CON-R tggigtcacatcaaatiggg
F1-2-R geteeeetgcttttcatat
F1-CON2-F aggtggactcggtgatge
F1-3-R agigtgggatgtigpgattg
F1-CON2-R tgtagtggttagcgaageg
F1-1616-R cgctttgatgtggaggtaa
F2-1-F aacacacccagcaagact
F2-1-R aacccatagtctctgeea
F2-CON-R caagccttcagttccgtaca
F2-2-F aaagtggcaaaaggaaatc
F2-2-R cecttigtctgctggtgt
F3-R cetgtgggtigtaticect
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ttcccegg 3'; EntR, 5' attgtcaccataagcageca 38 AF&
3t PCRE et Ath 2 A3 436 bp 2719
ol AEo] FZHILH, o]F B3t BT
wpo) e} 27} Afulole) 22k AT} DNA &
4 %2 859 (Figure 1).

2. LD-PCRg o|&3%t CVB3-Korea/97 M| H
Eo 5%

ZohgA AT ko)) 2 Fold PCR
v o 2 3915 CVB3-Korea/97 cDNAS F3 o
2 ELDF, ELDR primerZ ©]-&3}o] LD-PCRE

Figure 1. Gel elelctrophoresis of enterovirus-spec-
ific PCR products for the confirmation of cDNA syn-
thesis. An arrow indicates amplified PCR products
of 436 bp in size. M, 100 bp ladder; lane 1, negative
control (D.W.); lane 2, positive control (previously
cloned partial 5'-NCR of CVB3 was used as a tem-
plate); lane 3, oligo-dT primed cDNA of CVB3-
Korea/97.

Figure 2. Amplification of the full-length cDNA
of CVB3-Korea/97 by LD-PCR An arrow indicates
the PCR product (7.4 kb in size). M, 1 kb ladder;
lane 1, negative control (D.W.); lane 2, amplfied
CVB3-Korea/97 whole genome.
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#3139tk PCR A 2L 71953 A7) CVB3 A
A AEe A7) LT F 74 kb A7) 2] DNA
7t FEH YL 2R (Figure 2).

3. CvB3-Korea/97 M| HE2| 2241} sub-
cloning

ZZd 74 kbe] LD-PCR AHES A A &
pCR2.1-TOPO 8] E{ o) ligation3}<] Top10F' compe-
tent E. coli cellZ o]-8-3F FA ARG A wslG )
YAARE E. coli FF-2 ampicilline] £3F9 H)
A& ol&std MAEgsigon, Hgd ZFEo=
BE plasmid DNAS F%38la insert DNAS 3}
Astw, Y FEL pCVBIKE W R

M 1234 56

Figure 3. Gel electrophoresis of subcloned DNA
fragments digested by EcoRI. M, 1 kb ladder; lane 1,
pCVB3K full-length clone; lane 2, pCVB3K-Fl;
lane 3, pCVB3K-F2; lane 4, pCVB3K-F3; lane 5,
pCVB3K-F4; lane 6, pCVB3K-F5.

pCVB3KZ EcoRIC. 2 AThslo] 1 ¥ L pCR22
€] o] subcloning 3153 2™, 2t subclone (pCVB3K-
F1~pCVB3K-F5)& 1~2 kb A5 2] =70l A&
I8 v} (Figure 3).

4. CVB3-Korea/97 M| =2

Subcloning® Z}7}e] plasmido] W3 G71-<E
B8 AAE A7 CVB3-Korea/97 AA AES
7,400 bp=A] 741 bp2] 5' NCR3} 6,555 bpe} open
reading frame (ORF) 2 104 bp2} 3' NCRE +4
o] gl&<g Feolatgdth ORFE 2,18574¢] o}ln|x
g dsstn dgen 764709 ofm| it
2 7AE g9add g L2019 oprx
Aoz AR HFEENE Ao FAH
9l2lt}. 821 ¥ CVB3-Korea/973 A A A% d7)
AMEE oln] Eud 57kA 9] CVB3 £ 59 ¥l
watach 4% A3 Lindberg 5 [17], Klump
% [13], Tracy 5 [25], Knowlton 5 [14], Chapman
= [71°] K118 sequencest Z+Zt 81.4%, 81.8%,
81.8%, 81.7%, 81.7%°] SAMYS @elaritt
(Table 2). =3 ¥ AFc|A a8 grAd5
238 AIINDE A2 AR ddow
o G7IME FAMIE &1t 27 Table 33 2
o] 77.2%°1 A 90.0%2] fFAMI-E FRASAH. F
Ag G opn N E FAMI S Erdia
< FATE P19 YL 84.7%, M| 2 ORA L F
Qe P39 96.6%2 FAHIE &ttt
whepa whole) 2ol oot A g GEstetn 3
£ Fzend 99 EDe 971 R obvledt A
Qo ol 2 fAA] BAl B WA o)
A%5e FAshE MTEBNE 99 (B2, P 2
Hl¢ 33+ 49 (5 NCR, 3 'NCR) Ht} A4 o]

