REBRBEREIN(1998) $38% F2H
Korean ] Vet Res(1998) 38(2) : 319~327

IRl =R A4 A3 nlol2]49] antigenic site A9t DE
X3¥sh= spike gened] Hr|Ad E4

ALF - YL - S
Atk ottt
Selatai L
(19984 24 1849 #A%)

Sequence of the spike gene containing antigenic sites A and D of
transmissible gastroenteritis virus isolated in Korea

Hyuk-moo Kwon, Jae-ho Pi, Hwan-woo Seong*

Department of Veterinary Medicine, Kangwon National University
National Veterinary Research Institute®
(Received Feb 18, 1998)

Abstract : The nucleotide sequences of spike (S) glycoprotein containing antigenic sites A
and D of TGEV isolated in Korea were determined and compared with published sequences for
TGEVs. The TGEV 133 and DAES strains had 97.40% nucleotide sequence similarity. The
overall nucleotide sequence similarity of the 133 and DAES strains compared with other TGEV
strains was between 96.86% and 99.15%. The similarity of the predicted amino acid sequence of
the 133 and DAES strains was 94.93%. The TGEV 133 and DAES5 strains had 94.93-98.61%
amino acid similarity with published sequences of other TGEV strains. The sequences of amino
acid codons in the antigenic sites A and D were identical among all the viruses although there
were several nucleotide changes in region containing antigenic sites A and D of Korean TGEV
isolates. By phylogenetic analysis of the sequences, two Korean isolates 133 and DAES seemed
to be derived from different lineages. These studies showed that a distinct difference in genome

exists among TGEV field strains isolated in Korea.
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MNOE

HA HAEY A vhol 2] 2(Transmissible gastroenteritis
virss, TGEV)E envelopeE 7hA™ @4 strand®] RNA genome
o2 A coonavis2%, HA X TLE, A5 AHa}
aen 25 vete] AAAEd A 22 AAHEE 53
o2 &= 9 294 AFA(TCE)S AR o]k,

TGEVE M|71A] F2 @99l spike protein (S), nucleo-
protein, membrane proteing 7+A] I 1T}, S proteind o)
2]2:9] peplomerg A3 whole} 29 strainol] oiet 1,
447 B 1449708] ofulsbo2 FAF O QL
S proteing FHFAE T3t Tolgh HUIL, re-
ceptor 279 & EFsln] vpolej 2 2AAGYE A
A G TGEVY] S protein 4719 F Q. anti-
genic site (A, B, C, D) 7}A 11 Jth. o) Fol|l A site A}
DE ZHFAE AR Fo FH2 g4 AT
A4 sPutetell e Y2 st AT TGEVe| o3
ale A% Frrsta Sl wpoleix FepA Pl 95
W TGEVE o3 ¢ £/ HF W] Edte A2
2 g4 AAT F2EFAY I 2R EHH
W o] &8 BAZ A o5t ¥4, genome 18]
T g4 JlolA e Yehm goiires
7. a8 BER 4FHY TGEV HAS AdAs oy
Aol ES A stE Zo] FARTE F o3t

2 AgddM e #3004 £2ld TGEVS RNAE £
2} 8t reverse transcriptase reaction (RT)#} polymerase
chain reaction (PCR)C.Z FHAIZ & EAA res-
triction fragment length polymorphism (RFLP) patterng X
ol EIYFES Ustd FoP o] @M= RFLP
EAoAM gxEeFor 2 oz Yehd TGEV
(133, DAES)9] antigenic site A%} DE ¥ 38+ S gened]

7NN A 1 54 M-

UL

Hio|2{AL| HQF : vlo]f A W& 913 swine testi-
cular(ST) cellg 49} 8 dF o)A E%Eo} Dulbecco's
modified Eagle medium(GIBCO/BRL)e}l sodium bicarbonate
(Sigma), fetal bovine serum(GIBCO/BRL)#} 34 A & 7}
3] 5% CO, HEj A AEE FAANZT kY 2T

