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Genotypic Variations among Human Caliciviruses in Korea: 1987-1994
Ki-Bum Nam, Ji-Aee Kim, Jai-Myung Yang' and Kyung-Hee Kim
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Sequence comparison of the RNA-dependent RNA polymerase of human caliciviruses (HuCVs)
from Korean children with gastroenteritis revealed significant genetic variation among them.
cDNA clones were produced from the HuCVs collected from pediatric population during a
period of 1987-1994. The application of reverse transcription-polymerase chain reaction (RT-
PCR) using primers directed to the RNA-dependent RNA polymerase region within ORF1 of
Norwalk virus (NV) showed that 13.7% of HuCVs yielded PCR products of similar size to the
NV prototype, NV8Flla/68/US, with exceptions of HuCV185/87/Korea and HuCV1115/90/Korea.
Computer analyses showed that the PCR products had a continuous protein encoding frame on
the positive strand, and contained GLPSG and YGDD amino acid motifs at the predicted
distance from primers. Alignment of the amino acid sequences of HuCVs with previously
published sequences for Snow Mountain agent (SMA), NV, and Sapporo/82/Japan indicated that
these strains can be divided into four major genogroups. There were 10 (45%) SMA-like CVs,
one (4.5%) NV-like HuCVs, two (9%) Sapporo-like HuCVs, and nine (41%) unidentified
HuCVs. This fourth genogroup should be investigated further. HuCV185/87/Korea and HuCV
1115/90/Korea, Sapporo-like CVs, were genetically distinct from previously characterized
HuCVs and more closely related to known animal CVs. One of the animal CV-like strain, HuCV
185/87/Korea, showed nucleotide and amino acid homology of only 67% and 73% with the
prototype Sapporo/82/Japan. Further characterization of animal and human CV genomes and
studies of possible cross-transmission of CVs from animals to humans are likely to be beneficial
in understanding the epidemiology of HuCVs.
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AR CVs LAAWA of vhole) o) U3 B
Qo) gobA T Uk el vhol e} 2 AT B
2% wolda 240 AZHoR Hrbss
ol 3 B ME MY &) EYEAA T
ol ¥ & w3l AuE dx Eam gk
(1] 2 23 dHH o 2 upolg) X A 59 EAAY
2% 9 gejad 548 A7t Bgoz v
o B d¥e] APz g} 19903 ) o] F 2
Norwalk virus (NV)o] A A 3ze] 7] o)
WA A ol HHE V|2 E dle] 2 A}
#F H FE CVsol grixge] LeiAA HUk
[2,3].

CVso) 2|32 ok 7,5009) @7] 4L
7tere] 44 RNAR Hof 9lon =3
9] 3 £l poly-A tail#} 5' o] vl
Aol Ak 24~7) £ 371 ORF
Hoj glom AW A ORFY 54L& oS3
ORF1& = uto]g 20} v]72 ghila & ‘f’:ﬁ?ﬂ
Al71E FAAER o] 2C helicase, 3C cysteine
protease, 3D RNA polymerase 2 GLAJ 1 o] &= =
A3+ HFeko 2 piconavirus®} -2 o}n| = Al motif
Sol o} [8]. CVsi= 1932 WrbE Aol 713
& HAZTEH AL AP 2, 1957 feline
hemorrhagic pneumonia®] YA A2 AHE feline
CV (FCV)7F 22 =] At} [9-10). CVs7}h Abaol A
4948 & U e TAE 19709 o]
thil 9gled 2 A4 dnl B2e Qs
o FAA ALFL do © 7%= $kz)9 A} Hojl A &
Haoz FE 4 CVs} #A13 HuCVsyt 22 5
AT [11]. =& CVssh 2717 A9 ] LaA o
2k ge] 9 (32 cup-shaped surface)e] §1
—C—’—Dﬂ 4 FA9ho] YA 2 small round-structured
viruses (SRSVs)7} el itk [12,13]. 84 AA A
E oA 9] CVs9t SRSVs7t 2|9 ORF
1 3D RNA polymerase 29 (ORFH] & 7]14
ol o) 2EEE EFHD U [14]. dx =
RT-PCRH'H & o] & oM cDNA @7 Mg & 3]
A o] g 2L & o] F47} oI CVs
oA 7HE 47148 dEAe) T, AR
ol o]l A7) wjEolrt. olg} e EAL
ol &2z RNA polymerase29] 7|49 3
£ 7}A i1 RT-PCRE $ % primerd) 3] =&
<= FA Ak [15]. AFE Cvse figa o g A
7HA £H 2 EF5 =0, A5 Norwalk-like $-3
A 2oz hEAQ NV7E glon S/ 2 Snow

