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Different Polypeptide Composition of Two Human Rotavirus
Types
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Human rotaviruses, which are placed into two groups according to their
ribonucleic acid patterns obtained by gel electrophoresis, were characterized both
by polypeptide components from purified virions and by polypeptides translated
from their denatured ribonucleic acids in rabbit reticulocyte lysates. Viruses
assigned to different groups differed in the electrophoretic migration of the second
largest of the polypeptides which compose the inner shell; polypeptides that had
been synthetized in vitro from ribonucleic acid from each group showed this same
difference, thus indicating that this is due to the genomic composition. This study
suggests that there are differences in the third largest polypeptide of the inner
shell and also in the three smaller polypeptides composing the outer shell. We
also demonstrated that there are differences in genomic and polypeptide compo-
sitions between simian (SA11) and calf (Nebraska calf diarrhea virus) rotaviruses
grown in tissue culture and human rotaviruses.

Rotaviruses, a major cause of gastroenteritis,
consist of double-shelled virions approximately
75 nm in diameter (3), which possess double-
stranded ribonucleic acid (RNA) genomes com-
posed of 11 segments (21). The particles seem to
be formed by eight or nine different polypep-
tides; five are in the inner shell and three or four
are in the outer shell (22).
The existence of different types of rotaviruses

causing acute gastroenteritis in humans has been
shown by immunological and biochemical stud-
ies; two types have been distinguished by the
enzyme-linked immunosorbent assay (23), com-
plement fixation, and immunoelectromicroscopy
techniques (33), whereas four have been distin-
guished by a neutralization test (9). Two types,
designated 2s and 21 (7), have been found by
analysis of the segmented double-stranded viral
RNA by gel electrophoresis. Improvements in
electrophoretic methods have permitted the ob-
servation of differences in migration in as many
as seven segments between the two patterns and
the distinction of small changes in migration of
one or two segments within either of the two
RNA patterns (8a).
By a similar technique, three distinct patterns

differing in the electrophoretic migration of one,
two, or three segments were distinguished
among RNAs from eight human rotaviruses ob-
tained during four successive epidemics (12).
Since comparison of the RNA electrophoretic
patterns from rotaviruses seems to be a useful
approach for epidemiological studies (8, 12), the

significance of the observed differences was ex-
plored by analysis of the viral proteins. The
results reported in this paper show that rotavi-
ruses with different RNA electrophoretic pat-
terns differ in some of their structural polypep-
tides. These differences were observed in puri-
fied virions and in vitro transcripts of viral RNA.
Although human rotaviruses cannot be grown

efficiently in cell culture, both Nebraska calf
diarrhea virus (NCDV) and SA11, which are
morphologically indistinguishable from human
rotaviruses, can be grown in various cell lines
(15, 17), are readily available, and are suitable
standards for comparisons of different isolates of
human rotaviruses. The differences that were
found between these two rotaviruses, which
were used as standards in this work, were useful
in a comparative study of human and animal
rotaviruses.

MATERIALS AND METHODS
Viruses. Patients were infants and children less

than 3 years old who were admitted with acute gas-
troenteritis and diarrhea of 5 days duration or less to
the Hospital de Pediatria, Instituto Mexicano del Se-
guro Social, during the period from October to Decem-
ber 1978. Stools (20 to 450 g) were obtained from each
patient by continuous collection for 12 h, starting on
the first day after admission, and the rotaviruses in
each sample were purified separately.

Simian rotavirus SA11, obtained originally from H.
H. Malherbe, University of Texas, and NCDV, ob-
tained from R. S. Spendlove, Utah State University,
were grown in MA 104 cells in petri dishes (125 cm2)
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as previously described (8), with the modification that
for virus infection and propagation, minimal essential
medium without serum but containing trypsin (1 ,ug/
ml) was used. To prepare labeled virus for structure
analysis, minimal essential medium was replaced 6 h
postinfection with minimal essential medium contain-
ing L-methionine (0.3 mg/liter) and L-['S]methionine
(0.86 mCi/liter).

