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The gene encoding outer capsid protein VP3 of subpopulations of two animal rotaviruses, simian SA11 and
Nebraska calf diarrhea virus (NCDV), was analyzed. Two laboratory strains of simian SA1l rotavirus
(SA11-SEM and SA11-FEM) differed with respect to VP3. This dimorphism was indicated by a difference in
electrophoretic mobility and a difference in reactivity with anti-VP3 monoclonal antibodies. The overall VP3
amino acid homology between the two SA11 VP3 proteins was 82.7%, whereas the VP3 protein of SA11-FEM
was 98.5% homologous in amino acid sequence to NCDV VP3, suggesting that SA11-FEM VP3 was derived by
gene reassortment in the laboratory during contamination with a bovine rotavirus. A comparison of the
deduced amino acid sequence of the VP3 of two virulent NCDYV strains and an attenuated NCDV strain (RIT
4237), revealed only five amino acid differences which were scattered throughout the protein but did not involve
the trypsin cleavage sites. Of interest, the VP3 of the standard strain of NCDV which is virulent for cows
differed in only one amino acid (position 23, GIn to Lys) from the VP3 of an NCDV mutant which was

attenuated both for cows and for children.

Rotaviruses possess two outer capsid proteins, designated
VP7 and VP3, each of which can induce neutralizing anti-
bodies (5, 18). VP3, which is the product of double-stranded
RNA segment 4, is also responsible for hemagglutination and
trypsin enhancement of infectivity (7) and appears to play a
major role in virulence in vivo (4, 19).

Simian rotavirus SA11 (serotype 3), first isolated in Africa
in 1957 (15), has been used as a reference strain of the
rotavirus genus in numerous studies. The complete nucleo-
tide sequence of segment 4 of this virus has been determined
(11, 12). However, it has been reported that SA11 consists of
at least two virus subpopulations which differ in electropho-
retic migration of RN A segment 4 (20). In addition, Lopez et
al. (12) showed that the cDNA of the SA11 VP3 gene which
was used for nucleotide sequence analysis did not hybridize
with the corresponding gene segment of another laboratory
strain of SA1l.

Nebraska calf diarrhea virus (NCDYV), first isolated in 1971
(16), has been used as a reference rotavirus strain of sero-
type 6. A live vaccine (RIT 4237) containing this virus was
recently evaluated in several clinical trials in Finland and
was found to be effective in protecting children against
clinically significant rotavirus diarrhea (27). However, the
mechanism for induction of resistance to human rotaviruses
of serotypes 1 through 4 by a bovine strain of serotype 6 is
not well understood. Recent studies suggest that this hetero-
typic protection may be due to the presence of cross-reactive
neutralization antigenic sites on VP3 (14, 24).

MATERIALS AND METHODS

Virus. Two strains of SA11 and three strains of NCDV
were studied. Strains of SA11 were supplied by R. L. Ward
(10) and by H. H. Malherbe (15). The standard Cody strain
of bovine rotavirus NCDV was received from C. A. Mebus
in 1977, and the Adamson field isolate of the Cody strain of
NCDV was received from A. Torres in 1987. The NCDV
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rotavirus vaccine strain, designated RIT 4237 (NCDV-
Lincoln) (batch 82 D28/L.1109; Smith Kline-RIT, Rixensart,
Belgium) and studied in a rotavirus vaccine field trial in
Whiteriver, Arizona, in 1986, was also analyzed. These
viruses, except the Adamson isolate of Cody strain, were
propagated in MA104 cells. Trypsin was used at a final
concentration of 10 wg/ml for 60 min at 37°C to activate virus
infectivity. After adsorption of virus, cells were fed with
Eagle minimal essential medium supplemented with 1 pg of
trypsin per ml. Rotavirus vaccine strain RIT 4237 was used
after two passages in the MA104 cells. The virus of the
Adamson isolate of the Cody strain was purified directly
from the stool of infected calves.