iy P >4}l
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ok jo dr
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ox do X
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Mountain agent (SMA)-like HA&}o] 3 mEx| =}
©] Sapporo-like §7HX}FFe]t} [14]. Sapporo-like
FA X+ = prototype Sapporo/82/Japane] & 7] A

go] o2 A CVs Eﬂr B CVsZo 7hgtth
1 ¢EA e Aol FulFTt [16] £& NVE
oleRo =z ;1J1];<] o ZAAAHE uw o] nuiolg
27} BAE e Ao 7 da A1, Sapporo strains

o] E7]9 7015131*2— o v 9he-g fEdte
Zlo] A= AT [17,18).

B dFdM e dA utelel s Ame EUIA
Yofl i} & Atz CVs (human CVs, HuCVs)2] £-4
A2 5 dFAN FAGE CVsEel 45 AE
SR AL W na}, 1987~19941d Apo)
o Td ok vhole) g A B A
FTEH A L Lot IAE F 35T A
A& Ao E HuCV RNAZ 233 o] & F
g o7 3tal NV primer set-s 41 8§3}oa] RT-PCR
Z RNA =% &4 9] cDNAE Al pMOS-
Blue-T WlE| o] SE3 & FV|MES E¥T 2
3} 574 52 Cvsel Fov & @riA o] m$-
#A}g+ Sapporo strainzt 4 471G FEA
&89 $2 AAE s, o2l e o)
A2 AAE ol &3t A EI FEF CVsE I
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Viral RNA 3% 93t A8 3% 198735
19943 742 7d5¢k 8] AldAd FAFg oz A
= TR LT LolE F Y& npolgx
FLE S48 vehd ¥ AJELS dites
3l th. RNA %%2 st g2 W A= Hlo)

guo BYS B
A

2. 8 AN Z5E HuCV RNA =& 2a| &

70co] B#EEo] gld ¥ AAE A7y 35

ZHSZ 15-1:109) W) &2 343 3 3500 rpm
oA S QA Eeste] FEATS A Frol

%2 A=dyl =29l trichlorotrifluoroethane
(Genetron 113, Allied Chemical Corp., Morristown,
NDE A& 238 & thr] 13,000 ipmol| A S5
b AR }9‘;5}. d5ef 350 plo 2X po-
lyethylene glycol-8000 (Sigma Chemical Co., St.
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Louis, MO)= ¥ 1 I®&33 & 40X 308
F ¥R 8k 13,000 pmo] A 158-7F YA 2l s}
of A} (pelleting) At} o} 716l 1X proteinase
K &9 (0.1 M Tris-HC], pH 7.5, 12.5 mM EDTA,
0.15 M NaCl, 1% SDS) 300 pl= 20} pelletS 2
% 10 mg/mle] proteinase K (BRL, Grand Island,
NY) 12 plE Yo 1027 Aesin 37 Tl A
3082 A skt 7)o 10% hexadecyltri-
methylammonium bromide (Sigma) 50 Wik 4 M
NaCl 50 plE A 7kste] 2 et & 56°¢o)A] 308
ZF WA 9k & &#0] phenol-water-chloroform (Ap-
plied Biosystem Inc., Foster City, CA) &= 1]
chloroform (International Biotechnologies Inc., New
Haven, CT)2.2 18] FZ3la] 2.5 w9 100%
ethanol (Merck, Darmstadt, Germany)®} 1/105- 2k 9]
3 M sodium acetate (pH 5.2)Z 4]0] -70“(301]/\1
3087 ¥Rl E 13,000 rpmoll A 30E-7F AR
3le] AME RNAZ 25 ule] DNAase, RNAase-
free water (Promega, Madison, WDE 56 ol A
10%-2F 591 & 5 ulE RT- PCR A| 22 AL319
o} [15,19~21]

