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1. Introduction 

In a previous publication [l] we have shown that 
the RNA of turnip yellow mosaic virus (TYMV) can 
be separated into two discrete and functionally distinct 
species by moderate heat treatment in the presence of 
SDS or EDTA. The larger species of RNA (mol. wt 
2 X 106) when translated in a cell-free protein synthe- 
sizing system, gave rise to polypeptides as large as 
165 000 mol. wt but little if any coat protein whereas 
the short RNA (mol. wt 0.3 X 106) coded for the coat 
protein. Similar observations have recently been report- 
ed by Pleij et al. [2]. The short and long RNAs cannot 
be products of accidental in vitro degradation of a 
larger chain since both are ‘capped’ with m7G at their 

5’-ends [ 1 ] . 
There is every reason to believe that the TYMV 

short RNA fulfills the same role in vivo as in the cell- 
free protein synthesizing system, i.e., that it is the 
functional messenger for coat protein in infected cells. 

This by no means excludes the possibility, however, 
that the coat protein cistron may likewise be present 
on the long RNA but remain inactive in translation. 
Indeed, a number of viruses are known in which the 
subgenomic coat protein messenger becomes encapsi- 
dated and can be copurified with the complete genome 
RNA which, itself, is nonfunctional in coat protein 

synthesis [3]. 
Pleij et al. [2] found that purified long RNA could 

induce local lesions on cabbage plants, suggesting that 
it contains the whole genome, including the coat 
protein cistron. Such infectivity tests may be mis- 
leading, however, in view of the low sensitivity of the 
test plant and because it is difficult to rule out trace 
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levels of contamination of long RNA by short RNA 
molecules. Therefore, we have chosen to search for 
homologies of sequence between long and short RNAs 
by comparing their T, RNAase catalogues. In this 
paper we show that all the large T, RNAase oligo- 
nucleotides of short RNA, including sequences from 
the coat protein cistron and the amino acid accepting 
3’-OH-extremity, are also to be found in purified long 

RNA. 

2. Material and methods 

32P-Labeled TYMV RNA was prepared as described 
by Briand and collaborators [4]. The long and short 
RNA components were routinely separated by passage 

through a 100 X 2.5 cm column of Ultrogel AcA22 
(LKB) after heating the unfractionated RNA to 60°C 
for 10 min [ 1 ] . For sequence analysis the short RNA 
was further purified on a second Ultrogel column. The 
purity of the two components was controlled on 
polyacrylamide-agarose (2.4%/0.5%) gels (fig.1). 

Total T1 RNAase digestion (1 unit T, RNAase/ 
50 pg RNA) of purified long and short RNA was for 
1 h at 37°C in 0.1 M Tris-HCl, 1 mM EDTA, pH 7.2. 
The digests were then analyzed by two-dimensional 
gel electrophoresis [5,6]. The first-dimension was a 
10% polyacrylamide (bisacrylamide/acrylamide, 1: 30, 
w/w) gel-slab (40 X 20 X 0.4 cm) in 6 M urea, 
0.025 M citric acid, pH 3.5. The bromophenol blue 
marker was allowed to migrate 15 cm. The second- 
dimension was a 20% polyacrylamide slab-gel (40 X 
30 X 0.4 cm) in 0.1 M Tris-borate, 0.0025 M EDTA, 
pH 8.3. The blue marker migrated about 22 cm. Oligo- 
nucleotides were located by autoradiography and 
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15p.l. Analysis of Ultrogel column purified long and short 

TYMV RNA on polyacrylamide+agarosc (2.4%/0.5%) gels. 

(a) Purified long RNA. (b) Purified short RNA. (c) Markers, 
TMV RNA (mol. wt 2 X 106) and BMV RNAs (mol. wt 

1.1 X 106, 1 X 106, 0.7 X lo6 and 0.3 X 106). 

eluted from the gel electrophoretically onto disks of 
DEAE-paper. Further characterization of the oligo- 
nucleotides by pancreatic and UZ RNAase digestion 
was performed under standard conditions [4]. 

0.3x 10~ D 

3. Results 

Separation of oligonucleotides by two-dimensional 
gel electrophoresis is based upon a fractionation 
according to charge in the first-dimension and on the 
basis of size (with some influence from secondary 
structure) in the second-dimension. Figure 2 shows 

(a) 

I ‘!a +1) LONG RNA 
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Fig.2. Two-dimensional polyacrylamidc gel electrophoresis of total ribonuclease T, products of purified long (a) and short (b) 

TYMV RNA. Electrophoresis was from left to right in a 10% gel, at pH 3.5 and from bottom to top in a 20% gel-slab, at pH 8.3. 
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the T1 RNAase fingerprints of the purified short and the translation products of long RNA [ 1,2] suggests 

long RNAs by two-dimensional gels. Note that most that secondary structure has rendered the binding site 

of the spots, particularly those which migrate rapidly for ribosomes at the coat protein cistron inaccessible. 

in the second-dimension, fall into well-defined graticles A subgenomic coat protein messenger has recently 

depending upon the content of U. The extreme left- been discovered in tobacco cells infected with tobacco 

hand graticle is made up of oligonucleotides with no U, mosaic virus [7]. The messenger is a fragment of about 

the second graticle contains products with one U, etc. 750 nucleotides which is produced from the 3’-OH-end 

(Table 1 plus further observations.) of the full-length RNA in the course of infection and 
It is evident that spots corresponding in mobility which does not become encapsulated. Full-length 

to all the large T1 RNAase oligonucleotides in short tobacco mosaic virus RNA is not active in coat protein 

RNA (fig.2(b)) are also to be found in long RNA translation. Thus the system of regulation of coat 
(fig.2(a)). Further evidence for the identity of like- protein production in tobacco mosaic virus and TYMV 
migrating products comes from a comparison of their can be seen to be rather similar, with the exception 

pancreatic and U2 RNAase catalogues. In every case that the coat protein messenger is encapsulated in the 

corresponding oligonucleotides gave rise to the same case of TYMV. An important unanswered question is 

Uz and pancreatic RNAase end-products upon iono- how the coat protein messenger in such viruses is 

phoresis on DEAE-paper, at pH 1.9 (table 1). Among produced from the full-length RNA. 

the well-characterized T1 RNAase oligonucleotides we 
have found two oligonucleotides which have been 
previously sequenced, spots 43 and 70. Spot 43 has 
the composition expected for the oligonucleotide 
ACACUUCCACCUAAG, which is known to occur at 
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