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Protein labeling experiments confirm the surface location of proteins 2 and 5 in
bluetongue virus, and proteins a3 and q2 in reovirus. Lambda 2 is the major
surface component of the reovirus core, and proteins 1, 3, and 4 appear to be the
outer components of the bluetongue virus subviral particle.

Reovirus and bluetongue virus (BTV) are two
animal viruses whose genome consists of 10
segments of double-stranded RNA (12, 16). The
reovirion possesses a double-shell capsid ar-
rangement (6, 9, 14). The outer shell consists of
proteins q2, al, and a3 (14), and their removal
by chymotryptic digestion results in the forma-
tion of the core, a particle which comprises the
genome RNA and proteins Xl, X2, ,ul, and a2
(14), and which possesses RNA dependent-RNA
polymerase (transcriptase) activity (13).
Two kinds of BTV particles which differ in

their buoyant densities in cesium chloride can
be isolated from infected cells. BTV-L (light),
the complete virion, has a buoyant density of
1.36 g/cm3 and contains seven proteins, whereas
BTV-D (dense), a subviral structure, has a
buoyant density of 1.38 g/cm3 and contains five
proteins (8). Both transcriptase activity and a
well defined 32-capsomer structure are evident
only in the BTV-D particle. Thus, it seems
likely that BTV-D is an inner particle which in
turn is surrounded by two proteins in a diffuse
layer to form the complete virion, BTV-L (8,
15).
To determine more precisely the vectoral

arrangement of the structural proteins of reovi-
rus, BTV, and their subviral particles we per-
formed protein labeling experiments utilizing
125I, dansyl chloride, and fluorescein isothiocya-
nate (FITC). The rationale was that the reac-
tive residues of proteins situated on the surface
of viral particles would be more accessible than
the residues of proteins located internally in the
particles, and would consequently be labeled to
a greater extent. The degree to which each

polypeptide species was labeled was determined
by dissociating the proteins in urea and sodium
dodecyl sulfate (SDS) and subsequently analyz-
ing them by vertical slab SDS-polyacrylamide
gel electrophoresis. Proteins labeled with "25I
were detected by autoradiography. Qualitative
differences in fluorescence of proteins labeled
with dansyl chloride or FITC were determined
by viewing and photographing the gels under
UV illumination. Then the same gels were
stained with Coomassie brilliant blue, thus
permitting identification of the protein species
which exhibited fluorescence.

Figure 1 shows the results of enzymatic iodi-
nation (10) of reovirions and reovirus cores.
Figure 1A is a densitometric tracing of an
SDS-polyacrylamide gel electropherogram of
reovirus proteins stained with Coomassie bril-
liant blue. The pattern of iodination of intact
reovirus is shown in Fig. 1B. The species incor-
porating the greatest amount of label are y2 and
a. Core polypeptide X2 is also iodinated, but to
a lesser extent, whereas there is very little label
in the other polypeptides. lodination of reovirus
cores resulted in significant labeling of X2 with
minor appearance of label in Xl, itl, and a2 (Fig.
1C).
The efficiency with which the major reovirus

polypeptides were labeled is shown in Table 1.
The polypeptides ,u2 and a3 which form the
outer protein layer of reovirions are most exten-
sively labeled. The presence of the outer protein
coat limits iodination of X2 as shown by its
greater degree of labeling in cores than in
virions. The fact that polypeptide X2 is labeled
to a greater extent (both in virions and cores)
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FIG. 1. Densitometric tracings of SDS-polyacryla-
mide gels of stained reovirus proteins and of autoradi-
ograms of 25I-labeled reovirus proteins. Enzymatic
iodination was performed by incubating 50 ug of viral
particles in 100 juliters of 0.1 M phosphate buffer (pH
7.4) with 40 1iCi of 121I (New England Nuclear Corp.),
71 ng of lactoperoxidase, and 1 nmol of H202 at 37 C.
After 1 min, 1 nmol of H202 was again added, and
the mixture was incubated for 2 min more (10). The
iodinated samples were twice resuspended in phos-
phate buffer and pelleted at 35,000 rpm for 30 min at
4 C in the SW50 rotor. The resulting pellets were sol-
ubilized in 8 M urea, 1% SDS, and 0.1% 2-mercapto-
ethanol at 100 C for 2 min and then were subjected to

than the other two core proteins Xl and a2
suggests that X2 is more oriented to the surface
of the core.