91 TGEV 1333} DAESE ST cello] HE5o 1A 7H&¢t
Z AN 7] & 2% fetal bovine serumo] $H % WX E A7}
% F 5% CO, Aol A an AT WaH3E o
o #FslEh A ¥ H A (cytopathic effect)o] 70~90% X
4w 70T YEL REE F dHd mole AL
33 BHE AAE OE A2 F, AEEE volex
ARZ 3o ST celle A 28] plaque purification ¥ 2] A]
A A8 AL FAE vtelgze BHERY
A3} TGEV Eo| primerg o] 43 RT-PCRE TGEVY]
2 gAY

Viral RNAS| &3} N : AT A5 2% so-
dium dodecy! sulfate$} proteinase K(250pg/ml)E 3 7}3l 2
55C d2F2olA 58 FAA17) t} acid phenol(pH
4.0)7} chloroform : isoamyl alcohol(49: 1) RNAZ #*&
3¢t 3¢ RNAE RNaid kit (Biol01)Z o] &-3}e} A
A&, RNAE diethyl-pyrocarbonate(DEPC)E. 4} €]
& FEFHFT FHAA 0T YEne B@sEA
cDNA 3] o] &8t ¢ith

Oligonuclectide primers : Antigenic site A$} D& ¥ 3
g S protein gened SEA]7)7] H8t] ojn] L EH
TGEV 97|28 A= 3o sense primer (S'GTGCC-
ACAGTGTTTTCATTG3")9} antisense primer (SGCAGTG-
CCACGAGTCCTATC3)E &4 5t AL&3hg T,

Reverse transcriptase 222} polymerase chain reaction :
cDNA FA4 £ 93t Fuld TGEV RNAd| 5pl 10X
PCR buffer(500mM KCl, 100mM Tris-HCI<pH 9.0>, 1%
Triton X-100), 1l 10mM dNTPs, 250ng antisense primer,
40 units RNasin(Promega), 5pl 25mM MgCLE 08 02
% 4907t ¥ A DEPC A€ BEFHRTE v ¥,
DNA thermal cycler (Perkins Elmer Cetus)E o] 83t 65T
oA 1087 ¥ A|Zth utgdld] 200 units®] Molony
murine leukemia virus reverse transcriptase (GIBCO/BRL)E
da ohg 51T A 608, 95TollA SETF HEALF
0T BEdts Ao AL&EATh

PCR-g 935t ¢DNA 10pl9] 10p1 10x PCR buffer, 11l
10mM dNTPs, 250ng sense$} antisense primers, 10pl 25mM
MgCL, 9} 2.5 units Tag DNA polymerase(Promega)E v} 3+ ¥
FHFhgolo] 1007t HA BFFHTE AU
PCR 23202 94T M 5E, 51TAAM 28, 74TAA
627 ¥HEAZen, PCR £ W& 94TA 1E9]
denaturation, 517Coll 4] 1.5% 2] annealing, 74Tl A 1.5%
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9] extensiond 353 AAIEGT, wpRgoE 94CHA
1§, 51Tl A 28, 74T A 10832 A7 54
PCR product= ethidium bromide7} X398 1% agarose gel
A A A7) F % ¥ UV-transilluminatorol] A &1}t

Cloningt ¥7|A{ el 84 : PCRE ZZ g cDNAS
Original TA cloning® kit(Invitrogen)& A}2-3}¢] cloning
3l41T}. Recombinant plasmidZ competent cell (E coli
INVA F cell)g transformation A]Z] ¥ kanamycin®} X-gal
o] 37}¥ LB agarol| X FAER Y JF-E LA
Mini-prep Y &2 £& ¢ plamid DNAE EcoRIS 2 A
2 8to] PCR productd] A& &It Mini-
prepoll A insertiong &1 F @/IHE EA L H¥ o
2 9] plasmid DNAE 7] ¢35t maxi-prepg A A &
o,

