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1. Introduction 

Cauliflower mosaic virus (CaMV) is a DNA virus 
[ 11, whose genome is a circular double-stranded 
DNA molecule of 5 X lo6 daltons [2,3]. The virion- 
extracted CaMV DNA possesses 3 single-stranded 
interruptions, at fixed positions (break Al, at map 
position 0.705 in strand 1, and breaks A2 and A3 at 
map positions 0.225 and 0.907, respectively, in 
strand 2) and bearing free hydroxyl3’-ends [4-61 
and -5’-ends [7]. So far it is not established whether 
the DNA within the virion has these discontinuities 
but as their existence has been confirmed in 32 out 
of 33 isolates tested, CM4-184 having only two 
breaks [8,9], they must be of biological significance. 
Up to now, nothing is known about the molecular 

genetics of this virus. A possible approach to func- 
tional mapping of sucha small DNA molecule is to 
use linked transcription-translation in a cell-free 
system, in the presence of E. coli RNA polymerase 
[lo]. The relative absence of specificity generally 
observed in heterologous systems is not an obligatory 
obstacle for this kind of experiment, as illustrated 
by the data obtained with SV40 DNA [IO]. In view 
of further mapping of CaMV gene(s), we first inves- 
tigated in vitro transcription of CaMV DNA by 
E. coli RNA polymerase. These results show that 
the enzyme transcribed CaMV DNA through all the 
Hind111 fragments, starting at preferential sites and 
copying mostly one strand in a direction which has 
been determined with regard to the restriction map. 

* Present address: Faculty of Pharmaceutical Sciences, 
University of Hokkaido, 060 Sapporo, Japan 

Elsevier/North-Holland Biomedical Press 

2. Materials and methods 

Virus (Cabbage B, PV147 from ATCC) and DNA 

were prepared as in [ 1 ,111. EcoRI and Hind111 were 
purified and incubated as in [ 12,131. Radioactive 
labelling of the 3’-ends at the level of the interrup- 
tions, using chicken thymus terminal deoxynucleo- 
tidy1 transferase (kindly provided by M. Dorizzi) 
and d [o-32P]TTP was according to [ 141. RNA poly- 
merase of E. coli (holoenzyme) was either prepared 
according to [ 151, a gift from P. Giacomoni, or 
purchased from New England Biolabs. Gel electro- 
phoresis, ethidium bromide staining, photograph, 

scanning and autoradiography were performed as in 
[5], and gel blotting according to [ 161. Elution of 
DNA from gels was achieved following [ 171. Tran- 
scription was done at 30°C in 0.02 M Hepes (pH 7.9), 
0.15 M KCl, 0.0 1 M MgC12, 1 mM DTE, 0.1 mM ATP, 

GTP and CTP, 0.035 mM [cY-‘~P]- or [3H]UTP 
(100-l 50 Ci/mmol or 40 Ci/mmol, respectively), 
with 1 pg DNA and 1.5 unit RNA polymerase, in 
50 ~1 final vol. After DNase I treatment and phenol 
extraction, free nucleotides were removed by 
Sephadex G-50 filtration, and RNA recovered by 
precipitation in the presence of ethanol. The tran- 
scripts (cRNA) were hybridized to cellulose nitrate- 
bound DNA according to [ 161. For experiments of 
self-annealing, cRNA solutions in 2 X SSC were 
heated at 65°C for 6 h and subsequently left until 
room temperature was reached. Then, digestion 
with pancreatic RNase (5 pg/ml) was performed 
either in 2 X SSC or in 0.2 X SSC, in the presence 
of a control corresponding to double-stranded RNA 
(dsRNA; 1.5 X lo6 daltons) from rod-shaped virus 
particles of Agaricus bisporus (Lapierre, P. Y., unpub- 
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lished). Kinetics of hydrolysis was determined by 
trichloroacetic acid precipitation of radioactive cRNA 
and by scanning the negatives of photographs after 
gel electrophoresis of dsRNA. 

3. Results 

3.1. Polarity of the single-stranded breaks relative 
to the restn’ction map 

From hybridization of RNAs to the separated 
strands of DNA the direction of transcription can be 
deduced if the orientation 5’ + 3’ of DNA is known. 
Consequently, the determination of the polarity of 

the single-stranded breaks relative to the restriction 
map was a prerequisite for further characterization of 
transcripts derived from CaMV DNA. 