Purification of viruses. The initial steps of puri-
fication were as previously described (3). Briefly,
either a 20% (wt/vol) suspension in TSM buffer [0.01
M tris(hydroxymethyl)aminomethane, 0.15 M NaCl,
0.001 M MgCl2] of the stools from a single patient or
a culture of infected cells showing 80 to 100% cyto-
pathic effects was extracted with trifluorotrichloroe-
thane, and the virus in the aqueous phase was subse-
quently precipitated with 8% (wt/vol) polyethylene
glycol 6000 (Union Carbide). The precipitate was re-
suspended in TSM buffer (1/100 the volume of the
original sample) and then sedimented in a discontin-
uous gradient containing 0.5 ml of a CsCl solution
having a density of 1.4 g/cm3, 0.5 ml of a CsCl solution
having a density of 1.3 g/cm3, and 1 ml of a 45% (wt/
vol) sucrose solution in polyallomer tubes which fit
the SW50.1 rotor of a Beckman ultracentrifuge. After
centrifugation at 40,000 rpm for 1 h, the opalescent
band of virus that formed immediately above the CsCl
solution having a density of 1.4 g/cm3 was collected
and mixed with 2 volumes of TSM buffer. The virus
was then once more sedimented in a discontinuous
gradient containing 0.5 and 1.0 ml of CsCl solutions
having densities of 1.4 and 1.3 g/cm3, respectively.
After collection of the opalescent band, the virus was
subsequently centrifuged to equilibrium at 40,000 rpm
for 17 h in a CsCl solution with an initial density of
1.36 to 1.37 g/cm3 in a type 50.1 fixed-angle rotor or
an SW50.1 rotor and a Beckman ultracentrifuge. After
centrifugation, the tubes were punctured, fractions
were collected, and the refractive index and absorb-
ance at 260 nm of each fraction were measured. Those
fractions containing either light or heavy virus were
pooled separately and dialyzed against TSM buffer.
Further purification of [35S]methionine-labeled virus
was achieved by centrifugation of the virus in a 15 to
45% sucrose gradient at 19,000 rpm for 145 min in an
SW40 rotor and a Beckman ultracentrifuge. The yields
of human rotavirus varied from 3 to 23 ,ug of virus per
g of stools. Yields of calf and simian rotaviruses varied
between 10 and 30,ug of virus per culture plate. To
estimate the amount of rotavirus, it was assumed that
the specific absorbance of rotavirus was equal to that
of reovirus (5.1 absorbance units at 260 nm per mg of
virus) (27).
RNA and protein extraction. The purified virus

was disrupted with sodium dodecyl sulfate and 2-mer-
captoethanol as described previously (8). The dis-
rupted virus was then treated twice with both 1 volume
of phenol saturated with TE buffer [0.1 M
tris(hydroxymethyl)aminomethane, 0.001 M ethylene-
diaminetetraacetate] and 1 volume of chloroform (11).
To precipitate the RNA in the separated aqueous
layer, 0.04 volume of 5 M NaCl and 2 volumes of
ethanol were added, and the solution was kept at
-20°C overnight. The RNA which precipitated was

centrifuged at 10,000 rpm for 30 min, and the pellet
was then suspended in TE buffer. The protein remain-
ing on top of the phenol-chloroform layer was precip-
itated with ethanol (24), and the pellet obtained after
centrifugation was dissolved in TE buffer containing
0.1% sodium dodecyl sulfate.

Gel electrophoresis. For electrophoresis of RNA,
5% (wt/vol) polyacrylamide-0.125% (wt/vol) bisacryl-
amide slab gels were prepared as described previously
(8). Samples containing approximately 0.5 Mug of viral
RNA were used, and electrophoresis was carried out
at 20 mA/slab gel (35 V). Since the pH of the buffer
in the reservoirs began to change after 10 to 12 h of
electrophoresis at this voltage, the buffer was changed
at appropriate times. Electrophoresis of the viral poly-
peptides was performed in 11% (wt/vol) polyacryl-
amide-0.3% (wt/vol) bisacrylamide slab gels by the
method of Laemmli (14). Protein was dissociated by
treatment with Laemmli sample buffer (14) in a boiling
water bath for 2 min. Polypeptides were stacked at 10
mA/gel, and then electrophoresis was continued at 20
mA/gel. Gels were subsequently fixed and stained with
0.06% (wt/vol) Coomassie brilliant blue in 30% meth-
anol-10% acetic acid. After destaining in 10% acetic
acid, gels were photographed and, when appropriate,
processed for fluorography by the method of Bonner
and Laskey (4).
The molecular weights of SA11 polypeptides were