DNA 9714 9L Dye terminator cycle sequencing® kit
(Perkin Elmer)Z A}-43}] automatic DNA sequencer(ABI
PRISM 373, Perkin Elmer)Z ZA A3 % t}. PCR producte]
internal sequenceE ZA37] Y3t} F712 primerE
g3k A3t dojzl TGEV Iui&eF 1337
DAESS] §7]M g3} 71&2] ¥R ¥ TCGEVY] 47142 &
DNASIS version 2.1 software (Hitachi software engineering
Co. L., Japan)E o843t EA3819 3, phylogenetic
tree S 24 8 G o>,

42 o

Fol A £2)3 TGEV 1333} DAES9] § protein gene
%)) | antigenic site AS} D& X §ste 299 dr)9} o}
At HEE AAEATHER 1, 2). YUIHEE B4 @
A3} 1332 o] H.9]7} 1,306 base§] ¥HA DAESE 1,300
baseZ T4 52Tt DAESE 60-65 $19) 6 base7} dele-
tion 5o} IATHFig 1). F £ FE 6 base ZHo]7} U
218t PCR productZ 1% agarose geld] 71928 & 0
Fdo] E71E3t9 . TGEVS antigenic site D2 ZAA 3}
= base?] GGT(96-98)3} site AS ZA 8= AAG(S55-557),
GGT(570-572), GAC(699-701), CGA(T14-716) =1}
F¢) 133, DAESS} 92225 B FU3Ach ol
A AEEA A FUEE] Q] DAESE 6 based] A2
F Y ofv]4to] 1338t} H Qi th(Fig 2).

FWEE T 1335 DAESE @7]9 obvlieit X EH|
Wl M 22} 97.40%, 94.93%9] }E4& YeEhAIT &

7\ 29| ulawel A 1333} DAES ko] el F& 97 &4
20l 7}z} 97.86~98.62%, 96.86~99.15%¢] A5 S e}t
W, obvlxedt AgumdE 2zt 95.62~96.54%,
94.93-98.61%¢] A% A& YERA % chFig 1, 2)%72.

H719} olr| At HEE Hlg o2 dle] DNASIS pro-
gramg A-8-3ke] phylogenetic tree TZE A4 E ¥ 9
= TGEV$} B 2314 & @ DAES 2323+ Purdue strain
3 FAE Aoz veigon, 133 ST e 9714

§ 7]%2 & phylogenetic tree +Z ®]ilo)A Miller
strain, BRI70-FS strain®} §-A}3 R 02 el o} ofn)
wAHE 71%& 2 3 phylogenetic tree TR EM M E o=
¢ TGEVS +¥ 5o Iy 5 TGEVE FAHHUG
(Fig 3, 4)18,22'28.

o &

RFLP pattern #4404 Yetd §334 g g €9
8t7] 9138l antigenic sitt A} DE X 33} spike gene
& FEAI)< primer pairsE A3t FE 3 TGEV
1333} DAES oo ¥ 2]32] ¢DNAE cloningdle 74
< AR 2o GrIME T opr it HI S
olu] R ¥ 93¢ TGEV straind} u] wa} G o>,

1) ofel 22l F DAESE 6 basee] 719 2749] o}
Ato] deletion o] Q= WY, 133 o}j R el F & o] ¥
9]9) deletiono] g1Ath. Wesley™= Purdue strain S
glycoprotein gene?] N-terminal half region?l 2053~2058 4
Yol 6 base2] 977} deletion ¥ o] Miller straina} 27§ )
oful it Aolz} wAFTy Buddeh LT
1333} DAES: E5 TGE 34& Bol: AEJA £
H RO = 6 based] deletion o 57} A B YA = A
A& e A2 Bt 2y o R9E FAHY
N-glycosylation site2 F R &|F Alo]o] glycosylation®]
Aol & Yebd Ao Btk

