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Genomic segment 4 of the porcine Gottfried strain (serotype 4) of porcine rotavirus, which encodes the outer
capsid protein VP4, was sequenced, and its deduced amino acid sequence was analyzed. Amino acid homology
of the porcine rotavirus VP4 to the corresponding protein of asymptomatic or symptomatic human rotaviruses
representing serotypes 1 to 4 ranged from 87.1 to 88.1% for asymptomatic strains and from 77.5 to 77.8% for
symptomatic strains. Amino acid homology of the Gottfried strain to simian rhesus rotavirus, simian SA11
virus, bovine Nebraska calf diarrhea virus, and porcine OSU strains ranged from 71.5 to 74.3%. Antigenic
similarities of VP4 epitopes between the Gottfried strain and human rotaviruses were detected by a plaque
reduction neutralization test with hyperimmune antisera produced against the Gottfried strain or a Gottfried
(10 genes) X human DS-1 rotavirus (VP7 gene) reassortant which exhibited serotype 2 neutralization
specificity. In addition, a panel of six anti-VP4 monoclonal antibodies capable of neutralizing human
rotaviruses belonging to serotype 1, 3, or 4 was able to neutralize the Gottfried strain. These observations
suggest that the VP4 outer capsid protein of the Gottfried rotavirus is more closely related to human rotaviruses

than to animal rotaviruses.

Many human and animal rotaviruses bear common anti-
genic determinants. For example, the Gottfried strain of
porcine rotavirus shares subgroup and serotype specificities
with certain human rotavirus strains. The Gottfried strain
belongs to rotavirus subgroup II, as do four of the six human
rotavirus serotype reference strains (6). Alignment of the
amino acid sequence of the VP6 gene (responsible for
subgroup specificity) of Gottfried virus with the VP6 gene of
several subgroup I and II rotavirus strains indicated that the
Gottfried virus exhibits a high degree of amino acid homol-
ogy (98%) with subgroup II rotaviruses such as the Wa
human strain, while amino acid homology between the
Gottfried strain and subgroup I rotaviruses was somewhat
lower (92 to 93%) (4). The Gottfried virus is similar, if not
identical, to serotype 4 of human rotavirus on the basis of
neutralization with hyperimmune antisera (8). In addition
(5), the amino acid sequence of its outer capsid neutraliza-
tion protein, VP7, which is responsible for serotype speci-
ficity, is 95.1% homologous with that of VP7 of a serotype 4
human asymptomatic rotavirus strain, ST3.

Another important outer capsid rotavirus antigen, VP4, is
encoded by gene 4. Antibodies directed to this protein inhibit
viral hemagglutination, neutralize rotavirus in vitro, and
passively protect mice against challenge with homologous as
well as some heterologous rotaviruses (6, 13). The location
of amino acids involved in VP4-mediated heterotypic neu-
tralization has been identified in human and animal rotavi-
ruses (9, 14). Also, VP4 appears to be associated with
virulence of rotaviruses in experimentally infected mice (12)
and may play a role in the attenuation of naturally occurring
asymptomatic human neonatal strains (2, 3).

In this study, we investigated the relationships of the VP4
outer capsid protein of Gottfried virus to various human and
animal rotaviruses at the molecular and antigenic levels. To
study these relationships, we determined the nucleotide
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sequence of the gene encoding the VP4 of Gottfried virus
and compared this sequence and its deduced amino acid
sequence with the corresponding sequences of the VP4 gene
of selected human and animal rotavirus strains. Antigenic
relationships were also studied by employing hyperimmune
antiserum produced against Gottfried virus and against a
single-gene-substitution Gottfried X human DS-1 rotavirus
reassortant, which derived only its VP7 gene from the
human strain. In addition, a panel of VP4 cross-reactive
neutralizing monoclonal antibodies (NMADb) directed against
human rotavirus strains of serotype 1, 3, or 4 was used for
antigenic characterization (15).