PRN assay and ELISA. Hyperimmune antiserum against
each of the viruses was prepared in guinea pigs as described
previously (6). The plaque reduction neutralization (PRN)
assay was performed in plastic six-well plates of MA104 cell
monolayers to measure neutralizing antibody, as previously
described (6). An enzyme-linked immunosorbent assay
(ELISA) using monoclonal antibody as a capture antibody
was performed as described previously (24). Infected culture
fluid (107 to 10® PFU/ml) was used as an antigen. A,ys was
measured with a V., Kinetic microplate reader (Molecular
Devices, Palo Alto, Calif.).

Polyacrylamide gel electrophoresis of RNA. Viral RNA was
extracted from viral cores with phenol-chloroform and sub-
jected to electrophoresis in acrylamide-bisacrylamide (10%:
0.33%) by the method of Laemmli (17). After electrophore-
sis, the gel was stained with ethidium bromide and photo-
graphed under UV light.

In vitro transcription and dideoxynucleotide sequencing.
Viral mRNA was produced by viral cores as described
previously (3). The total mRNA was hybridized to a series of
18- to 21-mer synthetic primers, and sequence was deter-
mined by the dideoxy-chain termination method by using
avian myeloblastosis virus reverse transcriptase as de-
scribed previously (4). To determine the 3’ end of each gene
segment, double-stranded RNA extracted with phenol-chlo-
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FIG. 1. Comparison of two SA1l subpopulations and a bovine
rotavirus strain. Lanes: 1, NCDV; 3, SA11-FEM from R. L. Ward;
S, SA11-SEM from H. H. Malherbe; 2, mixture of NCDV and
SA11-FEM; 4, mixture of SA11-FEM and SA11-SEM.

roform from the viral core was sequenced by the methods
just described, except that primers were annealed to viral
RNA which had been heated for 2 min at 100°C in the
presence at 90% dimethyl sulfoxide in 10 mM Tris (pH 6.8),
and the mixture was chilled quickly on ice and diluted
fivefold in cold water. This initial set of treatments was
performed to denature double-stranded viral RNA.

RESULTS

SA11 VP3 dimorphism: relationship of one form of SA11
VP3 to bovine rotavirus VP3. The two strains of SA11 which
exhibit VP3 dimorphism have been designated SA11-FEM
and SA11-SEM. The VP3 gene of the SA11-FEM strain has
a faster electrophoretic migration pattern than the corre-
sponding gene of strain SA11-SEM (Fig. 1). The former was
supplied by R. L. Ward (10), and the latter was supplied by
H. H. Malherbe (15). SA11-SEM was received from Mal-
herbe in 1976, passaged once, and stored at —70°C for 11
years. The VP3 of the standard strain of bovine rotavirus
NCDV, which is known to be virulent in calves, was also
analyzed and compared with the two SA1l variants. The
VP3 genes of SA11-FEM and standard NCDV showed
identical RN A migration patterns (Fig. 1). Table 1 summa-
rizes the antigenic relationships among the dimorphic forms
of SA1l and standard NCDV. Although an antigenic rela-
tionship was not observed between SA11-SEM and NCDV,
hyperimmune antiserum prepared against SA11-FEM neu-
tralized not only homologous SA11-FEM but also SA11-
SEM and NCDV at high titer, indicating that SA11-FEM
shares neutralization epitopes with both SA11-SEM and the
standard NCDV.

The reactivity of standard NCDV and the dimorphic forms
of SAl1l was also examined by ELISA using three cross-
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TABLE 1. Antigenic relationships among two SA1l
subpopulations and NCDV as determined by PRN

Reciprocal of 60% PRN titer of hyperimmune
antisera to indicated rotavirus strain:

Virus strain

SA11-SEM SA11-FEM NCDV
SAl11-SEM 10,240 10,240 160
SA11-FEM 20,480 10,240 10,240
NCDV <80 2,560 10,240

reactive VP3 neutralizing monoclonal antibodies induced by
a human serotype 3 rotavirus, YO, and a single serotype
3-specific anti-VP7 monoclonal antibody (24, 25) (Table 2).
Two of the VP3 monoclonal antibodies, YO-1S3 and YO-
1E6, showed high reactivity with SA11-SEM but little or no
reactivity with SA11-FEM or NCDV. Moreover, monoclo-
nal antibody YO-2C2 reacted strongly with SA11-FEM and
NCDYV and to a lesser degree with SA11-SEM. In addition,
YO-1E2, the monoclonal antibody directed to serotype 3
VP7, reacted with both SA11 subpopulations but showed
little reactivity with NCDV.