GEE2FH A o3 A7 s S glycoproteind
47]4] antigenic site(A, B, C, D)2 TFA o] glon, an-
tigenic site ASt DE 3349 F8 FEU2=2 A
Atk 53] antigenic site AX 371 <] antigenic subsite(Aa,
Ab, Ac)Z T E 11, 1 % subsite Acy TGEVZHY &4
HEHO glom Wody Add] #AH gt B
289 471ME EHAXE S ok e+ 1333}
DAE5¢] antigenic site A$ D7} 2 H &5 o] glqlch 18]
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100

b Site D

133  GTGCCACAGTGTTTTCATTGAACACAACGGGTGGTGTCACTCCTGAAATCTCATGTTATAATGATACAGTGAGTGACTCGAGCT TTTTCAGTTACGETGA
DAE
MIL

PUR115

PUR46

BRI70

NEB72

TOY56

C

e R R e R e e |
= -3 3
|
1
|
i
1
i

x x x 200
133 AATTCCGTTCGGCGTAACTGATEGACCACGGTACTGTCACGTACTCTACAATGGCACAGCTCTTAAGTATATAGEAATATTACCACCTAGTGICAAGEAS
DAE A
MIL G
PUR115
PUR46
NBRI70
EB72

TOY56

j»—l*—i a4
A el
AN a0
Qo oo

L 300
133  ATTGCTATTAGTAAGTGGGGCCATTTTTATATTAATGGTTACAATTTCTTTAGCACACTTCCTATTGATTGTATATCTTTTAATTTGACCACTGGTGATA
DAE
MIL
PUR115
PUR46
BRI70
NEB72
Toy56

HEaaaael

* 400
133  GTGACGTTTTCTGGACAATAGCTTACACATCGTACACTGAAGCATTAGTACAAGTTGAAAACACAGCTATTACAAAGGTGACGTATAGTAATAGTTACGT
DAE C
MIL
PUR115
PUR46
BRI70
NEB72
TOYS6

C
C
C

Hei g

500
133  TAATAACATTAAATGCTCTCAACTTACTGCTAATTTGAATAATGGATTTTATCCTGTTTCTTCAAGTGAAGTTGGTCTTGTCAATAAGAGTGTTGTGTTA
DAE A
MIL
PUR115
PUR46
BRI70
NEB72
TOY56

o o ]

SiteA SiteA 600
133  CTACCTAGCTTTTACACACATACCATTGTTAACATAACTATTGGTCTTGGTATGAAGCGTAGTGGTTATGETCAACCCATAGCCTCAACATTAAGTAACA
DAE G
MIL
PUR115
PUR46
BRI70 c G
NEB72 G C
TOY56 A
700
L SiteA
133  TCACACTACCAATGCAGGATAACAAAACCGATGTGTACTGTATTCGTTCTGACCAATTTTCAGTTTATGTTCATTCTACTTGCAAAAGTGCTTTATGGAA
DAE C o CA
MIL T
PUR115
PUR4E
BRI70 T
NEB72
TOYS6 T

T

o 00N
Qooaoaann
—

G

SiteA b 800
133 CAATATTTTTAAGCGAAACTGCACGGACGTTTTACATGCCACAGCTGTTATAAAAACTGGTACTTGTCCTTTCTCATTTGATAAATTGAACAATTACTTA
DAE C
MIL G
PUR115
PUR46
BRI70 G T
NEB72
TOYS6

[DRoNoNoRo o]
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900
133 ACTTTTAACAAGTTCTGTTTGTCGTTGAGTCCTGTTGGTGCTAATTGTAAGTTTGATGTAGCTGCCCGTACAAGAACCAATGABCAGGTTGTTAGAAGTT
DAE
MIL T
PUR115
PUR46
BRI70 G T
NEB72
TOYS6 T

1000
133 TGTATGTAATATATGAAGAAGGAGACAACATAGTGGGTGTACCGTCTGATAATAGTGGTTTGCACGATTTGTCAGTGCTACACCTAGATTCCTGCACAGA
DAE G

MIL A
PUR115
PUR46
BRI70 C A
NEB72
TOY56

[oRe]

