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The nonstructural glycoprotein NSP4, encoded by the 10th gene of rotavirus, has been known
to play important roles in viral assembly and pathogenesis. The NSP4 genes of human rotavirus Korean
isolates, designated as CBNU/HR-1, CBNU/HR-2, CBNU/HR-3, and CBNU/HR-4, were cloned, sequenced
and characterized. Also, the NSP4 gene of the CBNU/HR-1 was expressed in a baculovirus-insect cell
system. The sequence data indicated that the NSP4 genes of human rotavirus Korean isolates were 750 or
751 bases in length and encoded one open reading frame of 175 amino acids. Two glycosylation sites were
recognized in the NSP4 gene of human rotavirus isolates tested. The NSP4 of CBNU/HR-1, CBNU/HR-3,
and CBNU/HR-4 exhibited a high degree of amino acid sequence homology with that of NSP4 genotype
a low degree of amino acid sequence homology with that of NSP4 genotype A viruses.
However, the NSP4 of CBNU/HR-2 exhibited a high degree of amino acid sequence homology with that
of NSP4 genotype A viruses, but a low degree of amino acid sequence homology with that of NSP4
genotype B viruses. The Sf9 cells infected with recombinant baculovirus, inserted with NSP4 gene of
specific cytopathic effects and the expressed NSP4 was detected by
immunofluorescence staining using NSP4-specific monoclonal antibody(MAb). The expressed NSP4
migrated at 16-26 kDa on SDS-PAGE and reacted with NSP4-specific MAb by Western blotting.

produced

Human rotavirus, NSP4, nucleotide sequence, baculovirus, expression

MB

=

L

Io_‘a
rXr

<4 Il core protein® 2 Aped )

oT

* Corresponding author :
o] =2 1998 &

82-43-261-2598(phone), sykang @cbucc.chungbuk.ac. kr(e—mail)
St H7|FAE Ao ofste] ATE S

89

o] A (VPL, VP2, VP3, VP4, VP6, VP7)3} 57)
o] H]LZH F(NSP1~5) & 812 encodingdl triple
layered protein capsid, = outer capsid, inner capsid, ~1Z]

Inner capsid T A2l VP6= subgroup E-0]AS
a1 Q0™ outer capsid T A VP4¢l VPT-&



% A5, 587, 470

type(Protease sensitive protein type) FH I} G
(Glycoprotein type) IS At o5& EYFo
2 FEAIY ol Foste] nloly A TAA]l Wofd
Z83 9L ke Bloz A QP

Zeplo]2i2o] 1094 32l 2]k encoding =
= HlTxgld Fo] il NSP4= JetiloRa 2
Elrlo] 229 morphogenesisol] T3} calcium 2]&
AT AGAZ | 9] chlaride HH|E ©F7]A]7]= enterotoxin
o2 zgale] ZElolg o] HAde| Fag 93ks
e Aoz A ATt 53] Zang e al’S HA
ZEeho]2i o] NSP4dlA] Hede g 798 &
Q15t7] SJ3l Weldol 43k Hx] ZEejutolg A9} o] &
oF=3}A17] Hlo|z] o] NSP4 32t G714 FL vl
EA8ke] d7141E 432461 (0F| =44 E 131-140) -9
7} W4T #o] gle AL ER1SkL mouses o]-&-
gk AA W A3 G AIMEE 08-S in viro AF
< E3le] ZHatyth. Ao Ciarlet er al”e AFES
3t A2 FE fH9 ZeplolHAE o]&3ly
NSP4 -f-72te] F5o014d B F1te] #AXLS A 2
3} 47)9] 2 ThZ NSP4 alleler} =43-S B39k
ZU o M= Back et al'o] oA FalE A 2Ehu)
olg]2e] NSP4 fxizte] H7|MEe glste] B
stk

E AT oAl ofd ofole] MdALEH OB R
B 223 d3go] MR g2 419 Al Zehlolg
2= NSP4 F-32Hs A28t G7IAES Elste] of
n] By ZEeplolz] o] NSP4 §-1x-9} Hlwslgo
w NSP4o] EAAIESAQ A4S syl sl
baculovirus expression system2- ©]-83}o] NSP4 #-AA=