determined by comparing their electrophoretic mobil-
ities in the same slab gel with the following markers:
,/-galactosidase (grade IV), bovine serum albumin
(fraction V), ovalbumin (grade V), pepsin (from hog
stomach mucosa), and lysozyme (grade I, from egg
white) (all obtained from Sigma Chemical Co.); these
markers had molecular weights of 130,000, 67,000,
42,000, 34,000, and 14,300, respectively. The results
obtained with lysozyme were not considered in the
calculations because under the conditions used, this
compound migrated close to bromophenol blue and
deviated significantly from the linear relationship ob-
tained with the other standard polypeptides, when log
of molecular weight was plotted versus electrophoretic
migration. Once the molecular weights of SA11 poly-
peptides were determined, these were used as refer-
ences for the molecular weight calculations of the
polypeptides which were either isolated from other
rotaviruses or synthesized in vitro. The coefficient r
for the linear regression of the standard polypeptides
was 0.995 and that obtained in different electropho-
resis for SA11 polypeptides was between 0.99 and
1.000.
The molecular weights of the different RNA seg-

ments were determined in a manner analogous to that
described above for polypeptides by using the values
obtained by Rodger and Holmes (personal communi-
cation) for SA11 RNA segments 1, 2, 5, and 6; these
values are 2.04 x 106, 1.62 X 106, 0.96 x 10", and 0.79
x 106, respectively. These segments were chosen be-
cause they are very well resolved by electrophoresis
and because their molecular weights are within the
range of the molecular weights of the RNA segments
of the Abney strain of reovirus type 3, which was used
as a reference by Rodger and Holmes.

Preparation of rabbit reticulocyte lysate and
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conditions for protein synthesis. Cells were ob-
tained from the blood of New Zealand white rabbits
which had been made anemic by subcutaneous injec-
tion of 2.5% (wt/vol) neutralized phenylhydrazine hy-
drochloride in water; 10 mg of phenylhydrazine per kg
of body weight was injected for 5 successive days, and
the rabbits were bled on either day 6 or day 7. Cells
were washed and lysed by the procedure of Villa-
Komaroff et al. (30) and were stored in small samples
at -70'C. The lysate was made messenger dependent
by treatment with micrococcal nuclease, and protein
synthesis was assayed by the method of Pelham and
Jackson (19), with the following modifications: 100
mM KC1, 19 unlabeled amino acids (each at 0.25 mM),
micrococcal nuclease (30 ttg/ml), and ethylene glycol-
bis(/8-aminoethylether)-N,N-tetraacetic acid (final
concentration, 8 mM) were used. Ethanol-precipitated
viral RNA was dissolved in 90% dimethyl sulfoxide
and denatured at 50'C for 15 min (16); this solution
was then added to the lysates in an amount sufficient
to obtain a concentration of 20 to 50 /ig of RNA per ml
but not to exceed 1.5% dimethyl sulfoxide. [35S]methi-
onine was used at a final concentration of 0.07 mCi/
ml of incubation mixture. The incubation was carried
out for 90 min at 30'C, and protein synthesis was
assayed as described previously (30). Polypeptide sam-
ples were analyzed on slab gels, as described above.

Buffers and reagents. TS buffer contained 0.1 M
tris (hydroxymethyl)aminomethane and 0.15 M NaCl.
TS, TSM, and TE buffers were adjusted to pH 8.2
with HCl. Minimal essential medium with Earle salts
(autoclavable) was obtained from GIBCO Laborato-
ries, Grand Island, N.Y., micrococcal nuclease was

A) SAI HRV HRV HRV
2 L 2L +2S ?S

B) SAil

.
23 : -- -- :4@ h .

from P. L. Biochemicals, Inc. Milwaukee, Wis., crea-
tine kinase was from Miles Research Products, Wes-
thaven, Conn., ethylene glycol-bis(,B-aminoethyl
ether)-N,N-tetraacetic acid and creatine phosphate
were from Sigma Chemical Co., St. Louis, Mo., and
L-[35S]methionine (>500 Ci/mmol) was from New
England Nuclear Corp., Boston, Mass.