The sequence of the VP3 gene of each these strains was
also analyzed. The complete nucleotide sequence of SA11-
SEM is presented in Fig. 2. The VP3 gene of each of the
three strains contained 2,362 nucleotides which included a
long open reading frame of 2,328 nucleotides capable of
encoding a protein of 776 amino acids. The open reading
frame starts at nucleotide 10 and ends at nucleotide 2337.
The 5’ conserved sequence of rotavirus, GGCUUUAAAA,
is present in NCDV, whereas in the SA11 subpopulations,
the U at position 5 is replaced by A. The 3’ conserved
sequence AUGUGACC is present in each strain (data not
shown). An extra nucleotide triplet (CAA) not found in
human rotavirus VP3 is present in each strain at nucleotide
positions 382 to 384 (4, 8).

An alignment of the predicted VP3 amino acid sequence of
the two forms of SA1l and the standard NCDYV is shown in
Fig. 3. The deduced amino acid sequence of SA11-FEM
agreed with that of Lopez et al. (11, 12), except at amino acid
position 300, where phenylalanine was replaced by aspara-
gine. Also, between amino acid positions 230 to 260, our
SA11-FEM and SA11-SEM were identical with SA114fM
and SA11, respectively, described by Lopez et al. (13), with
the exception of two differences at positions 230 and 236
between SA11-SEM and SA1l. The major trypsin cleavage
sites of VP3 were present at amino acid positions 241 and 247
in each strain. A comparison of the predicted amino acid
sequences of this region (amino acid positions 236 to 251) of
SA11-FEM and NCDV revealed no amino acid differences.
However, the cleavage region of SA11-SEM was quite
different from that of SA11-FEM. The two SAll variants
exhibited only 37.5% homology in this region.

TABLE 2. ELISA reactivity pattern of VP3 and VP7 neutralizing
monoclonal antibodies with two SA11 subpopulations and NCDV

Result of ELISA with monoclonal antibody“:

Virus strain

YO-1S83 YO-1E6 YO-2C2 YO-1E2
(VP3) (VP3) (VP3) (VP7)
SA11-SEM 2,897 3,290 484 4,590
SA11-FEM 69 69 1,643 3,886
NCDV 64 77 1,504 186