The porcine rotavirus Gottfried strain was originally iso-
lated from the intestinal contents of a suckling pig with
diarrhea (1) and was kindly supplied by E. H. Bohl. An
established cell line of fetal rhesus monkey kidney cells,
MA104, was used for virus propagation. Viral mRNAs were
produced from single capsid particles as described previ-
ously (3), and the total mRNA was hybridized to a series of
primers 18 nucleotides in length. The nucleotide sequence of
the Gottfried VP4 gene was determined by the dideoxy-chain
termination method with avian myeloblastosis virus reverse
transcriptase as described elsewhere (3).

The Gottfried VP4 nucleotide sequence is 2,359 bases in
length and contains one long open reading frame beginning
10 nucleotides from the 5’ end and terminating with a single
stop codon 22 bases from the 3’ end (Fig. 1). The encoded
VP4 protein contains 775 amino acids (Fig. 2). This was
unexpected, since in contrast to human rotavirus VP4 genes,
all animal rotavirus VP4 genes (except for those of Gottfried
virus) thus far sequenced (rhesus rotavirus [RRV], SAll,
Nebraska calf diarrhea virus, and OSU) possess an extra
nucleotide triplet, CAA, at nucleotide positions 382 to 384
(9-11).

The deduced amino acid sequence of the Gottfried VP4
was compared to that of the human and animal rotavirus
strains, and the percent sequence identity was calculated. In
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GGCUAUAAAAUGGCUUCGCUCAUUUAUAGACAGCUGCUCACUAAUUCAUACACAGUUGAAUUAUCUGAUGAAAUUAAAACAAUUGGAUCAGAAAAGAGUC
AGAAUGUAACAAUUAAUCCGGGUCCGUUUGCUCAAACGACCUAUGCACCAGUCACUUGGAGACAUGGAGAAGUAAACGAUUCUACAACGGUAGAACCAGU
ACUUGACGGUCCAUAUCAGCCAACGAGUUUCAAACCGCCAAAUGACUAUUGGAUAUUGUUAAACCCGAUUAAUAAGGGAGUUGUAUUCAAGGGUACUAAC
AGGACUGAUGUUUGGGUUGCAAUACUACUCAUUGAACAACGCGUACCUAGUCAAGAUCGACAAUAUACAUUAUUUGGAGAAGUGAAGCAAAUCACUGUAG
AGAAUAGUUCCGACAAAUGGAAAUUCUUUGAAAUGUUUAGAAACAACGCUAACAUUGAUUUUCAGCUUCAACGUCCUUUAACAUCAGAUACAAAAUUAGC
UGGCUUUCUAACACAUGGUGGACGUGUUUGGACAUUIAAUGGUGAAACGCCGCAUGCUACAACUGAUUACUCAACAACUUCAAACUUACCUGAUGUAGAA
GUAGUAAUACAUACUGAAUUCUACAUAAUACCAAGAUCUCAAGAAUCUAAAUGCAAUGAGUAUAUUAAUACUGGGUUACCACCAAUGCAAAACACAAGGA
AUGUGGUUCCAGUAGCAUUAUCAUCUAGAUCUAUAACUUAUCAACGUGCACAAGUUAACGAAGAUAUCAUUAUAUCAAAGACUUCAUUGUGGAAAGAAAU
GCAAUACAAUAGAGACAUUACAAUAAGAUUUAAAUUCGGUAAUAGCAUAGUAAAGCUUGGUGGAUUAGGUUAUAAAUGGUCAGAAGUCUCAUUCAAAGCA
GCAAAUUAUCAGUAUAAUUAUUUAAGGGAUGGAGAACAGGUGACAGCCCACACUACUUGUUCAGUUAACGGAGUAAAUAAUUUUAGUUAUAAUGGAGGAU
CACUGCCAACUGAUUUUAGCGUAUCUAGAUAUGAAUUAAUAAAA GAGAAUUCAUAUGUUUAUAUCGAUUACUGGGAUGACUCACAAGCAUUCAAAAACAU
GGUAUAUGUUAGAUCACUUGCAGCAAAUUUAAAUUCAGUGAAAUGUAGUGGAGGUAACUAUAACUUUAAAAUUCCAGUUGGUGCAUGGCCAGUAAUGAGU
GGUGGUGCAGUAUCUCUACAUUUCGCGGGAGUUACAUUAUCUACUCAAUUUACUAAUUUCGUAUCACUCAAUUCACUAAGAUUCAGAUUCAGUUUAACUG
