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Sequencing and Molecular Characterization of the Genome of
Echovirus 30 Isolated from a Korean Aseptic Meningitis Patient

JongIm Kim' and KyoungAh Baek™

'Department of Nursing, Woosong Information College, Daejeon; >Chungcheongnam-Do Institute of Health and
Environmental Research, Daejeon, Korea

Echovirus 30 is one of the distinct serotypes of enteroviruses and commonly isolated agent causing sporadic to large
outbreaks with aseptic meningitis in many regions over the world. Recently, an outbreak of echovirus 30 associated with
aseptic meningitis occurred in Korea in 2008. In order to analyze echovirus 30 in Korea, the virus was isolated from
cerebrospinal fluid samples of a male patient with aseptic meningitis and its genome sequence was determined. The
sequence of Korean echovirus 30 isolate was compared with those of reference strains (Bastianni, FDJS03-84,
zhejiang-17-03, 14916net87). At the nucleotide level, the P1 region (84.8~89.0%) had the highest identity value; at the
amino acid level, the P3 region (97.0~98.5%) showed the highest value. When the cleavage sites were compared, most
sites were identical except those between VP1 and 2A; the Bastianni stain had TT/GA, whereas the other four strains
contained NT/GA. The China strains (FDJS03-84 and zhejiang-17-03) were grouped together and the other strains were
distinct from each branch in the phylogenetic tree based on the complete genome sequences.
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polymerase (RdRp)7} o] 9t} VPgi primer=

uH



302

A 3ol 218310, 24371 (negative sense strand)] Al
FAell w7 (9).

QA7 Flel A fralsks Fufole] 2~ F AA A7)
Aol BAEY = A2 dEHZublo] 2 718, ol =Zn}
ol 5%, dlFulole] 2 188 & EHE EHFH| B}
ok (10, 11). =5 Futol s 59 dHE HolMx= 4
7IMge] o7k Wol dojdrfar A} JAIRE, =l
HelFot Tk FAA A7 L Hlae A9 o]
Fo]x]A] ka1 Qdr}, ofof 3 AFtllA= Fujoll A g
¥ ollatnte] HA A71DE BAskL,
AYFE Z38 FxF5 vagows s 73 9

@ 44 Aol st 5
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=
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Hfo[2{ 29| =& H 53

=

E] #2]3}31 ). Buffalo green monkey kidney A|¥E AF-&-
sto] nlolE ~E 5231311, Dulbecco's modified eagle
medium (JBI, Daegu, Korea)°ll 0.01% penicillin-streptomycin
(Invitrogen, Carlsbad, CA, USA)Z} 56°CollA] 3027+ E24
3} A7) fetal bovine serum (FBS, JB)S 5%9] H%=2 Z7}
3k 37C CO, -2ug7]ol A algstSiT] 24 well plate
of AIZE 2 X 10* cells/wellZ 2441 7F SEulf 5 2
T7F oF 70% =2 =SS ul, phosphate buffered saline
(PBS)Z A3t & w5 100 plE 2702 wellol] ©]%
o8 Tk oF 2413 A A3 wpo]y s F2
Al713L, 2%°] FBS7F 3 wiFl S F713sk & A5
A vjekste] 912k 7 (1X70-S8F2, Olympus, Tokyo,
Japan)oll A AMERWH G35 FRIskQit) viole] o] &
AHEe VPl HEY A7 ES YA E Basic Local
Alignment Search Tool (BLAST)S <=3J3}%18 w] 714 =
2 e Hol= AR dmnfelg 2~ 0P

gkt (3).
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RNA F%-2 Viral RNA Purification kit (Toyobo, Osaka,
Japan)E AR8-3Fo] FE74H| Q] MagExtractor (Toyobo)ol| 4]
o] F-o} Mt} Magnetic bead®ll 23% RNAE diethylpyro-
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carbonate”} ¥ FHS 50 plol 5] cDNA A&
913 RNA FH o2 ARE3ISIth cDNA §A2 F5¢
RNAE 322 10 mM dNTP (Bioneer, Daejeon, Korea)
4 ul, 5 X RTase €% -8 M(Invitrogen) 4 pl, MMLV RNA
Reverse Transcriptase (Invitrogen) 200 U, Oligo-dT(;s) (Applied
Biosystems, Foster city, CA, USA) 1 pl, RNA 5 plol] & 5
97} 20 Wt HEE FFTE 17 $ 20Tl 1042,
37°Coll A 902, 95TCollA] 53X+ Gene Amp PCR system
2700 (Applied Biosystems, Foster, CA, USA)°l| A HF-§-A]
Atk