“ The results are expressed as the sum of the A4ys x 1,000 for two wells.
Values over 300 are boldfaced and are considered positive.
? Serotype 3-specific monoclonal antibody YO-1E2 reactive with VP7 (25).
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GGCUAUAAAAUGGCUUCGCUCAUUUAUAGACAAUUGCUCACGAAUUCUUAUACAGUAGAUUUAUCCGAUGAGAUACAAGAGAUUGGAUCAACUAAAUCAC
AAMUGUCAEUUMUCCUGGACCAUUUGCGCAMCAGGUUAUGCUCCAGUUAACUGGGGACCUGGAGMAUUAAUGAUUCUACGACAGUUGMCCAUU
GCUGGAUGGGCCUUAUCAACCAAUGACAUUCAAUCCACCAGUCGAUUAUUGGAUGUUACUGGCUCCAACGACACCUGGCGUAAUUGUUGAAGGUACAAAU
AAUACAGAUAGAUGGUUGGCCACAAUUUUAAUCGAGCCAAAUGUUCAGUCUGAAAAUAGAACUUACACUAUAUUUGGUAUUCAAGAACAAUUAACGGUAU
CCAAUACUUCACAAGACCAGUGGAAAUUUAUUGAUGUCGUAAAAACAACUGCAAAUGGAAGUAUAGGACAAUAUGGAUCAUUACUAUCCAGUCCGAAAUU
AUAUGCAGUUAUGAAGCAUAAUGAAAAAUUAUAUACAUAUGAAGGACAGACACCUAACGCUAGGACAGGACAUUAUUCAACAACGAAUUAUGAUUCUGUU
AACAUGACUGCUUUUUGUGACUUUUAUAUAAUUCCUAGAUCUGAAGAGUCUAAAUGUACGGAAUACAUUAAUAAUGGAUUACCACCAAUACAAAAUACUA
GAAAUGUUGUACCAUUAUCGUUGACUGCUAGAGAUGUAAUACACUAUAGAGCUCAAGCUAAUGAAGAUAUUGUGAUAUCCAAGACAUCAUUCUGGAAAGA
AAUGCAAUAUAAUAGAGAUAUAACUAUUAGAUUUAAAUUUGCAAAUACAAUUAUAAAAUCAGGAGGGCUGGGAUAUAAGUGGUCAGAAAUAUCAUUUAAG
CCAGCGAAUUAUCAAUACACAUAUACUCGUGAUGGUGAAGAAGUUACCGCACAUACUACUUGUUCAGUGAAUGGCGUUAAUGACUUCAGUUUUAAUGGAG
GAUCUUUACCAACUGAUUUUGUUGUAUCUAAAUUUGAAGUAAUUAAAGAGAAUUCAUACGUCUAUAUCGAUUACUGGGAUGAUUCACAAGCAUUUCGUAA
CGUGAUGUAUGUCCGAUCGUUAGCAGCAAACUUGAAUUCAGUUAUGUGUACUGGAGGCAGCUAUAAUUUUAGUCUACCAGUUGGACAAUGGCCUGUUUUA
ACUGGGGGAGCAGUUUCUUUACAUUCAGCUGGUGUAACACUAUCUACUCAAUUUACAGAUUUCGUAUCAUUAAAUUCAUUAAGAUUUAGAUUUAGACUAG
CUGUCGAAGAACCACACUUUAAACUGACUAGAACUAGAUUAGAUAGAUUGUAUGGUCUGCCUGCUGCAGAUCCAAAUAAUGGUAAAGAAUAUUAUGAAAU
UGCUGGACGAUUUUCACUUAUAUCAUUAGUGCCAUCAAAUGAUGACUAUCAGACUCCUAUAGCAAACUCAGUUACUGUACGACAAGAUUUAGAAAGGCAG
UUAGGAGAACUAAGAGAAGAGUUUAACGCUUUGUCUCAAGAAAUUGCAAUGUCGCAGUUAAUCGAUUUAGCGCUUCUACCAUUAGAUAUGUUCUCAAUGU
UUUCUGGCAUUAAAAGUACUAUUGAUGCUGCAAAAUCAAUGGCUACUAAUGUUAUGAAAAAAUUCAAAAAGUCAGGAUUAGCGAAUUCAGUUUCAACACY
GACAGAUUCUUUAUCAGACGCAGCAUCAUCAAUAUCAAGAGGUUCAUCUAUACGUUCGAUUGGAUCUUCAGCAUCAGCAUGGACGGAUGUAUCAACACAA
AUAACUGAUAUAUCGUCAUCAGUAAGUUCAGUUUCGACACAAACGUCAACUAUCAGUAGAAGAUUGAGACUAAAGGAAAUGGCAACACAAACUGAGGGUA
UGAAUUUUGAUGAUAUAUCAGCGGCUGUUUUGAAGACUAAGAUAGAUAAAUCGACUCAAAUAUCACCAAACACAAUACCUGACAUUGUUACUGAAGCAUC
GGAAAAAUUCAUACCAAAUAGGGCUUACCGCGUUAUAAACAACGAUGAUGUGUUUGAAGCUGGAAUUGAUGGAAAAUUUUUUGCUUAUAAAGUGGAUACA
UUUGAGGAAAUACCAUUUGAUGUACAAAAAUUCGCUGACUUAGUUACAGAUUCUCCAGUAAUAUCCGCUAUAAUUGAUUUUAAAACACUUAAAAAUUUGA
ACGAUAAUUACGGCAUUACUAAGCAACAAGCAUUUAAUCUUUUAAGAUCUGACCCAAGAGUUUUACGUGAAUUCAUUAAUCAGGACAAUCCUAUAAUUAG
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AAAUAGAAUUGAACAACUGAUUAUGCAAUGCAGGUUGUGAGUAAUUUCUAGAGGAUGUGACC

FIG. 2. Complete nucleotide sequence of the VP3 gene of SA11-SEM. Underlined bases indicate the positions of the initiation and

termination codons.