Since iodine reacts only with histidine and
tyrosine residues (10), it is possible that the
difference between the staining and iodination
patterns is due to the fact that not all polypep-
tides contain the same relative amounts of
histidine and tyrosine. However, this is not the
case as is shown in Table 1. The relative
distribution pattern of 125I in the polypeptides
which were denatured prior to chemical iodina-
tion is very similar to the distribution pattern of
the stained polypeptides. Polypeptide y2 is
iodinated slightly less effective, and a3 is
iodinated slightly more effective.

Figure 2 and Table 2 show the results of
enzymatic iodination performed on BTV. A
densitometric tracing of a stained SDS-poly-
acrylamide gel electropherogram of BTV-L pro-
teins is shown in Fig. 2A. The pattern of stained
BTV-D proteins is not shown but it is similar to
that of BTV-L except that species 2 and 5 are
absent.

Figure 2B shows the pattern of iodination of
intact BTV-L particles. The greatest incorpora-
tion of label was found associated with proteins
2 and 5 which are present in BTV-L only. The
major polypeptide 3 was labeled but less than
proteins 2 and 5. By contrast, major polypeptide
7 incorporated very little 121I, whereas the minor
proteins 1 and 4 incorporated a relatively large
amount of label. These results are consistent
with our previous suggestion that those proteins
present in BTV-L but absent in BTV-D are
located on the surface of the BTV-L particle. It
seems that proteins 2 and 5 do not entirely mask
the surface of the capsomers but are diffusely
arranged around them, permitting iodination of
residues of proteins in the inner particle. In
BTV-D particles the major species labeled are
the major protein 3 and the minor proteins 1, 4,
and 6 (Fig. 2C). For this reason, these proteins
are likely located close to or on the outer surface
of BTV-D, whereas polypeptide 7 is located
internally in the particle. The relative distribu-

electrophoresis for 19 h at 50 mA on 7.5% (bis linked)
SDS-polyacrylamide slab gels as previously described
(8). Gels were either stained with Coomassie brilliant
blue or dried for autoradiography. Densitometric
tracings of the stained gels or of the autoradiograms
were made in a Gilford spectrophotometer at 562 or
540 nm, respectively. In all panels the direction of
electrophoresis was from left to right. (A) Stained gel
of reovirus proteins. (B) Autoradiogram of intact
reovirus enzymatically labeled with 12'I. (C) Autora-
diogram of reovirus cores enzymatically labeled with
125I
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tion of proteins as detected by chemical iodina-
tion of denatured BTV-D and L was similar to
that detected by staining. Thus, differences in
the extent of the iodination of the various
BTV proteins are not due to differences in the
histidine and tyrosine content.
Agents with different residue specificities

were also employed for reovirus and BTV.
Preparations of virions, subviral particles, and
denatured virus proteins were reacted with
FITC at pH 9.6 (11) or with dansyl chloride at
pH 8.2 (3). Both reagents primarily react with
free amino groups. In all cases, the labeling
patterns with FITC were qualitatively similar
to those detected by iodination. Somewhat

different results were obtained with dansyl
chloride. The fluorescence observed in dansyl-
ated intact reovirions was associated with poly-
peptides ,u2 and a3 primarily; polypeptides
Xl and X2 were also dansylated but relatively
much less than ,u2 and c3. Dansylation of
cores showed that all four core proteins ex-
hibited fluorescence which appeared relative
to the amount of each species present. These
results could be explained by assuming that
reovirus cores are permeable to dansyl chloride.
One would indeed expect these structures to be
permeable to small molecules, since the pene-
tration of nucleoside triphosphates is necessary
for the transcriptase activity which is present in

