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OBSERVATIONS ON A STRAIN OF BLUETONGUE VIRUS 
BY ELECTRON MICROSCOPY 

N. C. OWEN(l) AND E. K. MUNZ (2), Veterinary Research Institute, 
Onderstepoort 

For many years blueto ngue has been known as a n importa nt a nd often fatal 
virus di sease of sheep in South Africa, (Henning, 1956) . As a result of extensions of 
the d isease to countries outside Africa considerable interest in this d isease has recently 
developed. The biological characteristics of the virus and its transmission by the 
biting midges have been studied extensively, but very little information on its bio
physical properties are available (Du Toit, 1944 ; Howell , 1963 ; F oster, Jones & 
McCrory 1963). 

The particle size o f infective bluetongue virus has been determined by ultrafi ltra 
t ion a nd u ltracentrifugation and was fo und to have an average diameter of 100 to 
150 m,u (Polson, 1948). Although no electron micrographs have as yet been published 
Studdert (1965) refers to unpubli shed data in which he mentions the absence of a 
d istinct envelope in the structure of the particles. 

This article describes a technique of partial purifica tion of bluetongue virus and 
the electron microscopic structure of particles of a South African strain of the vir us. 

MATERIALS AND M ETHODS 

Virus strain 

A strain of bluetongue virus isolated from a recent outbreak of the disease in the 
K roonstad area of the Orange Free State was employed in this study. The virus was 
passed once thro ugh a bluetongue susceptible Merino sheep and then isola ted in 
em bryonated eggs a nd ada pted to growth on primary la mb kidney ce ll cultures as 
described by H a ig , McKercher & A lexander ( 1956). 

Cell cultures 

Prima ry lamb kidney cell cu ltu res were prepa red by overn ight trypsinizatio n 
according to the method of Bodian ( 1956). The growth medium consisted of Hanks 
B.S.S. with 0 · 5 per cent lactalbumin , 0 ·0 1 per cent yeasto late and 10 per cent bovine 
serum. During v irus propagation, serum was om itted from the medi um . 

Bulk a ntigen (800 ml) was prepared by seed ing monolayers in Roux flasks with 
the 4th passage level o f ti ssue culture adapted virus a t a fi nal concent ra tion of ap
proximately 103 T.C.f.D.50 per ml. T he c ultu re fl uid with su spended cells was 
harvested on the third day just prior to complete cell destruction. 
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Purification 

The cellular material was sedimented by centrifugation at 800g for 10 minutes 
in a Mistral 4L refrigerated M.S.E. centrifuge operating in the cold at 4° C. After 
careful aspiration of the supernatant fluid, the pelleted cells were dispersed in 10 ml 
sterile distilled water and homogenized for two minutes in an "Ultra-Turrax" 
homogenizer to release possible cell-bound virus. The supernatant fluid (S1) and 
homogenized cells were then pooled and treated with 0 ·OJ per cent trypsin at 37o C 
for 30 minutes. The remaining cell debris was removed by a further centrifugation 
at 800g for ten minutes in the cold. The supernatant fluid (S2) was then spun at 
40,000g for 60 minutes in the 21-Rotor of the model L Spinco ultracentrifuge to pellet 
the virus. The pellets so obtained were resuspended in 20 ml of phosphate buffer 
(0 · 02M), pH 7 · 0, again homogenized and finally clarified at 800g for five minutes. 

A caesium chloride density gradient was prepared in each of twelve 40-Rotor 
centrifuge tubes according to the method described by Fischer, Cline & Anderson 
(1964) for the angle rotor. The virus suspension was, however, not floated on top, 
but introduced into the centre of each gradient by incorporation into the 30 per cent 
zone. By so doing, the centrifugation time could be considerably reduced (Polson & 
Levitt, 1963). The gradients were spun at 60,000g for 150 minutes at 4 ° C and the 
rotor was allowed to stop without applying the brake. 

A narrow opaque zone, 0 · 5 em in width and 2 · 5 em from the bottom of each 
tube was encountered. This band was carefully aspirated from each of the twelve 
tubes by means of a specially mounted syringe and the fractions were then pooled. 
In order to remove the caesium chloride, the material was subjected to three cycles 
of differential centrifugation at 60,000g for 60 minutes and 800g for five minutes 
respectively. Between each high speed centrifugation, the pellets were resuspended 
in 0 · 002 M phosphate buffer, pH 7 · 0, while the final pellet was concentrated in 
0 · 5 ml of this diluent. 

Negative staining 

The virus suspension was mixed with a small drop of 0 · 5 per cent bovine plasma 
albumin on a glass slide. The resulting mixture was then placed on a carbon-coated 
copper grid and stained with a 5 per cent phosphotungstic acid (PTA) solution 
(pH 7·0) as described by Munz & Owen (1966). 

Electron microscopy 

Electron micrographs were taken in a Philips-E.M. 200 microscope operating 
at 100 KV and magnification of 15,000 to 70,000 diameters. The negatives were 
further enlarged photographically. Size calculations were made by comparison with 
diffraction grating replicas photographed at the same magnification. 