3. Al

HuCV ORFI™ ¥.9jo| X i e ¥ primer’d p36/
p35 (470 bp), p36/pS1 (404 bp), p3/p51 (206 bp),
p36/p10IM (110 bp)& NVoA] Hejat Ao m
Southampton virus (SHV) [6], NV [3], FCV [4],
rabbit haemorrhagic disease virus (RHDV) [21] &
oA LAY = GLPSGS o}n] =2} motife} 2o
positive-strand RNA virusesol| 5| 23 5= YGDD
o] obH] At motifE E sl 1 wjg e ohew)
2t} (Fig. 1-A) [20}: p35 (—): 5-CTTGTTGGTTT-
GAGGCCATAT-3', p36 (+): 5-ATAAAAGTTGG-
CATGAACA-3', P51 (-): 5-GTTGACACAATC-
TCATCATC-3', p3 (+): 5~-GCACCATCTGAGAT-
GGATGT-3', p101IM (-): 5-TTGCTGCGTGGAG-
TCCCA-3".

4. RT-PCRO|| 2|3t HuUCV ORFI™ ¢DNA2| Al

=
g g

A3 [2021]2) whge] wel Cvse] ORFIW
3D x| o] cDNA AAba F&-& 98] p36/p3s
(470 bp), p36/p51 (404 bp), p3/pS1 (206 bp), p36/
pl0IM (110 bp)E A} 3 (Fig. 1-A) RT-PCRE
10x PCR +5--&-<% (100 mM Tris-HCI, pH 8.3, 500

mM KCi, 15 mM MgCh, 0.01% gelatin) 5 ul, 5
mM dNTP Z 3-89 4 ul, antisense primer (0.1 pg/
ul) 2 pl, RNasin 0.25 pl (40 units/ul), avian myelob-
lastosis virus reverse transcriptase 0.25 pl (50 units/ul,
Promega, Madison, WI)& % 17 DNAase, RNAase-
free water (Promega)® A& 23] & 50 = 3
42Tl A 1A dEAZL T, 498 1%} cDNA
g 89 50 plel sense primer 2 pl (0.3 pg/ul),
10 x Taq DNA polymerase $+3 &9 (100 mM
Tris-HCI, pH 8.3, 500 mM KCl, 15 mM MgCl,,
0.01% gelatin) 5 ul, Tag DNA polymerase (5 p/ul,
Takara, Otsu, Shiga, Japan) 0.3 W& ¥ 1 SFF
E HF FH7}F 100 Wt HEE she] 94TelA
7 I, 490lA] 13 20%7t annealing,
72CAAM 157F 2172 393 A A)stg . PCR
5SS A719 53 ethidium bromide® @A 5l
470, 404, 206, 110 bp2] DNA u} = =<3} o}

5. RT-PCR = 2| T-A cloning

470, 404, 206 2 110 bp2] DNAZ
s
_%

Azry A
gk B 43l PCR primertd dNTP, § 484
el 7] el glass milkE ©] 3+ Geneclean II
kit (Bio 101 Inc., La Jolla, CAYZ E-&|sli, B
g F7FF 6.5 wel =k FAE 65 pl RT-
PCR productsZ #| Z3lA1¢} ¥ o ota} 10 x li-
gase ¥ £¥ (300 mM Tris-HCl, pH 7.8, 100
mM MgCl) 1 ul, 100 mM DTT 0.5 pl, 10 mM
ATP 0.5 pl, pMOSBIue T-vector (50 ng/ul, Am-
ersham, Buckinghamshire, England) 1 ul T4 DNA
ligase 0.5 ul (2-3 weiss units)E ¥ 1 16 Tl A] 12~
16A17F E<F w2 A4 o} (Fig. 1-B).

