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SUMMARY

Viruses in the genus Rotavirus (family Reoviridae) are the major etiologic agents of
severe, acute dehydrating diarrhea in humans and in a wide variety of domestic animals.
The wviral particles are triple-layered and contain a genome consisting of 11
double-stranded RNA segments. Therefore, rotaviruses can undergo genetic reassortment
during mixed infections, leading to progeny viruses with novel or atypical phenotypes. A
viral protein VP6 is located in the middle layer and exposes group specific antigens.
Based on antigen characteristics of VP6, rotaviruses are classified into seven groups (A
-(3) with only groups A -C causing disease in both humans and animals. Group C
rotavirus (GCRV) was first detected in pigs in 1930 and has been subsequently
identified in humans, ferrets, and cattle. Since then, the global distribution of human
GCRVs has been established; they are suspected of being an emerging pathogen. Fecal
shedding of porcine GCRVs has been reported in nursing, weaning, and post weaning
pigs with diarrhea either alone or in mixed infection with other enteric pathogens.
Moreover, porcine GCRVs are wide spread in swine herds; in limited surveys, antibody
prevalence against GCRVs in pigs is 28 -70% by 8 weeks of age, increasing with age
to reach 79-100% in adult pigs. However, the epidemiological significance of these
observations is limited, given the limited number of studies and restricted geographical
scope of such investigations. A possible explanation may be that sensitive tests for
detection are not available. Reverse transcription polymerase chain reaction (RT-PCR)
using group C-specific primers is a sensitive and convenient option, however, it has not
been widely used. Like group A rotaviruses (GARVs), sequence comparison suggests
that genetic diversity exists among GCRVs . However, the molecular analysis of the
porcine GCRVs has only been carried out in the United States . Therefore, it is unclear
if the porcine GCRVs circulating in other countries have distinct genetic characteristics.
In addition, a possible zoonotic role of animal GCRVs has been postulated based on
increase sero—prevalence rates to GCRVs in human populations living in rural settings.
Direct evidence for the zoonotic potential of porcine GCRVs has been gained by analyses
of archival fecal samples of Brazilian children. Furthermore, GCRV surveillance has
detected interspecies transmission by GCRVs between animal species, bovine strain

WDb34te is actually a porcine strain. Therefore, the detection of animal-like GCRVs in



humans has highlighted the potential zoonotic impact of animal GCRVs for humans,
stressing the need for a more in—depth study of the epidemiology of animal GCRVs,
particularly in developing countries where humans and animals, or animals and animals
often live in close physical contact, making mixed infections more common. To date, no
GCRV infection either in animals or in humans has been reported from South Korea.
Molecular characterization of porcine GCRVs in South Korea is needed for vaccine
development efforts and evaluation, as well as for clarification of the ecology and
evolution of GCRVs. Sequence data of the genes from many different countries would
provide the fundamental data necessary for the development of more sensitive and
specific diagnostic tools that could be used to determine the worldwide distribution of
the virus. This study reports the prevalence of porcine GCRVs in diarrheic piglets using
RT-PCR, along with the genetic diversity of the porcine/bovine GCRV strains bhased on
a partial porcine/bovine GCRV VP6 gene. In order to determine the molecular
epidemiology of porcine/bovine group C rotaviruses circulating in Korea, over 100
diarrheic fecal samples were collected throughout the Korean pig farms. RT-PCR utilizing
primer pairs specific for the GCRV VP6 gene detected GCRV-positive reactions in 36 (26.2%)
diarrheic fecal samples. Of these, 17 samples (12.4%) tested positive for porcine GCRVs alone and
19 samples (13.8%) were also positive for other pathogens. Other enteric pathogens except for
GCRV were detected in 64 feces samples (46.7%6) and no enteric pathogens were evident in 37
feces samples (27.0%). Phylogenetic and sequence homology analyses of GCRV partial VP6 gene
between 23 Korean and other known porcine GCRVs demonstrated that Korean strains belonged
to the porcine lineage. Furthermore, one Korean porcine strain shared the highest nucleotide (89.7
-89.0%) and deduced amino acid sequence (92.9 -93.9%) identities with bovine GCRV strains and
was placed in the bovine GCRV lineage indicative of bovine origin. In conclusion, porcine GCRV
infections are widespread in piglets with diarrhea in South Korea. The infecting porcine GCRVs
mostly belong to the porcine lineage with the exception of one bovine-like GCRV, which possibly
originated from bovine GCRV due to interspecies transmission. Seven of the 127 fecal samples
(65%) from seven of the 52 herds (13.5%) tested positive for bovine GCRVs only by nested
PCR. Sequence and phylogenetic analyses showed that Korean bovine GCRVs had marked genetic
diversity; two Korean strains belonged to the bovine lineage, whereas five Korean strains
belonged to the porcine lineage. These results suggest that the bovine GCRVs cause sporadic

infections in diarrheic calves in South Korea, and have genetic diversity. Future studies should



address whether interspecies transmissions are caused by totally homologous GCRV strains to
those of the porcine or reassortant GCRV strains between hovine and porcine GCRVs.
Histopatholgical examination showed that piglets infected with group C rotaviuses had
intestinal lesions including the villi atrophy and fusion, crypt hyperplasia, and lymphoid
cell infiltration in the larmina propria, characteristics of wviral enteritis. Monoclonal
antibody against group C rotavirus VP6 protein identified specific antigen in the
cytoplasm of cells infected with both a reference Cowden and Korean strains, indicating
its specificity to group C rotavirus. Immunohistochemical staining with above monoclonal
antibody detected group C rotavirus antigen in the epithelial cells of villi from the
piglets infected with group C rotavirus, indicating its high practical use to diagnosis of
group C rotavirus.

For the purpose of developing an one-step Rapid and direct ELISA kit using group C
porcine/bovine rotavirus VP6 -specific monoclonal antibodies(Mab), 7 mAbs for porcine
and 5 mAbs for bovine were produced by fusion of SP2/0 myeloma cells with spleen
cells from mouse immunized with group C porcine/bovine rotavirus VP6 protein
respectively. Among these monoclonal antibodies , 7E7 mAb for capture and 5E4 mAb
for detector were best pair for Raid/ direct ELISA. As a result of preliminary test,
these two mAb were group C porcine rotavirus VP6 -specific and had a common
epitope with porcine/bovine groupe C VP-6 protein. In Rapid test, the test strip is
composed of nitrocellulose membrane, dried gold particle pad, absorbent pad and sample
pad. The nitrocellulose membrane is immobilized with 7E7 mAb test line region, Goat
antl mouse IgG on the control line region. During the assay, fecal sample flows laterally
through a sample pad and a gold conjugate pad where it mixed with the color reagent.
If the fecal contains porcine/bovine group C rotavirus antigen, bE4 mAb - gold conjugate
binds to the antigen , forming a complex of SE4 mADb - gold conjugate and antigen. The
complexes then migrate chromatographically through the nitrocellulose strip by the
capillary action. The antigen and 5E4 mAb-gold complexes move through the
immobilized 7TE7 mAb on test line region and then on to control line region. In ELISA
kit , also 7TE7 mAb were immobilized on to the microtiter plate for the capture antibody.
5E4 mAb were conjugated with HRPO (horse-raddish —peroxidase) and TMB were used
as a substrate. With 19 positive fecal samples and 86 negative fecal samples were

confirmed by PCR and nested PCR at Chonnam university, the sensitivity were shown



57.8% and 684% to Rapid and ELISA respectively. And the specificity were shown
89.5% ,94.1% to Rapid and ELISA. In order to enhance the sensitivity, using polyclonal
antibody and indirect methods were not effective to diagnostic efficacy.

In spite of low density of shedding group C rotavirus particles into stool, these Rapid
and ELISA kit are useful for discriminating diagnosis for porcine/bovine Group A and C

rotavirus.
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List of Rotavirus Species in the Genus

» The rotaviruses are currently divided into five species
(RV-A to RV-E) with two possible additional species
(RV-F and RV-QG).

Species in the Genus

. RotavzrusA (RV A) {Human & Anlmal }

* Rotavirus I (RV-E) { Porcine }
Tentative Species in the Genus

 Rotavirus /' (RV-F) { Chicken }
 Rotavirus G (RV-G) { Chicken }

Estes, 2001. Fields Virology p. 1747—-1785.

Figl-1. Zepnjole]lx I H57

o] FollA At FEo| BT AALE fusle A dHFE A, B, C ZEplol 27t T,
29 dAHY D-G= AF7HA ;AL woll AALE st AoR I dvtolyd 2
Efnfol ] 2 Fol A At FEC 7 dEE dsle AL dHY A Zehrpoly X o),
ARleze dHY A Zeputolg| vt Abedt sEo HdAdo] =7 WikolH, E3d A =
Eprlol e 27 Al EnjFoz A Ee o], oo widh MRy, Y|HE, WAV Fol v
A BE AT HAY] W o® AR oo wha| dA Y

Abgr Sol AALE frdtehs Ao ® G AR o
FA B ol R, Mol MR AlEu s T voly A FEErt oYal olw <lg)
of o] mpolg o] gk Ry Z|HE, WAVEE ol gk A-7F v wEelth @
A7FA Hed dAd C ZEnloly AR #H A oA = Cowden strain, 2o A]3= Shintoku
strain 2 = A 3o WDH34tc strain, 22 3l A}&ol A= Ehime 9301 strain % Aol =
Aar vk sEA|RE A el 4o AAHY C mEeputolel s HASS A AAF SR ZA A
o Aol e &g wdstal e Aow® FAMA vk 7|E9 Hate] ofstd dA Y
C Zetutolefzof] gk A 7H7F 858 o s Aol A 28-70%¢] @ gkriar 3p o] gk A7}
7} A=o] F7hghel me} w3 Skl AwelAe 79-100%° olETh A& EAHY C =
epnfol g 2of thg A7t H A Bk WA Rk 24-56%0 et @AY C ZEpulo]E

t B9 ERAE, RAE L SHE AT AAs TEE Fustel Gojd AAH )

Ol
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Table 1-1. Summary of the enteric pathogens present in the fecal samples obtained from

pigs with diarrhea

Enteric pathogens present *

No. of

farms (%)" pigs (%)

No. of

Enteric pathogens present *

No. of  No. of pigs
farms (%)° (%)°

PRV C alone

PRV C plus PRV A

PRV C plus PCaV

PRV C plus Salmonella. spp

PRV C plus P. multocida

PRV C, PRV A plus PCaV
PRV C, PRV A plus PEDV
PRV C, PRV A plus

Salmonella. spp
PRV C, PRV A
multocida

PRV C, Salmonella.
P. multocida

plus P.

spp plus

27 (11.3)
22 (9.2)

2 (0.8)

1 (0.4)

3 (1.3)

9 (3.8)
2 (0.8)

3 (1.3)

4 (1.9)

3 (1.3)

30 (8.7)
35 (10.2)

2 (0.6)

1 (0.3)

3 (0.9)

10 (2.9)
3 (0.9)

3 (0.9)

4 (1.2)

3 (0.9)

PRV C, PRV A, PCaV plus PEDV
PRV C, PRV A, PCaV plus Salmonella.

Spp
PRV C, PRV A, PEDV plus Salmonella.

spp

PRV C, PRV A, Salmonella. spp plus P.
multocida

PRV C, PRV A, PCaV, Salmonella. spp
plus P. multocida

Subtotal

Other enteric pathogen alone

Other enteric pathogens detected
No enteric pathogens detected

Total

1 (0.4) 1 (0.3)
2 (0.8) 2 (0.6)

1 (0.4) 1 (0.3)
2 (0.8) 2 (0.6)

1 (0.4) 1 (0.3)

83 (34.9%) 98 (28.6%)
67 (282) 98 (28.5)

26 (10.9) 29 (8.5)
62 (26.1) 115 (33.5)

238 (100) 343

“PRV A-C: Porcine groups A, B, C rotaviruses;

PCaV: Porcine enteric calicivirus

(sapovirus); PEDV: Porcine epidemic diarrhea virus. "Number of positive farms. “Number

of positive fecal samples.

wsk Il FolA AbFETE tiF-EolA] FolAl o] wAstaL
o) 70%7F el o
—.—+/H oRr= ];HX]— = gl

Hlol gl A 0 2= A FEUH

deka teiA ok
Hrdehs, 9

VoM, H5o] FopA FHAL

olH T Folx| FAL F2 AdAR Eo= A

THoEE FAET ¥ AHEAYYHES, 191

olzlx, AHFE A ZEpfolEA Fo] AE Al A A

b L =

=)

of ol&td, & :zublolelx, AW A Zehfolal s 9ox &%

Y C ZEpupole s, 4 wmzupolejs, 4 npojejay /A HH nloly X, & vHEkAT)

F AdyAntols 2 oo I Y C ZEtutol# 27 T 23 dofstal es & 4 Utk

oM AEE Az mop Ful Fobx] Akl @AY C 2EnpolE~r) FRa] Bl
T (Tablel-2). %, %] FEFANAE 2 48 C Zepilo]#2v)

&0
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Table 1-2. Summary of the enteric pathogens present in the fecal samples obtained

from calves with diarrhea

Enteri h a2 No. of farms  No. of calf Enteric vathogens present ® No. of farms  No. of calf
nteric pathogens present % )b (%) pathog p (%)b (%)c
BRV C alone 41 (6.8) 41 (64) |[BRV C, BCoV plus BNoV 1 (0.2) 1 (02)
BRV C plus BRV A 18 (3.0) 18 (2.8) |IBRV C, BCoV plus E.Coli (STX) 1 (0.2) 1(0.2)
BRV C plus BRV B 2 (0.3) 2 (03) [BRV C, BEC-NBV plus BVDV 1 (0.2) 1(02)
BRV C plus BNoV 3 (0.5) 3 (0.5 [BRV C, BNoV plus E.Coli (STX) 1 (0.2) 1(0.2)
BRV C plus BVDV 3 (0.5) 3 (0.5 |IBRV C, BCoV plus BVDV 1 (0.2) 1 (02)
BRV C plus BEC-NBV 5 (0.8) 5(0.8) |[BRV C, BRV A, BCoV plus BToV 2 (0.3) 2 (0.3)
BRV C plus BCoV 4 (0.7 4 (0.6) |[BRV C, BRV A, BRV B plus BCoV 1 (0.2) 1(02)
BRV C plus E.Coli (STX) 2 (0.3) 2 (0.3) Subtotal 92 (15.3%) 92 (14.3%)

BRV C, BRV A plus .
BEC-NBV 2 (0.3) 2 (0.3) Other enteric pathogen alone 234 (38.8) 238 (37)
BRV BRV A |
BOWY ¢ PUS 1 (02) 1 (02) [Other enteric pathogens detected 125 (20.7) 126 (19.5)
BRV BRV A |

¢ plus 1 (0.2) 1 (0.2) No enteric pathogens detected 151 (25) 187 (29)
BNoV
BRV C, BRV A plus

1 (0.2 1 (0.2 Total 602 (100 643 (100

E.Coli (STX) ©2 ©2 o (100) (100)
BRV BCoV |

€ BCV plis g9y 1(0.2)
BEC-NBV

‘BRV A-C: Bovine groups A, B, C rotaviruses; BCoV: Bovine coronavirus; BNoV:
Bovine norovirus; BEC-NBV: Bovine Nehraska-like enteric calicivirus; BVDV: Bovine

viral diarrhea virus. "Number of positive farms. “Number of positive fecal samples.
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Rotavirus Structure

5§ —— 53,000—NSP1
6 41,000
7 — 34,000—NSP3
8 = 35,000=NSP2
9—— 38,000
10 —— 28,000—NSP4

11 26,000—NSP5
12,000—-NSP6

The major neutralization antigens

VP7 (G type) & VP4 (P type)

Figl- 2. ZEpvafo] ¥ 2~2] G+%. Kapikian et al., 2001. Fields Virology. pp 1787-1833.

