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Usefulness of Escherichia coli-expressed Recombinant VP6 Proteins of
Group A Rotavirus in Serodiagosis of Rotavirus Infection

Ji-Hyun Seo, M.D., So-Young Kim, M.D., Ji Sook Park, M.D., Jae-Young Lim, M.D.,
Chan-Hoo Park, M.D., Hyang-Ok Woo, M.D., Hee-Shang Youn, M D., Wonyong Kim, Ph. D
Hyung-Lyun Kang, Ph.D.*, Seung-Chul Baik, M.D.*, Woo- Kon Lee, Ph.D.*,
Myung-Je Cho, Ph.D.* and Kwang-Ho Rhee, M.D.*

Departments of Pedlatrlcs and *Microbiology, Gyeongsang National University School of Medicine, Institute of
Health Science, Jinju, Department of Microbiology, Chung-Ang University College of Medicine, Seoul, Korea

Purpose: The serologic diagnosis of rotaviral infections is not commonly used in clinical practice, but is used
in seroepidemiologic studies. In this study, the usefulness of Escherichia coli-expressed recombinant VP6
proteins of group A rotavirus in the serodiagnosis of rotavirus infections by ELISA was evaluated.
Methods: The recombinant VP6 proteins of group A rotavirus expressed in E. coli Rosetta II strain were
purified and identified. One hundred sera from 22 children (4 healthy neonates, 13 healthy children, and
5 immunocompromised children) who had serial sera samples prior to and after rotavirus infections were
provided by the Gyeongsang National University Hospital, a member of the National Biobank of Korea.
IgG, IgA, and IgM antibodies against rVP6 were analyzed by ELISA in all of the patients and Western
blot analysis in 4 neonates.

Results: ELISA tests using rVP6 proteins of group A rotavirus as antigen revealed that IgG, IgA, and
IgM antibodies increased after rotaviral infections in most neonates and healthy children. IgG antibodies
also increased after rotaviral infections in most immunocompromised children without an adequate increase
in IgM or IgA antibodies. Western blot analysis in four neonates revealed very early IgM antibody
responses, even in the sera with low optical densities in ELISA tests.

Conclusion: Our study showed that ELISA using rVP6 as an antigen is a valid diagnostic tool for
seroepidemiologic studies of rotavirus infections and Western blot analysis is a sensitive test in detecting
IgG, IgA, and and IgM antibodies in patients with rotavirus infections. (Korean J Pediatr Gastroenterol
Nutr 2010; 13: 134~ 145)
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1 ATGGAGGTTCTGTACTCACTGTCAAAAACTCTTAAAGATGCTAGGGACAA 50

51 AATTGTTGAAGGTACATTATATTCTAATGTTAGCGATCTTATTCAGCAAT 100
101 TCAATCAAATGATAGTAACTATGAATGGAAATGATTTITCAGACTGGAGGA 150
151 ATTGGCAATTTACCTGTTAGAAATTGGACTTTCGATTTTGGTCTATTAGG 200
201 TACAACACTTTTGAACTTGGGTGCTAATTATGTTGAGAATGCAAGAACTA 250
251 TAATTGAATATTTTATTGACTTTATTGATAATGTATGTATGGATGAAATG 300
301 GCAAGAGAATCTCAAAGAAATGGAGTAGCGCCACAATCTGAAGCGTTGAG 350
351 AAAGTTAGCGGGAATTAAATTTAAGAGAATAAATTTCGATAATTCATCAG 400
401 AATACATAGAAAATTGGAACTTACAAAATAGAAGACAGCGCACCGGATTT 450
451 GTTTTTCATAAACCTAACATATTTCCATACTCAGCTTCACTTACTCTAAA 500
501 TAGATCTCAACCAATGCATGATAATTTAATGGGAACCATGTGGCTTAATG 550
551 CTGGATCAGAAATTCAAGTGGCTGGATTTGACTACTCATGCGCCATAAATG 600
601 CACCAGCGAACATACAGCAATTTGAACATATCGTCCAGCTTAGGCGCGCA 650
651 CTGACTACAGCTACTATAACTTTATTACCTGATGCAGAGAGATTTAGTTTTC 700
701 CAAGAGTAATTAATTCAGCTGATGGCGCGACTACATGGTTCTTTAATCCA 750
751 GTTATTCTAAGACCAAACAATGTAGAGGTAGAATTTTTGTTGAATGGACA 800
801 AATTATTAATACATATCAGGCTAGATTTGGTACTATCATCGCAAGAAATT 850
851 TTGATGCAATTCGTTTATTATTTCAGTTGATGCGTCCACCTAATATGACA 900
901 CCAGCTGTTAATGCACTGTITCCACAAGCACAACCTTTITCAGCACCATGC 950
951 AACAGTTGGACTTACATTACGTATTGAATCTGCGGTTTGTGAATCAGAGC 1000
1001 TTGCGGACGCAAATGAAACTCTGTTAGCAAATGTGACCGCGGTGCGTCAA 1050
1051 GAATATGCCATACCAGTTGGACCGGTATTTCCACCAGGCGTGAATTGGAC 1100
1101 TGAATTAATTACTAACTATTCGCCATCTAGAGAAGATAACTTGCAACGCG 1150
1151 TTTTCACGGTAGCTTCCATTAGAAGCATGTTGATTAAGTGA 1194