Ligation ¥+-& 4H& 1 pwiE pMOSBlue competent
cell (Amersham) 20 plo] Ho] 2 42 5 A& &
o] 3087 H@rt T3 2CHFFRAAN BHEe) 45%
7} heat shock2 718t o} ThA] -&24] 238
2 WASRAG. 25 422 SOC WA 80 wE
H7HAIF1 3 37Tl A 1A17E Ft 817 el ok
st o). wi okl & dimethylformadeo] 50 mg/mlZ
=21 5-bromo-4-chloro-3-indolyl-B-D-galactoside
(X-gal, IBI) 35 ple} 100 mM<] isopropylthio-p-D-
galactoside (IPTG, IBI) 20 ul7} 2%’ LB-ampicillin
BamA el wEsm 37T wgr)olA 1247
W oet el ot
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6. PCRoj| 2|3t K|z 22| 2ol

oF 12 AJZF ekt LB-ampicillin 38 ul <] 9]
12)2 2 28 HuCV cDNAZE %33 A& 2
#si PCRE 3 skich € 30 pie} 7/
| ekl 814 28 micropipette tip o 2 A
59 5 2 Aol 5 AR o 2f 10 i
10X PCR ¢+3&< (100 mM Tris-HCl, pH 8.3,
500 mM KCl, 15 mM MgCL) 25 pl, 2.5 mM
dNTP &3&- 2 ul, sense primer (30 pM), an-
tisense primer (30 pM), Tag polymerase (5 units/ul,
Takara) 0.125 pl& ¥ 1 DNAase, RNAase-free
water (Promega)2 A& HIF 25 g wEs
95TolA 123F 9 AR 1% 95TA
127 €4, 58l A 1837 annealing, 72°C 9
A1z AAE 308 FAAE F onpxgom
72 ¢l A 1083 A A Z o PCR 2SS 1% o}
22" oA A719 %58 T ethidium bromide =
A asto] 470, 404, 206, 110 bpe] DNA w7} &
Ql® Al 24 ampicilline] Z 3 LB wjxjo)] o=
3to] sequencing 2 B H§ Al B2 A3l

o

T
2

7. cDNAS| 47| M2 HH

HuCV ORF1™2-9 & 712 7} Z29] plasmid
DNAE Z2istel e Wgdger WAz
2 dideoxy-mediated chain termination [19] ¥ 2] &
o] &3} Sequenase version 2.0 DNA sequencing kit
(USB, Cleveland, OH)S FFAte] ARE o
w2t 7] A ES 243k DNA sequencing
of =2 3 primer= vectort] 2] -40 forward primer
9} T7 promoter primerE A}-&38}5 c}. Annealing-&
annealing & 65Tl A 2% WX & & <
303 SEE 30T/ WEuA AAEd o,
labeling W32 F2oll A 3~583F AAEY ter-
mination ¥H-3-2 37°Col| A 5EZF AA S H T} Se-
quencing ¥+ o-TS-dATPE A} &-3}e] DNAS
EA 8t 7 M urea7} EHE 6% polyacrylamide
gelol A 1800 V2 44)7k o] 4 A7 93 F va-
cuum gel dryer (Hoefer Scientific Instrument, San
Francisco, CA)Z A ZA|ATH AzxdE AL 700
oAl 1~2¢ Xeray filmol] =23 T &isle
PC/Gene program (IntelliGenetics Inc, Mountain
View, CA)E o]&3te] J7|HF £ 9 oln|

&AL B T

8. ¢cDNA 27| M &4

ZEH vloj#] 2 cDNAES 4] g 2Xe
PC/Gene software, version 6.6 (IntelliGenetics Inc,
Mountain View, CA)E &4 1 o] g9 542 o
#A o] ®23.2 Phylip (Phylogeny Inference pack-
age version 3.57¢) program< AR2-3} ¢} o] £
o AgE 39 PAFES QUMD Are
EMBL/Gene Bank Data basesol] 550 glon
accession numberi= HuCV/NV/8FIla/76/US (M
87661), HuCV/SHV/91/UK (L07418), HuCV/SA-
1283/84/Tapan (L23832), Lorsdale/93/UK (X86557),
SRSV/SMA/79/US  (L23831), SRSV/TV24/91/Ca-
nada (U02030), SRSV/OTH25/89/Japan (L23829),
FCV/F4/Japan (D31836), RHDV(AST/89)/Spain (Z
49271) 3} 2t}