Kalorama Informationt 2004d @7 EC] AR E of 38x 9] o|&vtar Hisilo
o, AFELS JdHt 6% AR FAS AL dA AA ARINE AL 5u|(43%), I
(31%), A" 11%) G°] AAAGS] 85%E AAstar vk HA Al F Hd FoAE
v, Auptkely ol ml=e] Aol A AGTE AR 35%E AFASaL 20074 ol =
409 = Ale @Asta e AowR FAYA e 2000 FmAev|EAN AT Ha
1B A4 Gt o 1,800-2,00000€ el® A1 g A

AAAQ] AP R R T adar sl AR 2 SV be A S R e AR
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Do
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[a»)
=
i
A
=
2
L
N

A

ME ARINE” o 107 e A A er AAE0](2003.7), F3= 5 Al

_20_



o]
7

T
=

fis
=

IR e

-

1=l
=

)
Askee] o 20923 714

1y

&

2 EAVE Ha dom, A weo
=

He gelel s 7}

sk o

3

het Aaae] ATEE WokA gl

mw o o W ogr
%0 o RO Mﬂ 47 'S
o %W 9 o o _Lmo
g R
G- TP I I
o w, o E X M
T oy T
X | = ) - m%m
I S e ~ o1
TR 2% g nl | B=
o) = X 0]
— de) io ~. ﬂ _ZT| mﬂ._ =E m_.”
G T K ! 38
T % woy 5D = ol (&=
SRS - T O
MO = = NS
A =5 o
=R RSN Bery
S R T S | IS
uy ~ = L %o m e < xﬂ
— 90 o X =
~ —~ o~ ) el
WX o ow B < J
- ) =0 ™
oo o M K TT o km
2o x o
TFCC 489
o o 2 3l m_._/_ﬂ
o © " _ = ar M__U_ el
3 %’ ﬁO ‘m;A % O’ IlNln_ - U
A =T 2005 | ==
T o Kio 54
M 5 IO Orr w_lﬁ M?ﬁ P = _._._._ m
K P oo X 8 Kir O =) 5
w oa N = e B0 (= oK
= W = =31 L 20 80
T 3 1~_/| g ,.ﬂﬂ ,ﬂl B H =l ™ pIr [E
T - O e 2 BT
= Mo HE,FA ) ° or T EI mh ar
= 8T g W% =
o o H s S
M = T qir
~ o o ® wH 7o
s ¥ kT 8
| - MM ‘.ml qu‘._
- 3 W of o) &
W " T KT OS

_21_



]

[e]
1l

]

i

(o]

il

°
pad

2

==
&

nlo] & A7}

o]
™

A

BH
!

ﬂ
W

—

7] 50 GAEA o} A

A A weba] Jisk Al el

W
G
iz

B
o}

N ozR A

3

XE
rJ
ojy
mo
()
7o

o5l
T

EEE

o

1-391 A= e Bheh 7ro] 1

9l

2

al
=

3 7}

)

jq
4 C ZEpilo]Y

7l
£

A

J

8

il

°
pad

=

&
obA A&l T0% ol el el

Fo] nlolgjxioln], o] FolME

b o

°©

b

o]
-+

Whsh o] o} | o
%

ol 23 WAz}l 5o oy

% oA 9

.

of 5 AL
oA u] Ao ¢
nlo] &) A7}

oA @A theke] FHeARE Ha gl

O

Y C ZE

o

B

T+
u.o

wAO

\

bl FobA AAte)

G

=
T
R

0

X
o

o}

-

¥ C ZEfntolH

J

8

&
=

il

°
pad

o] &

7h golskaL

o

9 C zehilol

J

8

1w}

3
T

PN
e

ot
Aoy

A

o}

)

0

AA]

of SN AE Aol
4 C ZElolE sl FUdA o}F Fo

Gt
v

A=

M

At o]

N
B

3h
5)

T
2

e
15
(1.3)
424
(3.5

kel
T

1,984

(5.1
(5.8)

oF
4,035
9,360
(11.6)

b

i
620
(52.7)
3,185
(26.0)
8,035
(21.8)
14,073
(20.4)
14,720
(18.2)

T
il

A
248
(21.1D
3,764
(30.8)
11,738
(29.9)
19,601
(28.4)
23,720

(29.3)

31
(2.6)
1,910

(15.6)
7,733
(19.7)
10,249
(14.8)
14,236
(17.6)

263
(22.3)
2,970
(24.2)
9,224
(23.5)
21,073
(30.5)
18,788
(23.3)

J

8

k|
=

1,177

12,273

39,214

69,031
80,824

o] 29} = e

1

‘
1970
1980
1990
1995
2000

s}

B
1o

<)
i+
™
Ho

T

02002

¥ AR

_22_



M2 =Hel 7lsie o

A 1A el VeAd d3

Lool=e] 7ed a7

2 #4595 9A, ool Ma AAT GeEAL A AAROR FHHA 2UTh %ol
B3P C Zebrbolel i W] ofF AR @A A, &, AANA @H L5 2
Hol 9= gaolth. A AAAOR BHY C Zenpolezo] Ul AT o3
7

A etk |, dFE C Zepubold 2 10 A F4x |71 Ee dH3
olelaA Y AAE] Matse] A ekAwE, HY FelF 2 oofe] AT dId fAA 17
Md2 Ba HAY olE ngez dA @YY C ZEmlelyaE HEE e
RT-PCR ¥ nested PCR 7|®2 3.1 S0t 53] VP6 FdAel tid A7jAde] il
o] o] §FHAE FFF + AdE RT-PCR % nested PCR 7IW o] F3tE 0] 1A &
wh oA AAA oz A5 AMEE A Th

SllE 22 d AAdeR de d B s so] A @s AR Sl &9k s A9
A4y C Zetntely Aol 3 A oF APt dHgo s AT
(Park et al., 1998). 7] 72 2309 =jx] AAEH FolA 270] A4 C ZEpnte]

A~ VP6 FRA Aol Eo]A <l primer pairE ©]&3 RT-PCRel| 9JsiA A=

ujA-rd el olatd dHY C mEtutolg 29 VP6 wdAE F%F % 5 Sli= RT-PCR

1ol oaA Hx e AHY C Zepupolela AAFS Fulel A FEs] &

i gl Ao FAACL HAE VE A dudgAdtea dd FEvt A5 d

K =S g8 & 4 givh eivkstd, RT-PCRel ¢
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S B Fut AFAN e g ANz LG
19919 Ojeh et al2> =HA HIA C=
vl 8tol e FHY W A o
. Eldfol ]~ #2521 Cowden strairg
9] 7t & (Ojeh et al,, 1991, - ) o Lol e
Clin. Microbicl Balb/c mouseZ ©[-8-3l¢] Ffo ©@EE |E AFA JEd dAHY C ZEafol
I Chin. Mierobiol: =y e Aga1913, o2 ol gatel 190 |8 A28 ELISA Awge 483
29:2051-2055.; Ojeh et al, s
W&, JA, AMRY @AY C ZEhbo] (A 2%%S.
1992, J. Clin. Microbiol. o =
20 1667-1673.) HAE FA HE2E 4+ Y+ ELISA
. ] A S Mdste] Rastsn.
1992:d 1A ¥HIY C Zepapo|HAE
o= g3lele FHUSH |EdH A6 HFE, GFE @A GE |E Aol ARE"E AV w4 FA e
T A & (Tsunemitsu et al, |HIEH)E A4 & AdE gEE (A Add o2 A GEAGEA 9]
1992, J. Clin. Microbiol. GAE ol&3t sandwich ELISAR-E (oA, A A AAAde= Aol o8]
30:2129-2134.) gdst &, dAHY C Zlelg s ¥ (Wil FESE AIVIA RIS R,

37
= d
299 BeFel $859S

RT-PCR /& 84 % Wi ge 4
B3 CDCY Gouvea BHA} B2 848 | FAqA AL AW =9 3ol
C meploleiz Wk opveh WA T SAW ool 7k AR, Aok 3
m B aoa,_gggwRT—CR7 Ad w7t desy] wiel Hwy

7% CDClGouvea et al, -y o TR G986 wa o |22 ALAA G2 5L Ao HAIT.

bRt ES E L UTRAADAG P kool awgel o
Zte]  genotypings ¥ 4 e |¥ primer pairsl F 584 3 T
multiplex RT-PCRS 7A@sle] widl |2 A AA dF A3 ulFo] o
e, Al QFE ARATE TR Fdol

s erol i)

SI9 AEANA AT e 249 Cz

3=+ Southampton o &l

Eprtol 22 VLPE AtEA s B #

Slheh o (James ct al, 1908, J. |© o Lo GAE AR, A s Greli gl sandwich ELISA7)
Clin. Microbiol. 36:3178-3181.) ! ,C}Zﬂ% 0_]%3}04 sandwich ELISAS |9 & &8 =27 W3ke
o B T AY 2388 C 2t
P @A Buel sea9le
AR o Fjopud AFAAE RG] 3E C mepold | Ayl AU A 249 Cwe
RARAATL(Fujil et la, |=Z AASe], Balb/e h920] gFel [vhelels 12§ FLISA= Zehubolel s
1992, I. Clin. Microbiol. o] A%@ @28 A olgste] Ad 252 A&sbr] Wd] 2 384
30:1307-1311.) ELISA A& T3 of WojAH, F&3t WA #sks
AR E A FHE C Zehole]

Qe oA
RASAA Y (Kuzuya et al,
1993, J. Clin. Microbiol.
31:1308-1311.)

2E AAE], Balb/c vh$-2=0l HE 8}
o Az dFE FAFE o439

—agglutination
2 Latex Agglutination ¢ -& 49
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B odAgolA Ade At dAdF CE8

Hlolg 2 H&8  Reverse Passive
Hemagglutination L Latex
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Flecs
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RASAA Y (Kuzuya et al,
2001, Clin. Diagn. Lab.
Immunol. 8:161-165.)
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Fig 2-1. Phylogenetic tree of the VP6 protein of the Korean porcine group C rotaviruses,
indicating its genetic relationship with the other group C rotaviruses.
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7h A dHd C 2epbold = @9 358 sandwich ELSAZIH 7§
=

() A dH9 C

()

(th)

(=
(vh

(vh)

Efnlol el A 39 A EE One step/Rapid 2SI E 7jat

HAAA FA AAEH| A RT-PCR 2 nested PCR 7|¥ 379 Wizt @ E

pi
o
2 J
o)
ol
Do
(e
[a»)
-
4
o,
o
o
X
S
>
M
g
o
:|N£
AN
ol

2 dA3 C ZEhnlolyla AEE RT-PCR ¥ nested PCR primer pairs
Az g ompol g 2 A=
AZRE Zh2kel primer pairsis oFe] H| X AARE WS ARES] RT-PCR
nested PCRE& Fd3to], T3Z24HES d7|dso=2 <l

5

FEEe) G719 e 2 4

~

7l
£

%
ri

Polyacrylamide gel electrophoresis(PAGE)E o] &3k of9] =% XA}
A d4E C ZEeppto] 8 A9 PAGE patterns &

A LA Ve pelH A, ARt VIS s ae] 9k A

=S

2) =W & 93 C ZEprlto]zzol FoldQl A Az
EE

7h) 2
(+h)
(vh

(=h
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(3) &~ dx3 C ZEepntolyx 9 #HAE=8 ELISA %2 One step/Rapid FAWIE

7h & 939 C Zetvtold 2 &4 =8 sandwich ELSAY]Y 7

(b & FHY

O O

ZEPolH 2~ &Y 7 EE One step/Rapid AWI|E 7

(

(th) AARD FA AAEHO|A RT-PCR ¥ nested PCR 7|H¥e 7= 2 E

S w § =

(7} Sandwich ELISA # 7]
C Zeprtol~ H=

m
i
o,
o
roi
i)
N
o

>,
i)
to

>,
S
>,
M
g
9
o)
i)
ol
ot

(1}) One step/Rapid RA&H-S o] 43 s x9} & ofe] AAEWA dHd C =
Eprfol e 2 A&

Q) #HAk & dHdY C Zeprtoldx Y AEE ADIIES] AAFE AZE, HEd

SIRE T ITEE

Oh AAS 2 @YY C Zetolds G AFE Sandwich ELISA 24 A
RF3E A =

(b A% & BHY C Reblelels F¥ AFE One step/Rapid W@ A

A% A%

]

(th #:x2k & 444 C Zepolg s & HAEE Sandwich ELISA Wd71E

(#H #HAY 4~ dAHY C Zehnlolg)s Y HEE One step/Rapid IHEH7E

R S Ea A
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S-S TE(E3-1). o8& 5719) Eabo]n S o] &3k RT-PCReIA 3 7
ojFe] FAREEo] HAHW, Y B2 oz Fan

2) = #A AP A Zepatele s V
RT-PCRoll 2Jal|A] F3H 24719 =
#}e] 356 bp (nt 997-1352)°l 3l
Shelel 356 bp FollA zeholm el s s FEE& A9 310 bpell w3k
95 Wi S MRS s Hen

3) =l HA AP C meputol¥ 29 VP6 2 4eF 7)ol Had HA], 4, A

%A% C mevleleze VP6 A% A4t 2 ohulwal 474 AE B
s},

(4) okl Al AHA =HA AALEHOA H A HHY C ZEpulo]e] A7} segmented
double strand RNA genomes 7}Aal $li=X ofF-5 &<3tr| 939 PAGE

test® -3 3 A}
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Table3-1. RT-PCR and nested PCR primers used for the detection of the groups A,

B and C rotaviruses (GARV, GBRV, GCRV), porcine sapovirus (PSaV),

porcine norovirus (PNoV), transmissible

gastroenteritis  coronavirus

(TGEV) and porcine epidemic diarrhea coronavirus (PEDV) in the fecal

samples from pigs with diarrhea

Primer

Target viruses Target genes®

names

. b
Primer sequences, 5°-3’

Region Size

(nt) (bp)

Source or reference

GCRV

GARV

GBRV

PSaV

PNoV

TGEV®

PEDV

VP6 C1
C4
RVCF1
T778a
T729
T778a
BM1J145
BMJ44
T383
RVCnR2

VP6

NSP2

RdRp

and

ORF1b

Spike

N

m T ommoR® T R®T R T oE T

: CTC GAT GCT ACT ACA GAA TCA G

GCA TTT AAA ATC TCA TTC ACA
AGC CAC ATA GTT CAC ATT TC

: TTA ATG AAA ATA GAA GCT GG

AGC CAC ATA GTT CAC ATT TC
AGT CCG TTC TAT GTG AIT C

AGC CAC ATA GTT CAC ATT TC
AAT CTC ATT CAC AAT GGA TG

: TTT CAT CAT CAC ATA CAG CT
1 AAAGATGCTAGGGACAAAATTG
: TTCAGATTGTGGAGCTATTCCA

nF: GACAAAATTGTCGAAGGCACATTATA

nR: TCGGTAGATTACCAATTCCTCCAG

F:
R:

R:

CTATTCAGTGTGTCGTGAGAGG
GCAGACAAGCTAGCCCGCTTCG

: GATTACTCCAAGTGGGACTCCAC

: TGA CAATGTAAT ATCACCATA

: GGGTAAGTTGCTCATTAGAAATAATGG

: CTTCTTCAAAGCTAGGGACTG
: AGGAACGTGACCTCAAAGACATCCC

CCAGGATAAGCCGGTCTAACATTG

997-1018 356

: AGC CAC ATA GTT CAC ATT TCA TCC 1329-1352

1-21 1352
1-1352

685-714 668
1333-1352

1014-1032 339
1333-1352
10-29 311
301-320
58-78 308
344-365
69-94 121
166-189
18-40 434
429-451
4568-
319
4590
4865-

4886

7994

920-940
812-836 540
1328-
1351

Gabbay et al. (2008)

Gabbay et al. (2008)

This study

Adah et al. (2002)

Adah et al. (2002)

Adah et al. (2002)
Sanchez-Fauquier et al. (2003)
Sanchez-Fauquier et al. (2003)
Adah et al. (2002)

This study

Elschner et al. (2002)
Elschner et al. (2002)
Elschner et al. (2002)
Elschner et al. (2002)

Gouvea et al. (1991)

Gouvea et al. (1991)

Jiang et al. (1999)

Jiang et al. (1999)

Kim et al. (2000)

Kim et al. (2000)
Kubota et al. (1999)

Kubota et al. (1999)

“VP6: viral protein 6; NSP2: non-structural protein

2, RdRp: RNA dependent RNA

polymerase; ORF1b: open reading frame 1b; N: nucleocapsid.