RESULTS
Polypeptide components of different hu-

man rotavirus particles. Rotaviruses purified
from the stools of individual patients and differ-
ing in their segmented double-stranded RNAs
were further characterized by their polypeptide
compositions. Figure 1A shows the patterns ob-
tained by gel electrophoresis of RNAs extracted
from rotaviruses assigned to the two different
groups (2s and 21) previously described (7, 8).
Relatively large differences in mobility were ob-
served between the two groups in segments 2, 5,
10, and 11. Differences in migration in segments
7 and 9 were not constant; the mobilities of these
segments may differ among isolates from either
group (Espejo, unpublished data). Figure 1B
shows the polypeptides obtained from the same
preparations of purified rotavirus particles em-
ployed in Fig. 1A; the two human rotaviruses
can be distinguished by the electrophoretic mo-
bility of polypeptide 2, a structural component
of the inner capsid (22). No differences in the
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FIG. 1. Electrophoretic patterns of RNAs (A) and proteins (B) of different human rotaviruses (HR V) and

of simian (SAIl) rotavirus. (A) Track 1, SAIl RNA; track 2, RNA from human rotavirus of type 21 (HRV
3222); track 3, RNA from human rotavirus of type 21plus RNA from human rotavirus oftype 2s; track 4, RNA
from human rotavirus of type 2s (HRV 5859). (B) Track 1, Polypeptides from partially purified double-shelled
SAIl; track 2, polypeptides from HRV 3222; track 3, polypeptides from HRV 5859; track 4, polypeptides from
HRV 3222 and HRV 5859; track 5, polypeptides from purified [35S]methionine-labeled double-shelled SAIl
(fluorography). Numbers at the left of each group of tracks are the numbers assigned to RNA segments or
structuralpolypeptides; dots at the left ofeach track indicate corresponding bands. The numbergiven to each
human rotavirus was that assigned at the hospital to the patient excreting that virus.
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POLYPEPTIDES OF TWO HUMAN ROTAVIRUS TYPES 233

migrations of polypeptides 1 and 6 were ob-
served, even when smaller amounts of samples
were used to resolve polypeptide 6 as a thin
band. Comparison of polypeptides 3 and 4 was
difficult because only polypeptide 3 or poly-
peptide 4 was observed with the preparation of
group 2s. The differences in the bands which
migrated ahead of band 6 might reflect differ-
ences in the compositions of the outer layer;
however, it is not certain that these bands are
due to viral proteins. Further purification of the
virus to clarify this point was hindered since the

majority of stool samples extracted by us con-
tained very few double-shelled particles when
examined by electron microscopy and had a
single viral band at a density of 1.38 to 1.39 g/
cm3 in a CsCl gradient when subjected to the
purification procedure. To further explore the
differences observed in the polypeptides of the
inner capsid, we did an analysis of purified vi-
ruses which had little or no outer layer polypep-
tides and which were obtained from different
patients with gastroenteritis. Figure 2 shows the
RNA (Fig. 2A) and polypeptide (Fig. 2B) elec-
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FIG. 2. Electrophoretic patterns of RNAs (A) and proteins (B) extracted from simian, calf, and different

human rotaviruses. Tracks 1 to 4 show the patterns obtained with human rotaviruses of type 2s; tracks 5 and
7 show thepatterns obtained with human rotaviruses oftype 21; and tracks 6 and 8 show the patterns obtained
with single-shelled NCDV (density, 1.39g/cm3) and double-shelled SAil rotavirus, respectively. Track 1, HRV
0454; track 2, HRV 2017; track 3, HRV 9923; track 4, HRV 1383; track 5, HRV 1601; track 7, HRV 5148.
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234 ESPEJO ET AL.