UUGAGGAACCAUCCUUUUCAAUUUUGCGUACACGUGUAUCAGGAUUGUACGGAUUACCAGCAGCUAAUCCGAAUAAUGGAAAUGAAUACUAUGAAAUAGC
GGGAAGAUUUUCUCUCAUUUUAUUGGUACCAUCUAAUGACGACUAUCAAACUCCAAUUAUGAAUUCAGUCACCGUACGACAAGAUUUAGAACGCCAAWIG
GGCGAUUUGAGAGAAGAAUUUAAUUCACUGUCACAAGAAAUAGCUAUGACUCAAUUAAUAGACUUGGCUUUAUUGCCGUUAGAUAUGUULCCAUGUUCY
CAGGUAUUAAAAGUACAAUUGAUGUGGCUAAAUCAAUGGCCACAAAUGUUAUGAAAAAGUUUAAAAAGUCAGGACUAGCUACAUCUAUAUCAGAACUGAC
UGGAUCAUUGCCGAGUGCUGCAUCGUCAGUUUCAAGGAGCUCUUCUAUUAGAUCUAACAUUUCAUCUAUUUCAGUGUGGACGGAUGUUUCUGAACAAAUA
GCAGAUGCAUCAAAUUCUGUUAGAAGUAUUUCAACGCAGACGUCAGCUAUUAGUAAAAGACUUAGAUUACGUGAGAUCACUACUCAGACUGAAGGGAUGA
AUUUUGACGAUAUUUCCGCUGCUGUUCUCAAAACGCCCCUAGAUAAGUCAACACAUAUAAGCCCUGAUACGCUGCCAGAUAUAAUAACUGAAUCGUCUGA
AAAAUUUAUACCAAAACGCGCUUAUAGAGUUUUAAAGAAUGAUGAAGUUAUGGAGGCUGAUGUAGAUGGGAAAUUUUUCGCAUACAGAGUUGAUACULUC
GAAGAAGUGCCAUUUGAUGUGGAUAAAUUUGUUAAUCUGGCCACUGCUUCCCCUGUGAUAUCAGCUAUAAUUGAUUUUAAAACACUGAAAAACCUGAAUG
ACAACUAUGGUAUAACACGCUCUCAAGCGCUAGAUUUGAUUAGAUCUGAUCCCAGGGUUCUACGUGAUUUUAUCAAUCAAAACAAUCCAAUUAUUAAAAA
UAGAAUAGAACAAUUAAUACUGCAAUGUAGAUUGUGAGAGCUCUAUAGAGGAUGUGACC
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FIG. 1. Complete nucleotide sequence of the VP4 gene of Gottfried. Underlined bases indicate the positions of the initiation and

termination codons.

previous studies it was observed that there are three distinct
families of VP4 among human rotavirus strains (2, 3). They
are serotype 1, 3, or 4 symptomatic rotaviruses (Wa, P, and
Va70) (93.2 to 96.8% amino acid identity); symptomatic
serotype 2 strain DS-1 (89.4 to 90.5% amino acid identity to
strains in group 1); and asymptomatic rotaviruses of sero-
type 1, 2, 3, or 4 (M37, 1076, McN13, and ST3) (95.1 to
97.4% amino acid identity among strains in the group but
only 75.4 to 77.8% amino acid identity to strains in group 1
or 2). Among the animal rotaviruses RRV, SA11, Nebraska
calf diarrhea virus, and OSU, VP4 amino acid homology
ranges from 81.1 to 87.8% and the highest homology in this
group is between the two simian strains, RRV and SAll.
The overall VP4 amino acid homology of animal rotaviruses
to Gottfried virus ranges from 71.5 to 74.3%, whereas the
amino acid homology of Gottfried virus to the symptomatic
and asymptomatic human rotavirus strains ranges from 76.9
to 77.8% and 87.1 to 88.1%, respectively. Thus, the VP4
protein of Gottfried virus is more closely related to the VP4
of the asymptomatic neonatal human rotaviruses than to the
VP4 of symptomatic human or animal rotaviruses. This
suggests that the Gottfried strain and the asymptomatic
human strains might have diverged from a common ancestor
more recently than did the virulent human rotaviruses or the
animal rotaviruses included in our survey.