5 2ol HIIME 2

Hpolel 2 Alsel 5 wrtel] tigk f7IMd 4SSl
#] 5" RACE System for Rapid Amplification of cDNA Ends
Kit (Invitrogen)Z ©]-8-3}31th 3% cDNA 5' "Zetol] TdT
tailing WH3-2 T, F7HE AIAE Fdel dist
o] AUAP primer (5'-ggccacgegtegactagtac-3')E sense primer
2 0]83}aL, Ent-R (Table 1)< anti-sense primer= A}&-3}
of kitoll AR Fdel wet PCRS AAEITh 1 %
ulo]# 2ol Eo]H 2l primersS | 2F5lo] nested PCRE
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PCR & &7IME 23

5 ke A9 YA 2] 9714
918ke], GenBank Hlo]EjH|o] 20l SFH o] Q= YU 3
Jo] A7IMGE vgo R WA Alsol gk FEA
primersE A 218} 3 (Table 1) PCRS ~3J3}3it). #|2te
primer sets5 354 02 ThEo] HAS A PCRE
T3t ¥ cDNAS FHOZ 10 mM2] dNTP
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3}aL, Tag DNA polymerase (Bioneer) 2 U, cDNA 5 pl& 3
7Vstdth 1 - SRTE ol&ste] HE 97} 50 ul
7 HEE g § 04T A sE 27] wARES AA
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o} Gene Amp PCR system 2700 (Applied Biosystems)ol| 4]
185190tk PCR 4AH=2 QIAquick PCR purification kit
(Qiagen, Germany)E- ©]-83l] AA|#4-& 8131, 3
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Table 1. Specific primer sets for PCR and sequencing of Echovirus 30

303

Primer set Sequence Position Region
Ent-F 5'-AAGCACTTCTGTTTCCCCGG-3' 161-181 5'NCR
: Ent-R 5-ATTGTCACCATAAGCAGCCA-3' 596-577 SNCR
457-F 5'-CCCCTGAATGCGGCTAATC-3' 457-475 5'NCR
2 1431-R 5'-CACTGAACTCCATTGCCTGAC-3' 1431-1411 VP2
1313-F 5'-CCACCAAGGATGTCTGCTCG-3' 1313-1332 VP2
’ 2473-R 5'-CCTTCGGGGTCATTTTGGTAT-3' 2473-2453 VP1
2343-F 5'-ACGCCACCAGATATACCTACAACA-3' 2343-2366 VP3
! 3479-R 5'-GTGCGCTGTGGTGGTACTAACTAA-3' 3479-3456 2A
3260-F 5-TGATGTGCAAGGCGTGACC-3' 3260-3278 VP1
> 4439-R 5-ACGGCATTTGGACTTGAACTGTA-3' 4439-4417 2C
4245-F 5-CTATTGGAGAGTCAGATTGCTACC-3' 4245-4268 2C
¢ 5382-R 5'-AGGTTGGCACTTTGGATTTTTG-3' 5382-5361 3B
5155-F 5"TGGACAGTGAGGCAGTTAGAGAAT-3' 5155-5178 3A
’ 6463-R 5-CCTTTGGCCACTTTCTCTGC-3' 6463-6444 3D
6225-F 5'-ACAGAGCCCATGAAACTTGAG-3' 6225-6246 3D
8 7195-R 5'-ACGTGGTCTTGAGTGTTTTTAGGA-3' 7172-7195 3D
7009-F 5TGATAATGACACCGGCTGATAAAG-3' 7009-7032 3D
? 3’NCR-R S-TTTTTTTTTTTTTTTTTTTCC-3' 7465-7445 3'NCR

Dye terminator (Applied Biosystems)E A3} 96C 10%,
50C 5%, 60°CellA 43 &2t 253] WHEagich whg &
AHE2 3 M sodium acetate (pH 5.8)9} o EFS2 7S &
ABI 3100 Genetic Analyzer (Applied Biosystems)E ©]-8-5
o A7IMES AAskelth. 2E 971- LS Lasergene
(DNASTAR, Madison, WI, USA) & 130|| ¥ &w]o] 9Ji=
Seqmans ©]-8-3}4] contigE& T-/J 33T