Fig. 1. The nucleotide sequences of rotavirus VP6 gene was
obtained from the National Center for Biotechnology Infor-
mation (NCBI) GenBank,

Table 1, PCR Primer for Amplification of Rotavirus VP6 Gene

Primer Primer sequence PCR product

size (bp)
RotaVP6F  TACATGGAGGTTCTGTACTC
(el 1,194
RotaVP6R  GGATCCTCACTTAATCAACA '
(BamH)

Hiole] 2 VP6 AA|(Table 1)E HAHISISATE Tag
DNA polymerases ©|-83to] VP6 FHAE FZ3}o]
A thFig. 2). o] A S AFYAIR o] 835}o] pGEM-
T/rotavirus VP6 F-&<& 2539tk thllA Wl wlE Q]
pET-15b5 AH|FEE Ndeld BamHICZ AE 3
pGEM-T/rotavirus VP6 ZE3 ZFA|AH pET15b-rota-
virus VP6 Z&5 F5sfo] child whe 54220 E,
coli Rosseta TIol] PAHSA|A ZEpalo|# A VP6 TH
Ag A F e o] AE Z53t MEFN 7] (Vibra
Cell, Sonics & Materials, Danbury, CT)Z Z}&l|gt th-5
13,000 rpmell 4] 3027 A4 el B5A3t A
A Z(EYA, inclusion body)S H2lsle] 7G5S
2SS Th(Fig. 3). $UAE Edste AT Y A
HAES2M 84 4 M 84 707 4o] 747 4°CollA
ket & QA ES 230 AA Felasich iAo

245 H7tsto] 4°CollA skt E3F aHbAl

kb M 1 2 3 4 5 6

<RotaVP6 (1,194 bp)

o =N
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Fig. 2, Amplicons with a size of 1,194 bp represent rotavirus
VP6 (lanes 1~6).

—rt - <4RotaVPG6 (44.8 KDa)
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Fig. 3. The recombinant proteins from recombinant £ coli
pET15b/rotavirus VP6 were analyzed by electrophoresis (12%
SDS-PAGE), M: protein size marker, 1: £ coli pET15b/rotavirus
VP6 whole cell lysate without IPTG induction, 2: £, coli pET15b/
rotavirus VP6 whole cell lysate with IPTG induction, 3:
supernatant of the whole cell lysate with IPTG induction, 4:
precipitate of the whole cell lysate with IPTG induction,

M
Hb Zob HFAlA refoldingS A
NTA columng ©]-&3fo] 2| =3t ohy 75:1‘% % Zﬂ =,
—70°C Z2A& WEatel] Batsle] Agoll A-gsich
(Fig. 4).