trophoretic patterns of six rotaviruses purified
from the stools of six different patients and those
of calf rotavirus (NCDV) without outer layer
and double-shelled simian rotavirus (SA11). The
differences in the RNA electrophoretic patterns
of human, calf, and simian rotaviruses will be
reported and discussed elsewhere. Although the
presence of nonviral proteins is noticeable in
some samples, especially those in Fig. 2B, tracks
1 and 2, viral polypeptides 1, 2, and 6 may be
easily identified. The slower migration of poly-
peptide 2 from virus of group 21 was also ob-
served with this preparation; no difference was
observed for polypeptide 1. Even though a minor
difference in polypeptide 6 was apparent, no
difference was observed when less sample was
used to resolve this polypeptide as a thin band
(data not shown). As in Fig. 1, four large poly-
peptides were observed with rotaviruses ofgroup
21, whereas only three were observed with group
2s rotaviruses. Polypeptides 1, 2, and 6 of the
inner capsid of SA11 appear very similar to the
corresponding polypeptides of human rotavirus
of group 2s, whereas polypeptides 1 and 6 of
NCDV are larger than the corresponding poly-
peptides ofhuman or SA11 rotaviruses. By using
less sample for better resolution of band 6, the
patterns shown in Fig. 3 were obtained by coe-
lectrophoresis of NCDV and human rotavirus
type 21 (HRV 21); this confirmed the above ob-
servations.
Polypeptides translated from denatured

RNA of different rotavirus strains. Dena-

NCDV NCDV+HRV
2L

HRV
2L

2

6 6

2 3
FIG. 3. Protein electrophoretic patterns of NCDV

and human rotavirus (HRV) of type 21. Track 1,
NCDV; track 2, NCDVplus HRV 1601; track 3, HRV
1601. Both rotaviruses were devoid of the outer layer.

tured reovirus RNA may be translated in an in
vitro system (16). In an attempt to compare
outer layer and nonstructural viral proteins, the
polypeptides synthesized in rabbit reticulocyte
lysates upon addition of denatured viral RNA
were examined. After denaturation in dimethyl
sulfoxide, 2 to 5 Itg of rotavirus RNA which had
been obtained from different stool samples was
added to reticulocyte lysates; these lysates had
been made messenger RNA dependent by incu-
bation with micrococcal nuclease and were sup-
plemented with [35S]methionine. Figure 4 shows
that the difference observed for polypeptide 2
obtained from purified human rotavirus is also
seen with the polypeptides synthesized in vitro
from these viral RNA types. The fidelity of the
in vitro translation may also be observed when
comparing polypeptides 1, 2, and 6 synthesized
from NCDV and from human rotavirus 21 (Fig.
4B); just as with the polypeptides obtained from
purified viruses, polypeptides 1 and 6 of NCDV
are larger than the corresponding polypeptides
of human rotavirus. Since partial degradation of
the particles and their polypeptides might have
taken place in the stool samples, comparison of
the human rotavirus proteins synthesized in vi-
tro was considered important to show that the
differences observed between types 21 and 2s are
not artifacts.
RNA and polypeptide patterns of differ-

ent rotavirus strains. Figure 5 shows the as-
signed molecular weights for all RNA segments,
isolated structural polypeptides, and polypep-
tides synthesized in vitro which were observed
with the different rotavirus strains examined.
These molecular weight estimates, calculated
from Fig. 1 through 4 and from other electro-
phoretic runs (data not shown), are intended
only to illustrate the differences among the RNA
and polypeptide species of the different rotavi-
ruses.

DISCUSSION
Examination of the polypeptides synthesized

by rotaviruses with different genomic composi-
tions revealed substantial heterogenity of the
polypeptides of the inner layer. Human rotavi-
rus, SAil, and NCDV cross-react to a high
degree in complement fixation (13, 29) and in
the enzyme-linked immunosorbent assay (32),
but do not cross-react or do so to a very low
extent when specific antigens are measured, as
in neutralization or in inhibition of hemmaglu-
tination (5, 28, 29).

Since these specific antigens are thought to
reside in the outer layer, heterogeneity for the
polypeptides comprising the outer layer was ex-
pected. Even though the inner layer polypep-
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FIG. 4. Polypeptides synthesized in vitro from denatured RNA isolated from different human rotaviruses.