M

23 % A

L Stuf &of Fel #xio ¢ ZAA oAl RT-
PCRO]| 2|5t HuCV cDNAAY A

19873 -8 7 3) wiolaj 2] AbeA el /A
ALR M E SR 4de col SxpEe] W
AHZHE ZZ8 viral RNAS =807 3o
NV ORF1™ 2.29j o] & 5] el ¥ primer’d S p36/p35,
p36/p51, p3/p51, p36/pl0IME A&} RT-PCR
S35k A3}, 470, 404, 206 L 110 bpe] Z o]
7 A& cDNAZF A Eo]l A& olrtg o A4
71458 B3 FAaAt. F AR 35770 9]
ZA 2 497) (13.7%)7} RT-PCRo|A] kA o]

it

¥ (B Lot o

ey

2. 20| HuCVs2| RNA polymeraset? 2|2 §H
Z{_-Il L—_}.Ok/H

oo

49712] RT-PCR XA ZH A = 2271 = pMOS-
Blue-T A o) AQ4eto] E colio]l FAAEAT
I F7INEE FHS 23 7+ cDNAY ofEd
£ RT-PCR primere] @7|Ado] &A39 o
AEAQ G2 W3t frameo] RNA 719
o ZATL B39 (Fig. 2). T HuCVISS/
87/Korea® |93t ¥ F7| YAl SHV, NV,
FCV, RHDV Fol| A &7 5= GLPSGS} positive-
strand RNA virus®] RNA polymerase regiono] |
L2 5= YGDDE opn| et motif7} #25 3ok
(Fig. 2). F7IMge] H&g AES f3t]
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p3 p51

P36——p101M
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Hindlll BspM Sphl Sse8357| Pst| Sal | Accl Hindl Xbal Spe |

-
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_____ 4

f1 origin
pMOS Blue
2887 bp

Fig. 1. [A] Alignment of HuCV genome and location of primer sets used. The first open reading frame en-

codes nonstructural proteins, the second encodes the capsid protein and the third encodes a presumptive non-

structural protein. [B] Diagram of pMOSBIue T-vector used for cloning of RNA polymeyase gene-derived RT-
PCR fragments. The RT-PCR products were inserted into single thymidine-tailed EcoRYV site.

9] universal primer¢l -40 forward primer®} T7
promoter primer2 oFtgko 2 ¢lojzkr) 1 A}
[e]

(#1%)E 2 A7 A 49)
SMA fA AT &8k Flo] 107 @5%)= 7}

FAATeR B
kot (Fig. 3).
°]Z HuCV2046a/92/Korea®} HuCV2047b/92/
4 wsten, Sapporo AT %3t Ao Koreat 72 2lajold &% ajo]2 £ W 714
27 (9%), NV FH k2ol &8k Aol 17] (4.5%) oA Be® Ao
AL 299 g Folx Hatx] gk 97)

[e)

o grl/ebvl et ME e e
ol @A dAsHE 100%% Vet ubs)
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HCVI8S/B8Korea  VRMIDSYQV EVLNESLKRG V-VY-CLDYS KWDSIQHPAV TAASLAILER LSEATPITTS AVELLSSPAR GHLNDIIFVT KSGLPSGMFF TSVVGSINHM TYFABAVIKA YECHGAPYIG NVFQVEIVHT ~Y-DD—

HuCV1115/90/Korea .. I....V.MQMD..... .. Lo N FAPH. VC .IA .. ..E W. K. R....... . NLQIV. IO .SW. .. ... .G6...
Sapporo/82/J LJLLOVMQMDLLL L Lo N FAPH.VC .IA...E.W. . K. . RS....... . . NL. LV.LQ .SW... ... .6....
SapporolCB6/S L 1. VMQMD.. ... . | S N FAAH'LVSC41.1{....4E.YV...K... B.......... . NL. LV.IQ SW. ... ... .6...
FOURT - L...PS. _ YQRI.SA AK.F.AVF. N.... SR S..ID..RY F.DRS..VD. .ANT.K .PI AIF.GVAVKV A........ L .. IN.. CMVGCI.QSLARQLVW LSSFMM. .G......
RHDV (ASTS9)/Spain - VD.T.RD. D.IINN.TSK ASDFL..... ...,.MS.C. VRLAID. AD CC.QEL.K V.LTL.K.HPMTLDMVQ. .R....... ... IN.IC.W LLKS...Y.S CAEI LHCS- LYEDAPFY. ..G......
NBFlla/68/us ....TIEDGP LIYARHAK— YKNHFDA..T A..... NRQI MIE. FS.MS. . TASPELAEV VAQD.LA SE MVG, YVIRV KE.... VFP CTSQVNSI.D WIITLC.LS E,—TGLSP D.V.SMSYES F.C..EIVS