LA T

il

R

Hio| 2 Ao M Z

TUelA] ofd ofole] MalEH o2 RE Rejsle] =
Zufjkell  wshE AR ZERlelz|2 CBNUHR-,
CBNU/HR-2, CBNU/HR-3, 18] 37 CBNU/HR-4E A}8-3}
Atk o5 wpolgizi= Zhzte] HAHYPo| SolF o= ik
Sk GARYAE o83 AAvAYT VPTe) 947
MaEHes 747t Gl, G2, G3 18al G4= FAHS)
tHALERAA). o] & Hlol# A d%o] AFAE {2
<1 MAL04 AIEANA] Saif er al”2] Wi o 2 W] Fal gtk

HO[2{A RNA &3} A
ZE}o]2] 2~ RNAE Rosen ef al~ 9] HPE-S o]&3}a]

223171 RNaid“KIT with SPIN™BIO 101, Inc., USA)<S-
AHgste] AlzAbe] &Alel olstel BASIT. AAG
RNAE= DEPC(Diethylpyrocarbonate) 2 *]2] ¥ ZH-<°ll
B3llato] 20T Bashar Aol AHg-sdt

RT-PCR(Reverse transcriptase—polymerase chain
reaction)

NSP4 A= NSP4 £-0| primerS AFE-3}a] Gouvea
et al*e) W ol wle} RT-PCRS 4-3)319] 01 NSP4 £
o] primer= GenBank9] datas 7]% =% 3}o] NSP4 /-7
A4 AA(T50-751p) & S5 5 JA=F A&t Ak. &
2= 22]3 RNA 10 0]l 2 102] DMSO(Dimethylsulfoxide)
£ Hrletar 95CellA 583 WA & daoll A4 5
B2 &gt 10,000 mpmollA] 537 A48 &
DEPC 2| 2]® 2825 20 ul, 5% first strand buffer 10
0.1 M DTT 5 4, 10 mM dNTP 2 4f, RNase inhibitor 1
M, teverse transcriptase(200 Ufpl) 1 w-& AR Yol
3-8 50 s 37CAlA 6027t ¥H-A1H cDNARHY
S &9tk A4 E cDNA template 10 yloll DEPC #|2] ¥
2222 63 ul, 10x PCR buffer 10 4f, 25 mM MgCl, 12
w, 10 mM dNTP 2 (i, forward primer(5’-GGCTTTT
AAAAGTTCTGTTC-3") 1 pl, reverse prime(5’-GGTCAC
ACTAAGACCATTCC-3") 1 pf, Taq DNA polymerase(5
Ulpd) 1 wls gl AAGHg-8F 100 E pre-PCRO5TC,
5 min), PCR (denaturation 94°C/45 sec, annealing 50C/45
sec, extension 72°C/1 min, 25 cycles) ~18] 3l post-PCR(7
27T, 7 min)g 3MAE=Z7](GeneAmp PCR system 2400,
Perkin- Elmer, USA)S A}&-3dte] AA|E}gth HESAME
2 1% agarose gel Aol A 100 voltZ2 30 7+ A7|9%5
3l = ethidium bromide2 G215} band S 1613 0™
=325 NSP4 442} 7] 1 kb DNA ladder (GibcoBRL,
USAE o] 75T o=H IRl

Cloning & ¥7IM¥ &4

NSP4 PCR HlFS-ALE-S pGEM® T easy vector system II
(Promega, USAYE ol 4-510] AlzAle] 240 wlet 2
J3}9t). Recombinant plasmid =2 competent cellS 32
A3kX)7] % ampicillin(50 mg/ml, Amresco, USA), IPTG
(Isopropylthio- #D-galactoside, 20 mg/ml, Amresco), ~LZ]
31 X-gal(5-bromo-4-chloro-3-indoly- 3 -D-galactoside, 20
mg/ml in Dimethylformamide)o] H7}¥ LB agarol| A &
AFEREE Jehs Fehlio] ampicilline] 371 LB broth
ol H] %3t T} one step plasmid mini- preparationt]” <.
2 plasmid DNAE #2]3te] cDNAS] 4AHYH7E gl
3tk cDNA AU oH= 5% plasmidE EcoRI (10



