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Polyacrylamide gel electrophoretic analysis of purified preparations of the
simian rotavirus SA-11 indicated eight polypeptide components that migrated in
a manner remarkably similar to those of the previously characterized human
and calf rotaviruses. Analyses of preparations of single-shelled and double-
shelled particles of human, calf, and simian rotaviruses have also permitted
assignment of the polypeptides to the inner or outer shells. The major compo-
nents of the outer shells of each virus have been identified as glycoproteins, and
the importance of this in terms of host cell specificity is discussed. Sensitivities
of the various rotaviruses to acid, proteases, and glycosidases were also investi-
gated.

The polypeptides of human and calf rotavi-
ruses (infantile gastroenteritis virus and neo-
natal calf diarrhea virus) have been fraction-
ated in polyacrylamide gels by two groups of
workers (26, 28). The two viruses have very
similar polypeptide components, although they
can be distinguished from each other (28). It is
also known that rotaviruses have a double-
shelled capsid structure (2, 4, 12), and, in a
previous communication, we suggested that
particular polypeptides were associated with
the inner shell; the remainder most probably
comprises the outer shell (28). This communica-
tion confirms these observations and also in-
cludes comparative investigations on the poly-
peptides of the simian rotavirus SA-11. In par-
ticular, we report that major outer shell poly-
peptides of calf, human, and simian rotaviruses
are glycosylated. Recently, Krystal et al. (20)
have shown that the major outer shell poly-
peptide of reovirus type 3 (p.2) is glycosylated,
thus confirming earlier reports by Lerner and
co-workers (22, 23) that carbohydrates may be
components of reoviruses. This finding illus-
trates another similarity between rotaviruses
and reoviruses, which together with adenovi-
ruses (16) represent examples of nonenveloped
viruses shown to contain glycoproteins. The de-
tection of surface glycoproteins in rotaviruses
provided a basis for the hypothesis concerning
their host cell specificity and mechanism of in-
fection proposed by Holmes et al. (14).

MATERIALS AND METHODS
Viruses. Human rotavirus was extracted from

stools collected from infants with acute enteritis.

The material was kindly supplied by R. Bishop, G.
Davidson, and G. Barnes, Royal Children's Hospi-
tal, Melbourne, and I. Gust, Fairfield Hospital for
Infectious Diseases, Melbourne.

Calf rotavirus was extracted from stools collected
from natural outbreaks of "white scours" among
young calves.

All analyses were conducted on virus from single
stools of infants or calves, i.e., not mixed pools.
Simian rotavirus, SA-11, was kindly supplied by

H. Malherbe and was propagated in primary cynom-
olgus monkey (Macaca fascicularis) kidney epithe-
lial cells (Commonwealth Serum Laboratories
[CSL], Australia). The cells were grown in medium
199 (CSL, Australia) with lactose plus 5% fetal calf
serum. During virus propagation, bovine serum al-
bumin fraction V (CSL, Australia) at a concentra-
tion of 0.05% was substituted for the calf serum. SA-
11 virus remained largely cell associated during rep-
lication, so cells were harvested 5 to 6 days postin-
fection, depending on the degree of cytopathic effects
(11), and frozen and thawed to release virus parti-
cles.

Purification of viruses. Human and calf rotavi-
ruses were purified as described previously (28). SA-
11 virus was extracted from infected cells and puri-
fied in the same way. Single- or double-shelled virus
preparations were obtained by centrifuging to equi-
librium in cesium chloride and then harvesting the
appropriate band (28). Purity of the preparations
was judged on criteria previously reported (28).

Electrophoresis of polypeptides and molecular
weight determinations. Dissociated polypeptides
were fractionated and stained in polyacrylamide
gels by the procedure described previously (28).
Briefly, the procedure involved electrophoresis of
the polypeptides in 8.75% polyacrylamide gels in the
discontinuous buffer system described by Laemmli
(21). Polypeptides were stained with Coomassie bril-
liant blue. Molecular weights of the polypeptides
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were estimated by comparing their electrophoretic
mobilities with those of known standards. The val-
ues listed in Table 1 represent an average of several
determinations. The amounts of virus in the sam-
ples to be electrophoresed were judged to be approxi-
mately equivalent, on the basis of electron micro-
scopic observations, but were not quantitated
biochemically.