PR forward primer for RT-PCR; R: reverse primer for RT-PCR; nF: forward

primer for nested PCR; nR: reverse primer for nested PCR.

“TGEV: forward primer was designed from the portion of TGEV ORFlh; reverse

primer was designed from the portion of TGEV spike gene.
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(1) =Wl & dHY C Zeputo]le 2 A xALE 98 F 57719 w7kl A 12770

(2) 848 C =Zehlolg29 AZFE 8l A A7 doe] & HEHO Q&
VP6 AR AA d714<E, Send 2 3 end region®*] RT-PCR% primer

HNATE Fol7] 934 3 endE targetingdhi=
RT-PCR primer pair Woll A nested PCR& primer pairZ A 2Fa} S tHE3-2).

(3) TUlA AALE fdelE A Y C Zepulol 9] A4 EAS 3]
3l 4y C Zepato] 29 VP 7314 S3F4AEE doa] &3 5, A7)

gl AVIAES Ate 2 FEOA WAL I FHY

4 =l FolA oA AL e AAFAA dAHE C 2ol A 2 7]EF B

C
olH A, A, 71T HATHe] TdHAS A FobAlol AL

E FUshe tae wto]#xEel kel RT-PCR % nested PCR& 33151
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Table 3-2. RT-PCR and nested PCR primers for the detection of the groups A, B and

C rotaviruses (BRV A-C),

bovine norovirus

(BNoV),

bovine enteric

Nebraska-like calicivirus (BEC-NBV), , bovine coronavirus (BCoV), bovine

torovirus (BToV) and bovine viral diarrhea virus (BVDV) in the fecal

specimens from calves with diarrhea

Target Target Sequence (5 —3°)° Region Product Annealing Source  or
viruses genes Size (bp) Temp (°C) references
BRV C  VP6 F: CTGGATGCCACGACAGAATCTG 997-1352 356 50 Park et al., 2006.
R: AGCCACATAGTTCACATTTCATCC
nF: TCAGCGATGCCAGCTGGAAC 1075-1322 249 47 This study
nR: GGATCATCTACATCATGCG
F:GCA TTT AAA ATC TCA TTC AC 1-1352 1352 50 This study
R:AGC CAC ATA GTT CAC ATT TC
F:GAA GCT GTATGT GAT GAT GA 298-918 621 50 This study
R:CAT AGC AGC TGG TCT AAT CA
BRV A VP7 F: GCCTTTAAAAGCGAGAATTT 3 -1062 1060 44 Chang et al,
R: GGTCACATCATACAAYTC TA 1996.
nF: TTTCTAACATCAACACT 274-930 657 39
nR: TTGCCACCATTTTTTCCAAT Park et al., 2006.
BRV B VP7 F: GGAAATAATCAGAGATG 1-795 795 42 Barman et al.,
R: CTACTCGTTTGGCTCCCTCC 2004.
BNoV RdRp F: AGTTAYTTTTCCTTYTAYGGBGA 4543-5074 532 54 Smiley et al,
R:  AGTGTCTCTGTCAGTCATCTTCAT 2003
nF: GTCGACGGYCTKGTSTTCCT 4690-5015 326 50
nR: CACAGCGACAAATCATGAAA Park et al.,
2006.
BEC-NB RdRp F: TTTCTAACYTATGGGGAYGAYG 4518-5066 549 52 Smiley et al,
\Y% -MCP  R: GTCACTCATGTTTCCTTCTCTAAT 2003.
nF:  CGCTCCGTGTGGGATCACGA 4788-4981 194 50 Park et al.,
nR: GCACGGGCTTCTTCTAGAGA 2006.
BCoV N F: GCAATCCAGTAGTAGAGCGT 13-712 700 50 Cho et al., 2001.
R: CTTAGTGGCATCCTTGCCAA
nF: GCCGATCAGTCCGACCAATG 152-551 400 52 Cho et al., 2001.
nR: AGAATGTCAGCCGGGGTAG
BToV M F: TTCTTACTACACTTTTTGGA 98-700 603 49 Park et al., 2006.
R: ACTCAAACTTAACACTAG AC
nF: TATGTACTATGTTTCCAGCT 152-560 409 49 Park et al., 2006.
nR: CCAACACAAATCCGCAACGC
BVDV 5’-UT F: GCTAGCCATGCCCTTAG 107-396 290 47 Givens et al,
R R: CCATGTGCCATGTACAG 2003.

* T forward primer for RT-PCR; R: reverse primer for RT-PCR; n[F: forward primer

for nested PCR; nR: reverse primer for nested PCR.
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Eob AT A wk&A] 7t} 223843 avidin conjugated anti-mouse antibodyZS A&

3}3L Streptoavidin—biotin peroxidase complexZ Z}7}e] AHo| Wk3-Al7 DABZ 7}

Zte] WS WAAZ]l $ Mayer's hematoxyin® & counter stain 3% zhz}eo] AH
S TY F, FFgdr oz #Esn

boAA ARG C mebubole el ulg SolgAl A%
() =7 C @ Zepilolgl=e] VP6 #44E baculovirusel A L &A7]7] 9]
RT-PCRYe] olste] €& =ehloles F4om Felg sx Ay
#06-52-1)% Al AEAA ATALA 2 oMARTE EFurol ALE3Y

=

b me FA xAwjcko] 7538k 1 CE ZEpulo]lel A Cowden straing ¥

He
do
)

o Q%o e FHhewe] Dr. Linda SaifZH-E #kol 450] AlAA

A MALOA A2FE ARESte] SAAA diEL o ARgshalth. MAIOAA 2=

5% Zefo}sl H(Fetal calf serum: FCS)o| 7% a-MEM ®IA| S Ag3lo] Hf
&3ttt

(@ WA Y ZEvleld s VP6 fax A 2 He 293-13% 2ol S

rlo
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PCR and cloning

S
/ o
& )
m &/ pBlueBac4.5/
5 V5 His-TOPO

Expression

Bac-N-Blue . X
viral DNA Recombination

< Cotransfection in Sf9 cells

— » Deeeeee————

Western blot
Plaque purification of Characterization of
recombinant virus expressed proteins

Fig 3-1. Schematic diagram for VP6 gene expression in baculovirus expression
system

(7}) mFe]#] 2~ RNA ¢
H} =] C¥H =ZEpntol#l~ RNATE Gentsch 53 Gouvea 59 Hwol w)
Cowden strain® 2 7@ Avwjd} 2 HALEHH6-52-1) 2 25H 5=
U5 RNaid kitE AH&3te] AAsl e AAld RNAE DEPC waterol] &3
sto —20TCel| HastiA A7l AE3F3ATt

(1) Primer A%}
HA CH ZEepatoly & VP6 A FAAE codingsltE oligonucleotide primer
= GenBank®] data® 7]Z2 2 3lo] #3-39F o] Az

Table3-3. Primers used for group C rotavirus VP6 gene amplification

3
T

Sequences (5" — 3") Position Size (bp)
Sense 1-19 1188
GATCTCGAGTCATGGATGTGCTTTTTTCCA ’
GpC-VP6
Antisense 1,169-1,185

ATCAAGCTTCATCACCATTCTCTTCACGGA

CTCGAG: Xho I site, AAGCTT: Hind III site
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(t}) RT-PCR
HA CH ZEehrtole] 2~ VP6ol 502l primers AH&3F4] Rosen &9 WO
=  RT-PCRE sttt = &5 E43F¥ RNA  10pel 2409
DMSO(Dimethylsulfoxide)E& #7}8Far 95T A 587F WA 7] & AL &7
30 A 10,000rpmoll A 523F 9418 $ DEPC MEd F75 204,
bx first strand buffer 10p8, 0.1 M DTT 5ul, 10mM dNTP 21, RNase
inhibitor 1x, reverse transcriptase(200 U/ul) 1p0-8 A Z Yo vk&g 3 50
WE 37Tl A 6057 ¥vhS-A7# cDNAZS FA3vt. 45 cDNA template
10uLel] DEPC AHeld <+ 63, 10x PCR buffer 10xf, 25mM MgCls 1240,
10mM dNTP 2uf, 2}2+e] forward primer 1u0, reverse primer 1ul, Tag DNA
polymerase (5 U/ul) 1S 2o AAN-SEF 100E pre-PCR (95T, 5 min),
PCR(denaturation 94°C/45 sec, annealing 50°C/45 sec, extension 72C/1 min, 30
cycles) 1] 3L post-PCR(72C, 7 min)& H4F53%7](PCR Thermal Cycler Dice
Gradient, Dakara)E& AF&3lo] AA3t. HES4HES 1% agarose gel ol
A 100volt= 30 7+ #7195 3 H ethidium bromide® 43} bandE 29l
st o SEH AZbe] fHdA Z7]= 1kb DNA ladder(Gibco BRL)E #o] #
71dEs Fo e sttt

(2h) Baculovirus & vectorz29] ZZ2Y
H$HAx CH ZEputolgl~ VP6 A9 baculovirusel A o] @EE 913+
RT-PCRZ FZ3F VP6 F+AAE pBlueBacd.5/V5-His TOPO TA expression
kitE AF&3Fe] pBlueBac4.5/V5-His TOPO vector® AZY3aL E. coli
TOP10 competent cell= A dZsqct. FAd3E E coli vI%H-2 37T
A 220rpme. 2 1A17F FoF ' wjekdt vbe ampicillin(G0ug/ml)S -3
LB plated] =3kl 37TColA 16413 st wfkatadet. 243 Jgo =iy
E. colie #3ted Sm LB brotholl HFstir 37CelA 220rpme 2 16417 2
2 owjekd e mEy {FHEE XA 98ke]  alkaline lysis  method
plasmidE #23laL 3002 TE buffer(pl 80)° £33ttt 23k plasmid
DNAE A& 4 Xho 13 Hind & 7F8ke] 37TolA 1417 dasle] 1.0%
LE agarose geloll A 1A17F &<F A7) A3t 229 /55 9y =
g VP6 A7t At d Weks gelstr] fske] ZAzbe] VP6 el alfdst
= AEAE A 5 s AY dVIqds 2T 5 st

(vh) A Z%F baculovirus A9t
#HA  CH  VP6 FHAA7E ZEWYE baculovirus  transfer  vector
pBlueBac4.5-GpC/VP62 Bac-N-blue Transfection kitE AF&3F2] Bac-N-blue
wild type DNAS} sHA Al ZALe] 2o wel Sf9 A X2 cotransfectiond} 33 T}
WA 4upe) AFEZ transfer plasmid DNA (1ug/pl)ell Bac-N-blue wild type
DNA 10x4, Grace's insect media(w/o FCS) 1mf, Cellfectin reagent 204 E 7}
st & &3 v A2dA 1583 WEAIHTE 167 &, o] HIMHA
22 Grace's insect media® 33 AMA3F Sf9 Mol 3k WA Wojmy ohs

AXNZE FotF bkS-A]7) A 10% A o] H7FA complete Grace’'s insect media 1mé

;

N

ro

Z

o Lot

J
o
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S 7}8Far 27C oA 7243
baculovirus& A1&3t7] ¢ 3)
stk WA AR Mg Y FA & petri
disholl A 8] eksk Sf9 Aol A 7|3 605-7F v kst vfs5 v f-s A A3
3l oy 7)o 25% agarose bml, complete Grace's insect media dml 2 15x09]
X-gal(50mg/mé)-S 7}atal Aol A =31 ths 27Ce A 8YL vigstdrt 8¢
F v 5 FAH plaque 5 FEM9 plaquevhe AEske] SM9 AMlEzel 0.1-1
m.oiZ FHAAA 27T 547 wigeta 5 Alx 2wt s 3sho] =
A C¥ ZEtnlole] 2 VP FAAe Ax
Az Aoz gdd AL 1,500gol A 1537
Az 0.1-1 moiz FAAA 129719 223 baculovirus stock-S
F5= Bshal Y5 AT HEeHA Age] A&
(mh) A =3 baculovirus <!