Tulel A Zele Al Zehlo]2|2o] NSP4 H-34 d71ME 4 5 wd 91

U/, GibcoBRL)2.Z 37764 147k uh-g-ate] wlE s}
insertE 4~8}A1Z] F 1% agarose gel ZJollA] 7353}
of inserte] AYFFt 2715 1A

DNA ¢ 714 49-& automatic DNA sequencer 310(Perkin-
Elmer) 2.2 3}Q13} 1 Clustal W} DNASIS T2 18-S
o]-&sted vl A3t

Baculovirus expression system= O[&%F NSP4
THAL 2rE

1 M=

Spodoptera frugiperda 9(Sf9) |3+ yeastolate, lactoal-
bumin hydrolysate, fetal calf serum(FCS)©] 47}% Grace’s
insect mediaS A}&-3lo] ka9t

(2 AxF vl ALk

Polyhedrin promoterS ¥ 3}5}aL 1= baculovirus
expression vector¢] pCR"Bac(Invitrogen, USA)o] NSP4
FAAE Aske] e 23 vector pCR BacNSP4=
Bac-N-blue™ transfection kit(Invitrogen) S ©]-8-3}a] A%
Abe] &2ld wal ZAA3ttE S Bac-N-blue wild type
DNA 10 p0(1 pg)oll recombinant transfer plasmid DNA(1
ugul) 4 ul, FCS7t EHi=o] A 282 Grace’s insect
media 1 m¢, Z22] 37 InsectinPlus liposomes 20 (= 7}5}<]
4 T3 g A4 1587 dhg-std Tk FCST7L &
frEo] QA Be Grace’s insect media® 33) 4| %3} SO
@M 3ol transfection SN FhE A Hojmy §
A4 4AIZE B HHE] EEM g o 10%
FCS7} #7}= o] = complete Grace’s insect media 1 ml
& 9o plates H&gH F 27TAA T2AI7F B wljekst
At AZFF uvlol 2= transfection 8212 complete
Grace’s insect media® 10-fold dilutionti o2 3]A15}o]
X-galS ©]-8-%F plaque assayE ©]-83t &5 3
th = SO AZE 2x 10°] HE= 60 mm platec] H-2}
AlZ1 & 7)o 343t transfection virus 1 ml 2 plate
ZA ol e Hojrmdd & 1A AddlA] dd
3] W wgste] ule]HAE AEdd FEAATE 1
Az it & HFAS A AL 2% agarose2} X-galo]
3H3-E]o] Q= complete Grace’s insect media Sml¥] 25
Sttt Plate®] agarose”} ¢+3s] 22 & F717F Q=
87100 plateE o] 27TA] 543t vt 5 FE24
9] plaques AstGTh Ak plaque= SO Ao
moi 1.02.2 7AAZ] T 27CollA] 7-8U 7 vjkslarL A
X 9 ujgds 33 1,500 rpmeflA] 10:27F LAl st
o A28 recombinant virus2 4Col BEH 20|

AF-a9dt.

(3) T EA ALk

MAI04 A EE 75 cm’ flaskoll vl 9Fet 3 G1 E4 <l
Abd ZEftolgs Wags FEstal CPEZE dojubr] &
91 7d 24417t Zofl 74w A EZ rubber policeman-
ol-g3ste] gttt o] & 3,000 rpmollA] 30i7F Y4
3t A=l A7 F pellet-2 B lysis buffer(0.01 M
Tris pH 7.4, 0.15 M NaCl, 0.001 M EDTA, 1% NP-40,
0.5% deoxycholate, 0.1% SDS, 0.1% NaN3)Z A H-FA1H
o] dalste] AEde a2 AYikg e w
ARSI AR ZERFO|E A Wal] H|FTE Ao
Eolxog ukselis I 2dAE Wa e HE3
BALB/c mouse2] H|ZFA|ES} SP2/O myeloma A
Kohler$} Milstein®¢] =P 1} Kang et al’'e) HpRe
ste] MEFFS AATFo A AAksAT) vz
Aol EolA FdAE A2ksl= 4d hybridoma Al
74 334314 (Indirect fluorescent antibody) @ 2 A3}
T 33] o]4} limiting diluionH 0.2 I 2R om F
ZHor ==YE hybridomalt pristane (2,6,10,14-
tetramethyl-pentadecane) © 2 1]g] 7-2kA]7] BALB/c v}
S0 HTo0] g ANHAT,