Detection of glycosylated polypeptides. Virus
was dissociated and electrophoresed as described
above except that a fivefold increase in the quantity
of virus was required for detection of glycoproteins.
Alternatively, after extraction of the RNA (28),
viral polypeptides were recovered from the phenol
phase by a slight modification of a procedure de-
scribed by Obijeski et al. (27). Briefly, the polypep-
tides were precipitated by adding 7 volumes of cold
ethanol and 5 M NaCl to a final molarity of 0.5 and
then leaving the solution to stand overnight at
-200C. The flocculated polypeptides were pelleted at
9,500 x g for 30 min at 4VC, washed twice with cold
acetone, and suspended in Laemmli sample dissocia-
tion buffer ready for electrophoresis as described
above. The fractionated polypeptides were then
stained using Glossman and Neville's modification
of the periodic acid-Schiff stain reaction for carbo-
hydrates (13). This modification ensures removal of
all sodium dodecyl sulfate from the gel column prior
to staining and maintains an acidic environment to
avoid simple acid-base staining. Omission of these
precautions can lead to false-positive reactions,
where all polypeptides would appear to be glycosyl-
ated.

Negative-contrast electron microscopy. Virus
preparations were negatively stained with lI/o-satu-
rated ammonium molybdate. Specimens were exam-
ined with an Hitachi HUllA electron microscope
operating at 50 kV with an instrument magnifica-
tion of x30,000.

Acid stability of calf and simian rotaviruses. Sta-
bility of calf and simian rotaviruses in an acidic
environment was examined in the following man-
ner. A loop drop (0.5 iul) of highly concentrated and
purified virus was added to 25 1.l of the following
buffers: (i) Walpole's acetate buffer at pH 4 and 5 (8);
(ii) McIlvaine's citric acid-phosphate buffer at pH 3,
4, 5, 6, 7, and 8 (8); and (iii) Gomori's succinate at pH
3, 4, and 5 (8).
As controls, virus was also added to phosphate-

buffered saline, pH 7.2 (9), and to doubly distilled
water.
One test series was incubated at 370C for 1 h and a

second at room temperature for an hour (30), prior to
examination by electron microscopy.

Degradation of human, calf, and simian rotavi-
ruses with proteases. The susceptibility of rotavi-
ruses to proteolytic degradation was examined in
the following way. Purified (from sucrose and CsCl
gradients) and semipurified (from sucrose gradient
only) preparations of the viruses were diluted in
doubly distilled water and added to an equal volume
of each of the following solutions: (i) trypsin, crys-
tallized once, B grade (Calbiochem, La Jolla, Calif.),
at a concentration of 400 ,ug/ml in phosphate-
buffered saline, pH 7.4. The effect of trypsin on calf
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rotavirus was also examined at a concentration of 1
mg/ml. (ii) Papain, crystallized twice (Sigma Chemi-
cal Co.), at a concentration of 200 ,ug/ml in 0.2 M
phosphate buffer, pH 6.0, which contained MgSO4
and cysteine to ensure enzyme activity. (iii) Pro-
nase, B grade (Calbiochem), at concentrations up to
1 mg/ml in PBS, pH 7.4. (iv) a-Chymotrypsin, type
II (Sigma), at a concentration of 200 jg/ml in 0.2 M
Tris-hydrochloride, pH 7.5 or 8.0, which contained
either Na+, K+, Cs+, NH4+, or no added monovalent
cations. The monovalent cations were supplied as
chloride salts of reagent grade at a concentration of
0.1 M. Calf rotavirus was also examined with other
concentrations of a-chymotrypsin varying between
25 and 1,000 ,ug/ml in the presence of Cs+. The Cs+
cation was chosen in view of its importance in the
uncoating of reoviruses (3). (v) Bromelain, grade II
(Sigma), at a concentration of 13 mg/ml in 0.1 M
Tris-hydrochloride, pH 7.2, which contained 0.001 M
EDTA and 0.05 M dithiothreitol (6). The effect of
bromelain was only examined on calf rotavirus.

For controls, diluted virus was added to an equal
volume of the appropriate buffer without enzyme.
All solutions were tested for proteolytic activity
with a general substrate, Azocoll (Calbiochem). The
tests were conducted according to the manufac-
turers' specifications.
The virus-enzyme mixtures and controls were in-

cubated at 37°C, except in the case of the papain-
containing mixture, which was allowed to stand at
room temperature. Samples were removed after in-
cubation for 1, 2, and 19 h and examined by electron
microscopy for any morphological alterations.

