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THE NUCLEIC ACID OF AFRICAN 

HORSE SICKNESS VIRUS (*) 

By H. MIRCHAMSY and H. TASLIMI 

INTRODUCTION 

The arboviruses are accepted as a group of RNA-containing viruses which 
are sensitive to ether and which multiply in and are transmitted by arthropod 
vectors. African horse sickness virus (AHS virus) is usually classified in this group 
(Spradbrow, 1964) although its nucleic acid type has not yet been established. 

This paper presents sorne studies on the nature of AHS virus nucleic acid. 
The effects of actinomycin D on virus growth were examined. This compound 
combines selectively with DNA, and inhibits DNA-dependent RNA synthesis 
(Reich, Franklin Shatkin & Tatum, 1962; Goldberg, Rabinowitz & Reich, 1962). 

MATERIALS AND METHODS 

Virus 

AHS virus mouse-adapted type 2 (OD) and type 6 (S. 114) were used. The 
stock AHS virus was a pool of 5th to 10th passage virus in MS cells, Iyophilized 
and stored at -400 C. The titres of the AHS viruses were 2 and 6 X 107/ml. plaque
forming units (pfu). 

CeUs 

Line MS of monkey kidney cells was grown in tubes or in 2 oz. boUles for 
3·4 days. The growth medium consisted of 5 % lactalbumin hydrolysate in Barle's 
balanced salt solution with the addition of 0.005% yeast extract, 5% inactivated 
calf serum, and antibiotics. The maintenance medium was the same, but contained 
anly 2.5 % calf serum. Adaptation of AHS virus to MS ceIls has been described in 
previous reports (Mirchamsy & Taslimi. 1964b, 1964c). 
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Actinomycin D (AD) was kindly supplied by Dr B. Roizman of the Depart
ment of Epidemiology Johns Hopkins University, Baltimore, U.S.A. A stock solu
tion was prepared in sterile 0.85 % NaCI at a concentration of 200 micro g./ml. This 
solution was stored in the dark at 0° C. Further dilutions were made in the main
tenance medium just before use. 

Plaque assay 

AHS virus was titrated by a plaque assay method, previously described in 
detail (Mirchamsy & Taslimi, 1966). 

RESULTS 

Effeet of aetinomycin D on the growth of MS eells 

Concentrations of 5 micro g./ml. or more of actinomycin were toxic for MS 
cells. The morphological changes were most marked by the second day, when cells 
had stopped growing. By 24 hr. a noticeable increase in cytoplasmic volume was 
observed. 

The effects of smaller concentrations of actinomycin on cell growth were 
investigated by counting the number of viable cells in treated and untreated cul
tures daily for 5 days. The results of a representative experiment are listed in Table 
1. Daily observation of actinomycin treated cells indicated that with concentrations 
up to 0.5 micro g./ml. only small foci of cells were granulated. This change became 
more marked with higher doses, until severe nuclear and cytoplasmic damage or 
complete cell lysis was observed three days after addition of 2.5-5 micro g./ml. of 
the drug. 

Table 1. E.ffeel of actinomyeill D on the growth of _MS cells* 

Conccn~riltion PC'\" CCI' ~ slIlTiving cl'ils aftC'\": 
of AD ----' 
(Jlg/ml) l dny :! days 3 days 4 <lnys [j day;; 

0 95- 90 84 HI 79 
0·05 90 88 80 7ti G9 
0·075 88 Il;' 80 7:J ClS 
0·1 85 80 74 70 li4 
0·25 80 7Cl 73 G9 no 
0·5 7(j 71 (i7 61 54 

,~ Cdls froin t\\O (u!Jps for ("wh dosC' of actinomycin D WC'\"O cxamim'd dnily. The cells 
""CI\' t~,('atetl wil h (ryp"in. harYC',.:tl'd, anù thcn staincd with 0·1 % trypan bllll'. 

E//eet of aetinomycin D on /ree Virul 

A suspension of AHS virus type 6 containing 200 pfu/ml. was mixed with 1 
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ml. of Dulbecco's phosphate buffer saline containing 0.3 micro g./ml. of actinomycin. 
and the mixture was incubated 2 hr. at 36° C. A control sample without drug was 
included. The sampI es were then assayed to determine the amount of surviving 
virus. No change was found under the above treatment. 