Slab gels were fluorographed after electrophoresis of [35Sjmethionine-labeled polypeptides synthesized in
reticulocyte lysates which were supplemented with the following RNAs. (A) Track 1, None; track 2, HRV (type
2s); track 3, mixture of lysates shown in tracks 2 and 4; track 4, HRV 1601 (type 21). (B) Track 1, Lysate
supplemented with NCDV; track 2, lysate supplemented with HRV 0464 (type 2s).
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FIG. 5. Diagramatic presentation of the assigned molecular weight (MW) for each RNA segment, isolated

structural polypeptide, and polypeptide synthesized in vitro observed with NCDV, SA1l, and human rotavi-
ruses of types 21 and 2s.

tides are thought to contain the common anti-
gens (31, 32), differences were found for the
three inner layer polypeptides which were

clearly distinguished in this study; polypeptides
1 and 6 of NCDV are larger than those of either
SA11 or human rotavirus, and polypeptide 2 is
distinct from the two types of human rotavi-
ruses.

Differences in electrophoretic mobilities of
polypeptides, however, do not necessarily reflect
differences in immunogenicity or antigenicity,
and polypeptides shown to be different in rota-
viruses of distinct origin may still represent com-
mon antigens. In fact, our attempts to distin-
guish serologically particles from the different
rotaviruses employed in this study when devoid
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236 ESPEJO ET AL.

of their outer layer have been unsuccessful (8a).
A similar observation has been reported previ-
ously for the three reovirus types. Although
these viruses share common antigens which are
thought to reside in the core, substantial heter-
ogeneity was observed among the inner capsid
polypeptides of the different types (20).
Although the degree of cross-reactivity of pro-

teins is related to the degree of resemblance
between their amino acid sequences, it is possi-
ble that some changes may have no measurable
effect, whereas a change in only one amino acid
can have a drastic effect on the antigenicity of
the whole protein (6).

According to our results, the heterogeneity of
the inner capsid polypeptides of rotaviruses is
not reflected in antigenicity when analyzed by
the currently available techniques. Analyses of
RNA and protein compositions of rotaviruses
provide information which is unattainable by
standard immunological screening of viruses.
The differences described may become useful
markers to study the evolution and epidemiol-
ogy of rotaviruses; for example, the most likely
source of a rotavirus might be indicated better
by its analysis of RNA composition than by
immunological techniques, as shown with the
"swine" influenza virus isolated at Fort Dix, N.
J., in 1976 (18). Since efficient gene reassortment
in mixed infections has been described in reovi-
rus (25) and orbivirus (10), screening of these
markers may be valuable in exploring possible
gene reassortments of genome segments be-
tween different rotaviruses.
The synthesis of rotavirus polypeptides in rab-

bit reticulocytes is a promising system to corre-
late genome segments with their products by
using individual segments isolated by gel elec-
trophoresis as an exogenous RNA; in fact, the
products of 10 of the 11 genome segments of
NCDV have been identified (C. Arias, S. L6pez,
and R. Espejo, submitted for publication). Im-
munoprecipitation of the polypeptides synthe-
sized in this system also is a promising technique
for the identification of the immunologically re-
lated polypeptides present in different rotavirus
serotypes or in rotaviruses isolated from differ-
ent species.
The assignment of molecular weights to RNA

segments was performed by using the molecular
weights reported by Rodger and Holmes for
those SA11 RNA segments migrating close to
the RNA segments of reovirus type 3 (Abney
strain) (I. H. Holmes, personal communication),
which were used as standards. Since the assign-
ment of molecular weights for the reovirus type
3 RNA segments involved several assumptions
(2, 26), the estimates presented here are in-

tended to illustrate relative differences and not
absolute values. The estimates obtained by this
method for NDCV RNA segments are in close
agreement with those obtained by Barnett et al.,
who employed reovirus type 1 (Lang strain) as
a standard (1). Our estimates for the molecular
weights of the polypeptides of SAil agree well
with those reported by Rodger et al. (22), with
the exception that protein 5 gave a consistently
larger value under the conditions which we em-
ployed.
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ADDENDUM

After this manuscript was submitted for publication, we
learned of the following three recent reports on rotavirus
polypeptides: M. E. Thouless, J. Gen. Virol. 44:187-197, 1979;
S. Matsuno and A. Mukoyama, J. Gen. Virol. 43:309-316,
1979; and A. R. Kalica and T. S. Theodore, J. Gen. Virol. 43:
463-466, 1979. There is a disagreement as to the exact number
of rotavirus structural polypeptides, their molecular weights,
and their location in the virion; however, these reports do not
change the conclusions reached in this paper.