Degradation of human, calf, and simian rotavi-
ruses with j8-galactosidase or lactase. The suscepti-
bility of double-shelled rotavirus particles to ,-ga-
lactosidase or lactase was determined as follows.
Purified preparations of virus were diluted with
doubly distilled water and added to an equal volume
of each of the following solutions: (i) /8-galactosidase
(Escherichia coli), grade IV (Sigma), in 0.05 M phos-
phate buffer, pH 7.2. Since /-galactosidase was sup-
plied as a crystalline suspension in 2.2 M ammo-
nium sulfate, the effect of ammonium sulfate on the
viruses, at concentrations corresponding to those
resulting from the addition of the enzyme slurry to
test mixtures, was also examined. (ii) Lactase (Sac-
charomyces fragilis), grade II (Sigma), at 50 U/ml in
0.05 M phosphate buffer, pH 7.2.

RESULTS
Morphology and buoyant density of simian

rotavirus (SA-ll). The morphology of SA-11
virus has been described (11) and noted as typi-
cally rotaviral in nature (15). When centrifuged
to equilibrium in cesium chloride, virus-con-
taining bands were obtained at buoyant densi-
ties of 1.32 g/ml, 1.36 g/ml, and 1.38 g/ml. The
band at density 1.32 contained single- and/or
double-shelled particles penetrated to varying
degrees by negative stain, thus corresponding
to the empty particles reported by Els and Le-
catsas (11). Double-shelled particles (see Fig.
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predominated at density 1.36, and the very Polypeptide components of double-shelled
Lt band occurring at density 1.38 contained simian rotavirus particles and determination
Atly single-shelled particles. Thus, on the of their molecular weights. Instead of retain-
is of buoyancy in CsCl, the various particle ing the system used previously where the poly-
es of SA-11 virus behaved similarly to those peptides of human and calf rotaviruses were
he other rotaviruses (4, 28). The difficulty of numbered 1 through 9 from highest to lowest
ipletely separating single-shelled rotaviral molecular weight (28), the system suggested by
tides from double-shelled particles has also August et al. (1) was adopted. Thus, the pre-
n noted by others (4). fixes p or gp followed by the molecular weight

in thousands represent particular protein or
HD HS CD CC CS SD SS glycoprotein components of the capsid.

Electrophoresis of dissociated purified dou-
ble-shelled preparations of SA-11 virus yielded

11 eight or nine polypeptides (Fig. if), the molecu-
-Q'33 lar weights of which are listed in Table 1. For

m - 1 a03- 102 m - comparison, the fractioned polypeptides of hu-
92 92 man and calf rotaviruses are shown in Fig. la

and c. The polypeptides of SA-11 virus show a
distribution basically similar to the other two58_ 0c58 rotaviruses, with the main differences occur-
ring in the low-molecular-weight polypeptide
region, i.e., p18 and 14 of SA-11 virus compared

mum 32 m31u with p21 ofhuman rotavirus and p16.5 and 14.5
of calf rotavirus. Whether or not these low-

22u 23 molecular components represent entire poly-peptides or breakdown products, they do occur
165 18 consistently and provide a basis upon which the
145 14 viruses can be distinguished. The molecular

a b c d e f g weights of the remaining components of SA-11
virus are virtually identical to the correspond-

IG. 1. (a) Electrophoresis ofthe polypeptide com- ing components of human and calf rotaviruses,
cents of human double-shelled (HD) and (b) sin- with allowance for experimental variation.
shelled (HS) rotaviruses. (c) Polypeptide compo- Figure lc shows the fractionation pattern of
ts of calf double-shelled (CD) and (e) single- double-shelled calf rotavirus polypeptides. It
led (CS) rotaviruses. (d) Carbohydrate-contain- should be noted that p97, previously reportedpolypeptide ofcalfdouble-shelled rotavirus (CC). . '
Polypeptide components of double-shelled SA-li by us (28) as absent in some calf rotavirus
and (g) single-shelled (SS) SA-i1 virus parti- preparations, was present in this preparation.
Electrophoretic migration was from top to bot- Subsequent experiments have shown that it is

. The numbers represent the estimated molecular usually present. It is interesting to note that
ght of the polypeptides in thousands. the corresponding polypeptide of SA-l1 virus

TABLE 1. Estimated molecular weights of human, calf, and simian rotavirus polypeptides, and their
location in a double-shelled virion

Human Calf Simian

Inner shell Outer shell Inner shell Outer shell Inner shell Outer shell

127,000 131,000 133,000
103,000 103,000 102,000
97,000 97,000 99,OOOa
88,000 92,000 92,000

58,000 58,000 58,000
32,000 32,000 31,000

26,000
21,000 22,000 23,000

16,500 18,000
14,500 14,000

a This polypeptide was not always resolved.
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(p99) is also not always resolved on polyacryl-
amide gels.