@G

¥ 1100
133 TTACAATATATATGGTAGAACTGGTGTTGGTATTATTAGACATACTAACAGGACGCTACTTAGTGGCTTATATTACACATCACTATCAGGTGATTTGTTA
DAE C A
MIL
PURL1S
PUR46
BRI70 G
NEB72 A
TOYS6

A

3 3 3 3

* 1200
133 GGTTTTAAAAATGTTAGTGATGGTGTCATCTACTCTGTAACGGCATGTGATGTAAGCGCACAAGCAGCTGTTATTGATGGTACCATAGTTGGGGCTATCA
DAE C
MIL c
PUR115 T C
PUR46 C
BRI70 TC
NEB72 C
TOY56 C C

1300

133 CTTCCATTAACAGTGAACTGTTAGGTCTAACACATTGGACAACAACACCTAATTTTTATTACTACTCTATATATAATTACACAAATGATAGGACTCGTGG
DAE G G
MIL
PUR115
PUR46
BRI70 T T
NEB72
TOYS6 G T

133  CACTGC 1306
DAE

MIL

PUR115

PUR46

BRI70

NEB72

TOY56

Fig 1. Sequece comparison of TGEV Korea field isolates 133 and DAES(DAE) strains with virulent Miller(MIL), PUR115, PUR46-
MAD(PUR46), BRI70-FS(BRI70), and NEB72, TOY56 strains™'***. Antigenic sites A and D were based on data by Correa et al°.
The shadowed nucleotide sequences are shown antigenic sites A and D of TGEV strain and the asterisks are shown unique nu-
cleotide sequence for TGEV Korea field isolate 133 strain.

ng o] B9 TGEV F2]o} JETE EAL e (1143)Z substitution ¥ = point mutationo] 24 & o} 107}
Yed v 388 Ao 33907 F971 71&4 93 TCGEVSE thE d71ME & Yy

133 ok9] E2]F& T—-C(43, 138, 149, 258), C—T(177), QopERB ol gt A= Enjuanes et al 0] TGEVY]
T—A (387), C—A(626), G—C(735), A—T(1043), C—G 21%}7} recombination¥} point mutation® H#o] gltin
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100

133  ATVFSLNTTGGVTPEISCYNDTVSDSSFFSYGEIPFGYTDGPRYCHVLYNGTALKYIGILPPSVKEIAISKWGHFYINGYNFFSTLPIDCISFNLTTGDS
DAE L -

MIL
PUR115
PUR46
BRI70
NEB72

TOY56 L A I

S M

[snil anil andl anll o)

|

I

Lo S e R L S

e} ja ofpe ] =
[ ol il anl e |
HEa A
b R R s R B |

200
133 DVFWTIAYTSYTEALVQVENTAITKVTYSNSYVNNIKCSQLTANLNNGFYPVSSSEVGLVNKSVVLLPSFYTHTIVNITIGLGMKRSGYGQPIASTLSNI
DAE H I
MIL
PUR115
PUR4E
BRI70
NEB72
TOYS6

H I
H I
F T
H I AT
I D

Qaaaoaonn

300
133  TLPMQDNKTDVYCIRSDQFSVYVHSTCKSALWDNIFKRNCTDVLHATAVIKTGTCPFSFDKLNNYLTFNKFCLSLSPVGANCKFDVAARTRTNEQVVRSL
DAE S HN H R
MIL N S v
PURL15 HN
PUR46 HN
BRI70 NI v
NEB72 HN
TOYS6 QN

D

AD

ocooooogo

D

400
133  YVIYEEGDNIVGYPSDNSGLHDLSVLHLDSCTDYNIYGRTGVGIIRHTNRTLLSGLYYTSLSGDLLGFKNVSDGVIYSVTACDVSAQAAVIDGTIVGAIT
DAE v T
MIL
PURL15 v
PUR46 v
BRI70 S
NEB72 v
TOYS6 v