B M ool
rl[‘ 1= OFO ﬂ]lm

i
&
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(4) Recombinant virus <218 $13+ 7H3 3 F3AH

Plaque 2.2 $5-8-2]3} recombinant virus7} NSP4=
dEsh=re gjlstr] flste (P EFdA S AR
Ak = SO AE7} vioFE 96-well plated]] recombinant
baculovirusE A ZE3}o] 4847t vl 3t & 80% acetone .
2 1G5tk A ZEpbo] 2] Wa NSP4o|| So]4
o2 JhEShe GIEYAE 13 AR 100 WA Ho
37Tl A 1A%t W8 5 PBS(Phosphate buffer saline) 2 5
3] AAE3stget 231 dA|Z FITC-conjugated goat anti-
mouse IgG(Kirkegaard Perry Lab., USA)E 1:1000.2 3]
Aste] 50 WA gol 1A vk & PBSE 53] A&
% mounting bufferE ol FFAnE oz AAsIHTL

(5) Western blotting

Recombinant virus®} wild type baculovirusE 2+2} %
She] 27CoNA] 48AIZIEST Wate] S8k SO A
vlo]H 5 HEIA 2 SO ME, 18|31 MA104 Al
ol At ZERalo] 22 Was 5% - CPEZF 47171
ol 533 ATk vfolel g WEEA 2 MAIOA
AE FE fakzye Dolme] AR ¥ 2L
pellet2- SDS-PAGE %! Western blot | 52 AFE-3}3 0.
] Towbin et a®2] HFo wal Western blote A3}
Act. 2472+] pellet =4S sample buffer(60 mM
Tris-HCl pH 6.8, 2% SDS, 25% glycerol, 1.44 mM 2-
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mercaptoethanol, 0.1% bromophenol blue)$} 1:52] H]-&=Z
210] 100°ColA] 587F 7}¥93}e] denaturation A]Z T} ©)
£ 12.5% SDS-polyacrylamide geloll 4] 2A]7F5-<t 80 volt
2 A795E 3 U3 gelS AWo] transfer buffer (15.6
mM Tris base, 120 mM glycine, pH 8.1-8.4)f] 30&7F
2|8l t}. v]g] transfer bufferol] B =& filter papers}
nitrocellulose palpelr(NENTM Life Science Products, USA)A}
o]of gel 2 %] semi trans-blot(Bio-rad, USA)E ©]-&-3}
o] 13 voltZ 2027t A o)Al T Nitrocellulose membrane
S 5% non-fat dry milk/tris buffered saline(10 mM
Tris-HCl, 150 mM NaCl, pH 7.5 : TBS)ol|lA] a1 Eok
blocking A171 ¥ TBSZ ZalAl €5 33] HH 35Tt
12} A2 NSP4 So| G 2IAE A3 1X7Hs
et AolX EEH WRAIFHOH TBSE 33] At
o} 28] 2%} &) 2 alkaline phosphatase-conjugated goat
anti-mouse 1gG(Kirkegaard Perry Lab.)2- 1:2,000 3]4]3}<]
IAIZE HRE-AIZ1 H o]E TBSR 33] Ml A5t Th A
2 NBT/BCIP stock solution(Boehringer mannheim, USA)
200 42 alkaline phosphatase buffer(0.1 M Tris-HCl, pH
9.5, 0.1 M NaCl, 5 mM MgCly) 10 mlel] 4]0] ALg-a15ich

2

RT-PCR

Abr ZEhulo] 222 CBNU/HR-1, CBNU/HR-2, CBNU/
HR-3 78] CBNU/HR-425E] %3 RNAS} NSP49]
Eol#Ql primerE ©]&3te] RT-PCRS 4AAIg A
750bp =71¢] NSP4 f-Ax7E SZHQS-S g
U THFig 1).