Plaque 0.2 523 A% nlolgl A2 X E DNAE F=3to] RT-PCRe
AFEEE B1x] CE ZEpmlo]l# 2 VPGl £0]4 ¢l primerE AMg3e] PCRE
gkl VP6 FHxY] AdFFE Fedslth 8 baculovirusel £l A<l
polyhedrin forward primerl 5'-TTTACTGTTTTCGTAACAGTTTTG-3 ¢+
reverse primer$! 5'-CAACAACGCACA GAATCTAGC-3' & A&3te PCRS
T338lo] wild type baculovirus® 2@ HE 2213 AY}. Plaque assay®
4 #83 recombinant ¥lolel7F =X C¥ ZElnlol# A~ VP6 ¢S by
stE7lE &Qlstr] st IFAE Aok =, Sf9 A7 vieka 96-well
plate®] recombinant Hfo]#H 25 HE3lo] 72417 wlddt 3 809% acetonel %
AR 1% AR Hisg &2 Vool Eol#e E7] E334(Bethyl
Laboratories Inc.)¢t #1 %] C¥ =Zepnlold) A & A2 1:2,0003 1:1,0000.2 7+
7} 3 A& 50 o]l 37ColA 1A]zF ¥k& 5 phosphate buffer
saline(PBS)= 53] A 2l3lit). 22 A2 FITC-conjugated goat anti-rabbit
IgG(Kirkegaard Perry Laboratory) % FITC-conjugated goat anti-swine
IgG(Kirkegaard Perry Laboratory)E 1:1002.% 38|23} 5002 ol 1437+ Hj
ok & PBSZE 53] A& 3}l mounting bufferE 2ol dFdn| Aoz FPud
-5 W& Recombinant vlol#fel 1% CH ZEtnlold & VP6 &
ol Wy {F g AANE gl #4357 fste] Towbin o] Wl weh
Western blottinge A A3l t} =, recombinant HFo] 8] AE HEdle] 27Tl
A 72N ZF Eot wjEle] FEE Sf9 A ¥ X Oo R nlo]|HAE HEFFHA
e SO AXE flask=2FH dolm=y A& H AL ST A9 pellets
Western blot®] AMZ= AF&3L9th. 2219 sample® NuPAGE LDS Sample
Buffer(4X)¢} NuPAGE LDS Reducing Agent(10X)E &3tsle] 70TCoA 10%
7 #9  denaturation AT A EH  sampleg 12% Bis-Tris Mini
Gel(Invitrogen)oll Al 200VZE 6023t A7 9538 %, NuPAGE transfer bufferel
3087 HXIA A, "E]  transfer bufferol] 3 A| A T2 filter paper$t

nitrocellulose membraneAlolel] gelS %o semi trans-blotE ©|&3lo] 25V=
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907t transfersttl. Nitrocellulose membranes 5% non—fat dry milk/tris
buffered saline(10mM Tris—-HCl, 150mM NaCl, pH 7.5: TBS)el|A 247+
blocking A1zl % TBS= 734 S5 33 A&3AY. 123 FA = Hise &=
Vool Eolzel E7 FdA¥ A CE EEnboldx FEAFE 1:2,0009
1:1,0000.2 7+7} s)Asto] 1AIZE &9k A2oA E57 WA H S TBSE 3
3 AR, 2elar 22 FAZ alkaline phosphatase—conjugated  goat
anti—rabbit IgG(Kirkegaard Perry Laboratory) T alkaline
phosphatase—conjugated goat anti-swine IgG(Kirkegaard Perry Laboratory)E
1:20000.2 3 Aste] 1Az ¥H&A1z1 5 TBSE 33 AAsdvh. THA 2
NBT/BCIP stock solution(Boehringer mannheim) 200x0-2 alkaline phosphatase
buffer(0.1M Tris-HCl, pH 9.5, 0.1M NaCl, 5mM MgCls) 10m¢el 4o AL&3}o
ARE Flsoh.
(3) A CH Zeprtole]2 VP6 ©@Hio] Fo]2ql GE8 AL & EA AL

HA] CH Zehulolg) 2 VP6o| Ho|#<¢l G=aE A= baculovirus expression
systemol A L& 3 VPG @hil-S- wWado g dle] dukd ol AEF3 wHe] u}
o A7-5 Tt

i)

(7F) Mouse ¥ ¢
MESTA AFE3 mousers 4-6 FHe BALB/c  straing  AFE3F UL
Baculovirus expression systemol| 4] &3 VP6 cell lysateE &2 Freund's
complete adjuvant®} 2 33l 9 moused foot-padE %E3le] 39 71407 4
3 HEd9 e 1%+ Freund’'s complete adjuvant®t  2x5-EH3= Freund's
incomplete adjuvant®} <33k 1S AFE3}S T

(}) ¥4 hybridoma A% &4
Hx CH ZEElrulolel A VP Eold oz wkgslE S AgakstE A
hybridomai= 7+ 3 384 ¥ (Indirect fluorescence antibody: IFA)S ©o]-&3}9]
U Ze wier 3t 5, A4 hybridoma Wi FS o 100puE
HA CH Zehnfole]~ VP6 A x§nto] 8 ~GpC 6-2) H= =A] C¥ ZEn}
o]#] ~(Cowden strain)® ZAA 7|31 48A17F 3o 80% acetonel.= 314 A7l
welloll g o] 37Col A 1A12F Ft RHEA AT 1A 2 ¥FE & PBSE 33 A3 3}
3L FITC”7} conjugate® goat anti-mouse immunoglobuling 8 7}&le] thA] 30+
QAL oA AT 307 F AlXE PBSE AAS BV
2 @3t F3-& YelllE well?] hybridomaE =1# C3 =ZEpwlo]8{~ VPG

o] o)l BaERA FHOo= BRI,

AEGHS HA CY Zehufol e~ VPE @ o2 ¥ mouse®] A8]4 ¢ut
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(=

A A X9} SP2/0 myeloma A ¥2E polyethylene glycol(PEG) 15002 AF&3}o] <

A2 el wel Agsidth. A E g o] B EAEA L2 20%

)

S

79
B o
Thymidine)”} &% RPMI 1640 ®jA]o] H-HA17] v} 96-well =2 8] plate
of well B 1002 +F3Fo] 37T, 5% olitsleba 271 shol Al v gslar, a) <k
% 3 5 7 % 9¥e] MES HATS HTHIXZ w33ttt Hybridoma A X 7)
well®] 30% o] 243 s WMAE % 5 10-15¢9) ;A CH Zeprfo]y =

VP6o| Eold oz wedt= FAE A= %A hybridomais $oA] &3
I=:]

L

B

—r’

g3 HATGO uM Hypoxanthine, 04 uM Aminopterin, 16 uM

3t FAd oz Feld hybridoma Al ¥+ limiting dilution

o)

Moz 23] ol AEY i GAEFAE FQl¥ hybridoma Al¥Xs 55 o

Zoll AAstA . Ao limiting dilutionW o2 A2Y ¥ Y%A hybridoma

Zefold ol Ffo] oA & RPMI 1640 s = 13 AHg £ 1

x 100712 NXE pristane® 2 wE] 7222171 BALB/c mouse® &7 W2
555 AFHeF-20TCe waste] Ao AMESFAT

|3ko] Al xAbe] E2lo] whel vt Zo] &Rlsivh. =, 1gGl, IgG2a, IgG2b,
IgG3IgA Zr&] 3t IgMeoll that 34| Z coating bufferel 1:2,000.% 314 3o 100
U2 96-well pateol]l F-F3le] 37CelA 1A 7Hset E&A#HT). PBS-TZ 33
Ak 5 fdArstarxt s GABFAE HIbske]  37CelA 1AIZE wHEAIA
t}. PBS-TZ 33| A&3% ¥ peroxidase conjugated goat anti-mouse IgGE
1:20008.2 8| 3le] 1004 53k 37CAAl 1A s <F vhg A H T PBS-T
2 3% AA3g 3 TMB substrate® WAZATE 108 3 stop solution(1M
HoSO0&  100pt® ¥l ®bg& FAAZIAL 450nmelA FHE=E F4 3
isotypes &elatgdt. ZAzbel A EFA 7 A group C EERHIO]E A VP6
il w8 s 813l 91%e] Towbing] WH S 2 Western blotting-S Uh&
dprrol AT &, ;A group C EERHFOIE A VPE A&
NuPAGE LDS Sample Buffer(4X)¢} NuPAGE LDS Reducing Agent(10X)E
=33kl 70TolA 1087 #9 denaturation AlFHU. HEH AZES 12%
Bis-Tris Mini  Gel(Invitrogen)el A  200VZ 6087 A7)|d%3s  F,
NuPAGE Transfer Bufferel] 30i-3F A AIHTE w €] transfer buffere] F*|A|

=2  filter paper?} nitrocellulose membraneibe]e]  gelS 2o  semi
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trans—blotE ©]-&3}e] 25VE 90F-7t transferd}$it}. Nitrocellulose membrane-s
5% non-fat dry milk/tris buffered saline (10mM Tris-HCIl, 150mM NaCl, pH

75 TBS)ol A 243t blocking A7l & TBSZ Z3HA &5+ 33 A &3k
HAA e A st dAEFA L] wdAERe s95kx] &ka IPa BEeE
1:500-1:2,0000. 2 343l 127 Bek AL EEH Wre A7 o TBSE 3

3| A A st d Tk TBS= 33] A = &k = 2%} YA = alkaline
phosphatase-conjugated-goat-anti-mouse
IgG+M(Kirkegaard Perry Laboratory)S 1:1,0002.2 3]A3lo] A4 127}
e H-g A7l & TBSZE 33 AlA3A. T AZ NBT/BCIP stock solution
(Boehringer mannheim) 200u{-S- alkaline phosphatase buffer(0.1M Tris—-HCLp
H 95, 0.IM NaCl, 5mM MgClz) 10meol 4o} A3kl A5 gelstolvh
(vh) ©ZEIFA A7F &2l
AAE G Es A o] vl [FAW o2 3helslodu).

(v} G2 AT ZEpplo] ] A9} ¥EeAl A}
7tzte) @At AY Zenlolgsste] wede IFAWOR  thgal 2ol

T3 9k &, MA104 A X7} 96-well plateol] Al monolayer® FAdE 9 Algh
S Zehutole] A9 Wa, DS, M, ST3 183 F45 strain? SE-§# ZEnjo] g
229l NCDV, OSU, Gottfried, AEQ ZL2]3l B223 straing Z17 5]43ke] A
Zth. CPEZ #9213 3 80% acetonel & 1057+ LA A 7131 PBS®E 33 A& 3}
of AAb starzl sz GAZFAE 100t H7Fske] 1417HEF wbEA AT THA
PBSZ 3% A & 3laL FITC-conjugated goat anti-mouse IgG+M-& 1:1002.2 3|4
gkl 1 drop® H7bske] 1A17bERF whEAIFTE PBSE 33 AAHETE £ 80
glycerols 1 drop® Wolmy dAdHnAow #HFso] ZEepulolelr EH9 ¥

ol ety RS ¥ oz AAsTh

(Ab. @22 A the A vpo] e 29 vk
Z4zve]  @AEGA G HA A EAV Hi dE AdAdY A dntelH A

X

J

(Transmissible gastroenteritis virus; TGEV), 3 *|-f-8 4 A A5 1o ) 2 (Porcine
epidemic diarrhea virus; PEDV) 9 =X A2 7] 5575 vko] 8] 2 (Porcine
reproductive and respiratory syndrome virus; PRRSV)ele] wk-&A e Ad =l
Hhol 2]~ oke] whgAd FALel FAG IFAH O 2 ZALSHITH
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L A& AAE C ZEebvto] gz ek Sol Al AlF}
(1) & C 8 =Zgnrlo]y 29 VP6 FHAAZE baculovirusol A
RT-PCRW el ¢J3te] CH =Repupole]x Aoz Feld A HAEW
(#04-56-136)5 Al FEAA A7 Al QG AZF Y Fgol AHE
sk ek AR xAu|ke] JlEd HA] CH ZERo]l# 2~ Cowden strain
S i e3dlol e FHWE e Dr. Linda Saif ZFE Hokukol 150] A4 kA
el MAL04A AlE2FE ARESe] FAAA dxrcez ARSI
MAIL04A ¥3= 5% Ao}l A (Fetal calf serum: FCS)o] 39 a-MEM #jA|
& A&3he] wi sttt
(2) & C¥ =ZEple]dy 2 VP6 FdA 2=
&

9 @ o S sha,

Fl

ol
W
iz
r ]
flo
R
N
@)
ot
W
fl
ol
ok
)
i)

HA CH ZEtuloldz VPeol| Hol#l T2 IABA & EAAS 22
Hioz 9 3.

. A CY ZEprto]e] s o] 5334
(1) VP6 &9 A A
H$HA CH ZEpupoly = VPeo| Fol&l HZFFA Aitel Zedh FPE
Baculovirusel| /] & H VP6 @t a8 A3l Ni-NTA agarose columng ©]
&sto] Al xALY] A wEl AA BT

oz
2

EA] Aiteli= EZ7E AE3H Baculovirus 2 #Hl# CH ZEpnfole A
VP6 @ AS Yoz AREEAY. AAS FU100ug/m)S s HF Freund's
complete adjuvant®} 2 E3%H3k 5 E7)e] &8 W ¥R 12 HEFd I, 3F
5 7o 95 Freund's incomplete adjuvant®} 2 2313le] e A== 23}
HdEArk 3F 5 22 HEH 2 WHoR 3x HESAL, 25 F 25t
$HA CH Zeprtole] 2 VP6o| thek A F7HE IFAH SR SAHsAT =HA
C¥ =Zgputoly 2~ VPGl gk A 717 338 & d-5de Adste] o
39S Beste] —20Te] ARG FAA I} Be Aol 33 dEH pe
Wwor F7F HEskAvh A SRbeAe] o7F W AY ZEputole] A9 e]
So]Ri= [FAH O R Felstt

4

e 2 C3 Zepupolel 2~ So] BggAl A : vl 2 woR +9 shsin.
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(DAZE s AN e & #x dHY CEEputolglx @28 A9
g A& d49 C Eeloly A @EE A9 M =& s 8 vheA &
7ol Al W% 5 protein G2 AA #HAS AAx, A4S Img/mlE FEE X
A ¥ 5 nitrocellulose membraneo] 1ul® dot bloting 3ttt oF 40nme] gold
colloidell  Zt7+e] FFAE A3 A2l £ baculovirusel Al @A Fld A, &

HANE Fd dx= wAAA E PCR, nested PCRZ

1
By Bokutol Arlel] AFL3FLIL H A9 capture 9 detector® A 39l

ant i =bovine C I,
rota Mab aold !

l / anti—Mouse 196 Gold
: SHHE 4

M J { y S =
| o g

"

gold pad M

& ] Lok T
= nltrn cellulosa
Croral il Hembrane

> 3

Fig 3-2. Schematic diagram of Raipd test
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(2) XA capture 9 detectorZ o] & kitE Al Z3STH
(7} aA 3 W g ol

Ardel TE7 FAE 48 S45A010 mM SAd $45d) 0% 25 my/mE
Mg & YER AE22 WHYQE #5775 o]&ste] 1/ cm V& E Y
olERAERZ WHHRlY #5353l 1.0+ 0.1 ug/Devicez AZ3HH, thxiH
o= =

2 F&E7F 25 mg/mle] HEE 34ste] whE &o4E WHHYQR EFV|E o

&3tel 1w/ cm HlE&EE UERA

/Device = Alzdr}, Fu]¢

rir
>
03

LA

() ZF2ol=A FdA Ax
Gold chloride solution®] Na-citrate® R 7[3Fe] gold chlorideE 34|
7 JAAZ7]7F °F 40 nmS! Colloidal goldE A4 Al 71T},
(th =94 £F3 A
AE &7 Imbe] FAHE SRTFE ¥i 0D #¢ 520nmE

-

&)
=4

o
i
)
o
=l

(&}) Conjugation
gold colloid®] 5E4 34 1.0mg/mlS gold £ 1/10 H713k & A4 1

ARE B QG wkg A uhgo] $EE ¥ A4 AHtn FEAS

1.

| €3] 520nmoll A THE s =AE ] AL T HEAE Huleta, F
Zol=A FhA FA7F dASA AFHJAE=AE 37| f18Fe] oln] A

29 Hulela ® 2= EFAClEE ol&dto] APt HY FEs FAT

=

(b frElAd el &<
SEA%HA) FE EZFACIEE KRS FE) A el 0.4cm
+  0.04x05+  0.05cm% 50 E  AFEstel R EA FFAZIT A
F5E 20% ol3f Al AX T ol AxeTh Axvt gdEd 2= AXx f¥
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v H 14 @HE C Zepnfolel & &9 HE8 ELISA Kit Al %)

(1) 28 sHA A Axd GHEE A2 captures}t detector®] pairing o W] ] & ol 4]
Rapid Kitell A2} 79| captrue= 7E7, detector= bLHE4Z A 313l direct
one-step ELISA o= 1ot 3t 283-3). ELISAW | capture antibody®
AREE G2 R FA e AAT=E 2457 98t checkerboard A8 ©]§ 3}