VP4 appears to play an important role in the pathogenesis
of infection and disease. A recent study has shown that
several regions of VP4 are conserved among human symp-
tomatic rotavirus strains, while a different set of sequences is
conserved among human asymptomatic rotaviruses (2, 3). It
has been suggested that among these sequences, a likely
candidate for a role in virulence is the connecting peptide
(amino acids 241 to 246), which is the region in which VP4 is
cleaved in the presence of trypsin to VPS and VP8. This
region contains an extra potential cleavage site (amino acid

245) in human symptomatic rotaviruses (Fig. 2). Gottfried
VP4 has only two potential cleavage sites, both of which are
identical in location to the corresponding sites on the VP4 of
human asymptomatic strains. Moreover, five of the six
amino acids of the connecting peptide are identical to those
of the asymptomatic human strains. The only divergent
amino acid is a valine in place of isoleucine, which repre-
sents a conservative change. This finding suggests that the
cleavage peptide and cleavage sites may not be related to

TABLE 1. Antigenic and immunologic characterization of
porcine rotavirus Gottfried VP4 protein by plaque reduction
neutralization (PRN)

Reciprocal of 60% PRN
antibody titer of guinea

Rotavirus pig hyperimmune

strain Serotype Virulence antiserum to:
Gottﬁ"ned Reassortant?
strain
Wa 1 + (human) 640 640
DS-1 2 + (human) <80 40,960
P 3 + (human) 640 640
Va70 4 + (human) 10,240 640
M37 1 — (human) 640 640
1076 2 — (human) 640 10,240
McN13 3 — (human) 640 640
ST3 4 — (human) 20,480 640
Gottfried 4 + (porcine) 20,480 10,240
33-1-1 2 b 2,560 40,960

2 Gottfried (10 genes including VP4) x DS-1 (VP7), 33-1-1; single-VP7-
gene-substitution reassortant which derived only the VP7 gene from the
human DS-1 strain (serotype 2) and the remaining 10 genes from the porcine
Gottfried strain. Hyperimmune serum to the DS-1 strain neutralizes only
human rotaviruses which share the same VP7 serotype 2 specificity.

® —, Not known.
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STRAIN 10 20 30 40 50 60 70 80 90 100
Gottfried MASLIYRQLLTNSYTVELSDE IKTIGSEKSONVT INPGPFAQT TYAPVTWRHGE VNDS T TVEPVLDGPYQPTSFKPPNDYWILLNPINKGVVFKGTNRTD
KU  ececcscccccces S-D-N---EQ----- TeeeoVoncoonns R-=-N-G-=-]-cc-ce-e | R TeoolTeo--- 1-SNTN---YES--NS-
1076
RRV
OSU  eecceccccececcns Neeoo- QE---A---D-cccccccce- G-==-N-GA--T-ccccc-- Lececece- T-N--TS--V--A-TVE--11Q---N--