Polypeptides of single-shelled human, calf,
and simian rotaviruses and identification of
inner and outer shell components. Electropho-
retic fractionation patterns of dissociated prep-
arations of single-shelled human, calf, and sim-
ian rotaviruses are shown in Fig. lb, e, and g.
In each case, five polypeptides were obtained;
both the polypeptide patterns and the molecu-
lar weights of the corresponding components of
the three viruses were virtually identical (28).
Ofthe inner shell components, i.e., p127, 103,

97, 88, and 32 for human rotavirus, pl31, 103,
97, 92, and 32 for calf rotavirus, and pl33, 102,
99, 92, and 31 for SA-11 virus, p102 to 103 and 31
to 32 are the major components. Of the outer
shell components, p26 of human rotavirus, p22
of calf rotavirus, and p23 of SA-11 are major.
These results confirm our earlier suggestions
concerning the locations of the various polypep-
tides within the double-shelled structure (28).

It should also be noted that the band corre-
sponding to p58 (Fig. la), an outer shell compo-
nent ofhuman rotavirus, is faint by comparison
with p58 of calf and simian viruses (Fig. lc and
f), respectively. Similarly, p26 of human rota-
virus is faint compared with p22 and 23 of calf
and simian viruses, respectively (Fig. la, c, and
f). This result does not imply any real differ-
ence in composition of the outer shells of the
three rotaviruses, but simply reflects the fact
that the band of human rotavirus at a density
of 1.36 in CsCl gradients did not contain such a
high percentage of double-shelled particles as
were obtained from calf and simian virus prep-
arations (see above and [28]).

Identification of glycoproteins in the outer
shells of human, calf, and simian rotaviruses.
Periodic acid-Schiff staining of the fractionated
polypeptides prepared by either of the two pro-
cedures described in this text indicated the
presence of carbohydrate in one (calf and sim-
ian viruses) or two polypeptides (human virus).
To identify the glycoprotein with which the
positive reaction was associated, the molecular
weight of the positively staining band was de-
termined, or, alternatively, the gel was com-
pared with one electrophoresed simultaneously
but stained with Coomassie brilliant blue for
protein (Fig. lc and d). The intensity of the
periodic acid-Schiff staining reaction was not
high, although large quantities of virus were
used; nevertheless, there was no background
staining, and definite identification of the gly-
coproteins was possible. It was concluded that
p26 and 21 of human rotavirus, p22 of calf, and
p23 ofsimian rotaviruses were glycosylated and

henceforth will be referred to as gp26, etc.
Thus, the major outer shell components of all
three rotaviruses are glycoproteins.
The necessary experiments for determination

of the exact molecular weights of these glyco-
proteins have not yet been conducted, i.e., elec-
trophoresis and molecular weight determina-
tion in gels of varying concentration. Such ex-
periments would require greater quantities of
virus than are available at present, and it ap-
pears preferable to wait for a supply of radioac-
tively labeled virus.
Acid stability of rotaviruses. No morpholog-

ical changes were noted in preparations of calf
rotavirus examined as described above. How-
ever, a large percentage of simian rotavirus
particles were clumped or degraded to amor-
phous protein at pH 3 and 4 in the buffers
described (Fig. 2a and b). The effect was more
dramatic at pH 3 than at pH 4, and it was also
more obvious in preparations incubated at 37°C
than at room temperature.
Degradation of rotavirus by proteases. No

alteration in morphology of the double-shelled
calf or simian rotavirus particles was observed
when they were treated with bromelain, pa-
pain, Pronase, trypsin, or a-chymotrypsin un-
der any of the conditions listed. The double-
shelled human rotavirus particle also resisted
degradation by papain, Pronase, and trypsin as
above, but was degraded or uncoated to a stage
indistinguishable from the single-shelled parti-
cle form by a-chymotrypsin in the presence of
Cs+ (Fig. 3). This effect was observed on three
of four occasions. On each occasion a different
virus preparation was used. The uncoated par-
ticles were analyzed by polyacrylamide gel elec-
trophoresis and found identical in polypeptide
composition to the naturally occurring single-
shelled particles described above.
Although the virus preparations used in

these experiments contained a vast majority of
double-shelled particles, some single-shelled
particles were present, so the effect of the var-
ious proteases on these particles could also be
observed. In all cases, the single-shelled parti-
cles resisted degradation under the conditions
described.
Degradation of rotaviruses with f8-galacto-

sidase or lactase. The morphology of the hu-
man and simian double-shelled rotavirus parti-
cles was unaltered by treatment with f8-galac-
tosidase (E. coli). On the other hand, prepara-
tions of the double-shelled calf rotavirus parti-
cles were degraded to the single-shelled stage
(uncoated), or partially so on some occasions by
this enzyme (Fig. 4). The degree or amount of
uncoating that had occurred was measured in

