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1. Introduction 

A definite piece of gene containing single cistron is 
a valuable material for study on the mechanism of 
gene expression. Cucumber mosaic virus (CMV) gene 
is known to consist of 4 or 5 (different according to 

the strain) single-stranded RNA segments, which are 
separated by gel electrophoresis by difference of size 
[ 1,2]. The smallest segment (segment no. 5) is 

estimated as about 300 nucleotides long [ 1,3]. As the 
protein synthesis starts at the initiation codon and 
proceeds in the direction 5’+3’ of the template RNA, 
we analyzed here the nucleotide sequence near the 
5’-terminal of no. 5 segm_ent of CMV RNA. The 
5’-terminal carries the cap structure, m7&‘ppg’G, as 
reported [4]. The initiation codon AUG appears at 
the 11 th position in no. 5 segment, although it does 
not appear until 30th in no. 4 segment, the second 
smallest RNA segment. The sequence between the 
5’-terminus and the initiation codon in no. 5 RNA is 
quite simple as m7@‘pp$‘G-U-U-U-U-G-U-U- 
U-G-A-U-G. 

2. Materials and methods 

CMV yellow strain (CMV-Y) [ 51 was propagated 
in tobacco plants (Nicotiana tabacum cv. Ky 57), and 
viral RNA was purified as in [6,7]. Segments no. 4 
and 5 were separated from other segments and from 
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each other in a sucrose density gradient by ultracen- 

trifugation. 
The nucleotide sequence analysis was carried out 

by gel electrophoresis of partial digests of RNA 
[8-lo]. RNA was oxidized by periodate and 
P-eliminated by anilin and treated with phospho- 
monoesterase to remove the 5’-blocked cap structure, 

before [32P]phosphate was introduced to the 
5’-terminus of the pretreated RNA with [y3*P]ATP 
and T4-infected polynucleotide kinase [8,1 I]. The 

labeled RNA was electrophoresed on a gel containing 
urea [ 121 and was eluted electrophoretically. The 
32P-labeled RNA was partially digested with alkali, 
RNase T1 and U2, respectively. These partial digests 
were separated on 20% gel electrophoresis. The 
sequence of adenine, guanine and pyrimidine was 
discriminated. The sequence of cytosine and uracil 
was deduced by mobility shift in the two-dimensional 
gel electrophoresis method in [lo]. The alkaline 
partial digest of RNA was run in a 10% gel adjusted to 
pH 3.5 by citric acid. Then the gel column was put in 
the second dimension gel (20%, pH 8.3) and 
electrophoresed. The gels were autoradiographed by 
Kodak X-ray film XR-1 with the use of intensifying 
screen. 

The first nucleotide at the 5’-terminus of RNA was 
analyzed by nuclease P1 digestion, followed by 
column chromatography using anion exchanger resin 

Bio Rad AG 1 [ 1 I]. The neighbouring nucleotide was 
identified by digestion with pancreatic RNase A, 
followed by column chromatographies with DEAE- 
Sephadex A-25 in 7 M urea and with AG 1 resin [l l]. 

115 
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3 a Results and discussion 

Since the 5’-terminus of CMV RNA was a m’G- 
blocked cap structure, it was required to remove this 
residue prior to the 5’-terminal labeling. The 
5’.tdrminal first nucleotide was determined as G by 
the AG I column chromatography of the m&ease P1 
digest of the 5’4erminal s2P-labeled RNA.. This is not 
methylated at the 2’-position like other plant viral 
RNAs so far analyzed fl3-191. Thus, the 5’.tern&d 
structure of CMV RNA no. 5 is m7G5’ppp5’G as 
mentioned [4]. The second nucleotide was determined 
as pU, because 32pGpUp was identified for the 
terminal oligonucleotide obtained from pancreatic 
RNase A digestion by the use of column 
chromatography as mentioned in section 2 (data are 
not shown here). 

The nucleotide sequence following after the 
5’-terminus was derived from gei electrophoresis of 
the partial digests of RNA. The partial digestion by 
alkali and RNase TI and U, gave the sequence of 6, 
A and pyr~m~d~e nucleotide (fig, I ). ,The sequences 
of C and U were judged from the mobility shift in the 
two-Dimensions gel ebctrophoresis as shown in fig.2. 
The nucleotide sequence from the $-terminus to the 
30th position of CMV RNA no. 5 segment is 
summarized in fig.3. 