Fig. 2. Comparison of the predicted amino acid sequence for RNA polymerase gene-derived PCR fragments
of HuCV185/87/Korea, HuCV1115/90/Korea, Sapporo/82/Japan, SapporoDCC/86/US, FCV/F4/Japan, RHDV
(AST89)/Spain, and NV8Flla/68/US. Dots represent residues identical to HuCV185/87/Korea. The consered
motifs GLPSG and YGDD are underlined and letters denote differences in amino acids. Amino acids 1-132 cor-

respond to amino acids 1446-1577 of ORF1 of NV.

Table 1. Relationships of Sequences of the RNA Polymerase Region among Human and Animal Caliciviruses’

SapporoDCC 185 F4 RHDV' sSMA® NV
Sapporo/82/Japan 100 73 48 37 36 33
Sapporo/DCC/86/US 73 48 37 36 33
HuCV1115/90/Korea’ 74 46 36 35 30
HuCV185/87/Korea 46 41 30 35
FCV/F4/Japan 39 31 30
RHDV (AST/89)/Spain 35 28
SMA/76/US 60

Note. * The amino acids 1444 - 1577 of the polymerase region of ORF1 of NV-8Fila were compared with sim-

ilar sequences among the indicated.

® RHDV, Rabbit Hemorrhagic Disease Virus (AST/89)/Spain.

¢ SMA, Snow Mountain Agent (SMA/76/US).
4 NV, Norwalk virus (NV8FIla/68/US).

¢ 127 residues from the amino acids 1451-1577 of the polymerase region were compared.
132 residues from the amino acids 1446-1577 of the polymerase region were compared.

2del At & FY FxjelA E21d HuCV
2188¢/93/Koreadll A &= 92%2] 47] X 95%2] o}
it NI dEAde] vetkth =3 HuCv/
2448a/93/Korea®} HuCV/2458b/94/Koreat:= ¥ 1 5
Yre] A bE Fa g Sabol A Al s AAE
2 209 d7|dol M2 o], GrIAE ¥
A AT 9% @71 F ofn| At AjH ol YA 3}
= Ao2 Yty

SMA FAAT %3+ U BYFES
HuCV/1858/92/Korea, HuCV/1800/92/Korea, HuCV/
1134/90/Korea, HuCV/1261/90/Korea, HuCV/1170/
90/Korea, HuCV/KD58/90/Korea, HuCV/2047b/92/
Korea, HuCV/2046a/92/Korea, HuCV/1942/92/
Korea, HuCV/2188/93/Korea® SMAS}o} J7] 9
obnl At ND HEAHE 72t 78~83% 2 90~
97%% et (Fig. 3). NV 24 7o) &éhe
AL HuCV/1819/92/Korea® NV &4 22 SHV
o F7] R opn| 4t Y A o] 96%9 100%

£ el NVel= 81%2} 96% % o} (Fig. 3).
B 7oA S we2 HuCV/1115/90/Korea
[20]9} HuCV/185/87/Korea’s 5% CVS} §AFSH
Sapporo-f- A Aol e 19821 L Sapporo
Ale] & sollel A ¥hd &k Lo} ghate] WA
oA E2]¥ Sapporo/82/Japani}e] F7| & o}n]
ek o] AdEdel zhzt 92% B 9%t 67%
% 3%E JES T (Fig. 3). ©] 55 & HuCV
185/87/Koreat= HuCV1115/90/Koreacl] ¥ & uj
prototype Sapporo agent$} & homologyE He}
Wl o p36/pS1 primer# & o] &3 RT-PCR 4t
o] d7IME BA A3 ol & 404 bpote
ge] SolshAl 413 bpe] A7IM Lol ¢3loH,
HuCV/1115/90/Koreat= p35/p36 primer’d2 o] &
& o of 5] 5= 470 bpe] €7) .} 12 bprt W
482 bpe] A7IME i Th e HVIME] ®
o7} szot AZEAl FrH Al £38kA] & HuCV
699/89/Korea, HuCV875/90/Korea, HuCV2290/93/
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RHDV (4ST/89)/Spain