M1

2 32 4

ESn —

Sy ™

Fig 1. Amplification of NSP4 gene of human rotaviruses,
CBNU/HR-1, CBNU/HR-2, CBNU/HR-3, and
CBNU/HR4 by RT-PCR.

vlg A, wims 7RAlS

vy 10wy 0 o

Lane M: 1kb DNA ladder, lane 1; CBNU/HR-1,
lane 2; CBNU/HR-2, lane 3; CBNU/HR-3, lane 4;
CBNU/HR-4.

NSP4 RAAL HI7|MYE &4

CBNU/HR-1, CBNU/HR-2, CBNU/HR-3 2] 31 CBNU/
HR-4°] NSP4 -3} @714E9& wA4% 23 CBNU/
HR-1, CBNU/HR-3 ~12]37 CBNU/HR-48] NSP4 3-}=
750702 @712 FAEe] ot CBNU/HR-22] NSP4
A= 519 712 A=Y JAJk sHA|RE o
E 25 175709 o}n]=AkS encodingdl= 17]¢] open
reading frame-&- 7}AH UA o™ 27-(A7|ME 6371,
93-101)°]l glycosylation site7} =A]sH= 7S E15IA T

NSP4 FX AL oo|citM Y 24

CBNU/HR-1, CBNU/HR-2, CBNU/HR-3 12] 31 CBNU/
HR-49] NSP4 3##}9} GenBanke] HRiu%E & o2
AH ZERLo] 2|4 NSP4 f-302te] 2 o} i=ibA
d< g5 FLstd AR 7HY ofn| A g S v
gt Avl= Table 17} Fig 20 Yef Utk 55 2 A}
o ZEPolg] A NSP4 F-7Ale] olu|estMd A
44 ¥W)w3d A3, CBNUHR-1, CBNU/HR-3 181
CBNU/HR-4¢] NSP4 --Azl= M& 7lol= 92.0-92.5%
9] ol :eAtME eSS RIem Al ZEhdlol
2~ Wa(Gl), YO(G3), ST3(G4), OSU(G5), AU32(G9),
YM (G11) 5= 91.4-97.1%2) olu|=24g A5A
< 29l "l CBNU/HR-29}= 83.4-85.1%<] ofm]|:=Ak
AE A4S Yo vhH CBNUHR- 2= 22 3
3 9] KUN(G2), RV5(G2), DS-1(G2)Z+= 94.2-98.8% 2]
ol =AM E AEAES Hyon O dYYo BE
ZEhlo] 8] 22 SA11(G3), UK(G6) 1831 B223(G10)

= 942%, 93.7%, 131 92.0%<] ofn|=AtAE A
5/9S Btk AT CBNUHR-1, CBNU/HR-3, CBNU/
HR-4E ¥33F Wa, YO, ST3, OSU, AU32, YM 53}
9] ol =AM AEAL 82.8- 86.2% 01Utk EE}
o2 kel olu|eAbMES v Ay, ofm|4t
A ge] zo]i= NSP4 Tl g o] N L], VP4 A7
F-2J(VP4- binding region: o}7|:=AkA] H112-148) 18]
I DLP Z3H9(DLP-binding region: o}u|:=Abxd
161-175)0ll H{F= o] 1At Hydrophobic domain
H2¢} H3 F-$loll A= Al ZEpulo]g] 2 Fhol vl
2 oln=AtMdo] & HEEO Qe Ao 3