ATt

Fig 3-3. Shematic diagram of direct 1 step Sandwich ELISA

1 m

| r
S 2 ¢

r

(2) AHEHA capture ¢ detectorE ©]-& kitE A X3}
7h &A &2 96 well plate
AAE 7TE7 MabE 0.1 M Carbonate W3 (pH 9.6)e] 0.25 ~ 0.5 ug/mle]
L7 HRE XA & AeEF)E ARESte] 96 € EHolES 7 o
100 ul® &EF3h BF 5 2 78T 2dolA 16 7 24 A7 o A
7

|

QY

Ol
L
s
ot

JI[O{I
A
o3
(ld
S
>
ofo
o
e
=
ofo
il
o
Y
X
o
=
o
—
X
o

o

[02]

@.
=

e
2

T30 CellA 276 AR EoF AR F FAEAAE ARESY] HE&Es Al
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7 BkaL 2 7 8 TolA Azt

(1}) Mab 5E4 -HRP conjugation

HRP(Sigma Cat No P8375)¢} &Ale] =4 & 114= AAste] HQs s -3
A Tl Horstal ¢gds] &8s £ HRP &9el 05M NalO4 & 9-&
HRPAF 4mg 9 0.1ml H7}3Fal 25+5Ce Al 20£28-3F
Aol 274 st¥l HRP&l& H7bskal ARE3H HRPHE % Amg™ 0.02ml ¢ Bl&=

IM Na;COsE #H7F 3o pH 9.6+0.2 98 3Felshr} 25+5Co A 18045 #

T
1tk AFA H-E open column ol DEAE-TZ
S o] &3] 20mM Tris( pH7.2+0.1)2 A™Y-S A& 3t} monitor Aol A H &
AE7E o] Fo] A& ion gradient® &% $tth £F 49 main peaks OD =
4% 9o Kathon CG(RhomHass)

1/2000%] 2 # 7}81e] 0.2m Minisart & ©]83}o] of 7habu}

—_
[\l
<
I+
(@)
Mo
)
o
[
>
a2
&3
oo
o
>
>
F\U

(ch) 244 8oie] 24

ELISA®W ol A33k blocking $h5& & Ax3t7] 93te] 3% non-fat dried
milk (NFDM), 5% NFDM, 3% bovine serum albumin (BSA), 5% gelatin,
3%NFDM + 3% BSA, 18131 0.1% Tween 209 blocking $+=89-& 7}# 1
ELISAE 3 3arh.

(=) 714E4

Bio FXA}e] TMB working & 918 A& 3t}

o A 28 CEERtol 2~ Y HAEE Raipid, ELISA Kite] W% Eo|xA]g

1

e 7|do A 28 ste] RT-PCR 2 Nested PCR %4 A4 2 A4 AAZE A&

Abg3e] B Aol A FEE Rapid, ELISA kite] wza%, EolAd & xA}skgdt).

(1

Rapid A

WS WES ol&3to AFHS L, A FEH| Yol dEs FE &7 WA
of ExE I mgyg 2-3 HE T ulo]lmaw mIdloz 100-120uls AA F

o W=l A Rz
BE gHoR w3y @

td
<
=
s
=
Bu)
=
iz}
o2
oX,
o
It
=
BN
rx
9
>
¢H
=
s
=
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(2) ELISA HARH

A8 ¥ 96well pouchE 7% 3le] 1-A,1-Boll 44

1 7k7h 100ul B on], AAE AASAR 05mlo] WEE o] AR AA
1T

Zy7F 100ul® 1-E5-H

Ao A 90E7F e 3 & w

3 714 100uE F7bsle] Ao 10E
readerZ 492nmeolA FF=E A3

AU ZE 025 o]ojok 3t WEZe &

o @A )

Y 7 wellell AHAl 25ulE H7lete] & &

xS 1-C, 1-Dell &4 )

asher® 13]o] Al &4 300ul/well= 63 A3 %
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A

L s,

ATNE =3 A
ES|

43 C ZEPnlol g so] diek 5l xA)

7t @ ® B8 C Zepupola 2o Uk o skzAl

(1) €444 C Zeputely & =

% 5571 ®7F 1377 AE AANEWS O o R dAHY C Zeploly s HEE 2
ghol g o] &3] RT-PCRS 33 A, 3671(26.3%)2] AWl EHF C
ZEputol g 2o %A o)t} o]F oA 107) BW-S 2] o)) Zafolw S o &
3 RT-PCRollA] FAelom, 267] #¥2 22 Cl 9 C4 Zefo]msgo Atk <&
4 olar £ Cl & C4 =Zgo|wA-g o€ RT-PCRo| 7} W=7} %%

[e] P =4
e & UTH(E3-4).

Table3-4. RT-PCR assay results for the individual swine fecal samples

Porcine fecal samples positive using RT-PCR assays *

(No. of positive samples/Total No. of total samples %) No. of total

.. b
positive samples

RVCF1/T778a T729/T778a Cl/C4 BMJ145/BMJ44 T383/RVCnR2

3/137 (2.2%) 0/137 (0%) 28/137 (20.4%) 9/137 (6.6%) 10/137 (7.3%) 36/137 (26.3%)

*Virus and target protein for each primer pair are listed in Table3-1.

PFecal samples were considered positive if at least one positive fecal sample
was detected in the same sample by one of the primer pairs.

@ S AA "GP A Zebolels VPE fARe] A4 B4y

=

247 = FE FolA 2370 #H:HA Cowden F¢ 49 WDH34te F(&H A
2 7 1ot AlETtH oz 728 lineageo| <3t} 3Fx| gt 247) Fo A 17hE
42843 C Zeplo]l #2291 Shintoku % Yamagata 79 722 lineageol 43}
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Po/
Po/
Po/
Po/
Po/
Po/
Po/
FPo/
Po/
Po/

a7

Po/
Po/
Po/

|2

Po/

Ta

Bo/ Yamagata/Jap an

Po/ 06-21-1/Korea
06-31-4/Korea
06-46-1/Korea
06-50-2/Korea
21-3/Korea
06-12-3/Fo korea
06-48-3/Korea
06-12-2/Korea
21-2/Korea
06-13-2/Korea
06-44-3/Korea

20-1/Korea
14/Korea
06-44-2 /Korea
06-40-2/Korea

—— Po/ 06-94/Korea

Po/ 06-114-3/FKorea
g4 Po/ 06-98-1/FKorea
| Po/ 06-103-2/Korea
Po/ 06-268-2/Forea

Po/ 06-92-2/Korea
Po/ 20-2/Korea

Po/06-236-2/Po korea

I: Po/ Cowden/USA
3 Bo/ WD534tc/USA

Bo/ Shintolu/Japan

Po/ 06-458-2/Korea

57 (Huw' Wu81/Japen
Huw' Bristol TK
Hu/BCN21/Spain

T
002

Hu/ BCNG/Spain
Hu/ Preston/UK
Huw' DhakaC2/Bangl adesh
/W966/India
[ Jajeri/MNigeria
/ V460, India
/ DhakaC13 /Bangl adesh
/ V508 India

41

/208/China
/BCN9/Spain

/S CHWHO04-03/ Thail and
—— Hu/ Belem/Bramnl

15— Hu/ SI-82-05/Slovenia

Hu/ Moduganari/NMigeria

Fig 3-4. Phylogenetic tree of a VP6 peptide (aa 334 to 395 of the Korean porcine

group C

rotavirus strains showing its genetic relationship with the other group C rotavirus

strains.
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At EAdae FdskA 23719 =l HlA EdE A ZEbfolEaE A
T kol 86.5-100262] 3MAF 2 89.9-100%2] ofn| =4k HA7IAME HEEE Ho|H
ol|# gt npolH A5 H X AHY C ZEo]# 2 prototype$! Cowden 4 4
WD534ct =2} 85.8-96.0%62 34k F 89.8-96.0%2] o} x4t AsEE Holal
gk o] A 3 7 FE A dAY C ZEpnlo]l 8 22 Shitoku 79 Yamagata
Fo} 89.0-89.7%62] 4F L 929-939%9] ofv| At HEEE HATHIE 3-5).

Table 3-5. Nucleotide and deduced amino acid sequence comparison of the VP6 of the

Korean group C rotavirus strains with that of the other strains

% identity with strains®

Strain 23 Korean strains’ One Korean strain®
Origin

nt aa nt aa
Cowden Porcine 87.4-89.4 91.9-96.0 84.8 90.9
WD534tc Bovine 85.8-87.7 89.8-94.9 83.5 88.8
Shintoku Bovine 85.8-87.4 89.9-92.9 89.7 93.9
Yamagata Bovine 84.8-87.1 90.9-93.9 89.0 92.9
V996 Human 82.3-84.8 81.8-83.8 83.9 85.9
DhakaC2 Human 82.6-84.8 81.8-83.8 83.5 84.8
BCN6 Human 82.3-84.5 80.8-82.8 83.9 88.8
Bristol Human 82.9-85.2 82.8-84.8 83.9 84.8
Belem Human 81.9-83.9 80.8-82.8 84.5 84.8
Jajeri Human 83.2-85.2 81.8-83.8 84.2 85.9
Wug2 Human 81.9-84.5 82.8-84.8 83.5 84.8
SI-82-05 Human 81.6-84.2 81.6-82.8 83.9 84.8

“The classification of Korean GCRV strains into 23 and 1 is based on the phylogenetic

data in which they clustered on the separate branches (Fig.3-4). "The nucleotide and
deduced amino acid sequence identities of VP6 among the Korean 23strains were
86.5-100%6 and 89.9-100%, respectively. “The nucleotide and deduced amino acid
sequence identities of VP6 between the Korean 23 and 1 strains were 82.9-84.8% and
85.9-88.9%, respectively.

(4) Polyacrylamide gel electrophoresis(PAGE)E o] &3l oFe] =% AR of A

38 C ZErto]#] A9 PAGE patterns 2¢1
C Zepulol g 22 A A0 PAGE HEQl 4-3-2-2 &S sk 4= AT
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Ji‘ﬂ

U & 849 C mepubolejso] 0@ etz

(D=l & @39 C Zeprfole|x AstxAls: Fdsty] flalA, FHod 117 571
oA 3071 AAMEW, olFH 1171 s7F 2971 AANREW, JbeE 1471 w7 3370 A
AHER, A 167 w7 3571 AARREWE AF sidlen & dEAHE C ZEo
e BH-o 14 (1/30 fecal samples, 1/11 herds), oJ&Zdx= 04 (0/29
samples, 0/11 herds), 7F2#o| 474 (4/33 samples, 4/14 herds), 72| 24
(2/35 samples, 2/16 herds)e] HZEHST Table 3-2 <9 3dHIY C
ZEplolE A HEE Zo|Wag o]&3dte] RT-PCR % nested PCRS 33
A3 24 nested PCRAIAIRE 6711(26.3%)¢] Axliwo]l dH3 C =ZEelnfole] 2o
G ol Sl

(2) = & 49 C meprto]ly & VP6 Aty #4444 &
Nested PCRell olsliA] F-3&5 770 =i & 449 C ZEpntoles VP #d4

o

HD:

€] 249 bp (nt 1075-1322)l Whato] A7 A& = HaF53 vl
gk A= Table3-65F Zuh. =u Fopxlol A WAL = AALSlA A
ZErfol )2 B 7|EF mpolH A, AwA, 7IA8FAE HASHe] EFHFAE AL
stz 9s FopAlell AHALE fdskE vheEe] wiolg{iEo]| wiste] RT-PCR #
nested PCRE 3 stdon, Ao 2 dF AAE #3835 23 & 3-6004
Wol= nkel o] 4 Y C mEetuloly & whEzhelS 379 AAHEH(2.4%)
Al AEHJAL, UmA 48 & 3P C =
A ZEhlol#l A BVDV, wzulolg]s @ &

o AA Hol s & AU

Eprlolel s b BwoAE A4

F AdeAntolaet &

ﬁ:
b
>
_‘%i
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Table 3-6. Genbank accession numbers of the VP6 gene of the Korean bovine group C

rotavirus strains

phylogenetic and sequence analyses

and the reference group

C rotavirus

strain used in

Strains Origin Accession Strains Origin Accession
numbers numbers
KJ64 Bovine 1349251 DhakaC2 Human AY754827
KJ297 Bovine 1349257 Jajeri Human AF325805
KJ298 Bovine 1349258 Bristol Human X59843
KJ317 Bovine 1349260 Preston Human M94156
KJ353 Bovine 1349261 BCN6 Human AM118018
KJ423 Bovine 1349262 BCN21 Human AM118020
KI514 Bovine 1349264 Wu82 Human EF528570
Yamagata Bovine Ab108680 Moduganari Human AF325806
Shintoku Bovine M88768 CMHO004 Human EF641110
WD534tc Bovine AF162434 Belem Human M94155
Cowden Porcine M94157 V460 Human AY786570
KJ 06-12-2 Porcine FJ494666 V966 Human AY786571
KJ 06-50-2 Porcine FJ494682 V508 Human AY795898
KJ 06-94 Porcine FJ494684 Co08 Human AB008672
KJ 06-268-2 Porcine FJ494689
F 3704 Holi= nmiel o] U A dHEY C REplol A= UREAS w9
vl 27 mpo]le A(KJ353 ¥ KJ29ME 4 43 C Zehuloly~ Shintoku
% % Yamagata¥st 95.1-97.6%9] b 9 984-968%2] ot AN 3E
e weolw, KJA23FE  Fuldld  xmy Hx dHdy C ZEpnlo] g 29l

KJ06-268-2 %
2 KJbl4F+=

=5 U ol A

KJ06-94-2¢} 93.2-93.7%¢] ik 2

90.5

-95.2% 9]
A WHY C Zepnrol 29l

ES

obu it @714

84.1-92.1%¢] o}

96.6%<2] A = 937%9] ofn|xAt AVIME AEAS BRYow, yHA 37 nlo]
B 29 Hx 848 C ZEehlo) A9t 854-92.2069] At o
n At A7 E AEALS B
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Table 3-7. Nucleotide sequence deduced amino acid sequence comparison of the VP6
of the Korean group C rotavirus strains with that of the other strains