J. VIROL.
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2b

FIG. 2. (a) Untreated double-shelled particles ofpurified SA-1l virus taken from a band at density 1 .36 gl
ml in a CsCl gradient. (b) Partially degraded and clumped particles ofSA-li virus following exposure topH 3
or 4 for 1 h at 37C. x120,000. The magnification marker represents 100 nm.

FIG. 3. Particles of human rotavirus degraded or uncoated to a stage indistinguishable from the single-
shelled particle by a-chymotrypsin in the presence of Cs+. Compare these with the double-shelled particles
shown in Fig. 2a. x120,000. The magnification marker represents 100 nm.

FIG. 4. Particles ofcalfrotavirus degraded or uncoated to a stage indistinguishable from the single-shelled
particle by /3galactosidase (E. coli). Compare these with the double-shelled particles shown in Fig. 2a.
x120,000. The magnification marker represents 100 nm.

terms of an observed increase in the percentage
of single-shelled particles in the preparation.
Of five different calf rotavirus samples exam-
ined, one was uncoated completely by concen-
trations of the enzyme as low as 2 pAg/ml (Fig.
4); three preparations were uncoated to varying
degrees by intermediate concentrations of the
enzyme; and the last was not uncoated at all,
even by concentrations as high as 1 mg/ml. One

of the three preparations that was partially
uncoated by the E. coli enzyme was also par-
tially uncoated by the lactase from S. fragilis.
Ammonium sulfate, at concentrations as high
as 1 M, did not induce any morphological
changes in calf or human rotaviruses. About
25% of the particles in a preparation of SA-11
virus were uncoated, but only at a concentra-
tion of 1 M. Thus, we believe that the observed
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uncoating of calf rotavirus was due to the en-
zyme and not to the ammonium sulfate. On
polyacrylamide electrophoretic analysis, the
uncoated particles were found to have the same
polypeptide composition as naturally occurring
single-shelled particles.

DISCUSSION
Although SA-11 has never been associated

with any simian disease, morphological and
serological studies indicate that it can almost
certainly be classified within the genus rotavi-
rus (12, 19, 28) along with agents that charac-
teristically cause diarrhea of the young (10). To
more formally classify this agent, we have pre-
sented the results of biochemical and biophysi-
cal tests supporting this classification. In addi-
tion, we have fractionated the RNA of SA-11 in
polyacrylamide gels and shown it to be typi-
cally rotaviral in nature (S. M. Rodger and
I. H. Holmes, manuscript in preparation),
although on this basis the agent is distinguish-
able from both human and calf rotaviruses
(Rodger and Holmes, manuscript in prepara-
tion; 17, 29). It is also interesting to note that
although the pathogenicity of SA-11 virus has
never been tested in young monkeys, the agent
does produce diarrheal disease in young calves
and gnotobiotic piglets (S. Tzipori, personal
communication). By comparison then with
human and calf rotaviruses, the various par-
ticle forms of SA-11 have buoyant densities
similar to those of the corresponding particle
forms of these two agents, and electrophoresis
showed that the polypeptides of the three
viruses are strikingly similar. In view of its
long history of passage through cell cultures,
it was important to establish that SA-11 has
retained properties similar to those of the non-
cultivable rotaviruses since it is an obvious
candidate to be used in serology as a substitute
antigen, especially for the human rotavirus
(18). Also, in our laboratories SA-11 is being
used as a model rotavirus since supplies of
others are limited and unpredictable.
Comparison of the polypeptide components of

single-shelled and double-shelled rotaviruses
by polyacrylamide gel electrophoresis has al-
lowed identification ofthe polypeptides that are
components of the inner shell; the remainder
are components of the outer shell of the com-
plete double-shelled structure. Ofthe eight (hu-
man and SA-11) (28) or nine (calf) (28) compo-
nents, five are located internally and three or
four comprise the outer shell. When the three
rotaviruses were compared on the basis of the
components of the inner shell, they were vir-
tually indistinguishable from each other, with
the molecular weights of most of the corre-