110 120 130 140 150 160 170 180 190 200
Gottfried VMVAILLIEQRVPSQDRQYTLFGEVKQ] TVENSSD *KWKF FEMFRNNANIDFQLORPLTSOTKLAGFLTHGGRVWTFNGE TPHATTDYSTTSNLPOVEWV
KU F-T-WA--PN-IQV----- Veo-N--FN-R-D--*----L----GSSQNE-YNR-T-------V-]-KY¥---]---H----R----S-N-A--N-1S11
1076 BoccL--V-PN-TN-S--=---=~ Teooooooe NTN® TA
RRV R-L-TI-V-PN-T-ET-§----- TQE-- - IAYA-QTQ-- - JDVVKTTQ-GSYSQYG- -Q-TP- - YAVMK-N-KIY-Y----- NV--K-YS-T-YDS-NMT
osy R-L-T1---PN-QTTN-1-N---QQVTLS---T-QTQ---IDVSTTTPTGSYTQHG- -F-TP--YAVMKFS--1Y-Y--T--N---G-YSAT-YDT-NMT
210 220 230 240 0 260 270 280 290 300
Gottfried INTEFY] lnsntsxcusvurumunwwum‘nv ED111SKTSLWKEMQYNRD I TIRFKFGNS 1 VKLGGLGYKWSEVSFKAAN
L] ceQeK-comcne- Teccoococces Ceceelececcecccccccccccccne I-Yeoo-
1076 = =-Veceecccccccccccccccccccccccne Jocecccce- Vecceccccccccccccccocccccccnnn JececcNeccocccccoons P-l-ceee-
RRV eeeclecccc]ocloccA-N-ISH-cAc---Wecooooooooocooocaconn L e L 1---P--
OSU  SFCD------N--E--T--ccN----]-ccccccccS-cA-E-VHT--ccoon- Wecoooooooo Ceoeecccnes DRT-1-A-ccccccee 1---PIT
310 320 330 340 350 360 37 380 390 400
Gottfried YQYNYLRDGEQVTANT TCSVNGVNNFSYNGGSLPTDFSVSRYEL IKENSYVY IDYWDDSQAFKNMVYVRSLAANLNSVKCSGGNYNFK1PVGAWPVNSGG
KU v
1076 V!
RRV VeecccccclecoccccccReoccccccccccccnn 1-T--D-S-AL---Q----T--
osu Vesoo- Fecccccccccee Recccoccccccce TeTeT--S-T-AL-L-HY---T--
410 420 430 440 450 460 470 480 490 500
Gottfried AVSLHFAGVTLSTOFTNFVSLNSLRFRFSLTVEEPSFSILRTRVSGLYGLPAANPNNGNEYYE IAGRFSLILLVPSNDDYQTPIMNSVTVRODLEROLGD
L]
1076
RRV
osy
510 520 530 540 550 560 570 580 590 600
Gottfried LREEFNSLSOE IANTOL IDLALLPLOMFSMFSGIKST IDVAKSMATNVMKKFKKSGLATS I SELTGSLPSAASSVSRSSSIRSNISSISVWTOVSEQIAD
L] seeVeccccecTooN--N--NDVSN
1076
RRV
osv ceD-coccee Q--]8-ccccccccccccccccccnae ccheccccccnes R--R-N--S-V-T--DAMSD-=-=--]--ccecc- 1G--A-A--E--NS---
610 620 630 640 650 660 670 680 690 700
Gottfried ASNSVRSISTQTSAISKRLRLRE I TTQTEGMNFOD I SAAVLKTPLOKSTHISPOTLPD 1 1 TESSEKF IPKRAYRVLKNDEVMEADVDGKFFAYRVDTFEE
[} Vi--L8D-cocceTocoNoooK-N]-=co-- §ecccccccccs K1-M--Q-GKN-=--~-~ Vecheooceoes S-cl--D----- INTE--V---Kl--LN-
1076 $-DocoNocooccccccccecconnccccccen Jeeccocees Kleccccccocccccccccccccccccccccees D----- Veccooooee Keoooo-
RRY VegeogeccccceTecReccck-MAcccocroccccccccccs Kl-R--Q--<N-=---VechA-cccccfeccoc|Nec--F--GT--RY-----E--D-
osv V-TT-DTV-==-AT A==~ KeoA===Decccccccceccns Kl<--VQ-T-N---E-V--A-c-=-N-T-ccN----F--GM--ccccccco-- 0-
710 720 30 740 750 760 770 776
Gottfried VPFOVOKFVNLATASPVISAT IDFKTLKNLNONYGI TRSQALOL IRSDPRVLRDF INGNNP I IKNRIEQL ILQCRL
[J] cecccMocAE-VoNoooaecacocccocccccccona. IE--N--K-N-N-- Nec--onoo- Reccccccee- K-
1076 cesccccccDelePecccccccccccccccccccictcccccctcccrtccccccctcanccttsocccceenee
RRV feec=Q--AD-V-D-cccccccccccccccccocen $§-Q--FN-L--cccenn E----D----R-ccce-- M-o--
osu Jee=-Q--AD-V-D-c=ccc-o- Leeoce- Keoo-- SKQ--F--L-ccc---- Eoccccce-- Re-c=N--M---~