Strain Origin %  identity with strains®

2 Korean strains’ 1 Korean strain’ 1  Korean strain’ 3 Korean strains’

nt aa nt aa nt aa nt aa

Shintoku Bovine 97.1-97.6 96.8 88.8 93.7 89.8 92.1 88.3-91.7  85.7-87.3
Yamagata Bovine 95.1-95.6 98.4 89.8 92.1 90.7 90.5 87.3-89.8  84.1-85.7
Cowden Porcine  88.3-88.8 92.1 89.3 93.7 89.8 88.9 87.3-88.8  87.3-88.9
KJ06-12-2  Porcine 87.8-88.8 90.5 89.3 92.1 96.6 93.7 87.8-92.2  88.9-92.1
KJ06-50-2  Porcine 87.8-88.3 90.5 89.3 92.1 96.6 93.7 87.8-92.2  88.9-92.1
KJ06-268-2  Porcine 87.3-87.8 90.5 93.2 95.2 87.8 88.9 88.8-90.2  87.3-88.9
KJ06-94-2  Porcine 85.4-85.9 88.9 93.7 90.5 87.3 87.3 87.3-89.3  87.3-90.5
WD534tc Bovine  86.3-86.8 90.5 87.8 92.1 86.8 90.5 85.4-86.8  88.9-90.5
Bristol Human 80.0-84.4 81.0 82.4 79.4 82.0 74.6 80.0-82.0  73.0-74.6
BCN6 Human 83.4-83.9 79.4 82.0 77.8 81.5 73.0 79.5-81.5 71.4-73.0
BCN21 Human 83.4-83.9 79.4 82.0 77.8 81.5 73.0 79.5-81.5  71.4-73.0
Belem Human 83.4-83.9 81.0 81.0 76.2 81.5 74.6 78.5-81.5  69.8-71.4
C208 Human 82.9-83.4 79.0 81.5 77.8 82.0 73.0 79.0-82.0  71.4-73.0
Jajeri Human 82.9-834 79.4 81.5 77.8 82.0 73.0 79.0-82.0  71.4-73.0
Wu82 Human 82.9-83.4 81.0 81.0 79.4 81.5 74.6 78.5-81.5  73.0-74.6
CMP004 Human 82.9-83.4 79.4 81.0 77.8 81.5 73.0 78.5-81.5  71.4-73.0
Perston Human 79.0-83.4 79.4 81.5 77.8 81.0 73.0 79.0-81.0  71.4-73.0
DhakaC2 Human 82.0-82.4 77.8 81.5 77.8 82.0 73.0 79.0-82.0  71.4-73.0
Moduganari Human 82.0-82.4 77.8 80.5 76.2 81.0 71.4 78.0-81.0  69.8-71.4

(2 Fu & AFY C Zepnpoled s VP fHAle] AR S
Nested PCRel 91314 228 7709 = 2 @49 C 2ehilo]#~ VP A2
219 bpel A AT 9% HuFZie FunAs AESdoz Bsur
(293-5).97199D 454 AN 2R FA18A ABTA =R 27 o] A(KJ353

2 K29 E & 848 C Zepulo]l 32 59 ShintokuF % YamagataT 9
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ARAE B HA dHY C mEuolg Xz %2 AEAde B KJbl4 H
KJ4235= A @49 C 2eputolg et 22 Algol glloen, wiwe] six = &
A3 CEepnlolg At &8 2 AsAds Bl U 371 F(KJ298, KJ317,
Kjeh)= #lA dHd9 C Zetutol¥ 2 lineageol 3l AAAR, 7|& HaFete v
£ sublineage® ¥4 3FATE o] Ay U & EHY C r

Hom Aol Ase & Ao, 53] XA FHfg Aol dgol

AT,
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85| KJ298/bo/Korea
35 L KJ317/bo/Korea

92 KJ64/bo/Korea
KJ514/bo/Korea

a4 o KJ06-12-2/po/Korea
301 KJ06-50-2/po/Korea

— KJ06-268-2/po/Korea

40 = KJ06-94/po/Korea
BFlL—— KJ423/bo/Korea

WD534tc/bo/USA

341 Cowden/po/USA
— Yamagata/bo/Japan
— Shintoku/bo/Japan

o [ KJ353/bo/Korea
89 KJ297/bo/Korea

Bristol/hu/UK
|;

58

BCN6/hu/Spain
Preston/hu/UK
Bcn21/hu/Spain
Wu82/hu/Japan
—— Moduganari/hu/Nigeria
CMP004/hu/Thailand
—— Belem/hu/Brazil
—— DakaC2/hu/Japan
— Jajeri/hu/Nigeria
V460/hu/India

21 v508/hu/india

23 V966/hu/india
C208/hu/China

3

99

40

0.0z

Fig 3-5. Phylogenetic tree of a partial VP6 gene of the Korean bovine group C
rotavirus strains showing its genetic relationship with the other group C

rotavirus strains.
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Fig3-6. Histopathological changes of small intestine sampled from the piglets

infected with group C rotavirus alone or concurrent infections of group C
rotavirus and other enteric viruses. (A) Duodenum sampled from a piglet
infected with group C rotavirus alone. Villi are moderately atrophied,
inducing moderate crypt hyperplasia. Note severe lymphoid cell infiltration
in the larmina propria, indicating chronic inflammation. (B) Duodenum
sampled from a piglet infected with group C and other enteric viruses. Villi
are moderately atrophied, inducing moderate crypt hyperplasia. Note
moderate lymphoid cell infiltration in the larmina propria, causing chronic
inflammation. (C) Duodenum sampled from a piglet infected with group C
and other enteric viruses. Villi are moderely atrophied, inducing moderate
crypt hyperplasia. Note villi fusion and moderate lymphoid cell infiltration in
the larmina propria, indicating chronic inflammation. (D) Duodenum sampled
from a piglet infected with group C and other enteric viruses. Villi are
severely atrophied, eliciting severe crypt hyperplasia. Note wvilli fusion and
moderate lymphoid cell infiltration in the larmina propria, indicating chronic

inflammation. Hematoxylin and eosin stain. Bar = 100 um.
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Fig. 3-7. Histopathological changes of lungs from the pigs infected with porcine
groupC rotaviruses.(A) Concurrent purulent pneumonia is seen in the
weaner.(B) Concurrent interstitial pneumonia is noted in the weaner.(C)
concurrent purulent and interstitial pneumonia is marked in the grower.

Hematoxylin and eosin stain. Bar = 200 um.
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Fig 3-8. Detection of porcine group C rotavirus in the MA-104 cells after

inoculation of Korean (A) and reference Cowden (B) strains.

Positive reaction is confined in the cytoplasm. Bar = 100 um.
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Fig 3-9.Detection of porcine group C rotavirus in the small intestine
sampled from the field piglets positive for group C rotavirus by
RT-PCR and/or nested PCR. (A) Morphological changes of villi
Is minimal but positive reaction is strong in the villi epithelial
cells. SAB immunohistochemistry with Mayer's hematoxyline
counter staining. Bar = 200 um. (B)
Morphological changes of villi is severe (severe villi atrophy
and fusion, and severe crypt hyperplasia) but relatively positive
reaction 1s milder. SAB immunohistochemistry with Mayer's

hematoxyline counter staining. Bars A and B= 200 um.
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2. =W A, 2 EHE C ZEprpolH 2ol FolHl Al Az}

7h H% 8438 C Zepufo]g o] tlgk Eo] wEEdA| Az}
(1) A CH ZEhufol e VP6 -4 535

& ZEpploly A VP AR Eo]Z <l primerE AMg3le] RT-PCRS
Fagst A3t oz AR Hl® CY Zehufo] ¥ 2 dEF<2 Cowden strain
o AAFEH(H06-52-1D)oll A =% 1,188bp 7|9 FAATF EEZEHAUSS e

1650bp -
1000bp - [

Fig 3-10. Amplification of porcine group C rotavirus VP6 gene by RT-PCR
Lane 1: porcine group C rotavirus Cowden strain, lane 2. porcine
group C rotavirus Korean isolate(#06-52-1), lane M: 1Kb ladder
marker

(2) =] H® C& ZEehrfole] A VP6 §-AAe] od7|Ad 24

VP6 fFAA= ©@del ORF(Open reading frame)Z TA%o] dom Cowden
strain¥ PRZZRAI R 1188719 H7|E A AL 395719 obv| =4S encoding B3l
thg 3-11). & C3¥ ZEelntolg] 2o VP6 FdA e} d7Ade A54de %
ARk A3 dJ®] CY 2Epnfo] =) Cowden strain@ 06-92-1 strain¥ &= 7}
86% <} 83%, &~ C3 =ZEn}o]l#) ~9 Yamagata strainii= 80% L] al Alg C
ZEPFol#2Ql BCN21 straind} V460 strain@Hi= 83%= YEFSTE SHATE AY =
Efrto] 8] 291 OSU strain®] VP6 % AFok= 46% = A vebst)

£

oflt
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1 ATGGATGTGC TTTTTTCCAT TGCAAAGACT GTGTCAGATC TCAAAAAGAA AGTTGTAGTT
61 GGTACAATCT ACACTAATGT GGAAGATATT ATTCAACAAA CAAATGAATT AATCAGAACG
121 CTGAATGGCA ATACCTTTCA TACTGGTGGA ATTGGAACAC AGCCTCAGAA AGAATGGACC
181 TTTCAATTAC CGCAGTTAGG TACAACTTTG CTTAATTTAG ATGATAATTA CGTTCAAGCA
241 GCTAGAAGTG TAATTGATTA TTTAGCTTCA TTTATAGAGG CAGTGTGTGA TGATGAGATA
301 GTTAGGGAAG CATCTAGAAA TGGAATGCAA CCTCAGTCTC CAACTCTTAT AGCACTATCT
361 TCTTCGAAAT TTAAAACTAT TAACTTTAAT AATAGTTCTC AGTCTATTAA GAATTGGAGT
421 GCTCAATCAA GGCGTGAAAA TCCTGTCTAT GAATATAGAA ACCCAATGGT ATTTGAATAC
481 AGAAATTCAT ATATTTTGCA ACGTGCTAAT CCACAATTCG GAAATGTTAT GGGATTAAGA
541 TATTATACTT CTAGCAATAC ATGTCAAATT GCAGCTTTTG ATTCAACATT TGCTGAGAAC
601 GCGCAAAATA ATACACAGCG TTTCATTTAT AATGGAAGAC TTAAAAGACC GATTTCCAAT
661 GTCTTAATGA AAATTGAAGC TGGTGCTCCA AATATTAGTA ATTCAACTGT TTTACCTGAT
721 CCAACAAACC AGACAACATG GTTGTTTAAC CCAGTGCAAG TGATGAATGG GACTTTTACT
781 ATTGAATTTT ACAATAATGG TCAATTAGTA GATATGGTCA GGAGTATGGG AGTGGTGACT
841 GTTAGAACAT TTGACTCATA TAGAATGACA ATTGACATGA TTAGACCAGC AGCCATGACT
901 CAATATGTTC AGAGAATGTT TCCACAAGGT GGTCCATATG CTTATCAAGC TGCATATATG
961 TTAACATTAA GTATACTGGA TGCTACAACA GAATCCGTTC TATGTGATTC ACATTCCGTT
1021 GATTATTCGA TTGTTGCAAA CGTTAGGAGA GATTCAGCTA TGCCAGCAGG AACTGTTTTT
1081 CAGCCAGGGT TTCCATGGGA ACAAACTCTG TCCAACTACA CAGTTGCACA AGAAGATAAT
1141 CTAGAAAGAC TTCTATTAGT TGCATCCGTG AAGAGAATGG TGATGTGA

Fig 3-11. Nucleotide sequences of VP6 gene of porcine group C rotavirus Korean
isolate(#06-52-1)Initiation(ATG) and termination(TGA) codons are
underlined.

(3) Baculovirus ¥ vectorz9] ZAZY

Plaque .2 ¢4 28 2719 fFAx Afx=gnlo] H A~ GpC 6-1, tGpC 6-2)
Z5FH DNAE FE38t RT-PCROl AR&3 HA] CH =ZEpnle]#ls VP6 w4
Aol Eo]A¢l primerE AFE3le] PCRS 483le] 313k A3} Fig.3-12, lane
A9} o] Az mpol#xo] A 1,188bp 271 band’} o] VP6 FAAI}
sl des AT F AT E=F baculovirusel 5o]# <l polyhedrin
forward primer$! 5-ACCATCTCGCAAATAA-3'¢} baculovirus reverse primer
2l 5'~ACAACGCACAGAATCTAGC-3'& Ab&3le] PCRES s A, A=
HholE 2o A 1,760bp Z7]2] band’} &QlHe] VP6 327 ¥ o] Aea
g & AAHIZH 3-12 lane B).  SFARE Axgrtel# X, rGpC 6-190 A
839hp 719 band’} YWEMY} wild type baculoviruse] L% ASS <l aL
o] F9 APNAE AzFubol el 2, GpC 6-241% AHS3hsrk.
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rGpC 6-1 rGpC 6-2

M

A B A B

Fig 3-12. Confirmation of porcine groupC rotavirus
VP6  recombinant baculovirus by PCR VP66 recombinant
baculovirus(rtGpC 6-1 and rGpC 6-2) were confirmed by PCR
using VP6-specific(lane A) and baculovirus-specific(lane B)
primers. Lane M: 1Kb ladder marker

(4) AxHgd ey 2 7048 333 AW (Indirect fluorescence antibody: TFA)

Recombinant Aol 2ol &5k Al £ WA & 7H(Cytopathic effect: CPE)E #<13}7]
98] recombinant Hlo]#] AE Sf9 A Fo] @Az A e 3-129 e CPEE
w#d 4 Ak &, mock-infected Sf9 A E(A)ol M= ojw 3 CPEE ##d
F 9A e rGpC 6-2 recombinant HFo] & Ao o)&] 7 Sf9 A E(B)oA=
7Zrel F ARA|ZFEE AEe F7f Z=rbehH €3 ZAdd A= AAE 59
recombinant Wlol#H 2~ A9 A YElyi= 5479 CPEE #Ed 4 v =

E=4
3l wild type baculovirus 79 A YeEUE AXZ W dHIF = B2 A g

Fig 3-12. Cytopathic effects of Sf9 cells infected with porcine groupC rotavirus

VP6 recombinant baculovirus(200X)
VP6 recombinant baculovirus infected Sf9 cells(B) were growth
inhibited and enlarged compared with mock-infected(A) Sf9 cells.
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g 93¢ recombinant HRolH 27 V64 FAAE LFs=sME ] 918
o 12 FAZ Hiss & Vool Hol4dQl E7] E3taAe == CH =ZEjnjo]y
FEAHE AR TFAE AASE date 17l 3-133 2k #7A CH = E}H} 14
2VP6 AR B ¥ recombinant vhol ] o o] A ® Sf9 AZE Hissol
Eolzel AR whEAIHE W FFo] #EEHAT. Mock-infected Sf9 A%
(Ao ojw gt 3w s A ek

Fig 3-13. Immunofluorescence of Sf9 cells infected with porcine groupC
rotavirus VP6 recombinant baculovirus(400X)
Mock-infected(A) and VP6 recombinant baculovirus infected Sf9
cells(B) were immunostained with rabbit Hisg—specific antiserum.