LITERATURE CITED

1. Barnett, B. B., L. N. Egbert, and R. S. Spendlove.
1978. Characteristics of neonatal calf diarrhea virus
ribonucleic acid. Can. J. Comp. Med. 42:46-53.

2. Bellamy, A. R., L. Shapiro, J. T. August, and W. K.
Joklik. 1967. Studies on reovirus RNA. Characteriza-
tion of reovirus genome RNA. J. Mol. Biol. 29:1-17.

3. Bishop, R. F., G. P. Davidson, I. H. Holmes, and B. J.
Ruck. 1974. Detection of a new virus by electron mi-
croscopy of faecal extracts from children with acute
gastroenteritis. Lancet i:149-151.

4. Bonner, W. M., and R. A. Laskey. 1974. A film detection
method for tritium labelled proteins and nucleic acids
in polyacrylamide gels. Eur. J. Biochem. 46:83-88.

5. Bridger, J. C. 1978. Location of type-specific antigens in
calf rotaviruses. J. Clin. Microbiol. 8:625-628.

6. Crumpton, M. J. 1974. Protein antigens: the molecular
bases of antigenicity and immunogenicity, p. 1-79. In
M. Sela (ed.), The antigens, vol. 2. Academic Press Inc.,
New York.

7. Espejo, R. T., E. Calderon, and N. Gonzalez. 1977.
Distinct reovirus-like agents associated with acute in-
fantile gastroenteritis. J. Clin. Microbiol. 6:502-506.

8. Espejo, R. T., E. Calderon, N. Gonzalez, A. Solomon,
A. Martuscelli, and P. Romero. 1979. Presence of two
distinct types of rotaviruses in infants and young chil-
dren hospitalized with acute gastroenteritis in Mexico
City, 1977. J. Infect. Dis. 139:474-477.

8a.Espejo, R. T., 0. Mun6z, F. Serafin, and P. Romero.
1980. Shift in the prevalent human rotavirus detected
by ribonucleic acid segment differences. Infect. Immun.
27:351-354.

9. Flewett, T. H., M. E. Thouless, J. N. Pilfold, and A. S.
Bryden. 1978. More serotypes of human rotavirus.
Lancet ii:632.

10. Gorman, B. N., J. Taylor, P. J. Walker, and P. R.
Young. 1978. The isolation of recombinants between

INFECT. IMMUN.

 on June 6, 2012 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/


POLYPEPTIDES OF TWO HUMAN ROTAVIRUS TYPES 237

related orbiviruses. J. Gen. Virol. 41:333-342.
11. Itakwa, K., T. Hirose, R. Crea, A. D. Riggs, H. Hey-

neker, F. Bolivar, and H. W. Boyer. 1977. Expression
in Escherichia coli of a chemically synthesized gene for
the hormone somatostatine. Science 198:1056-1063.

12. Kalica, A. R., M. M. Sereno, R. G. Wyatt, C. A. Mebus,
R. M. Chanock, and A. Z. Kapikian. 1978. Compari-
son of human and animal rotavirus strains by gel elec-
trophoresis of viral RNA. Virology 87:247-255.

13. Kapikian, A. Z., W. L. Cline, C. A., Mebus, R. G.
Wyatt, A. R. Kalica, H. 0. James, D. van Kirk, R.
M. Chanock, and H. W. Kim. 1975. New complement-
fixation test for the human reovirus like agent of infan-
tile gastroenteritis. Nebraska calf diarrhea virus used as
antigen. Lancet i: 1056-1061.

14. Laemmli, U. K. 1970. Cleavage of structural proteins
during assembly of the head of bacteriophage T4. Na-
ture (London) 227:680-685.

15. Malherbe, H. H., and M. V. Strickland-Cholmley.
1967. Simian virus SA 1 and the related 0 agent. Arch.
Gesamte Virusforsch. 22:235-245.