sponding components identical (allowing for ex-
perimental variation). Comparison of the outer
shell components revealed that, although p58
was constant, variations occurred among the
low-molecular-weight polypeptides. These vari-
ations gain importance when considered from a
serological point of view. It has been reported
that rotaviruses of different species origins
cross-react with each other in serological tests
(18, 19), although Flewett et al. (12) suggested
that though the single-shelled particles of hu-
man and calf rotaviruses were serologically in-
distinguishable, antigenic variations were de-
tected when the cross-reactivity of double-
shelled particles were examined. More re-
cently, this group of workers has presented the
results of further studies on a wider range of
rotaviruses to substantiate this point (32).
Their findings presumably reflect the differ-
ences between rotaviruses that we have de-
tected by polyacrylamide gel electrophoresis.

Studies on the fractionation of calf rotavirus
polypeptides in polyacrylamide gels have also
been conducted by others (4, 26), who reported
that it is composed of five polypeptides, four in
the inner shell and a fifth comprising the outer
shell, compared with our observed total of nine
polypeptides. These differing results appear dif-
ficult to reconcile, but may be explained by the
quite different electrophoretic systems em-
ployed. Analyses of calf rotavirus polypeptides
by Bridger and Woode (4) and Newman et al.
(26) were conducted in gels with a continuous
buffer system, whereas all our analyses were
conducted using Laemmli's discontinuous
buffer system (21). As discontinuous systems
are reputed to be more sensitive and give
higher resolution than continuous systems (24),
the larger number of bands observed by us may
thus be explained. This difference in sensitivity
between the two electrophoresis systems has
been illustrated recently where some previ-
ously unresolved reovirus-specified polypep-
tides were detected when a discontinuous elec-
trophoresis system was used (7). Also, Obijeski
et al. (27), using a discontinuous buffer system
for electrophoretic analysis of human rotavirus
polypeptides, have obtained fractionation pat-
terns remarkably similar to ours.
By periodic acid-Schiff staining, major com-

ponents of the outer shells of human, calf, and
simian rotaviruses have been identified as gly-
coproteins, and detailed chemical characteriza-
tion of the carbohydrate moieties ofthese glyco-
proteins is currently being carried out. The sug-
gestion that these glycoproteins may play a role
in governing virus infectivity and host cell
specificity is explained in a previous communi-
cation by Holmes et al. (15), who postulate that

J. VIROL.
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rotaviruses contain a lactase or f8-galactosidase
substrate on their surface, and it is the intes-
tinal brush border enzyme, lactase, that acts as
the host cell receptor for the virus. Also, as
attempts to degrade rotaviruses With proteo-
lytic enzymes met with little success, we sus-
pect that the carbohydrate moiety may be af-
fording them some protection. This phenome-
non has been reported for murine mammary
tumor virus (5). In such cases where the double-
shelled rotavirus particle was degraded to the
single-shelled form (human rotavirus by a-chy-
motrypsin and calf rotavirus by f3-galactosid-
ase), we were able to gain some insight into
possible early events involved in rotavirus rep-
lication. As the in vitro uncoated particles were
indistinguishable from naturally occurring sin-
gle-shelled particles, we were unable to deter-
mine whether such particles obtained from
feces or cell culture represent incomplete rota-
virions released prematurely from a bursting
cell or previously double-shelled particles un-
coated in the gut by exogenous proteases or
glycosidases.
The single-shelled particles can also be lik-

ened to the subviral or intermediate subviral
particles obtained by controlled digestion of
reovirus by a-chymotrypsin (3). Fully uncoated
reovirions exhibit an RNA-dependent RNA po-
lymerase activity (3), but, as yet, the appropri-
ate conditions required for demonstration ofthe
activity of such an enzyme in uncoated rotavi-
rions have not been found. In fact, it was the
repeated failure of attempts to uncoat rotavi-
ruses with proteases in search of this enzyme
that led us to look for carbohydrate on the
surface of rotaviruses.
The observation that calf rotavirus appeared

morphologically unaltered at a pH of 3 agrees
with Welch and Twiehaus (31), who found that
a cell-adapted strain of calf rotavirus did not
lose infectivity after similar acid treatment.
Our finding that SA-11 particles were clumped
and degraded at low pH is consistent with the
observation of Malherbe and Stickland-Cholm-
ley (25) that acid treatment caused a loss of
infectivity. Although SA-11 virus is thus more
acid labile than calf rotavirus, it would not
appear reasonable to separate them on this cri-
terion in a conventional classification; at least
the difference detected here does not appear to
be significant in vivo.
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