FIG. 2. Comparison of the amino acid sequences of the VP4 of porcine Gottfried, human symptomatic KU, human asymptomatic 1076,
simian RRV, and porcine OSU strains. Symbols: V¥, cleavage sites; %, amino acid deletion.

virulence, since Gottfried virus induces symptomatic infec-
tion in pigs. However, it is possible that the valine substitu-
tion in Gottfried VP4 may be related to the virulence of this
virus. It has been demonstrated that certain symptomatic
human strains can infect and in some cases cause diarrhea in
piglets. We are currently in the process of infecting piglets
with asymptomatic human strains to determine whether
these strains are virulent or attenuated for these animals.
We also analyzed the antigenic relationships between the
Gottfried virus and the symptomatic and asymptomatic

human rotavirus strains by neutralization with a hyperim-
mune serum to Gottfried virus and reassortant 33-1-1, which
derived only its VP7 gene from human rotavirus DS-1 and its
remaining genes from Gottfried virus. With the latter serum,
the antigenic reactivities of VP4 and VP7 could be dissoci-
ated. Antiserum to Gottfried virus (serotype 4 via its VP7)
neutralized to a high titer the human rotaviruses which share
the same VP7 specificity (i.e., serotype 4; strains VA70 and
ST3). This antiserum also neutralized to a high titer the
reassortant 33-1-1, which possessed the VP4 but not the VP7
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TABLE 2. Reactivity of porcine rotavirus Gottfried with anti-VP4 cross-reactive NMAbs as determined by neutralization®

Titer of indicated NMAb®

Virus strain
(serotype) KU-4D7 KU-6B11 YO-1E6 YO-1S3 YO-2C2 ST-1F2
(433) (392 or 439) (439) (392) (305) 392)
Gottfried (4) 6,400 25,000 6,400 25,000 6,400 1,600
1076 (2) 200 6,400 12,800 25,000 6,400 12,800
RRV (3) 200 3,200 200 1,600 200 200

“ Neutralizing antibody titers are expressed as the reciprocal of the highest dilution able to neutralize 60% of infectious virus as determined by plaque assay.
The homologous titer of NMAbs to KU (serotype 1), YO (serotype 3), or ST3 (serotype 4) was 25,000 in each case (15).
® Number in parentheses indicates the position at which a single amino acid substitution occurred in mutants selected with the corresponding NMAb (14).

of Gottfried. The Gottfried antiserum also recognized, but at
a lower titer, the asymptomatic human strains M37, 1076,
and McN13, which belong to serotypes 1, 2, and 3, respec-
tively, as well as the symptomatic human strains Wa and P
(serotypes 1 and 3). However, the serum failed to neutralize
the symptomatic DS-1 strain (serotype 2). Thus, hyperim-
mune antiserum against the Gottfried strain recognized
antigenic sites on VP7 at the highest titer but also neutralized
most of the other strains at a lower titer. In an attempt to
dissect the neutralization response with respect to VP7 and
VP4 specificity, we also tested each rotavirus with hyperim-
mune serum to the single-gene-substitution reassortant 33-
1-1 (Table 1). This antiserum neutralized to a high titer the
serotype 2 viruses DS-1 and 1076, as expected from the
serotype 2 VP7 specificity of these viruses. Gottfried virus
was also neutralized to a high titer via its VP4. In addition,
the antiserum against the reassortant neutralized the appro-
priate symptomatic and asymptomatic strains to the same
level as the Gottfried antiserum did, suggesting that these
relationships were mediated by VP4. Thus, it appears that
some VP4 epitopes common to these human rotaviruses are
also shared by the porcine Gottfried strain.