(5) A =3 baculovirus Ayt

#HA  CH  VP6 FHAA7E ZEWYE baculovirus  transfer  vector
pBlueBac4.5-GpC/VP6<2 Bac—-N-blue Transfection kitE A}-&3le] Bac-N-blue
wild type DNAS} 7 A ZAFe] 2o we) Sf9 A X2 cotransfection 3} 3 U
WA 4upe) AFEZ transfer plasmid DNA (1ug/pl)ell Bac-N-blue wild type
DNA 10x4, Grace's insect media(w/o FCS) 1mf, Cellfectin reagent 204 E 7}
3t Z &3kel vhS A Lo A] 1587F v A FHY 158 :6,_’ o] ArlE A
22 Grace's insect media® 33 AMA3F Sf9 Mol 3k WA Wojmy ohs
AXNZE SQF WS A7) 3L 10% A o] H71E complete Grace's insect media 1mé
& 7Fshar 27Tl 72413 Etb sidedvt. I g Axd
baculovirusE A &37] $13F] O'Reilly 59 "Wiel we} S22 AAFHS AA
shelvh. WA AR EAE A HdA FAEels vlE 100m AXEE S petri
disholl A wi<Fst Sf9 Aol ZAA7Ia 6083 WiFed ths wEFEHL AAs)
3l oy 7)o 25% agarose bml, complete Grace's insect media dml 2 15x09]
X-gal(50mg/mé)-S 7}atal Aol A =31 ths 27Ce A 8YL vigstdrt 8¢
o 3, A E plaque T FEA9 plaquethg Adsle] Sf9 M Eel 0.1-1
m.oi® A A 27ColA 53 vt A5 A Hlj F o & :Q]'TO]'O:] 5]
A C¥ Zepnlold A VP6 Ao A /5& 39 Y. VP6 -2 A7)
Azgd Aoz gdd A2 1500go A 1583 dAlste] @& FEds  Sf
AE] 0.1-1 moiR #ZFAAA 129718 A Z3% baculovirus stocks YHE o]
F-= Basial di-= 4T HastuA A3l ARgstlth

r° >{E

Xx
3}
1

0
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(6) A3t baculovirus =<l

Plaque 0.2 523 A% nlolgl A2 X E DNAE F=3to] RT-PCRe
AREEE s X CY EERatolEl s VPGl 5ol 42l primers A&t PCRE
gatol VP6 ALY AAFTFE AT S baculovirusell Eo] A<l
polyhedrin forward primerl 5'-TTTACTGTTTTCGTAACAGTTTTG-3 ¢+
reverse primer$] 5'-CAACAACGCACA GAATCTAGC-3' & AM&3}e] PCRE

Fa3te] wild type baculovirus®] 2. gojF-E <2133t} Plaque assay® <
4 83 recombinant HFo]l# 27 H A C¥ ZERplolH A VP6 ©hS dby
sh=rkE FQlsty] f1ske] IFAE AAs Y. =, SI9 A E7F widka 96-well
plate®] recombinant Hfo]#H 25 HE3lo] 72417 wlddt 3 809% acetonel %

FAEAC. 12 AR Hisg =2 Vol Eol4d9 %7 E3H3-A(Bethyl
Laboratories Inc.)®} =% C& =ZEepnlole] 2~ 4 A& 1:2,000 1:1,0000.2 7t
7} 3 A& 50 o]l 37ColA 1A]zF ¥k& 5 phosphate buffer
saline(PBS)= 53] A 2l3lit). 22 A2 FITC-conjugated goat anti-rabbit
IgG(Kirkegaard Perry Laboratory) % FITC-conjugated goat anti-swine
IgG(Kirkegaard Perry Laboratory)E 1:1002.% 38|23} 5002 ol 1437+ Hj

% PBSZE 53] AA3}al mounting bufferE 2ol dFnu|Adoz FPud
%l'%e #H&3A v Recombinant whel#] 2o =HA] C& ZEpvlole 2~ VP6 ©
wo] Wy ‘ﬁ’l?“ 2 S e E48H7] 918k Towbin ¢ el we}
Western blotting-3- A A3}tk &, recombinant Hlo|H A5 FHF3le] 27T
A T2AZE F]E w kel ke Sf9 Mot dExTeE niole]AE HE3HA
e SO AXE flask=FH dojmy IAZYS ¥ A2 FZ K pellets
Western blot®] AMZ= AF&3L9th. 2219 sample® NuPAGE LDS Sample
Buffer(4X)¢} NuPAGE LDS Reducing Agent(10X)E &3tsle] 70TCoA 10%
7 #9  denaturation AT A EH  sampleg 12% Bis-Tris Mini
Gel(Invitrogen)oll Al 200VZE 6023t A7 9538 %, NuPAGE transfer bufferel
3087 HXIA A, "E]  transfer bufferol] 3 A| A T2 filter paper$t

nitrocellulose membraneA}olol gele o] semi trans-blotE ©|&3lo] 25V=E

907t transferst 1 th. Nitrocellulose membranes 5% non-fat dry milk/tris
buffered saline(10mM Tris-HCl, 150mM NaCl, pH 7.5: TBS)ol| A 2/\] 7k
blocking A7l ¥ TBSZ 73&A &€v 33 AA3AT. 12 &A= Hise S
Vool HeolA<l E7 FdAN A CY ZepapolzlA~ FEAES 1:2,0009
1:1,00020.2 Z7; 324 ske] 1AI3F S3F A2 EE5m vhgAH o™ TBSZE 3
3 A3 283 23 A= alkaline phosphatase—conjugated goat
anti—rabbit IgG(Kirkegaard Perry Laboratory) T alkaline
phosphatase—conjugated goat anti-swine IgG(Kirkegaard Perry Laboratory)
1:2,0000.2 FAste] 1A2F WAzl F TBSZ 33 A At TAA=
NBT/BCIP  stock  solution(Boehringer = mannheim) 200405  alkaline
phosphatase buffer(0.1M Tris-HCl, pH 9.5, 0.1M NaCl, 5mM MgCl2) 10m{ el
Aol Abgstel B s gttt
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(7) Western blotting

r
ML
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Ol
L
~
ie?
Ol
L

Recombinant HFo]# 22 VPG @y] e f5 2@ A4S 39l
recombinat virusoll #ZE ¥ cell lysate®} Hisg & Vhol| Eo]&<l
W % Cs Zebulole] A A S AFE3Fe] Western blotting S 2 A 3F
2¥3-149F 2h. #® C¥ ZEhulol#l s VP6 F-8A7F A9l ® recombinant BF
o] #1291 rGpC-Cowdend} rGpC 6-25 FHHAZl Sf9 cell lysateo] V5ol 59
ARl A= weAZl A3, 46 KDagl A7)l A band7} S ¥ Ao} o
2 A3 mock-infected Sf9 cell lysate®t A3 =ZEpnjo|z] 2~ VP6 A A7}
A1 recombinant BFe] ] A2¢1 rGpA-VP6el A &= o]ol A-23+= band’} &<y
A = A 2%kt

4

ed

2

9,

it

X
i oo
=i
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M12 3 4

ORI «46KDa

35KDa»

Fig 3-14. Confirmation of expressed porcine group C rotavirus VP6 by Western blotting
S19 cells were infected with mock(lane 1), rGpA-VP6(lane 2), rGpC-Cowden
(lane 3) and rGpC 6-2, respectively. The cell lysates were reacted with
Vb-specific rabbit antiserum. M: molecular weight marker.
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(8) == C3 ZElnfole]l A VP Eo] HaEdH EA
Baculovirus expression systemo]A] &gt VP ©ill& HAYdo=z st Mg
e AT dst, e HA CE mEhabel s VPE Bo] HAEHAE B
gom o5 EALS ¥ 3-83% Zvh 449 T ETA(2A4, 3F7, 5E4, 9B3)
9] isotyped IgGl, 2¢] ©IE3A(4B5, 4B9):= TgG2b, 183l TETS IgGlai
geolu gl o]= w% A¥ mEpulo]gl A VP6A|Zanto] g 29l rGpAVP62t TFA
Wo 2 whealx @29koi} C3 ZERlol g AVPE A Zdtulol A0l 1GpC 6-29F
A C¥ ZElnfol#|A~ FFF9 Cowden straindis Sold oz w3t uh( e
3-15).

Table 3-8. Characterization of group C rotavirus VP6-specific
monoclonal antibodies(MAb)

Reaction with®

Protein Antiboqu
VA SO specificity titers'  (GuAVPS 1pC 62 Cowden

2A4 IgG1 VP6 NT - + +
3F7 IgG1 VP6 NT - + +
4B5 IgG2b VP6 NT - + +
489 IgG2b VP6 NT - + +
oE4 IgG1 VP6 NT - + +
TE7 IgG2a VP6 >12,800 - + +
9B3 IgG1 VP6 NT - + +

25A11Y  1gG2b VP6 >12,800

+

1Antibody titers against group C rotavirus VP6 recombinant virus

were determined by IFA using ascite fluids.

21erAVP61 group A rotavirus VP6 recombinant virus, rGpC 6-2: group C
rotavirus VP6 recombinant virus, Cowden: porcine group C rotavirus
"Not tested

4Glroup A rotavirus VP6-specific MADb

L)

) wpolelzofe] W
=B oA A}

AR HEEGAGG AY Zebrlolezote Wy @ g Fo
49k
1

XA B3 # 3-8, 3-99F 2ok 10708 9 EEA
S oju gk AY ZEprfo]y 2ot WHES SHA] ¥ AR
Ag-olA ABikE 7S] SdREYIAE EF oE = A no]
nlo] 8 2 (Transmissible gastroenteritis virus; TGEV), =X A
(Porcine epidemic diarrhea virus; PEDV) Z1@]al @ x| A2 7] 5.5 7]

Ea
(Porcine reproductive and respiratory syndrome virus; PRRSV)¢t+= IFAH o2 v
oA B AoE FAHIJT(E 3-9).
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Fig 3-15. Immunofluorescence of porcine group C rotavirus VP6-specific monoclonal
antibody (MAbD)(200X)
MA104 cells were infected with porcine group C rotavirus Cowden
strain and reacted with group A rotavirus VP6-specific MADb,
25A11(A) and group C rotavirus VP6-specific MAb,7E7(B), respectively.

Table 3-9. Reactivity patterns of group C rotavirus VP6-specific monoclonal antibodies
(MADb) with group A rotaviruses by IFA test

. 92 . .
Human Rotaviruses Animal Rotaviruses®

Wa DS M ST F45  Gott OSU NCDV B223 AEQ

MAb  Cowden'

2A4 + - - - = - - - - - -
3F7 + - - - - - - - - - -
485 + - - - - - - - - - -
4B9 + - - - - - - - - - -
SE4 + - - - - - - - - - -
TE7 + - - - - - - - - - -
983 + e - - - - -
25 All? - + + + + + + + + + +

'Cowden: porcine group C rotavirus

“Wa: G1 serotype, DS-1: G2 serotype, M: G3 serotype, ST: G4 serotype,

FA5: GY9 serotype

SGott: porcine G4 serotype, OSU: porcine G5 serotype, NCDV: bovine G6b6
serotype, B223: bovine G10 serotype, AEQ: avian G7 serotype

4Glroup A rotavirus VP6-specific MAb
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4 @9 C 2eboleze) ula Bo w2EFA A%

[
(1) Baculovirus && vectorZ2] ZZY

2 C3 ZEpnlolg] A~ VP6 A& Eo]Z ¢l primerE AFE3te] RT-PCRE

s A3 1188bp A7)0 FAAVF SEHAEES AT & AAHE
3-16).

1650bp— |
1000bp— |

Fig 3-16. Amplification of bovine group C rotavirus VP6 gene by RT-PCR

Lane 1: Bovine group C rotavirus Korean isolate(#04-56-136),
lane M: 1Kb ladder marker

(2) A3} baculovirus A/2
Plaque .2 4 2|3 3719 FdA A x3vo]l & 2 (rGpCl36-1, rGpCl136-2,
erC136—3)E—rE1 DNAE FZ3}o] RT-PCRel AF&3 & C3H ZEpfo]lH 2
VP6 A Aol Eo]A e primerE Ab&3lo] PCRES F383le] <13 A3} Fig.
3-17, lane A<} #Zo] 3709 AEFnfole] A EFol A 1,188bp =7]2] band’} &
d=o] VP FHA7F AgdEel des AT F AdArh ®EF baculovirusel
E o] & elpolyhedrin  forward primer?]l 5-ACCATCTCGCAAATAA-3'¢}
baculovirus reverse primer$]) 5 -ACAACGCACAGAAT CTAGC-3'E A}&3}4
PCRE 3% Ay A3 vpol oA 1,760bp 27]2] bandyt Q1% o} ol &
25 wild type baculovirus®l] 2. g% o] AR &S Aoz FAHJow(1Y
3-17lane B) ©] =& gl = AxFulole] 2 rGpCl36-1%HE AME-3F T,
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rapLldb-1 rpClsb-a rGpllst—3
A B A B A B

»1760bp
—1188hp

Fig3-17. Confirmation of bovine groupC rotavirus VP6 recombinant baculovirus
by PCR VP6 recombinant baculovirus(rGpC136-1, rGpC136-2 and
rGpC136-3) were confirmed by PCR using VP6-specific(lane A)
and baculovirus-specific(lane B) primers.

Lane M: 1Kb ladder marker

(3) AxwAdas 2 733 A H (Indirect fluorescence antibody: IFA)
Fol ¥l 3-18% e AasE AU}

2,
~
N
)
=
i)
U
rlo
ok
)
o
f
ol

Fig 3-18. Immunofluorescence of Sf9 cells infected with bovine groupC rotavirus
VP6 recombinant baculovirus
Mock-infected(A and C) and rGpCl36-1 recombinant virus
infected Sf9 cells(B and D) were immunostained with rabbit
Hiss—specific antiserum(A and B) and porcine group C rotavirus
VP6-specific monoclonal antibody, 7TE7(C and D), respectively.

(4). Western blotting
Towbin %2 Hwol uwe}l Western blottings A skt A3} 1¥3-199
2u & C¥ =Ehbtolels VP6 A7 AYE recombinant HRo] 2 ¢l
rGpCl36-18 A A7l Sf9 cell lysateo] Hisg2t Vool Eo]Zel A2 HF3A
71 A3, 45 KDa9 =Z7|olA band’} FelEHor} Loz ALRd
mock-infected Sf9 cell lysateo] A= o]o] A&3t&= band?} Q& x| &%

2okt
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Fig 3-19 Confirmation of expressed bovine group C rotavirus VP6 by Western blotting
Sf9 cells were infected with mock(lane 1) and bovine group C rotavirus
VP6 recombinant virus, rGpCl136-1(lane 2 and 3), respectively.
The cell lysates were reacted with V5(lane 2) and Hise—specific(lane 3)
rabbit antiserum, respectively. M: Molecular weight marker.

G) @2EFA P L 5

J 3

Baculovirus expression systemol|4] 2@ 3 VP6 @S WAooz 3o A¥EG
e A A3 570 & CH ZEEbnfol#] A VP6 5o GAZFAE Aiksial o
o529l EAE Table 3-103 Zt}. 3709 @234 (5F6, 6A3, 6C9)¢] isotype
< IgGl, 2719 GAEFA(BALLZ, 6B3)= IgG2bR 1wtk Aitel G2 E A

2% AY Zepdlolgla VP Al Zxgwlol#] A9 rGpAVP6el IFAR o2 RES-317)
Eokott B ATelA AAIT CY A& EEputol#| A VP6 Az Fwbole =<l
rGpCl136-19F rGpC 6-29F =& =% C¥ =Zepnfele]ls VP6 AlxFwfol ]~
el rGpCh-29t+= Eold o v W3 v (3E 3-10).