The initiation codon AUG is found at the 11 th 
position. The sequence between 1 and 10 non-coding 
region, is very simple and U-rich. In brome mosaic 

Fig.1. ~u~~ra~~~ra~ of ~~e~~tion~ electrophore~~~ of 
partial digests of CMV [5’-3ZP]RNA 5. ~lectrophore$~~ was 
carried out on 20% polyacrylamide gel slab (0.15 X 20 X 40 cm) 
in the presence of 7 M urea. Running buffer was 50 mM 
Tlis-borate (pH 8.3) containing 1 mM EDTA, Patrial diges- 
tioa with RNase T, and U, were carried out in 20 mM Na- 
citrate (pH 5.01, 1 mM EDTA, 7 M urea, 0.025% xylene 
cyanol and 0.02$% bromphenol blue at 5O’C for 15 min. 
Limited alkaline hydrolysis was carried out in 50 mM 
NaHCO,/N~CO~ buffer (pH 9.0) and 1 mM EDTA at 90°C 
far X5 min or 25 min. A 10 ~1 solution of 10 M urea, 0.05% 
xylene cyan01 and 0.05% bromophenol blue was added to the 
IO &I hydrolysate after digestion f8]. Tracks: E, undigested 
[5’-32P]RNA; T$ r pa&i& digestion with RNase T, at two 
different units (0.05 and 0.005 unit); U, , partial diiestion 
vtith RNase U, at two different units (2.5 and 0.5 unit); 
OH-, partial digestion with alkali; BFB, Location of bromo- 
phenol blue dye; XC, location of xylene cyanal dye. 

virus (BMV) no. 4 RNA, AUG appears at the 10th 
position and the sequence between 1 and 9 is U-rich 
[20]. Same other plant viral RNAs contain I.Jrich 
sequence near the 5’.terminus 121-231. However, the 
long common sequence was not detected in the non- 
coding region near the 5’.terminal. The sequences of 
these regions so far analyzed, including mRNAs of 
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Fig.2. Autoradiogram of two-dimensional electrophoresis of a 
partial alkali digest of CMV [ 5’.“‘P]RNA 5. First dimension 
was electrophoresed on 10% polyacrylamide gel slab 
(0.15 X 20 X 40 cm) at pH 3.5 until the bromophenol blue 
tracking dye had migrated 12 cm at 200 V. A 20 cm long 
strip from it was used for the second dimension electrophoresis 
on 20% po~acry~am~~ gel (O.15 X 25 X 40) at pH 8.3. 
Running buffer was 25 mM citric acid and 4 mM EDTA 
adjusted to pH 3.5 with sodium hydroxide for the first 
dimension and 90 mM Tris-borate, pH 8.3 containing 4 mM 
EDTA for the second dimension. The Ietter Y between two 
radioactive spots indicates that the two oligonucleotides 
differ by a pyrimidine residue (judged from the data in FT.f). 
C or U was identified by the mobility shifts in this system [IO]. 

Fig.3 Nucleotide sequence from the 5’.terntinus to the 30th 
nucieotide of CMV RNA no. 5 segment. 

IL2 AUGG 
KJ G 

U--GA 
U-A 

;I& 
A”““” G 

i_P 

Fig.4. A possible secondary structure around the initiation 
codon. 

animal cells and viruses were compared [24] and it 
was claimed that AUG is the only recognisable signal 
sequence in the 5’ non-coding regions of eukaryotic 
mRNA. 

As shown in phage RNA at %st [25--271, the 
initiation codon seems to be located in the looped- 
out part in a hair-pin type secondary structure in some 
cases. If a hair&r structure is constructed around the 
initiation codon sequence in CMV RNA no. 5, a 
possible structure is as written in fig.4. Even if it is 
the case, this region does not keep the rigid structure, 
as only two A-U pairs and two G-U pairs are can- 
tained. Thus the initiation codon AUG and the neighh- 
bouring region in CMV RNA no. 5 would be almost 
in a once-str~ded state and in a quite reactive state, 

Preliminary analysis of no. 4 RNA of CMV showed 
that the intiation codon does not appear until 30th 
position from the 5’-terminal and this non-coding 
region does not show a distinct similarity to that of 
no. 5 RNA, except the first 3 nucleotide sequence 
G-U-U. The nucleotide mapping [28] and the corn- 
petition hybridization experiments [29] also indicate 
that the CMV RNA no. 5 is less homologous to RNA 
no. 1-4. 

This work was supported partly by Grants-in-Aid 
from the Ministry of Education, Science, and Culture 
of Japan. 
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