FCV/F4/ Japan

‘_[HuCVI 115/90/Korea
— SAPPOR0/82/ Japan SAPPORO-LIKE

L——HuCV185/87/Korea
uCV1819/92 /Korea

ﬂﬂV/ﬂ/l/k’

— _(:NVSF 114/68/18

SA-1283/84/ Japan

—HuCV741/89/Korea
uCV2458b/94/Korea

ﬂuCV2448a/ 93/Korea

———HuCV89-8-20/89/Korea

NORWALK-LIKE

———HuCV2290/93/Korea

uCV183/87/Korea

uCV89-4-13/89/Korea

uCV875/90/Korea

uCV699/89/Korea
T HuCV2188¢/93/Korea

uCV1942/92/Korea

uCV2046a/92/Korea

uCV2047b/92/Korea

uCVKD58/90/Korea
SRSV/0TH25/89/ Japan
TV24/91/Canada SMA-LIKE
SMA/76/1S

HuCV1858/92 /Korea

ORSDALE/93/UK

uCV1800/92/Korea
uCV1134/90/Korea
uCV1261/90/Korea

uCV1170/90/Korea

Fig. 3. Dendrogram of the predicted amino acid sequences from the 3D region of selected human and animal
CVs. The dendrogram was generated with phylip software program (Phylogeny Inference package ver. 3.57¢).
The reference for each of the caliciviruses is from our laboratory and from EMBL/GenBank Data bases.
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Korea, HuCV2448/93/Korea, HuCV2458/94/Korea,
HuCV2290/93/Korea, HuCV89-4-13/89/Korea,
HuCV183/90/Korea 2 HuCV89-8-20/89/KoreaS =
GA G NVskel 47] L ope]at fAbs
7} 242} 65~70%2} 56~67%F 2. SMAS= &
7] & opn At FALEE 68~73%, 62~80% R
o (Fig 3). o|d & Bo] $HAF @7 & o}
st 1G] FEA 0] NVSE SMA RARES
SMA AR 9 7i7bE A o= YERA
T AESHQ AFE o)L Wl FEY EF

32 942 oA F9E st A4

3. SE2F2 RALE =8 HuCVES] ¥I| M
AL EX
=20 1o

At CVsEH FA 34l £ o] tHE HuCV/
185/87/Korea®} HuCv1115/90/Koreas-2 o] 5 &=
RT-PCR AtZ ] Z7|Hch 9bp 2 12 bp¥ o] B
Al VEFgE S RNAA] & 9]l A42Q ofn| At
frameo] ZA) 3} 31 GLPSGS YGDDS} ofnje
A} motif7} ZA) =X 8 Jol An} B FE2 1
ol A oJ i 3t stop codono] §ly U<A reading
frameo] 98 A T} (Fig. 2). Z#1} HuCV185/87/
Koread| Al &= YGDDS] o}u] :-AF motifth2l YDD
9] oluliit Mol ¢13 G @7[¥e| deletion
g AL AT IAT Fig. 2). o] A CV
of Aol A HFRE e FE CVY EHo=
AZ ol A H o] ulel2l A HA Axe] A
-2 W #13) slopd FAo|).

K
]

A CvsE E4 B2 Ier AT
0 7} Bol| oly WY o2& Hlo|g & A E
o] ORF1™'%-9 9] consensus sequenced o] &3+
RT-PCR o]t} [15). =2 A5 WA E cDNAS)
QLS BA Tl CV B A Wo)
2 2AEA ol o] el Y Sol@ 7
FE U= AHEEH T FA st
RNA ulo]gl 2= z7] B & 93] RNA po-
lymerase & Q73819 1 A3} nlole] 2 A e
ol g FaE FA A7e FAAE A nE
ot} [24]. o] 2] g & o] &3] RNA A ¥ & zte
Hto] 28 Asl= 3AHEe] o2& RNA po-
lymerase -9l ol A} AH FHA AdAgo] 3o
W0l Zb mpol 2] 2 Apolofl A frAbgE A3 3

oy 3G or 1 A YXHE ofvx
A motifE 27| % 3t o} o] & AML 9 nie
o= 2= 3D RNA polymerase -9 7} CV A5
Yol X A7 woldo] 71 H7] f&Ee|7 =
st} CVsE A Fste B2 FxEo] CV A
A GG S S g =82 e
v A8 zx7]9) cDNA A 2HA | A T8 £A4 7}
doj}ar gt} ol Y Z3 primere] ARE- o
Fol7lx A #A Eoh Fad dglew
CV A9 AAH 72 oz geA vk
CVel RNA A5 23 F2& ®el 7Ex 2 o
o] RT-PCRA] 13} cDNAS] &Alo] FA| %7 4
o [25]