TABLE 1. Iodination of denatured reovirions, intact virions, and coresa

Intact virions' Cores5 ' Denatured virionsd

Protein 1251 125I 1251
Staining (enzymatic Staining (enzymatic Staining (chemical

iodination) iodination) iodination)

xi 13 2 39 10 10 9
X2 11 6 33 82 10 12
Al 2 2 6 2 1 1
AO12 40 44 - - 38 31
cr1 2 1 --1 1
a2 7 <2 21 5 9 7
a3 24 42 31 39

a Relative amounts of stained or iodinated proteins were expressed as a percentage of the total.
'Intact virions and cores were enzymatically iodinated and analyzed on gels as described in Fig. 1.
'Proteins A2, al, and or3 are absent from cores.
d Reovirions (40 Mg) were denatured by boiling for 2 min in 0.1 ml of 8 M urea and 2% SDS and subsequently

iodinated in the presence of chloramine T (7). Proteins were precipitated with 10% trichloroacetic acid in the
presence of 10-' M Nal, and the pellet was washed several times with 5% trichloroacetic acid (5). The final
pellet was solubilized in 8 M urea, 1% SDS, and 1% ME and subjected to electrophoresis on 2 gels as described
in Fig. 1. The proteins in one of the gels were visualized by staining, in the other by autoradiography. The
slightly different staining pattern in this sample compared to the staining pattern of intact virions is probably
due to the fact that not all proteins are precipitated with equal efficiency in trichloroacetic acid.

TABLE 2. Iodination of intact BTV-L and BTV-D and denatured BTV-L'

BTV-LU (intact) BTV-Db' (intact) BTV-Ld (denatured)

Protein 125I 125I 125I
Staining (enzymatic Staining (enzymatic Staining (chemical

iodination) iodination) iodination)

1 2 4 3 21 2 1
2 17 37 - - 17 16
3 24 24 41 58 20 20
4 1 2 2 8 2 2
5 24 31 - - 27 31
6 2 1 3 6 3 3
7 29 0 50 6 29 27

a Relative amounts of stained and iodinated proteins were expressed as a percentage of the total.
b Conditions for iodination and electrophoresis are those described in Fig. 2.
c Proteins 2 and 5 are absent in BTV-D.
d Conditions for denaturation and subsequent iodination are those described in Table 1.
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FIG. 2. Densitometric tracings of SDS-polyacryla-

mide gels of stained BTV proteins and of autoradio-
grams of 125I-labeled BTV proteins. All procedures
were the same as in Fig. 1. The direction of electro-
phoresis is from left to right. (A) Stained gel of BTV-L
proteins. (B) Autoradiogram of BTV-L particles enzy-
matically labeled with 125I. (C) Autoradiogram of
BTV-D particles enzymatically labeled with 1251I.

these particles. The results obtained with dan-
sylation of BTV-L particles revealed major
fluorescence associated with polypeptides 1, 2,
3, and 5 and minor fluorescence with polypep-

tides 6 and 7. In the case of BTV-D, proteins 1
and 3 exhibited fluorescence of greater intensity
than proteins 4, 6, and 7.

In earlier studies on the morphology of BTV
(1, 2), this virus was presumed to be quite
dissimilar to reovirus; however, there are cer-
tain analogous features in their structures. Re-
moval of u3 enhances the visibility of the
capsomers of reovirus (6), and the capsomer
structure of BTV is revealed by removal of the
outer proteins 2 and 5 (8, 15). In BTV the
removal of these proteins diminishes its infec-
tivity and activates the particle-associated
transcriptase (8, 15). Removal of the outer
polypeptides A2, al, and a3 similarly decreases
infectivity and activates transcriptase activity
in reovirions (4, 13). In subviral structures of
both reovirus and BTV there are some struc-
tural proteins which are topographically sit-
uated on the surface and others which are
internal. Whether all of the proteins in the
subviral particles participate in the transcrip-
tase activity or whether this activity is me-
diated only by those proteins located internally
(perhaps associated in a ribonucleoprotein com-
plex) remains to be determined.