Cross-reactive neutralization among heterotypic rotavi-
ruses is mostly attributable to antigenic sites on VP4. In a
previous study with a panel of six VP4 NMAbs (KU-4D7,
KU-6B11, YO-1E6, YO-1S3, YO-2C2, and ST-1F2) pro-
duced from symptomatic strains of serotypes 1 (KU) and 3
(YO) or the asymptomatic strain of serotype 4 (ST3), we
observed that each NMAD reacted with each of these three
types of symptomatic human strains (15). The same cross-
reactive NMAbs, except KU-4D7, neutralized asympto-
matic human strains which included a representative of each
of the four human rotavirus serotypes (14, 15). In contrast,
only NMAb KU-6B11 neutralized the bovine Nebraska calf
diarrhea virus and simian SA11 strains (14). We therefore
examined the reactivities of these NMAbs with the Gottfried
strain as well as human strain 1076 (asymptomatic, serotype
2) and simian strain RRV. The Gottfried strain was neutral-
ized to a significant titer by all six NMAbs, and the human
asymptomatic 1076 strain was neutralized by five of the six
NMADbs as noted above, whereas the simian RRV strain
reacted significantly with only two of the NMAbs (Table 2).
These results suggest that the VP4 of the human strains
shares more neutralization epitopes with the Gottfried strain
VP4 than with those of other animal strains. Also, it appears
that there is limited diversity of VP4 among different sero-
types of human rotaviruses and the Gottfried strain. More-
over, antigenic mutants resistant to the above-mentioned
cross-reactive NMAbs sustained amino acid substitutions in
the VPS5 region of VP4 at amino acids 305, 392, 433, or 439
(Table 2) (14). It is noteworthy that at such positions there
was a correlation in amino acid sequence between Gottfried
virus and human rotaviruses (Fig. 2). On the other hand, the

VP8 region of the VP4 protein does not appear to be
extensively involved in heterotypic rotavirus neutralization
(9). Specifically, the region of VP8 between amino acids 99
and 192 has been identified as the region of greatest variabil-
ity on VP4 (2, 3). The Gottfried strain shows a unique amino
acid sequence in this region and thus may contain strain-
specific neutralization sites (Fig. 2).

Various studies suggest that the VP4 protein is an impor-
tant immunogen that stimulates neutralizing antibodies dur-
ing rotavirus infection (7, 16). Furthermore, studies with
animals indicate that these antibodies are associated with
resistance to rotavirus challenge (7). Our observations sug-
gest that the Gottfried strain should be evaluated further for
its potential usefulness as a donor of its VP4 gene for the
generation of reassortant vaccine viruses.

We thank P. Collins and M. Hill for preparation of oligonucleotide
primers and R. Jones and M. Sereno for technical assistance. We are
grateful to A. Z. Kapikian and R. M. Chanock for helpful discus-
sions. We also appreciate the editorial assistance of S. Chang and L.
Jordan.

LITERATURE CITED

1. Bohl, E. H., K. W. Theil, and L. J. Saif. 1984. Isolation and
serotyping of porcine rotaviruses and antigenic comparison with
other rotaviruses. J. Clin. Microbiol. 19:105-111.

2. Gorziglia, M., K. Green, K. Nishikawa, K. Taniguchi, R. Jones,
A. Z. Kapikian, and R. M. Chanock. 1988. Sequence of the
fourth gene of human rotaviruses recovered from asymptomatic
or symptomatic infections. J. Virol. 62:2978-2984.

3. Gorziglia, M., Y. Hoshino, K. Midthun, A. Buckler-White, I.
Blumentals, R. Glass, J. Flores, A. Z. Kapikian, and R. M.
Chanock. 1986. Conservation of amino acid sequence of VP8
and cleavage region of 84 KDa outer capsid protein among
rotaviruses recovered from asymptomatic neonatal infection.
Proc. Natl. Acad. Sci. USA 83:7039-7043.