Virus growth curves 

In these experiments, batches of MS cell cultures were infected with ARS 
virus type 2 or 6 at an approximate multiplicity of 2. After 90 min. at 36° C. to allow 

8 

7 
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02Sll AC' 

o 68 12 24 36 48 72 
1 1 our,.; po,.;! -lilfeetlOn 

Fig ( (:rO\\1 li of :\frican (IfW";!' ";I("knes~ \"lrliS type 6. stralll 114 III M:S ce Ils 1Il
!t-l'lt"d ill il 1I11111lplWlly ol:! ('(.JI,.; prplrc,tted \\"1111- 6. ilclmomycm D O·lpg.jml., 
O. AD (J-:!;') flg.fllll_. x.:\D II-Stlll-/11l1 .•. unlrl'alcd f'ontrol 
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adsorption the cultures were washed twice in phosphate buffered saline and re
incubated in 1 ml. of maintenance medium. At 6-hourly intervals pairs of cultures 
were disrupted by five cycles of freezing and thawing. After centrifugation for 5 
min. at 2000 r.p.m. the supernatants were assayed for virus content by the plaque 
assay method. To determine the effect of actinomycin, batches of MS cells were 
pre-incubated for 8 hr. with actinomycin D at concentrations of 0.1, 0.25 and 0.5 
micro g./ml. before addition of virus. The results of a typical experiment are shown 
in Fig. 1. 

In control cultures, AHS virus at a multiplicity of two particles per cell has 
an eclipse period of 6-8 hr. In cultures treated with 0.1 or 0,25 micro g./ml. of acti
nomycin the eclipse period is much longer, being 12 and 24 hr., respectively, and 
the final virus yields are much lower th an those of the controls. Cultures treated 
with 0.5 micro g./ml. of actinomycin do not seem to produce significant amounts of 
AHS virus. The inhibition of virus growth by these doses of actinomycin during 
the first 24 hr. after infection seems to be selective, as no morphological change or 
significant 10ss of cell numbers has been observed. 

DISCUSSION 

African horse sickness virus is regarded as an arbovirus because of its host 
range. tissue tropism and the need for vector transmission (Andrewes, 1962). Cooper 
(1961) has proposed a system of classification based on type of nucleic acid and 
sensitivity to ether. All arboviruses so far isolated have been found sensitive to ether 
(Casals, 1961) and to sodium deoxycholate (Theiler, 1957). However, AHS is in
sensitive to these chemicals (Howell, 1962). Furthermore, there is sorne doubt whe
ther AHS virus actually multiplies in the insect vector or is merely transferred me
chanically (Ozawa & Nakata, 1965; Mirchamsy & Tas1imi, unpublished). 

If AHS is not an arbovirus, more information about its chemica1 make-up is 
required before it can be classified. Attempts to isolate an infectious nucleic acid 
by sever al improved methods of phenol extraction (Wecker, 1959; Di Mayorca et al. 

1959) have failed (Mirchamsy, Taslimi and Kamali, unpublished data). Consequent
Iy, the susceptibility of virus multiplication to actinomycin D was tested, as an in
direct means of establishing wh ether virus nucleic acid synthesis was of the RNA 
or DNA type. 

AHS virus multiplication is inhibited by actinomycin D. This could mean 
that it is a DNA-containing virus. There are, however, a number of RNA-contain
ing viruses that are also inhibited-influenza virus (Barry, Ives & Cruickshank, 
1962), Rous sarcoma virus (Temin, 1963) and visna virus (Thormar, 1965). At least 
in the case of influenza virus it has been suggested (Barry et al. 1962) that virus RNA 
is made on a DNA template, and that blockage of the template by actinomycin 
inhibits virus production. On the other hand, the antibiotic may have sorne effect 
on the general metabolism of cells which affects sorne early stage in the growth of 
wsceptible viruses (Temin, 1963). Fluorescent antibody studies (Mirchamsy & Tas-
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limi, 1964a) and acridine orange studies (Mirchamsy & Taslimi, unpublished obser
\ations) suggest that, like influenza virus, AHS virus multiplies in the nucleus of 
the infected cell. Since the growth of AHS is sensitive to low concentrations of acti
nomycin, it is likely that this virus either contains DNA as its genetic material or 
that there is a stage in virus replication that is dependent on cellular DNA. 

SUMMARY 

The effect of actinomycin D on the growth of African horse sickness virus 
in monkey kidney ceUs was studied. It was found that actinomycin D inhibited the 
yield of virus. It is suggested that African horse sickness virus is either a DNA con
taining virus or an RNA virus whose replication is DNA-dependent. 
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