-

AHFOO HIIMY HD L S 24

A7 osntole] 2~ 3089 QUMD oy 7HA] =
2SS of&ato] HlaEItE tid2 1958'd 1=l
4] &2 Bastianni (Accession no. AF311938) 9359} X
s o} = 37O AT, = FollA 1984dell e
FDJS03-84 (Accession no. AY948442)5, 2003 E2]¥
zhejiang-17-03 (Accession no. DQ246620)7~, 1987 w|& gt
oA Fu]% 14916net87 (Accession no. DQ534205)FE
o] &3kt (12~14). WA B4 A7) DL Lasergene
(DNASTAR)®l ¥3H% EditSeqs ©]-83F] ojn|wit <
2 ASEULE F2H oAt ME-S 49| cleavage

sitedl] @b VBRSSPI P2, P3 RO ol
71 A71ME 7} o]t AL MegAlign (DNASTAR)
& olgsto] Aede skt F7H % Clustal
X 2.1 (European Molecular Biology Laboratory, Heidelberg,
Germany)E ©]-8-5to] tsdds skl JHdd A=
+ MEGA 5.0 (Molecular Evolutionary Genetics Analysis,
Tempe, AZ, USA) X2 13-& o] &3l AlFLsE 23}
Atk (15, 16).
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ARSIl o)E Hid=E AL o
o] 3o 3t thu| =M o =
St FA7A el fragskar e A
g F A Q71N Dol BAEo] mad AL o

o Zutolei~ 537} 185 5
t} (10, 11). ol =ule]e] 2 303 T Hujo lﬂii
3 AiHos f3 Wwr

olz{ 713,

=2, 2001

Table 2. Genome components of Korean Echovirus 30 isolate

Nucleotide sequence

Amino acid sequence

Region
Start End Length  Start End Length

5'NCR 1 744 744 - - -
Polyprotein 745 7329 6,585 1 2,194 2,194
P1 745 3,324 2,580 1 860 860
P2 3,325 5,058 1,734 861 1438 578
P3 5,059 7,326 2,268 1,439 2,194 756
VP4 745 951 207 1 69 69
VP2 952 1,734 783 70 330 261
VP3 1,735 2,448 714 331 568 238
VP1 2,449 3324 876 569 860 292
2A 3,325 3,774 450 861 1,010 150
2B 3,775 4,071 297 1,011 1,109 99
2C 4,072 5,058 987 1,110 1,438 329
3A 5,059 5,325 267 1,439 1,527 89
3B 5326 5,391 66 1,528 1,549 22
3C 5392 5940 549 1,550 1,732 183
3D 5941 7326 1,386 1,733 2,194 462
3'NCR 7,327 7432 106 - - -
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3} 2004\ V=3 FE, 200437 20061300 LE S A
Al ole] vetell A frafo] Barxo] laL (20~22), =il
A% 199792 200810l A F-3Y8HATE (6, 7). ol
ATl A= TS S8 74l HotellA] &3
2o o ZHE o Fntoleis 309 Eelste] A <
71MEE 239 GenBankoll 5-=3F$ 3 (Accession no.
IN704615), Halxo] 9l o|=o] F2FE Hlus}sl
th o] dAd o] YEFE= 1958 T A $hAe
w4l o g 2 FE]F Bastianni 0] (12), L Q]Oﬂ
GenBank Hlo]E]H|o] 20 F=3} oyt 12]a vd &
oA FelE oFute]E 2 3039 HA| VA Ee] Bal
o] vk (23~25). -t dlFntole] s 303 2] A
Aol A71Ee 7432702 F71= AL, 7445
Mel G712 Fd% Bastianni 5} 137 ZFo]E B}
Ao o] 8 EE omnbfo]Es 30 ES FEHOR
2,194711¢] ofu|=ito 2 GHAd w0} QIR THTable 2). XA
7138 SNCR, P1, P2, P3, 3NCRE o] =] He]59}
FedS mlasleh AA A7) dol ik Bl ael A
83.3~83.9%°] AsAs HUERNAAL, AF-A S E SNCR
2 84.8~88.7%, P1 H-H-& 84.8~89.0%, P2 F-E-2 81.0~
82.7%, P3 H-H-& 787~83.2%, 3INCRL 83.7~86.8%2] 4
4S YERIT) ob) At A gol ot vl A Pl
FIL 96.3~98.8%, P2 H-1& 953~96.9%, P3 F-i&
97.0~98.5%2] A5/4S HQITHTable 3). Fulole] =2 ¥
= RNA Hlo]H 252 5 4 otolo F4xt
“‘*OM EAFTE (26). EA TGOS Q7= Q1% 47]
AEe] Wol7t Y FAHE St E ofe] F9] iy
A F-91e] o= Y Y ellA] &
Aol WolE dozit) dukd oz Fujolg|xo] HE- &