HAo-



CBNU/HR-1
CBNU/HR-2
CBNU/HR-3
CBNU/HR-4
Wa

DS-1

RV5

KUN

Y0

ST3

PA151
AU32

L26

SA11

UK

B223

0SU

YM

CBNU/HR-1
CBNU/HR-2
CBNU/HR-3
CBNU/HR-4
Wa

DS-1

RV5

KUN

Y0

ST3

PA151
AU32

L26

SA11

UK

B223

0SU

YM

FholA Fel Al ZEbtolel ol NsP4 R4 G714G 24 B 0

60
H1 H2

MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYEPY | ASVLTVLFTLHKAS IPTMKTALKT
MEKFTDLNYTLSVITLMNSTLHT I LEDPGMAYFPY | ASVLTVLFTLHKASIPTMKTALKT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFTLHKASIP IMKTALKT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFTLHKASIPTMKTALKT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFTLHKASIPTMKTALKT
MEKLTDLNYTLSVITLMNNTLHT I LEDPGMAYFPY | ASVLTVLFALHKAS IPTMKTALKT
MEKLTDLNYTLSVITLMNNTLHT I LEDPGMAYFPY | ASVL I VLFTLHKAS IPTMKTALKT
MEKFTDLNYTLSVITLMNSTLHT I LEDPGMAYFPY | ASVLTVLFTLHKAS IPTMKTALKT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFTLHKASIPTMKTALKT
MDKLADLNYTLSVITSMNDTLHS| IEDPGMAYFPY | ASVLTVLFTLHKAS IPTMK | ALKA
MEKLTDLNYTLSVITLMNSTLHT IMEDPGMAYFPY | AFVLTVLFTLHKASIPTMKTALRT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFTLHKAS IPTMKTALKT
MEKLTDLNYTLSVITLMNNTLHT I LEDPGMAYFPY | ASVLTVLFTLHKASIPTMKTALKT
MEKLTDLNYTLSVITLMNNTLHT ILEDPGMAYFPY | ASVLTVLFALHKAS IPTMKTALKT
MEKLTDLNYTLSVITLMNSTLHT I LEDPGMAYFPY | VSVLTVLFTLHKASIPTMKTALKT
MEKLTDLNYTLSVITLMNSTLHT I LEDPGMAYFPY | ASVLTVLFTLHKAS IPTMKTALKT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFTLHKASIPTMKTALKT
MDKLADLNYTLSVITLMNDTLHS| | QDPGMAYFPY | ASVLTVLFALHKAS IPTMKTALKT

* * kkhkkkkkkkkk K*k K k% * *hkkkkkkkk*k *k Kkkk Kkkhkkkkkk kkhkkkk

120

H3

SKCSYKVIKYCIVT IVNTLLKLAGYKEQVTTKDE | EQQMDR | VKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC I VT ILNTLLKLAGYKEQ I TTKDE | EKQMDRVVKEMRRQLEM [ DKLTTRE
SKCSYKVIKCCIVT I I STLLKLAGYKEQVTTKDE I EQQMDR | | KEMRRQLEM I DKLTTRE
SKCSYKVIKYCIVT I INTLLKLAGYKEQVTTKDE | EQQMAR | VKEMRRHLEM | DKLTTRE
SKCSYKVIKYCIVT I INTLLKLAGYKEQVTTKDE | EQQMDR | VKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC I VT IFNTLLKLAGYKEQ I TTKDE | EKQMDRVVKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC IVT IFNTLLTLAGYKEQ TTKDE | EKQMDRVVKEMRRQLEM I DKLTTRE
SKCSYKVVKYC I VT ILNTLLKLAGYKEQI TTKDE | EKQMDRVVKEMRRQLEM [ DKLTTRE
SKCSYKV IKHCIVT I INTLLKLAGYKEQVTNKDE | EQQMDR | VKEMRRQLEM I DKLTTRE
SKCSYKV IKYCVVT I INTLLKLAGYKEQVTTKDE | EQQMDR | VKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC I VT IFNTLLKLAGYKEQI TTKDE | EKQMDRVVKE I RRQLEM I DRLTTRE
SKCSYKV IKCCIVT I INTLLKLAGYKEQVTTKDE | EQQMDR | VKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC IVT IFNTLLK TAGYKEQ I TTKDE | EKQMDRVVKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC I VT IFNTLLKLAGYKEQ I TTKDE | EKQMDRVVKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC I VT IFNTLLKLAGYKEQI TTKDE | EKQMDRVVKEMRRQLEM [ DKLTTRE
SKCSYKVVKYC I VT IFNTLLKLAGYKEQI TTKDE | EKQMERVVKEMRRHFKM [ DKLTTRE
SKCSYKV IKYCMVT I INTLLKLAGYKEQVTTKDE | EQQMDR | | KEMRRQLEM I DKLTTRE
SKCSYKV IKYCMVT I INTLLKLAGYKEQVTTKDE | EQQMDR | VKEMRRQPRM | DKLTTRE