4. Gorziglia, M., Y. Hoshino, K. Nishikawa, W. L. Maloy, R.
Jones, A. Z. Kapikian, and R. M. Chanock. 1988. Comparative
sequence analysis of the genomic segment 6 of the four rotavi-
ruses each with a different subgroup specificity. J. Gen. Virol.
69:1659-1669.

5. Gorziglia, M., K. Nishikawa, K. Green, and K. Taniguchi. 1988.
Gene sequence of the VP7 serotype specific glycoprotein of
Gottfried porcine rotavirus. Nucleic Acids Res. 16:775.

6. Greenberg, H., V. McAuliffe, J. Valdesuso, R. Wyatt, J. Flores,
A. Kalica, Y. Hoshino, and N. Singh. 1983. Serological analysis
of the subgroup protein of rotavirus, using monoclonal antibod-
ies. Infect. Immun. 39:91-99.

7. Hoshino, Y., L. J. Saif, M. M. Sereno, R. M. Chanock, and A. Z.
Kapikian. 1988. Infection immunity of piglets to either VP3 or
VP7 outer capsid protein confers resistance to challenge with a
virulent rotavirus bearing the corresponding antigen. J. Virol.
62:744-748.

8. Hoshino, Y., R. Wyatt, H. B. Greenberg, J. Flores, and A. Z.
Kapikian. 1984. Serotypic similarity and diversity of rotaviruses
of mammalian and avian origin as studied by plaque reduction
neutralization. J. Infect. Dis. 149:694-702.



418

9.

10.

11.

12.

NOTES

Mackow, E. R., R. D. Shaw, S. M. Matsui, P. T. Vo, M. Dang,
and H. B. Greenberg. 1988. The rhesus rotavirus gene encoding
protein VP3: location of amino acids involved in homologous
and heterologous rotavirus neutralization and identification of a
putative fusion region. Proc. Natl. Acad. Sci. USA 85:645-649.
Nishikawa, K., and M. Gorziglia. 1989. The nucleotide sequence
of the VP3 gene of porcine rotavirus OSU. Nucleic Acids Res.
16:11847.

Nishikawa, K., K. Taniguchi, A. Torres, Y. Hoshino, K. Green,
A. Z. Kapikian, R. M. Chanock, and M. Gorziglia. 1988.
Comparative analysis of the VP3 gene of divergent strains of the
rotaviruses simian SA1l and bovine Nebraska calf diarrhea
virus. J. Virol. 62:4022-4026.

Offit, P. A., G. Blavat, H. B. Greenberg, and H. F. Clark. 1986.
Molecular basis of rotavirus virulence: role of gene segment 4.
J. Virol. 57:46-49.

13.

14.

15.

16.

J. VIROL.

Offit, P. A., R. D. Shaw, and H. B. Greenberg. 1986. Passive
protection against rotavirus-induced diarrhea by monoclonal
antibodies to surface proteins vp3 and vp7. J. Virol. 58:700-703.
Taniguchi, K., W. L. Maloy, K. Nishikawa, K. Y. Gréen, Y.
Hoshino, S. Urasawa, A. Z. Kapikian, R. M. Chanock, and M.
Gorziglia. 1988. Identification of cross-reactive and serotype
2-specific neutralization epitopes on VP3 of human rotavirus. J.
Virol. 62:2421-2426.

Taniguchi, K., Y. Morita, T. Urasawa, and S. Urasawa. 1987.
Cross-reactive neutralization epitopes on VP3 of human rotavi-
rus: analysis with monoclonal antibodies and antigenic variants.
J. Virol. 61:1726-1730.

Ward, R. L., D. R. Knowlton, G. M. Schiff, Y. Hoshino, and
H. B. Greenberg. 1988. Relative concentrations of serum neu-
tralizing antibody to VP3 and VP7 proteins in adults infected
with a human rotavirus. J. Virol. 62:1543-1549.