S.A.M. was a recipient of a Duke University Medical
School Post-Sophomore Research Fellowship; D.M.P. was a
recipient of a Public Health Service Postdoctoral Fellowship
No. 5 F02 GM49738 from the National Institute of General
Medical Sciences. This work was supported by Public Health
Service Grant AI-10132 from the National Institute of Allergy
and Infectious Diseases.
We thank K. Stone for helpful discussions.

LITERATURE CITED

1. Bowne, J. G., and A. E. Ritchie. 1970. Some morphologi-
cal features of bluetongue virus. Virology 40:903-911.

2. Els, H. J., and D. W. Verwoerd. 1969. Morphology of
bluetongue virus. Virology 38:213-219.

3. Gros, C., and B. Labouesse. 1969. Study of the dansyla-
tion reaction of amino acids, peptides, and proteins.
Eur. J. Biochem. 7:463-470.

4. Joklik, W. K. 1972. Studies on the effect of chymotrypsin
on reovirions. Virology 49:700-715.

5. Lewandowski, L. J., and B. L. Traynor. 1972. Comparison
of the structure and polypeptide composition of three
double-stranded ribonucleic acid-containing viruses
(diplornaviruses): cytoplasmic polyhedrosis virus,
wound tumor virus, and reovirus. J. Virol. 10:1053-
1070.

6. Luftig, R. B., S. S. Kilham, A. J. Hay, H. J. Zweerink,
and W. K. Joklik. 1972. An ultrastructural study of
virions and cores of reovirus type 3. Virology
48:170-181.

7. McConahey, P. J., and F. J. Dixon. 1966. A method of
trace iodination of proteins for immunologic studies.
Int. Arch. Allergy Appl. Immunol. 29:185-189.

8. Martin, S. A., and H. J. Zweerink. 1972. Isolation and
characterization of two types of bluietongue virus parti-
cles. Virology 50:495-506.

9. Mayor, H. D., R. M. Jamison, L. E. Jordan, and M. Van
Mitchell. 1965. Reoviruses. II. Structure and composi-

197NOTES

4

6 7



198 NOTES

tion of the virion. J. Bacteriol. 89:1548-1556.
10. Phillips, D. R., and M. Morrison. 1970. The arrangement

of proteins in the human erythrocyte membrane. Bio-
chem. Biophys. Res. Commun. 40:284-289.

11. Sarov, I., and W. K. Joklik. 1972. Studies on the nature
and location of the capsid polypeptides of vaccinia
virions. Virology 50:579-592.

12. Shatkin, A. J., J. D. Sipe, and P. Loh. 1968. Separation of
ten reovirus genome segments by polyacrylamide gel
electrophoresis. J. Virol. 2:986-991.

13. Skehel, J. J., and W. K. Joklik. 1969. Studies on the in

J. VIROL.

vitro transcription of reovirus RNA catalyzed by reovi-
rus cores. Virology 39:822-831.

14. Smith, R. E., H. J. Zweerink, and W. K. Joklik. 1969.
Polypeptide components of virions, top component,
and cores of reovirus type 3. Virology 39:791-810.

15. Verwoerd, D. W., H. J. Els, E-M. De Villiers, and H.
Huismans. 1972. Structure of the bluetongue virus
capsid. J. Virol. 10:783-794.

16. Verwoerd, D. W., H. Louw, and R. A. Oellermann. 1970.
Characterization of bluetongue virus ribonucleic acid.
J. Virol. 5:1-7.