OXROODDO ™
lavBavRaviavisviisvliyv)

133 SINSELLGLTHWTTTPNFYYYSIYNYTNDRTRGT 434
DAE R

MIL

PUR115

PUR46

BRI70 M
NEB72

TOY56 I

Fig 2. Amino acid sequence comparison of TGEV Korea field isolates 133 and DAES(DAE) strains with virulent MillerMIL), PUR
115, PUR46-MAD(PUR46), BR170-FS(BRI70), and NEB72, TOY56 strains™'****. The underlined amino acids are shown unique se-
quence for TGEV Korea field isolate 133 strain,

21g A7 FAHEY T Sanchez ef ol P& TGEVY ¥ & £ 4 & Ao FHAG EQHo0 2L 3
dd vlolg2E0] vwid 7+ EYuith 7£2x10% nu- YR FQ 1333 DAESE 971 - D oful i A )
cleotide substitution®] mutation fixation rateZ Bt ¥ RoA YEEY I EEF Bt & AEAL e
2t 133 F ofs] e FE &5 TGEVSE o Jigich

27 107 914, 46, 57, 59, 86, 129, 208, 245, 347, A7) dE 7|20 2 phylogenetic tree FZE A4 &
38 EF9 ofvAbe A ATt of T F o= TGEVY WAL o 133 RelF& Miller,
antigenic A site %91 207-2099] $ 213} NKT+ 1330 BRI70-FS strain®} A} Ao g gl ot oAb
ot 23t A4 N-glycosylation siteo]t}. S protein =~ & 7|F & & vlwo e 9= TGEVSE 1Y
o] antigenic sitt Ax= H A& foldingS 3t glycosy-  Th 1332 YEE 2 FQ Toy563} 744 2HAAZ e
lationo] WL3E2 9o & Wyt FAF2 Y U M2 2L ASCEREH fdP AoE FHIG
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PUR115
99.8%

PUR46
99.4%

NEB72
98.6%

DAE

BRI70

98.7% 97.7%

MIL
98.2%

133

98.1%

TOY56

Fig 3. Phylogenetic tree based on the nucleotide sequence of
spike protein gene containing antigenic sites A and D for 133
and DAES strains of TGEV, compared with published
sequenced for other strains of TGEV>"**%,

PUR115

99.7%

PUR46
99.1%

NEB72
| 98.4%

DAE

BRI70 ;
98.1% |

MIL — |
i

I

|

96.6%

TOY56 -

133

Fig 4. Phylogenetic tree based on the amino acid sequence of
spike protein containing antigenic sites A and D for 133 and
DAES strains of TGEV, compared with published sequences
for other strains of TGEV*'**%,

DAESE PurdueA|9 2 1337 & R Z Yehy o]
FoulolgiE M2 U2 ARSZRE T AoR
2, e BgE 34 548 #= TGEVA &
Adte Aoz RAGE goE g B £ Iy
TGEV #2159 47148 & 2438 o AAF o
vholgj 29| frefeh B4 S oty 4 g AOE AR
gt

4 B

TGEV =232l 1333} DAES9]| antigenic site A%}
DE ¥ 5= S gene2 RT-PCRE FEA| 7)1, cDNAE
cloning ¥ 4714 €& AA}At F71s% obvl At A
dujao A 133 928 F9 717} 97.86~98.62%, 95.
62~96.54%2 AEAS JERA 2, DAESE 96.86~99.
15%, 94.93~98.61%9 &< uEtUith DAESE=
133¢] gl 6 baseS] AHZ T 7§9] ofr]iAto] i}
Antigenic site A%} D8 ZAAFE BE g7|HEL 33
2232l 133, DAES S} &8 F 2T $Y3qth @
718 olul A A E & uleg O 2 phylogenetic tree S 24
39€ W 1333} DAES:= M2 O AYZ BREHALS
o, BF JF R Fo4E G SHAA F4E YERY
At
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