Table 2. Comparisons of nucleotide and amino acid sequences of CVB3-Korea/97 and Nancy strains

Homology (%)

Strains References Gene bank
Nucleotide Amino acid Accession No.
Nancy 814 90.3 Lindberg et al. (1987) M16572
Nancy 81.8 91.7 Klump et al. (1990) M33854
Nancy 81.8 91.8 Tracy et al. (1992) M21949
Woodruff 81.7 91.9 Knowlton et al. (1994) U57056
Nancy-variant 81.7 91.7 Chapman et al. (1994) N/A

N/A; not accessed



&2 5 Cloning and Sequence Analysis of CVB3-Korea/97

‘Table 3. Comparisons of regional homologies of CVB3-Korea/97 with CVB3 strains at the levels of nucleic

acids and amino acids

Homology (%)

Strains 5" NCR P1 P2 P3 3' NCR References
N N A N A N A N

Nancy 9.0 775 847 806 936 833 945 856 Lindberg et al. (1987)

Nancy 899 778 852 809 955 841 964 885  Klump et al (1990)

Nancy 899 779 855 809 952 840 964 883  Tracy et al. (1992)

Woodruff 895 772 853 818 962 836 964 894  Knowlon et al. (1994)

Nancy-varient ~ 89.5 776 851 808 954 841 966 875  Chapman et al. (1994)

N; Nucleotide sequence, A; Amino acid sequence

Table 4. Sequence variations on nucleotides and amino acids among virulent and avirulent strains of CVB3

Virus Virulent candidate .

Regions and

virulent avirulent CVB3-Korea/97 amino acid
position

N A N A N A N A

U _ = _ =z _ c® ™ _ 5 NCR
Al 442 Asnl 65 G1442 Aspl 65 A Asnl65 Gl442 N Al442 Aspl 65 N Asnl 65 V-P2 /1 6 5
A2916 AsplSS G2916 GlylSS A ArngS G2916 N A2916 GlylSS . ASplSS VPl/lSS

N; Nucleotide, A; Amino acid

e Aoz Fasnt
NZEBYAN AYEA HY| B

5.

o7 AFAE 93 AFAAe] WA
#ug AoZ 4#A CVB3 Alse] 54 29:=
9 A7INE S £ AT AiolA ElE CVB3-
Korea/979] 714 Q3 u]:13t9t}. Camero-Wik-
son 5 [5]& WY4E& YellE vlo]#) 29 2916
W @7zt A2 VPLY) 155% olm|iAto)
Asp (GAT)?l A $-0llH G¥2 85| Gly (GGT)
o2 WslEyE Hgdge] Hgido) =3} (atte
nuation)g v}z B 115 t) B A A= CVB3-
Korea/979] 7% 2,916 @7]7} AGP“GZ triplet
codon Z}A| 7t ArgE ¢3slsta llen VPI
1558 47]9] F¥olA Wojrt TF=H Utk (Table
4, Figure 4A). o] ALA& 8] E CVB3-Korea/972]
VP1 1559 o} =4+ Camero-Wilson & [5]o} oF
=38 FolA E4% npe Zo] Gly2 oyt
CVB3-Korea/970] 444 8o] gle FFA Hud

Bxpol A Felg ulolg xgts AL naH B

 w) VP19} 1559 ofn|x=ate] o)z} CVB3S] 1%
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AR LAY F9% £EL 7Aool dote A
< g3k

& Knowlton 5 [14}2 VP22] 165 R o}nj
4ko] Asno| A Aspe 2 AZFP oz HelAdo] &
Agczn Budg s CVB3-Korea97 VP2
9] 165¥ o}m]=4to] Asndo] ERlE ]t (Table
4). & A7 ZHREREH VR2E FASE ot =
At F 1654 ofn| x4k dhite] Wol= CVB39Y ¥
LA AHo F8% 8200} o}d /M54 E &Y
3t

5' NCRe] 7 §-= CVB39] A4 2% 84l
e B A7/t FYHRSH, Tu 5 [26]9] A
Toll 93td 234 F7)7F UY A A& 2
=0a Badnh 2y 4dFg ez A3Ag
2 §uelA] e CVB3-Korea/979) A &= 234W
717} U Aoz Hol 2349 d7]e ¥ A4 2%
e T84 ¥& Aoz AlsHTh
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Figure 4. Comparisons of the deduced amino acid sequences of CVB3-Korea/97 with the previously reported
CVB3 strains. 4(A); VP1, 4(B); VP2, 4(C); VP3, 4(D); VP4.
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