E AF oM e Cvste] #4388 Holda A
28 AZe] YA EE Duxt FIoA] {3
= A}g CVse] ORFid] RNA polymerase-9)
2 NV %9 primer’} © 2 RT-PCRE A3} 7+
zb A3 E Zr1e] cDNAS o a4 9olth
Z A s 357708 ¥ AA = 4970 (13.7%)7}
RT-PCRA| A ZFAoled ol SAHLE V2
A o] CVel|l wZEHA ol viral RNAZA 7}
8lo] RT-PCRol| 2]3] cDNAZ} &6]x] &g AL
9} viral RNAE= £ 81 = AHE-® NV-F-2i2] prim-
er’d7}2] homology7t §1 AW <Fsll primer7} F8
bl Agstx| ®ste] A2 AS-F A7k
25 9o @ A ME & primerd o ®
RT-PCRS A3 gL o} o] = 3 primero M & &
A akg2 vehd 1 & primerd Sl A = 24
vhgo] U2 ALE B4 UA=d, ol¢ 72L&
Ao E CVsol ZFFHA @& Ao] ol
3 7l 3t primere] Folido] gldd
oz B 4 o F olg g AA= NV g7]1A4
A3 FAgA ARol H FFTE AT 3
on, o]gf 3 HAANA HgH cDNAS ¢7]A
A& ol &3hA ofA BEAYETH 5o &
A A 95L& HuCVso|u} RT-PCR A &4 o2 v}
2 A Hzxe DNAE d&=d F88F
o3 3

RT-PCRejl A ekAduwk-go] 112 49709 HuCV
cDNAZ H37 grjrge] ¥wezl 227 HuCVs
2] 4718 & v Wt HekSu SMA fH2t
Toll &3t 3ol 107 @5%)= 7Hd gsten,
Sapporo F-A ATl &3k Ae] 274 (9%), NV
AT &3 Aol 1] 45%)P 1 199
97) (41%)7} 9 9] 371X AR 4314 W
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A 4 §AATIA (Fig 3). ol 2ol A7A
9 %ﬂx}% 2 A 4 FART) St A §E
Bt AL CV 24 = x]Oﬂ;G o7 Z3E A &
7 AAAdeE fARTE AL B B
9t} [20,21,26,27]. ©] & &n §$ A & HuCV
1115/90/Korea$t HuCV185/87/Korea®) # &%
©]7 FCV 4 RHDVS} 2 & B8 F29 A5
o] "9 EFotu 2R Sapporo/82/Japans} z+zh
99%, 73%2] o}u]:=At E homologyE Feby
Aot} (Table 1). o] 9} 2& Aut= TE oA 7}
F-& o7& CVseh $-9938] RNA polymerase -
o) @7 Aol AARE A A4 BB
CVel Aol BEHAA Lol 3 918 St

o

=

s

gue] sea 110n virus serotype 501] A" AL o
@A [9] o] o] % A% ORFIMRAT £
A2 AR 7|2 E coZzUr baculovirus expre-
ssion systemol] A WEHAlZ] = [22 28], Western
bloto]\/]- EIAQ} e Ho} 5019] zé 5};(4 H/\%
[29]= B3 W4 4= 9lom) 3l utoly ~
B R
2EE Fo) vhojl 2 ¥A9 o ¥ Bl
= U

@A) olefg AFE He B A AeA HuCv
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LHEAA, ol H @ Axg B o ae] Thek
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I rE o

2 E
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A (9%) 18 3 NV FAAT (4.5%) 2 3714
WolFEo] #a Hglon, Ea oju 3 FHA
T E FEE A 2 Ad7e] WolFEe] 41%
sty 53] B8 CVset €719 AEA o)
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A do] 73% ¥ <=3+ HuCV/185/87 T 3-7F T of
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