2) IgG, IgA, IgM EAMAZHYH: A5 ZElvto]
22 1VP6 ol tat AR IgG, IgA, IgM 34| &
7He SA4s5H7] Slsl YurA ?J FEHASAHHE S AlS
sttt 2elulo]E A VP66 Y-S 0.05 M carbonate

4FAPH 8.0) 2%, 10 ngmL =7} H =5 343
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Fig. 4. The purified refolded rotavirus VP6 proteins were
analyzed by electrophoresis (12% SDS-PAGE), M: protein size
marker, 1: flow through, 2: wash out, 3~8: fractions eluted
with 20, 40, 80, 160, 320, and 500 mM imidazole,
respectively.

F 96 wello] = BEHASH Tl 94 & 50 £ LA
A7VetaL, 4°Coll A st &9t TR o] #
25 §4HIE5H IS PBS-0.05% Tween 20 (PBST)
Moz 13 AHAsk 1:]._@‘
(BSA)-PBST -5 150 1 Ljwell® H7}slar, 37°Cel|
A 3A17F E<]t X%EMO% °M°l A= 7] ok %’—HE—
j}\:‘}g} \;], ol:H q.] _‘x-] q.]zd;d aga

Zke] P& PBSTZ ﬂ@.(IgG 1:500, IgA 1: 100,
IgM 1 : 500)3}od, 50 «Ljwell® 7}skar 37°Coll A 1
A7k E<t -3 A ube-2 fr=skgieh PBST &2
2 33] AF3 F peroxidase conjugated goat anti-human
IgG, IgA, IgM (Bethyl Lab., USA)S 1% BSA/PBSTOl
1 : 10,0002 3] 43}o] 50 Ljwell® H7}skaL 37°C
of| A 1A17F &<t 24} hAlub-3-= A AISHSITE PBST &
oo 2 53] AlF3}aL o-phenylene diamine (OPD) 7173
= 50 nLjwell® Z7}sto] AZollA] 3087 A
= TEsHth =] 2 N g
t‘;l_

Ns A
- % Hl?h 492 nmoﬂxi e
:g;

3% bovine serum albumin

%k+3x£%%iih% AARsP = IgG 0.130, IgA
0.062, IgM 0.074%ch. EawdSgw A3t 7} 1gG,
IgA ¥ IgM o] Al (coefficient of variance)T Z+Z
10.7, 8.5, 8.6% %tk wehA d&EH o2 ZAHH F3RE
7} 1gGQ 7% 21.4%, 1gASl A% 17%, 1gMQ %
17.2% o]&e] &<o] dow A A7prt Frtskelct
3 Beksledthdata not shown)'™.

