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1. Introduction 

Cells infected with Sindbis virus contain several 
forms of viral RNA with sedimentation constants of  
approximately 42 S, 26 S, 16 to 20 S and 10 to 12 S. 
The 42 S species is the single-stranded virion RNA 
[1, 2]. The 26 S RNA is also single-stranded and seems 
to be an intracellular precursor of 42 S [3]. The poly- 
disperse 16 to 20 S species has the characteristics of  
both double-stranded and single-stranded RNA and 
seems to be the "replicative intermediate" [4 -7 ] .  
Data on the lower molecular weight 10-12 S RNA's 
are limited and only Poir6e [4] and StoUar et al. [8] 
have described this form. In this paper, some physico- 
chemical characteristics of the 16 S double-stranded 
RNA and the 10-12 S RNA, which throw some light 
on their possible physiological significance, are 
reported. 

2. Material and methods 

2.1. Infect ion o f  cells and purification o f  R N A  
Cultures of 11 day-old chick embryo fibroblasts 

were established in Roux bottles, with Eagle's minimal 
medium containing 2.9 g/1 bacto tryptose phosphate 
broth and 7.5% calf serum. One day old primary cul- 
tures were infected with a 10-fold multiplicity of Sindbis 
virus, in the presence of 1/ag/ml of actinomycin D. 
After 1 hr at 20 °, 2 mCi of tritiated uridine were 
added to each bottle and the cultures were incubated 
at 37 ° for 2 hr. 

RNA was extracted from the infected ceils by the 
method of Bishop et al. [9]: 15 ml of a solution con. 

taining 1% sodium dodecyl sulphate and 0.01 M EDTA 
in 0.05 M sodium acetate buffer (pH 5), was added to 
each bottle. After mild agitation at 20 ° for 5 min, the 
viscous suspension was submitted to two phenol extrac- 
tions, and the aqueous layer was fully deproteinized 
with chloroform-isoamylic alcohol (5:1, v/v). The RNA 
was then precipitated with 2 vol cold ethanol and stored 
at - 2 0  °. The precipitate was redissolved in a small vol- 
ume of 0.01 M potassium phosphate buffer (pH 6.8). 

2.2. Hydroxyapati te  chromatography 
Hydroxyapatite, prepared as indicated by Levin 

[10] was packed in a column of 2 × 5 cm. RNA's, 
adsorbed on the column in the solvent buffer, were 
eluted by increasing the molarity of the potassium 
phosphate, either stepwise or as a cont-irmous concen- 
tration gradient, as shown in fig. 2. 

2.3. Sucrose density gradients 

10 to 30% linear sucrose concentration gradients 
were prepared in 0.02 M sodium acetate buffer 
(pH 5). A sample of RNA solution (0.1 ml) was 
layered on top of the gradient. Sometimes, a known 
amount of 32p labelled marker ribosomal RNA was 
mixed with the sample. The RNA was centrifuged in 
a SW 65 Spinco rotor at 60,000 rpm for 2.5 hr at 4 °. 
Fractions of two drops were harvested on 2 X 4 cm 
fdter papers. Radioactivity was counted by the meth- 
od of Mans and Novelli [ 11] in an Intertechnique 
scintillation spectrometer ABAC SL 40. 
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Fig. 1. Sucrose density gradient analysis to RNA from Sindbis 
virus infected chick embryo fibroblasts. RNA was labelled, 
extracted and analysed as described in Methods. a) Total 
extracted RNA after 2 hr labelling (3 hr infection), b) Sedi- 
mentation pattern of ribonuclease-resistant core obtained 
after hydrolysis of the total cellular RNA by pancreatic ribo- 
nuclease (4 #g/ml for 20 min at 37 °) followed by the isolation 
of the double stranded RNA and chromatography on hydroxy- 
apatite as indicated in fig. 2. (~---o---~) 3H radioactivity from 
the actinomycin D resistant, viral RNA. (X--X--X)  a2p radio- 

activity from chick marker ribosomal RNA. 

3. Results 

After  3 hr infection and 2 hr labelling, total RNA 
extracted from infected cells and analysed on sucrose 
density gradients showed several peaks of  radioactivity 
corresponding to the intracellular viral RNA species 
(fig. la).  After  this relatively short infection and 
labelling time, RNA's  with lower sedimentat ion 
constants were synthesized, predominant ly  16 to  
20 S and 10 to 12 S. The 26 S and 42 S RNA's ,  
described after prolonged infection time [6] were 
hardly present. 