Table 3. The percentage of identities in nucleotide and amino acid sequence between the Korean Echovirus 30 and Bastianni strain

Strain Complete 5S'NCR P1 P2 P3 3'NCR
Nucleotide 83.9 84.8 84.8 82.7 83.2 86.8
Bastianni
Amino Acid - - 96.3 96.7 98.5 -
Nucleotide 83.7 88.7 89.0 81.2 78.7 83.7
14916net87
Amino Acid - - 98.8 96.5 97.1 -
Nucleotide 83.3 87.6 87.1 81.8 79.3 86.4
FDJS03-84
Amino Acid - - 97.2 953 97.0 -
Nucleotide 83.6 87.8 87.0 81.0 79.1 85.4
zhejiang-17-03
Amino Acid - - 97.9 96.9 97.2 -
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A G o] ¢714E Woli= NCRo[Y Bl f-zehild  Hlg) & S Hol 97|14 Fe) Holrh o]
2 GEshs P9t TRANPS GEskshs AR Afle] Yoluh QE AoR HAN Ty HeF
o W& H[E9] HolE HRIT} (27, 28). 1E{u} o] A 3] HZF2H9] cleavagesiteS H|uLdh A3 520
Fol| A= F ALl pro] vl Al P29} P3o]l  Bastianni 2] VP12A 2 TT/GAC] AL, =W &85
Table 4. Predicted N-terminal cleavage sites of Korean Echovirus 30 and reference strains
Kor-ECV30 Bastianni 14916net87 FDJS03-84 zhejiang-17-03
VP4 - - - - -
VP2 LN/SP LN/SP LN/SP LN/SP LN/SP
o VP3 HQ/GL HQ/GL HQ/GL HQ/GL HQ/GL
VP1 YQ/ND YQ/ND YQ/ND YQ/ND YQ/ND
2A NT/GA TT/GA NT/GV NT/GV NT/GV
P2 2B EQ/GV EQ/GV EQ/GV EQ/GV EQ/GV
2C RQ/NN RQ/NN RQ/NN RQ/NN RQ/NN
3A FQ/GP FQ/GP FQ/GP FQ/GP FQ/GP
- 3B FQ/GA FQ/GA FQ/GA FQ/GA FQ/GA
3C VQ/GP VQ/GP VQ/GP VQ/GP VQ/GP
3D EQ/GE EQ/GE EQ/GE EQ/GE EQ/GE

zhejiang-17-03 (DQ246620)
2003/China

FDJS03-84 (AY948442)
1984/China

Bastanni (AF311938)
1958/USA

—

0.02

14916net87 (DQ534205)
1987/ Netherlands

Kor08-ECV30
2008 /Korea

Figure 1. Phylogenetic analysis based on the complete genome sequence of Korean echovirus 30 and reference strains. Nucleotide

sequences were analyzed using the neighbor-joining method.
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5 3 YA FE2FES NTGAZ 74 3Tt
(Table 4). VP12A F-5-2 RaE gnlo]#]29] cleavage
e A 7V WMEA bk wo] il (10), B
g HaEo] 9l oautole] 2 308 ] 47He] EElFE
F3tato] AlE A, F=o| FEFES
98.8%2] dEdS Kol 2 IeAHE FAdskaL 9
RATE, U A= 14.1~192%9] =& 44 Helg

ol HYHe AAE ek UATKFg 1) 2 <
A T uleleize] Fa 53 AR ozl
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