16. McCrae, M. A., and W. K. Joklik. 1978. The nature of
the polypeptide encoded by each of the 10 double-
stranded RNA segments of reovirus type 3. Virology
89:578-593.

17. Mebus, C. A., M. Kono, N. R. Underdahl, and M. J.
Twiehaus. 1971. Cell culture propagation of neonatal
calf diarrhea (scours) virus. Can. Vet. J. 12:69-72.

18. Palese, P., and J. L. Schulman. 1976. RNA pattern of
"swine" influenza virus isolated from man is similar to
those of other swine influenza viruses. Nature (London)
263:528-530.

19. Pelham, R. B., and R. J. Jackson. 1976. An efficient
mRNA-dependent translation system from reticulocyte
lysates. Eur. J. Biochem. 67:247-256.

20. Ramig, R. F., R. K. Cross, and B. N. Fields. 1977.
Genome RNAs and polypeptides of reovirus serotypes
1, 2, and 3. J. Virol. 22:726-733.

21. Rodger, S. M., R. D. Schnagl, and I. H. Holmes. 1975.
Biochemical and biophysical characteristics of diarrhea
viruses of human and calf origin. J. Virol. 16:1229-1235.

22. Rodger, S. M., R. D. Schnagl, and I. H. Holmes. 1977.
Further biochemical characterization, including the de-
tection of surface glycoproteins, of human, calf, and
simian rotaviruses. J. Virol. 24:91-98.

23. Rodriguez, W. J., H. W. Kim, C. D. Brandt, R. H.

Yolken, J. 0. Arrobio, A. Z. Kapikian, R. M. Chan-
ock, and R. H. Parrot. 1978. Sequential enteric ill-
nesses associated with different rotavirus serotypes.
Lancet ii:37.

24. Rueckert, R. R. 1965. Studies on the structure of viruses
of the Columbia SK group. II. The protein subunits of
ME-virus and other members of the Columbia SK
group. Virology 26:345-358.

25. Sharpe, A. H., R. F. Ramig, T. A. Mustoe, and B. N.
Fields. 1978. A genetic map of reovirus. I. Correlation
of genome RNAs between serotypes 1, 2 and 3. Virology
84:63-74.

26. Shatkin, A. J., J. D. Sipe, and P. C. Loh. 1968. Sepa-
ration of 10 reovirus genome segments by polyacryl-
amide gel electrophoresis. J. Virol. 2:986-998.

27. Smith, R., H. Zweerink, and W. Joklik. 1969. Poly-
peptide components of virus, top components and cores
of reovirus type 3. Virology 39:791-810.

28. Spence, L., M. Fauvel, R. Petro, and L. A. Babiuk.
1978. Comparison of rotavirus strains by hemaggluti-
nation inhibition. Can. J. Microbiol. 24:353-356.

29. Thouless, M. E., A. S. Bryden, T. H. Flewett, C. N.
Woode, J. C. Bridger, K. R. Snodgrass, and J. A.
Herving. 1977. Serological relationships between ro-
taviruses from different species as studied by comple-
ment fixation and neutralization. Arch. Virol. 53:287-
294.

30. Villa-Komaroff, L., M. McDowell, D. Baltimore, and
H. Lodish. 1974. Translation of reovirus mRNA, polio-
virus RNA, and bacteriophage QB RNA in cell-free
extracts of mammalian cells. Methods Enzymol. 30:
709-723.

31. Woode, G. N., J. C. Bridger, J. M. Jones, T. H. Flew-
ett, A. S. Bryden, H. A. Davies, and G. B. White.
1976. Morphological and antigenic relationships be-
tween viruses (rotaviruses) from acute gastroenteritis of
children, calves, piglets, mice, and foals. Infect. Immun.
14:804-810

32. Yolken, R. H., B. Barbour, R. G. Wyatt, A. R. Kalica,
A. Z. Kapikian, and R. M. Chanock. 1978. Enzyme
linked immunosorbent assay for identification of rota-
viruses from different animal species. Science 201:259-
262.

33. Zissis, G., and J. P. Lambert. 1978. Different serotypes
of human rotavirus. Lancet i:38-39.

VOL. 28, 1980

 on June 6, 2012 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/