kkkkkkk Kk Kk kk*k * k) kkhkkkkk Kk Kkkkk kk X *k KKk *kk Khkkk*k

to be continued
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175

VP4-Binding Region DLP-Bindgin Region

CBNU/HR-1 [EQGELLKRHDNL | TRPVDT [ DMTKEFNQKN | KTLDEWENGKNPYDP [EVTASM
CBNU/HR-2 IEQVELLKRI'YDKL I VRSTDE I DMTKE INQKN | RTLEEWESGKNPYEPKEVTAAM
CBNU/HR-3 IEQVELLKR IHDNL I [ KPVDV I DMSKEFNQKN I KTLDEWESGKNPYEPLEVTASM
CBNU/HR-4 IEQVEWLKR IHDNL | TRSVNV D | SKQFNQKN I KTLDEWESGKNPYEPSEVTASM
Wa IEQVELLKR IHDNL | TRPVDV | DMSKEFNQKN I KTLDEWESGKNPYEPSEVTASM
DS-1 IEQVELLKR ' YDKLMVRSTDE I DMTKE INQKNVRTLEEWENGKNPYEPKEVTAAM
RV5 IEQVELLKR ' YDKLMVRSTGE | DMRKE I NQKNVRTLEEWENGKNPYEPKEVTAAM
KUN IEQVELLKRI'YDKL I VRSTGE I DMTKE INQKNVRTLEEWESGKNPYEPKEVTAAM
Y0 IEQVELLKS IHDNLTTKPVDV | DMSKEFNQKN I KTLDEWVSGKNPYEPSEVTASM
ST3 [EQIELLKRIHDNL I TRPVNV I DMSMEFNQKN I KTLDEWESRKNPYEPSEVTASM
PA151 IEQVELLKR IHDKLMARSTDG | DMTKE INQKNVKT | EEWENGRNPYEPKEVTAAM
AU32 [EQVELLKRITHNNL I [ KPVDV I DMSKEFNQKN I KTLDEWEGGKNPYEPLEVTASM
L26 IEQVELLKR IHDKLMVQSTGE I DMTKE I NQKNVKTLGEWESGRNPYEPKEVTAAM
SA11 IEQVELLKRI'YDKLTVQTTGE I DMTKE INQKNVRTLEEWESGKNPYEPREVTAAM
UK IEQVELLKR IHDKLMIRTVDE I DMTKE INQKNVRTLEEWENGRNPYEPKEVTAAM
B223 IEQVGLLKR IHDKLD | RAVDE | DMTKE INQKNVRTLEEWEWGKNPYEPKEVTAAM
osu IEQVELLKR IHDKLAARSVDA I DMSKEFNQKN | RTLDEWESGKNPYEPSEVTASM
YM IEQVELLKR IHDKLVTRPVDV I DMSKEFNQKN I KTLDEWESGKNPYEPSEVTASM