The overall VP3 amino acid homology between SA1l-
FEM and SA11-SEM was 82.7% (Table 3). This value was
similar to the relatedness values among rhesus rotavirus
(14), SA11-SEM, and NCDV, but was somewhat higher than
that described by Kantharidis et al. (8) for a comparison of
SA1ll and human rotavirus RV-5 (serotype 2), i.e., 71%
homology. In contrast, SA11-FEM VP3 and NCDV VP3
were 98.5% homologous. A similarly high degree of VP3
homology between SA11-FEM and another bovine rotavirus
(strain C486) was described previously (21).

Bovine NCDV rotavirus VP3: analysis of virulent strains
and an attenuated vaccine mutant. In the experimental mouse
model of rotavirus disease, VP3 appears to be associated
with virulence of simian rotavirus SA11 and bovine rotavirus
NCDV (19). In an attempt to better understand the basis for
attenuation of the RIT NCDV vaccine strain which is
attenuated both in cows and in children, we compared it to
two additional bovine rotavirus strains designated NCDV
which were both virulent for cows. The virulent strain,
designated NCDV-V, is the Adamson field isolate of the
Cody strain of NCDV. This virus retained its virulence for
calves during 26 passages; eight times in gnotobiotic calves,
twice in embryonic bovine testicular cells, once in gnotobio-
tic calves, three times in primary bovine lung cells, and 12
times in gnotobiotic calves. The standard Cody strain was
passaged 99 times in cell culture and distributed to many
laboratories. This strain is considered to be virulent because
after an additional 81 passages in tissue culture it still caused
diarrhea in calves (C. A. Mebus, personal communication).
The attenuated NCDV strain, designated RIT 4237 (NCDV-
Lincoln), which is a candidate live virus vaccine strain for
use in infants and children, was passaged 147 times in
primary bovine kidney cells and 5 times in primary CMK

cells (2). This strain was cold adapted during the bovine
kidney cell passage and was shown to be attenuated in calves
(C. A. Mebus, personal communication). Analysis of the
virulent NCDV-V and cold-adapted, attenuated NCDV RIT
4237 strains revealed 6 nucleotide and S amino acid differ-
ences (including a serine-to-proline substitution) (Table 4).
Three amino acid differences were observed in the VP8
cleavage product of VP3, and two were observed in the other
VP3 cleavage product, VPS; however, these changes did not
involve the trypsin cleavage region. Significantly, the RIT
vaccine mutant differed from the standard NCDV (Cody)
strain in only one amino acid position; a Gln-to-Lys differ-
ence was detected at position 23 (Table 4).

DISCUSSION

Among myxoviruses and paramyxoviruses, the trypsin
cleavage site of surface glycoproteins is of considerable
significance in pathogenesis because one or two amino acid
substitutions in this region of the hemagglutinin of influenza
A virus or the fusion glycoprotein of Newcastle disease virus
can bring about a marked change in virulence (9, 26). For
example, substitution of one or two nonbasic amino acids for
basic amino acid residues in the connecting peptide just
upstream of the cleavage site of the hemagglutinin of a highly
virulent strain of influenza A virus decreases the cleavability
of this surface glycoprotein. Also, the cleavage activation
site of the fusion glycoprotein of virulent Newcastle disease
virus strains contains two sets of dibasic amino acid residues
separated by an intervening nonbasic amino acid, whereas
avirulent Newcastle disease virus strains contain two single
basic amino acid residues separated by two uncharged
residues in the corresponding region (26). Although the
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STRAIN 10 20 30 40 50 60 70 80 90 100
SA11-SEM MASLIYRQLLTNSYTVDLSDEIQE 1GSTKSQNVTINPGPFAQTGYAPVNWGPGE INDSTTVEPLLDGPYQPMT FNPPVDYWMLLAPTTPGVIVEGTNNTD
SA11-FEM --A----ccoomounon E-oo--onneen- TeeeoYomoonans L LCEEEEEES Veomeees T------ §--onnnn- NA--V------- N
NCDV —ececececcoonoos E--------on- T-D--V----n--- L Toooeeon- Vooeeenn To----- §----ooe- NA--V------- N