I f  the total RNA was hydrolysed with pancreatic 
ribonuclease (4 #g/ml for 20 min at 37 °) a substantial 
amount  of  RNA remained acid precipitable.  This ribo- 
nuclease resistant RNA was then chromatographed on 
hydroxyapat i te  as described by Pinck et al. [ 11] (fig. 2). 
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Fig. 2. Chromatography on hydroxyapatite of tritium- 
labelled RNA from fibroblasts infected with Sindbis virus 
under actinomycin D treatment. Total cellular RNA has been 
treated by pancreatic ribonuclease (4 #g/ml for 20 min at 37 ~) 
and then loaded on the column. Degraded material eluted at 
0.15 M potassium phosphate was rejected. The column was 
thoroughly washed with 0.18 M potassium phosphate, and a 
molarity gradient from 0.18 to 0.30 M was applied. 5 ml 
fractions were collected and acid precipitable radioactivity 

was measured on 0.1 ml aliquots from each fraction. 

Fractions eluted between 0.10 and 0.15 M phosphate 
buffer were essentially degradation products  of  very 
low molecular weight and were rejected. The RNA 
fraction eluted as a peak at 0.21 M phosphate was 
further studied. Analysed on sucrose density gradient, 
this DNA showed one homogeneous peak at 16 S 
(fig. lb) .  10 to 12 S or heterogeneous 16 to 20 S 
RNA's  were no longer present. That this ribonuclease- 
resistant 16 S RNA eluted from hydroxyapat i te  at 
0.21 M phosphate [11] was effectively double 
stranded, was tested by thermal denaturation.  Heating 
up to 110 ° in a sealed vial was necessary to produce 
changes in the sedimentation constant of  the RNA. 
After  heating for 15 to 30 min at 110 ° and rapid 
cooling in dry ice, a single slightly heterogeneous, 10 
to 12 S RNA peak was reproducibly seen (fig. 3). 
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Fig. 3. Sucrose density gradient analysis of ribonuclease 
resistant, hydroxyapatite chromatographed viral RNA. 
(o--o---~) 3H radioactivity from the undenatured RNA. 
( :  : ~) 3H radioactivity from the RNA denatured by 
heating for 20 min at 110 ° followed by fast cooling in dry ice. 

4, Discussion 

Thermal dissociation at 110 ° of the 16 S RNA 
yields 10 to 12 S RNA. Such high melting tempera- 
tures have previously been reported for viral double- 
stranded RNA's [7]. 

Thus, we could observe the 10 to 12 S RNA both 
after thermal dissociation from a double stranded 
viral RNA, and as a single-stranded, ribonuclease- 
sensitive RNA present among the intracellular viral 
RNA's. Few investigators have called attention to this 
lighter RNA form [4, 8], and opinions as to its func- 
tion differ. 

We suggest that the 10 to 12 S RNA obtained as a 
dissociation product is the "negative strand" playing 
a template role for transcription of the positive 
messenger strands. After destruction by ribonuclease 
of the dangling nascent strands from the replicative 
intermediate only the replicative form is left behind. 
Then, by thermal denaturation, the nascent positive 
fragments, hydrogen-bonded to the negative strand 
(perhaps to a double strand forming a triple stranded 
replicative form) are lost as very short or acid soluble 
fragments. The free 10 to 12 S RNA found in the 
whole RNA extract would represent the finished 
replication product. 

This interpretation implies that positive 10 to 12 S 
chains are produced as monocistronic messengers for 
translation, which must then be secondarily bound 
together, end by end, to form 26 S and 42 S viral 
RNA's. 

Cells infected with Sindbis virus for rather short 
periods produce predominantly 10 to 12 S and 16 to 
20 S viral RNA's. At least part of the 16 to 20 S 
RNA's behave as the presumptive "replicative inter- 
mediates" described in the case of several arboviruses 
[4-7] Treatment by ribonuclease either of  the whole 
cellular RNA's, or of the isolated 16 to 20 S RNA's, 
left a single homogeneous 16 S RNA peak. The ribo- 
nuclease resistant RNA was eluted from hydroxy- 
apatite in 0.21 M phosphate buffer. Elution at this 
molarity is characteristic of RNA's with developed 
secondary or double stranded structures [12]. Similar 
elution properties from BD cellulose have been ob- 
served for the replicative form of Semliki Forest virus 
[13]. The reverse is found for methylalbumin-silicic 
acid chromatography, since single stranded RNA's are 
stronger adsorbed [14]. 
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