*k* ** * * *%* *kk*k * *%* *kkk Kk kkkk *

Fig 2. Comparison of the deduced amino acid sequences of the NSP4 gene of CBNU/HR-1, 2, 3, 4 and other human and
animal rotavirus strains. The hydrophobic domains are indicated as H1, H2, and H3. The VP4- and DLP-binding regions
are indicated. The NSP4 sequences of CBNU/HR-1, 2, 3, and 4 were determined in this study. Asterisks indicate the
identical amino acid sequences among rotavirus strains compared. Other NSP4 amino acid sequences of human and animal
rotaviruses were obtained from GenBank database: Wa (GenBank accession No. AF093199), DS-1(AF174305), YO
(AB008236), ST3(U59110), OSU(D88831), PA151(AJ311733), UK(M21885), AU32(D88830), B223(AF144805), L26
(AJ311732), SA11(AF087678), RV5(U59103), KUN(D88829), YM(X69485)
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Recombinant baculovirus®} wild type baculovirusE SO
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Table 1. NSP4 amino acid sequence identities(%) of CBNU/HR-1, 2, 3, 4, and other human and animal rotavirus strains
Percentage homology to
Strain HR-I' HR-3* HR4° Wa YO ST3 OSU AU32 YM HR-2' KUN RV5 DS-1 SAll PAI5SI UK B223
HR-1*(G1)
HR-'(G2) 925
HR-4G4) 920 920
Wa(Gl) 96.0 960 96.0
YO(G3) 925 942 925 965
ST3(G4) 920 914 925 954 920
OSU(GS) 920 931 925 954 925 914
AU32(G9) 937 971 925 965 948 920 925
YM(GL11) 925 925 925 965 937 925 948 931
HR-Zd(GZ) 851 834 834 862 828 828 862 840 840
KUN(G2) 840 822 828 8.1 8.7 82 8.1 828 828 988
RV5(G2) 828 805 811 834 805 805 840 817 8L7 942 954
DS-1(G2) 845 817 817 845 817 8L.1 851 828 840 9%.0 960 971
SAL1(G3) 828 817 811 840 8.2 8l1 840 822 834 942 954 948 965
PAISI(G6) 828 800 800 828 8.0 794 828 8.1 8L1 91.0 908 908 925 8&9.1
UK(G6) 851 828 817 851 8.2 817 851 840 834 937 937 937 954 931 931
B223(G10) 828 81.1 817 834 805 800 834 822 88 920 920 9.8 925 9.8 8.1 %2
L26(G12) 834 822 822 845 822 817 840 828 828 931 942 942 948 948 920 93.7 902

a, b, ¢, d

CBNU/HR-1, CBNU/HR-2, CBNU/HR-3, and CBNU/HR-4 are indicated as HR-1, HR-2, HR-3, and HR-4 respectively. NSP4

sequences of CBNU/HR-1, CBNU/HR-2, CBNU/HR-3, and CBNU/HR-4 were determined in this study. Other human and animal rotavirus

sequences were obtained from GenBank database :

Wa (GenBank accession No. AF093199), DS-1 (AF174305), YO (AB008236), ST3

(US9110), OSU (D88831), PAISI (AJ311733), UK (M21885), AU32 (D88830), B223 (AF144805), L26 (AJ311732), SAIl (AF087678),
RV5 (U359103), KUN (D88829), YM (X69485).
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Fig 3. Phylogenetic tree for the NSP4 amino acid
sequences of CBNU/HR-1, 2, 3, 4, and other human and
animal rotavirus strains. The phylogenetic tree was
constructed with the N-J plot program in the CLUSTAL W
package.

J 81

1

Fig 4. Cytopathic effects and immunofluorecence produced
by recombinant virus in Sf9 cell (x 200).

Sf9 cells were infected with mock(A) and recombinant
virus(B) for 48 hr at 27°C. Mock(C) and recombinant

virus(D) infected Sf9 cells were reacted with NSP4-specific
monoclonal antibody.

ZAgt BaE Qo Kikwood e ale Alg
3 FE ZEehlolz]2o] NSP4 {248 Ay,
A g 58] 2Epulol#= NSPA f-3xke] §7)A
ol we} NSP4 genotype A, B 18]l1 C2 H53F 4
Athir Wty o]5e] ATAvte] wEw, NSP4
genotype Adl| &3H= ZERulo]g2so] NSP4 S-HAb:=
751709 d71= EolqlaL, olE71Ele] AVIME s
o] 91%oldoln, G2 FAHF] Al ZEepulole)=gl

M1 23 4 5 &

Fig 5. Analysis of expressed NSP4 by SDS-PAGE(A) and Western blotting(B).

Lane M; molecular weight marker, lane 1; mock-infected MA104 cell lysate, lane 2; human rotavirus-infected MA104 cell
lysate, lane 3; wild type virus-infected Sf9 cell lysate, lane 4; mock-infected Sf9 cell lysate, lane 5; NSP4 recombinant
virus-infected Sf9 cell lysate, lane 6; NSP4 recombinant virus-infected Sf9 cell supernatant.
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