110 120 130 140 150 160 170 180 190 200
SA11-SEM RWLATILIEPNVQSENRTYTIFGIQEQLTVSNTSQDQWKF IDVVKTTANGSIGQYGSLLSSPKLYAVMKHNEKLY TYEGQTPNARTGHYSTTNYDSVNMT
SA11-FEM -----coeeeeen QVE----L--Q-V-V----D--TK---V-LS-Q-QD-NYS-H----- T----G----GG-1---N-E----N--Y-----F-T----
NCOV ~ ------ceeeees QVE----L--Q-V-V=--=--D--TK---V-LS-Q-QD-NYS-H----- T----G----GG-1---N-E----T--Y-==--F-T----
210 220 230 240 50 260 270 280 290 300
SA11-SEM AFCDFYIIPRSEESKCTEYINNGLPPIQNTRNVVPLSLTARDVIHYRAQANED1VISKTSFWKEMQYNRDITIRFKFANTI IKSGGLGYKWSE ISFKPAN
SA11-FEM -Y------- LAQ-A----=c-cccccccccen 1--V-1VS-NIVYT---P-Q---V----L-------=-- Veoooeo- §------ceooeee Ve-----
NCOV “Y-oeoee- LAQ-A-==-=ccecoccccccoen 1--V-1VS-NIVYT---P-Q---V----f-c-cccon-- Vecoooo- §occcomomonne- Vesooo-
310 320 330 340 350 360 370 380 390 400
SA11-SEM  YQYTYTRDGEEVTAHTTCSVNGVNOFSFNGGSLPTDFVVSKFEVIKENSYVY IDYWDDSQAFRNVMYVRSLAANLNSVMCTGGSYNFSLPVGAWPVLTGG
SA11-FEM ~------ccccccccccccccccccne NY---cccocee I--Yoc-cce- Focoeccocccnnne MV-=-e=o- D---==-=---f D-S-A----NY--M---
NCDV ~ eccesccccccccccccccoee I-=-NY-cocccocnee | £33 AL Foceccoccocoons MVN-=-==-- D-----=-n D-S-A----NY--M---
410 420 430 440 450 460 470 480 490 500
SA11-SEM AVSLHSAGVTLSTQFTDFVSLNSLRFRFRLAVEEPHFKLTRTRLORLYGLPAADPNNGKEYYEIAGRFSLISLVPSNDDYQTPIANSVTVRQDLERQLGE
SA11-FEM -------c-ecccccccccnccccccccne §----P-SIL---VSG-=-=-=--~ K-=--8Q------coccccono- Leceocen- M---eccomcnnneon-
NCDV ~ --c---ccccccccccccncccccncnens §----P-SIL---VSG---=---- R---§Q-=cc-cccccccoccccncacans | E S i
510 520 530 540 550 560 570 580 590 600
SA11-SEM LREEFNALSQEIAMSQLIDLALLPLDMFSMFSGIKST IDAAKSMATNVMKKFKKSGLANSVSTLTDSLSDAASSISRGSSIRS1GSSASAWTDVSTQITD
SA11-FEM --D---N---Q-------ccc-ccccccccccccccccccncncocncns R--=-=§--cccccocccccncccccen SA-V--V§-T-----E--NIAS-
NCOV “eD---N---Q---ccrsrocccacccacsccacccccccccoccoccee Re-==§-cccccc-- N-c=-cccomno- SA-V--V§-T-----E--NITS-
610 620 630 640 650 660 670 680 690 700
SA11-SEM ISSSVSSVSTQTSTISRRLRLKEMATQTEGMNFDDISAAVLKTKIDKSTQISPNTIPDIVTEASEKFIPNRAYRVINNDDVFEAGIDGKFFAYKVDTFEE
SAT11-FEM -NVTT--]--ccccccccacccacnnn D------c-cccccocccnnn- LNT--L-E----ccccccccnmonnn KD-E-L--S--=--Y-----E----
NCOV “NVTT--]ee-ccccccccccccccnn. D-c-cccccomcocmnonncn- LNT--L-E---==cccccmmmncoo- KD-E-L--ST---Y----- E----
710 720 730 740 750 760 770 776
SA11-SEM IPFOVQKFADLVTDSPVISAIIDFKTLKNLNONYGITKQQAFNLLRSDPRVLREF INGONPI IRNRIEQL IMQCRL
SA11-FEM =---cccccccccccnccccccccccaccccacaces SR-=-L--cccccccccccrccnconccono. §-------
NCDV ~ cecceccccccccmcncccacccccencccecean GR---l-ccc=ccecmcccccccanaacacaan §eceoen-