RESULTS 

Several roughly spherical pa rticles were observed either with or without a 
distinct envelope. The majority, however, were without envelopes and appeared to 
be what is referred to as " naked "virus. The virus particles further consist of hollow, 
angular morphological units radiating out from a central spherical structure. The 
particles shown in Fig. 1 (a) and 1 (b) appear to have been penetrated by phospho
tungstic acid and represent the so-called "empty" capsids of which only a few 
were encountered. The particle in Fig. 1 (a) is distinctly hexagonal in outline pro
bably representing an icosahedron viewed along an axis of threefold symmetry. 
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a b 
F IG . I.-Bluetongue virus stra ined with phosphotungstic acid and showing the "empty " capsids. 

Note hexagonal shape of (a) 
Magnification: 150,000 x . Bar = 1000A 

In Fig. 2 (a) and 2 (b) two particles are presented which show the morphological 
units (capsomeres) as having a tubular nature, the centres of which are filled with 
phosphotungstic acid. Fig. "2 (a) is characteristic of the "naked" particles while in 
Fig. 2 (b) there is a distinct:envelope present. 

a b 
I;IG. 2.-Bluetongue virus strained with phosphotungstic acid. (a) " Naked" virus. (b) Enveloped 

virus. Magnification : 150,000 x . Bar = 1000A 

The particles in Fig. 3 (a) and 3 (b) have been photographed at the higher instru
ment magnification and show the orientation of the morphological units. The 
capsomeres in Fig. 3 (a) can be seen as elongated hollow structures radiating from the 
central body, this being particularly clear along the periphery of the particle. Fig. 
3 (b) has been included as it shows some evidence of an icosahedral structure. A 
possible facet has been demarcated by means of arrows at its points of fivefold 
symmetry. The edges of the facet each consists of four hollow capsomeres. 
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a b 
FtG. 3.- Biuetonguc virus stra ined wit h phosphotungst ic acid. (b) Elongated capsomeres. (b) Arrows 

indicate possible facet 
Magnification: 350,000 x . Bar = IOOOA 

The particle shown in Fig. 4 has been considerably enlarged photographically 
a nd may represent an icosahedron viewed on the face of fivefold symmetry. Again 
four d1stmct capsomeres can be observed at the base o f at least two of the triangu lar 
facets . 

FIG. 4.-Biuetongue virus strai ned with 
phosphotungstic acid; seen 
a long axis of fivefold symme-
try. Magn ification: 
450,000 X 

The diameter of the "naked " vi rus encountered was approximately 60 m,_.., 
while those with an envelope had an overall diameter of approximately 100 m,_... 

D ISCUSSION 

Jt has been possible in the course of this investigation to demonstrate some of the 
morphological features of a viru lent stra in of bluetongue virus. Under the condi
tions of these experiments both " naked" and enveloped virus particles were encoun
tered. 
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The " naked " virus appears to have features closely resembling those of African 
horsesickness as reported by Polson & Deeks (1963). Some evidence has been 
presented to suggest that bluetongue virus is an icosahedron. By applying the 
formula lOx (n - 1)2 + 2(Horne & Wildy, 1961), assuming x = I, and in this case 
n = 4, the number of capsomeres is calculated to be 92. This figure is the same as 
that suggested for horsesickness virus, based on the method of counting all the visible 
capsomeres and multiplying by two. 

By using the infectivity as a criterion in particle size determination, Polson (1948) 
calculated the diameter of bluetongue virus to be 100-150 miL· lf the envelope 
observed in these investigations is essential for infectivity the observed overall 
diameter of the enveloped particles (100 miL) is in close agreement with the earlier 
finding. Unfortunately, it was not possible to examine fractions from the entire 
gradient to establish whether the "naked" virus had been fractior a ted from the 
enveloped virus as a result of different densities. The significance of the envelope 
with regard to infectivity will have to form the basis of further investigations. 

The phenomenon of" full " and " empty " capsids has been observed amongst 
others with laryngotracheitis virus (Watrach, Hanson & Watrach, 1963), herpes 
virus (Watson, Russel & Wildy, 1963) and polyoma virus (Crawford, Crawford & 
Watson, 1962). It has been suggested that the "empty" capsids result from a 
penetration of the phosphotungstate. However, in view of the findings of workers 
with the pox and herpes viruses (Miiller & Peters, 1963; Nagington, Newton 
& Horne, 1964 ; Munz & Owen 1966; Herzberg, Lang, Reuss, Dahn & Plescher, 
1964), it appears that the ratio of" full" to " empty" capsids is determined by the 
pH of the staining material. 

S u MMARY 

Tissue culture propagated bluetongue virus was partially purified and examined 
in an electron microscope with the negative staini ng technique. Virus particles 
either with or without a distinct envelope were observed. In some cases the capsids 
appeared to be " empty ". The capsid was found to have an average diameter of 60 
mfL, while the overall diameter of the enveloped particle was approximately 100 mfL. 

Some evidence of an icosahedral shape was presented and the number of cap
someres was estimated at 92. The capsomeres appear to have a hollow, tubular 
nature. The findings have been discussed in relation to some other viruses. 
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