3) IgG, IgA, IgM WY ==28: 10~20% SDS-

polyacrylamide gradient separating gel¥} 3% stacking gel
Z % 0.75 mm 779 slab geloll ZE}R}o]# X 1VP6
49 354L (10 £ gmL)E E53 $ Mighty Small II
(Hoefer Scientific Instruments, San Fernando, CA)°llA]
15 mA°ll A 60%7 A 7]d5 39t ©| gels transfer
buffer (20 mM Tris, 144 mM glycine, 25% methanol,
0.01% sodium dodecyl sulfate)oll ©7} £-2] % chu) A5
173}tk Polyacrylamide gel¥} nitrocellulose (NC)
membrane (0.2 micron, Bio-Rad Laboratories)S <=2
ZHE| grid — sponge — 3 MM filter paper — NC
membrane — gel — 3 MM filter paper — sponge —
grid T2 Z2l3s}o] Mighty Small Transphor (Hoefer
Scienctific Instruments)oll ¥ 120 mAE 60E7F 4°C
2] 9] ice-cold transfer buffer (20 mM Tris, 0.01% SDS,
144 mM glycine [pH8.3], 25% methanol)oll4] electro-
transferA] 73 th. TBS-Tween 20
buffer (TBST; TBS; 50 mM Tris-HCL, 150 mM NaCl
[pH8.0], 0.05% Tween)Z A|H3}3L 1% bovine serum
albumin (BSA)-TBST -£-94.© & NC membrane®] WA
ol A At Bol2 Ao o] AS 3 mm HE L
Z stripg WHE0] 1: 102 A7 A3} 37°Coll A
3047 WhS-A1ZiTh TBST buffer® 3% 7HA 02 33
A= 3}F3L alkaline phosphatase conjugated goat anti- hu-
man IgG, IgA, IgM (Bethyl Lab., USA)2 1% BSA/
PBSTOll Z-7F 1 : 1,000, 1 : 500, 1 : 5002.2 3] 45}o]
H7¥sto] 37°CollA] 304£7F A 2lsk3ich. TBST buffer®
387k 53] AR ohg 713& S Yol A&l 15
7 mankes AAFHh 71ZEHL alkaline
phosphatase buffer (100 mM Tris-HCI, 100 mM NaCl, 5
mM MgSO4 [pH9.5]), 0.03% nitroblue tetrazolium
substrate (w/v Sigma, St. Louise, MO)$} 0.015% 5-
bromo-4-chloro-3-indolyl phosphate (BCIP) substrate (w/v
Arbalol Azsieleh, BAMSS B FA
£ 9220 mM tris-HCL, 50 mM EDTA, [pHS.0) 2.2
TZ]K] M‘:}'.

o] NC membrane<

Sigma) &

1 oY 2t 3 2
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Table 2, Demographic Data and Clinical Characteristics of the Patients with Rotaviral Infections

Group Sex/Age Clinical manifestations at diagnosis

Neonate 1 M/4 days Tachypnea
Neonate 2 M/7 days No specific findings
Neonate 3 M/9 days Vomiting, diarrhea
Neonate 4 F/21 days Diarrhea, abdominal distension
Healthy child 1 F/1.5 mo Fever, diarrhea
Healthy child 2 M/5 mo Fever, lethargy
Healthy child 3 M/7 mo Vomiting, diarrhea
Healthy child 4 M/9 mo Fever, diarrhea
Healthy child 5 F/9 mo Diarrhea, dehydration
Healthy child 6 F/12 mo Vomiting, diarrhea
Healthy child 7 M/12 mo Fever, diarrhea
Healthy child 8 F/12 mo Fever, vomiting, diarrhea
Healthy child 9 M/1 yr 5 mo Fever, vomiting, diarrhea
Healthy child 10 F/1 yr 7 mo Fever, vomiting, diarrhea
Healthy child 11 M/2 yr 11 mo Fever, vomiting, diarrhea
Healthy child 12 M/2 yr 11 mo Diarrhea
Healthy child 13 M/3 yr 5 mo Fever, diarrhea
Immunocompromized child 1 M/2 yr 1 mo Diarrhea

(Down syndrome with acute ITP)*
Immunocompromized child 2 (aplastic anemia) M/3 yr 11 mo Fever, diarrhea
Immunocompromized child 3 (ALL) M/12 yr Diarrhea
Immunocompromized child 4 (CML) M/12 yr Fever, diarrhea
Immunocompromized child 5 (ALL) M/12 yr Fever, diarrhea

*He was treated with high dose intravenous gammaglobulin for acute ITP 15 days before rotaviral gastroenteritis, ITP: immune

thrombocytopenic purpura, ALL: acute lymphoblastic leukemia, CML: chronic myelogenous leukemia,
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Fig. 6. Changes in optical densities of ELISA for detecting IgG, IgA, and IgM antibodies against rVP6 of rotavirus are shown
in 13 healthy children who were diagnosed with rotaviral gastroenteritis, Sample date O: the date when stool was confirmed
positive for rotavirus antigen,
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Fig. 7. Changes in optical densities of ELISA for detecting IgG, IgA, and IgM antibodies against rVP6 of rotavirus are shown
in five immunocompromised children who were diagnosed with rotaviral gastroenteritis, Sample date O: the date when stool
was confirmed positive for rotavirus antigen,
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