FIG. 3. Comparison of the deduced amino acid sequences of VP3 of two subpopulations of SA11 and standard NCDV. V¥, Cleavage site.

relationship between the cleavability of VP3 and virulence
still remains to be established for rotavirus, a pair of basic
amino acids is present just upstream of the VP3 cleavage site
of virulent but not avirulent human rotavirus strains (4). In
this study, a pair of basic amino acids was not found near the
cleavage site of any of the NCDV strains, which included
two viruses that were virulent. Also the small number of

TABLE 3. Percent amino acid and nucleotide homology in VP3

amino acid differences in VP3 between virulent and cold-
adapted, avirulent bovine rotavirus strains did not involve
the cleavage area. Thus, it is unlikely that attenuation of the
RIT strain of NCDV can be ascribed to mutations in VP3. It
is more likely that a gene (or genes) other than the VP3 gene

TABLE 4. Comparison of nucleotides and deduced amino acid
sequences of VP3 gene among NCDV-V (virulent), standard
NCDV (virulent), and RIT 4237 (avirulent) strains

among three animal rotaviruses and one human rotavirus Changed Substitution in strain:
- - - - nucleotide Standard ]
% Amino acid homology (% nucleotide homology) with: (amino acid) NCDV-V al RIT 4237
Virus strain position (Cody) NCDV (Lincoln)
SA11-SEM SA1l1-FEM NCDV RRV“ RV-5¢ (Cody)
RV-§ 71.7 (70.6) 71.4 (69.6) 71.6 (69.9) 72.0 (68.5) 5 () A T T
RRV 87.8 (78.1) 84.5 (75.5) 84.8 (76.2) 76 (23) CAA (Gln) CAA (Gln) AAA (Lys)
NCDV 82.6 (76.1) 98.5 (97.0) 103 (32) AAC (Asn) GAC (Asp) GAC (Asp)
SA11-FEM 82.7 (76.2) 478 (157) CCT (Pro) TCT (Ser) TCT (Ser)
SA11-SEM 1108 (367) TAT (Tyr) AAT (Asn) AAT (Asn)
1174 (389) ATT (lle) CTT (Leu) CTT (Leu)

“ Nucleotide sequences of RV-5 and RRV were quoted from Kantharidis et
al. (8) and Mackow et al. (14), respectively.

“ —, Noncoding region.
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sustained mutations which were responsible for attenuation
of the RIT strain of NCDV. It is still possible, however, that
VP3 amino acid substitutions outside the cleavage region
could affect cleavability of this outer capsid protein.
Genomic heterogeneity of simian rotavirus SA11 has been
reported far gene 5 (22) as well as for gene 4 (20). Our data
suggest that heterogeneity of SA1l1 VP3 is not due to a
divergence which developed during prolonged independent
passage of the SA11-SEM and SA11-FEM, because the
three NCDV bovine rotaviruses examined were found to
have fewer than six nucleotide differences in spite of pro-
longed independent passage of these strains. A very low
mutation rate of rotavirus was also described by Arias et al:
(1). In a comparison of sequences determined from different
cDNA clones derived from the same region of an SA11 strain
which had been repeatedly propagated for 6 years without
plaque purification, they found a frequency of 1 nucleotide
substitution per 2,000 bases. On the other hand, the ob-
served dimorphism of SA11 VP3 could result from a selec-
tion of different subpopulations which were present in dif-
ferent proportions in the original suspension of SA1l (22,
23). More likely, it resulted from gene reassortment which
occurred during contamination of the SA11 strain with a
bovine rotavirus while SA1l was being passaged in the
laboratory. The SA11 VP3 gene present in the virus orig-
inally received from Malherbe and only passaged once in our
laboratory probably represents the authentic SAll gene.
Additional evidence supporting this view comes from the
previously described high level of amino acid sequence
homology between the VP3 of SA11-FEM and that of
another independent isolate of bovine rotavirus (21).
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