X

O
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Table 3-10. Characterization of bovine group C rotavirus VP6-specific
monoclonal antibodies(MADb)

Reaction with'

Western
MADL Isotype -
blotting 1 ,c136-1 rGpAVPS  rGpCe-2 JOPC

Cowden
5F6 Gl ? + - + +
6A3 Gl ? + - + +
6A12 G2b ? + - + +
6B3 G2b ? + - + +
6C9 Gl ? + - + +
25A11°  G2b + - + - -

"Reaction with rotavirus VP6 recombinant virus was determined by IFA.
rGpCl136-1: Bovine groupC rotavirus VP6 recombinant virus

rGpAVP6: Group A rotavirus VP6 recombinant virus(Wa strain)

rGpC 6-2: Group C rotavirus VP6 recombinant virus(Korean isolate)

rGpC Cowden: Porcine group C rotavirus recombinant virus(Cowden strain)
2Glroup A rotavirus VP6-specific MADb

o w2 CF REplol g o] BFgRA A4

(D F viele] BE71258 F 50t Jree] FdHe Aasalen vpeel il whg
de IFAY ez 2918 A, AY =ZEprlo]ly 2ok wEE3HA] &k ow 6,400

Wle) #2014 €% mEpbelH s VPGe] tlshe] PO e
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AZ&4 ELISA ¥ One/step Rapid Kit

A

5}

Y C ZEprtol# &

O
B
<

3. =dl = A,

AZEE One/step Rapid Kit A 2F

A

5}

4 C mEplol e~

O
B
<

7} # A,

dot blotting A&

i3

(1) #42 capture ¥ detector A4S ¢

3-113} 7ro] Z+7; 7TE7, 5EAZR AA H A, 49

- 37
— XL
1. AL

4 2] capture ¢ detector

3F7

detector :
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+ /-
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capture
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4B5
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6A12
6B3

capture
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3F7
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6A3
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6A12
6B3
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detector: 6A12 detector : 6B3
3 2

capture

2A4

+[+|o
+[+|o

3F7

5E4

9B3

4B5

+ 4|+
+ 4|+

4B9

TE7

oF6

6A3

I T o I o R o I I

6C9

Fl | |

6A12
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I I o I I R I S Il [ IO
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I [ R o I R I I I (o [ T

I o I o I I T o [ I g [
I o I o I I T o [ I g [

FlH|+ ]+
FlH|+ ]+

\&}
+

6B3

+

A
iy
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oot

Table 3-11. s4# 2 o] &3

AAAE

Ly
oflt

CZEpnfol ] 2o )3k A o] capture®} detector
2A4,3F7,5E4,9B34B5,4B9,7TE7 © s A A9 CEeputolz 2o tid @32 A
5F6,6A3,6C9,6A12,6B3 @ & AH Y CEEtnlolg 2o et GE& A

Cowden (porcine group C rotavirus)

rGpCl136-1 : recombinant porcine group C rotavirus

rGpC6-2 : recombinant bovine group C rotavirus

PCR positive stool (Add)

PCR negative stool (A th)

Stool extraction buffer( 20mM Tris /0.5%casein pH 8.0)

(2) =& A,

il

j

i

TAClES] T ¥ HAAZE AA

AAA B9 mouse & - Porcine C-rota GEE&A( TE7N)E ~EH 171516
pg % WH gl FHRI A A Fo 2 F-veaHASZE YA

=

=

2EH 1 AFel 47 20 pug 552 FES F mouse & -porcine C-rota &3
O A

EFAGEYD) 2= SFAIEY F5E 247 ODsy 2.0, 3.0, 402 &l shal vk
dog2red-A 22 ZFACEY ¥5F 27 ODsp 03 04, 0562 238t
x93 & AZ3 porcine C-rota VP6 &2 HAFSIY]  ODsyp 3.0,7H-F2 WY
22 E8d-A F= FFA0E FEE ODsypy 042 ZXHI ynfo] i, o= &
TFACIESY FE #A=AHE 167o=Z A 549 7ol 7 35k
1588 AMATCRE, o] vE 3" v % =5 ZFA0E w2 245
TH(Ly 3-20,2122)
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Fig 3-20. A AR thxAd 524
AP e e 3kA > mouse & - Porcine C-rota &&-EMab(7E7)1.648
S1H

)
=AMk - AadgFREY-X 20 g

VP6 A A
(ug/mp | OPe 3003 ODs 3.0/0.4 ODsw 3.0/05
T C T c T c
0.1 - I _ ;- -
0.5 - I _ - "
1 + I + N ]
5 A I ++ I . I

Fig 3-21. F=AFAE 5549

mouse 3 -bovine C-rota Mab(6B3/E4)gold/ v} W F25d-%| gold

VP66 AA
(ug/ml) ODs 4.0/0.3 ODszo 4.0/0.4 ODszo 4.0/0.5
T ¢ T ¢ e
0.1 - i _ :- -
0.5 + i ¥ 7 n
1 R ++ I . I
5 A I ++ I . I

Fig 3-22. Wk 7 AAA &
Al 7k
108 158 20 )5 E- 308
Vp6(ug/ml
T C T C T C T C T C
1x10*
5x10* ; ; ;
1x10° 1 i 1
1x10° | | I I
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(3) AA dsH AR
HF 3-129F 2o MRSl 9 S LEAE FHuEey] sk, Z4EVirusEs 7
VP6 AZTFLET G 2 249 W AAe 1x10° TCID/mlE A7lste] A&
Sk A o9 3-23 3 o] Z+zbe] nAEEN pairingd OEE A ES AME WAk

/)
G Qod)H Gonn k& SRR ugr.

jud

Table. 3-12 #7} v A E

ANsE | Vb Axw3d
A7 A& .
(TCID/ml) (ug/ml)
Canine corona 1x10°
PRRS 1x10°
PED 1x10°
Bovine rota GroupA 1x10°
Bovine diahhrea 1x10°
Canine Distemper 1x10°
Bovine corona 1x10° 0.1, 2
Bovine brucella 1x10°
Rotavirus 1x10°
Canine parvo 1x10°
Canine parainfluenza 1x10°
Canine adeno virus 1x10°
Fig 3-23 A7l A= A9 Aot
73 fyd = i g Z &)
Hohe) g e Vb ALY
(TCID/ml) - (0.1ug/ml)
Canine corona 1x10°
T C
PRRS 1x10°
PED 1x10°
Bovine rota GroupA 1x10°
Bovine diahhrea 1x10°
Canine Distemper 1x10°
Bovine corona 1x10°
Bovine brucella 1x10°
Rotavirus 1x10°
Canine parvo 1x10°
Canine parainfluenza 1x10°
Canine adeno virus 1x10°
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HAbsx Vpb A3
A7t A& _
(TCID/ml) 3F9 (2.0ug/ml)
Canine corona 1x10°
T C

PRRS 1x10°
PED 1x10°
Bovine rota GroupA 1x10°
Bovine diahhrea 1x10°
Canine Distemper 1x10°
Bovine corona 1x10°
Bovine brucella 1x10°
Rotavirus 1x10°
Canine parvo 1x10°
Canine parainfluenza 1x10°
Canine adeno virus 1x10°
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. A 4 43 C ZEnfol 2 Y &S ELISA Kit A%

(1) Capture®] A 2 A 5%
28 EHAANA Axd FZFE A capture®t detector® pairing o] A & 9|
A captrue= 7E7, detector SbE4AZ A 313 direct one-step ELISA W o=
et it ELISAW ol capture antibody® AFEE GEE Ao AAFTEE
AAsl7] 9189 checkerboard AAM-S T3 A 19 3-243 Zo] 0.1ug

/well & 274 31

35

—— 0.1()
—8—0.05

3+ 0.025
0.0125
l —*—0.006
——0.003
—+—0.00015

~
n

OD 492nm
-
n ~

—

0.5

0 I I I I I N T T * T . ]
4 2 1 0.5 0.25 0.125 0.062 0.031 0.015 0.007  0.0035 No
coating

capture antibody concentration(ug/well)

Fig 3-24. Determination of monoclonal capture antibody concentration by

checkerboard titration

W3 detector antibody® AFEE H3FAL HAHeEE A} S5

checkerboard AAW-S 33k A3 7 3-259F o] A 05ug/well® LERSE

1000 x 2000 4000 1000 2000 4000
capture antibody(0.548) capture antibody(0.2548)

HPR dilution

_78_



Fig 3-25. Determination of conjugate concentration by  checkerboard
titration
(2) Blocking agent®] AA

ELISA¥ el A3t blocking %58 9-8 Aw3l7] 913Fe] 3% non-fat dried milk
(NFDM), 5% NFDM, 3% bovine serum albumin (BSA), 5% gelatin, 3% NFDM
+ 3% BSA, 283l 0.1% Tween 202] blocking $&8& %8 7}xaL ELISAE &
Rl A3 ETdAE A 7}ekA oo sampleol] A] optical

density (OD) #te] 3% BSA2] A% 03 A= Ye}a thE blocking ¢+ &

rlo

oA 0159 0.2 Abolol Al yEbkth HEFE detector antibody® H7FshA ¢
sample®] 4] &= blocking =89 Zto|i= OD ghol AolHd & yehbx] k). 2
Ao = 714 OD ghel @A vebd Aoz skeld 5% skim milkE blocking

FTE&AoZ AAAT. o gy HAFor 2 AToA #HFse ELISAHY =

A # 3-133 2}

e

Table 3-13. EF3tsk ELISAY ] =4

Dilution or

. Dilution buffer Incubation
concentration .
time
. 0.06M Carbonate—
Capture antibody 0.1pug/well bicarbonate buffer, 27°C, 18hr
(7TE7)
pH 9.6
Conjugate
(HRP conjugated 0.5pg/well 3% Skim milk 37°C, lhr
5E4)
Color development 0.05M Phosphate- R-T
(OPD) 30mg/50ml citrate, pH 5.0 10min
Stop solution 1.0M H2SO4
Reading 492 nm
Washing buffer 0.019% EDTA in PBS with 0.1% Tween 20
Blocking buffer 5 Skim milk
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shel-Tf Akt A F 8HAl (Conjugate) 2] 2F
3.000
2500
2.000
M —— SHAIE
II'-\Ig 1.500 —m— QM A
- 1[0] ==} T
SEEE o -
0.500
0.000 — o o+ o+ o+ 1 o
025 05 1 2 4 8
g/ml
f1e] ‘et a¥elA] B nke; Zo] 27 4 ug/mld I s E
I 2 A Al (conjugate) &4 A 2 kA GAol tiEte] HA 9
- A#E AL F dgonz o g% WA -FAsas FIA

O

o] H4 wxz 245

th H A, 4284 % CEZeprlol#] 2~ &Y HAE4E Raipid, ELISA Kite] 174 % Eolx A g
1857134 ##3ted RT-PCR % Nested PCR of=3FoAxx= A HAIL9

=0 5490 86 AAR 2 AFelA E3-149 %

kite] WHE=E

g AE A Hx &= 23S A vi(data not shown).
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Table 3-14 . Rapid ELISA ¥17t% Solx A}

Rapid
: - A
+ 11 8 19
PCR,
PCR
A 20 85 105
ELISA
: - A
PCR + 13 6 19
Nested-
PCR — 4 &2 86
A 17 88 105
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Table 3-15. Raw data of Rapid and ELISA kit

Rapid ¥4 : test /control +/+ Rapid &7 : test /control —/+
ELISA %4 >022 &4 <0.22

NE - NE :

15 peg | Nested | Rapid e | S pog | Nested | Rapid e
HS PCR T C HS PCR T ¢

1 - + 0.331 | 47 - - 0.082
2 + + 0.876 | 48 - - 0.097
3 + + 1.332 | 49 - - 0.102
4 + + 0.436 | 50 - - 0.113
5 + + 0.298 | 51 - - 0.116
6 + + 0543 | 52 - - 0.087
7 + + 0.192 | 53 - - 0.099
8 - + 0.338 | 54 - - 0.101
9 - + 0.187 | 55 - - 0.114
10 - + 0.099 | 56 - - 0.105
11 + + : 1.765 | 57 - - 0.172
12 + + : 1.862 | 58 - - 0.142
13 + + 0.201 | 59 - - 0.130
14 - + 0.165 | 60 - - 0.091
15 - + 0.360 | 61 - - 0.086
16 - + 0.143 | 62 - - 0.083
17 - + 1.012 | 63 - - 0.090
18 - + 0.438 | 64 - - 0.099
19 - + 0.623 | 65 - - 0.121
20 - - 0.112 | 66 - - 0.118
21 - - 0.092 | 67 - - 0.070
22 - - 0.087 | 68 - - 0.093
23 - - 0.124 | 69 - - 0.232
24 - - 0.154 | 70 - - 0.071
25 - - 0.136 | 71 - - 0.176
26 - - 0.144 | 72 - - 0.154
27 - - 0.165 | 73 - - 0.334
28 - - 0.117 | 74 - - 0.089
29 - - 0.102 | 75 - - 0.091
30 - - 0.104 | 76 - - 0.098
31 - - 0.089 | 77 - - 0.088
32 - - 0.096 | 78 - - 0.867
33 - - 0.088 | 79 - - 0.067
34 - - 0.063 | 80 - - 0.107
35 - - 0.107 | 81 - - 0.133
36 - - 0.133 | 82 - - 0.125
37 - - 0.105 | 83 - - 0.109
38 - - 0.112 | 84 - - 0.104
39 - - 0.104 | 85 - - 0.065
40 - - 0.105 | 86 - - 0.138
41 - - 0.129 | 87 - - 0.110
42 - - 0.221 | 88 - - 0.129
43 - - 0.117 | 89 - - 0.133
44 - - 0.160 | 90 - - 0.107
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45 0.116 91 0.097
46 0.143 92 0.099
93 0.186 | 101 0.152
94 0.113 | 102 0.139
95 0.132 | 103 0.144
96 0.139 | 104 0.142
97 0.182 | 105 0.097
98 0.099

99 0.134

100 0.112
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2}, Rapid ¥ ELISA Kite] A A% AEALY 2 specification

Rapid Kit
(1) Jupe)
(1) T A]  vevereemnsnen et A+0.Amm X 20+2mm
(D) ABZ T I oottt e 4+0.4mm X 20+2m
Q@ & FE §-C BEf FFZo)E AX TAIPLE i 4+0.Amn X 6+0.6mn
@ AbF T - vpeaml A F 2 EHU( GoatAnti-Mouse IgG)

G -CREt polelx v FEFA FH JERASTA qngel

........................................................................ 440 Amn X 25+2.5mn

® ZE O AEE T D e A+0.4mm X 60+6.0m
B®2EH R K] ZTFAE AFFF A O] L e, 35+35m X 85+8 5mm
(2) =29
(3) H¥
4) AAAFE A 1% (0.5ml+0.05ml/*)
FAE L QlAke e gkFol (18H W)
Nacl(Extra Pure) ———————————————————————————————— 4g
KCl(Extra Pure) ——————————————————————————————— 0.1g
NasHPOu(Extra Pure)——————=————————————————————— 0.7g
KH:POs (Extra Pure) ——————————————————————————— 0.1g
Casein(Extra pure) ————————————————————————————— 10g
TaTrAsRey) e 2 &

Fig 3-20 = =*/24 @A C-rota¥¥ =8 Rapid kit A A3

lid

Rapid
Pro-Check C-Rota Test

Ouesep Cnne o Mg 7,
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Elisa Kit

(1) Anti-C rota mAb &&= olE

1 well 5

F A E T7E7T mab
(2) ¥z 1% (05 ml/*)

3 =

FAAE 283 C-rota WY #A/AEA -

. Proclin 300

(3) 4tz 19 (0.5 ml/H)
3

D U] F 3k NCS/NPS
HZEA ¢ Proclin 300

DHAFAN - 1% ( 15ml/*E)

. anti-Crota mAb #A2Hs} & A% gk

HE4 : Proclin 300

(B)FSAA Y ( 214) (50ml/*8)

FTAE 200mM JAFE S A (pH 7.0) -
6)7]1d<4 1% (15 m/%)

1% =
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