After 32P-labelling of the 3’-ends of the breaks, 
CaMV DNA was cleaved by EcoRI, and isolated 
fragments A and B (containing, respectively, two and 
one break) were denatured and analyzed by gel elec- 
trophoresis and by autoradiography (fig.ld,e). As 
control, unfractionated EcoRI digest was denatured: 
three major radioactive bands appear (fig. 1 b), migrat- 
ing at the positions observed for the radioactive 
denaturation products of EcoRI-A and -B. According 
to the restriction map [6] and depending on the 
polarity of the discontinuities, the sizes (expressed in 
kilobases, kb) of these three radioactive products are 
either 1.9,0.72 and 1.35 or 3.5, 2.3 and 1.15 (fig.2). 
Comparison with the experimental values (3.5,2.5 
and 1 .l kb, fig.1) makes it possible to determine the 

polarity of the breaks, as presented in fig.2. Minor 
radioactive bands (fig.1) that can not be reconciled 
with either of the the two possible orientations, 
can be related to strain heterogeneity with regard 
to the EcuRI sites or to the presence of a low propor- 
tion of linear molecules [S]. In any case, the exis- 
tence of these faint bands does not modify our 
conclusion. The different intensities of labelling in 
the EcoRI denatured fragments of 3.5,2.5 and 1.1 kb 
(fig. 1 d,e) are in agreement with those generally 
observed at the level of the discontinuities (radioac- 
tivity of A2 > Al > A3) when total DNA is similarl, 

labelled and denatured [5]. 

3.2. In vitro transcription by RNA polymerase of 
E. coli 

In order to determine what region of the CaMV 
genome is transcribed, RNA produced by 1 h 
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Fig.1. Denaturation of EcoRI fragments ‘*P-labelled at the 
level of the discontinuities. Autoradiogram of a 2.6% acryl- 
amide-0.5% agarose gel (40 cm long). EcoRI digest: (a) 
native; (b) denatured. EcoRI-A fragment: (f) native; (e) 
denatured. EcoRI-B fragment: (c) native; (d) denatured. 
The gel was calibrated using denatured EcoRI fragments of 
CaMV DNA [6] after ethidium bromide treatment. Lengths 
are in kilobases (kb). 

incubation was hybridized to Hind111 fragments of 
CaMV DNA transferred to cellulose nitrate sheets. 
The autoradiographic pattern obtained shows that 
RNA is complementary to all Hind111 fragments A-I 
(fig.3A2). With short incubation periods, transcrip- 
tion products hybridize mostly toHind fragments A, 
D and G, to a greater extent to fragment A, as illus- 
trated for a 30 s incubation period (fig.3A3). 

To identify the DNA strand(s) which is (are) 
transcribed, RNA samples were hybridized also to 
the separated strands (as defined in fig.2) of CaMV 
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Fig.2. Orientation of the breaks of CaMV DNA and direction 
of transcription by E. coli RNA polymerase in vitro. External 
circle represents strand 1 with break Al, corresponding to 
the single-stranded fragment ‘a’; internal circle represents 
strand 2 with breaks A2 and A3, composed of the two single- 
stranded fragments ‘b’ (open line) and c (full line). Hind111 
sites and fragments (A-I) are indicated outside and EcoRI 
sites and fragments (A-E) are mentioned inside (0: map 
origin). The numeric values between the two circles are the 
distances expressed in kilobases, from one end of a break to 
the proximal EcoRI site, and deduced from the data in [6]. 
e,) and (=) correspond, respectively, to the 3’-and S’ends 
at the level of the breaks. Dashed arrow (outer part) indicates 
the direction of transcription by E. coli RNA polymerase 
in vitro. 

DNA. Two such patterns are presented in fIg.3B (2,3). 
Whatever the duration of transcription, -90% of the 
RNA produced is complementary to the strand which 
has only one break (Al). However, this percentage 
could be either underestimated because the largest 
fragment ‘a’ is less efficiently transferred (as checked 
from scans of gels after transfer) or overestimated 
because retention is lowered for smaller fragments 
(although the smallest fragment ‘c’ which is 2840 
nucleotides long, is far larger than the limit of 500 
nucleotides mentioned for poor retention in [ 161. 

Fig.3. Hybridization of 3sP-labelled transcripts from CaMV 
DNA produced by E. coli RNA polymerase in vitro. [“PI- 
RNA synthesized for various times was hybridized to restric- 
tion fra8ments or to denatured DNA transferred to cellulose 
nitrate after electrophoretic separation. (A) Hind111 digest 
of CaMV DNA electrophoresed in a 2% agarose gel. (1) 
Ethidium bromide-fluorescent pattern. (2,3) Autoradio- 
graphic patterns resulting from hybridization with RNA 
obtained, respectively, for 120 min and 30 s. (8) Denatured 
CaMV DNA electrophoresed in a 1% agarose gel. (1) Ethidium 
bromide-fluores~nt pattern. (2,3) Autoradio~aphic pat- 
terns resulting from hyb~d~ation with RNA produced, 
respectively, for 2 min and 15 mm. 

In order to confirm this asymmetry, the amount 
of self-annexed cRNA was measured by checking 
its resistance to RNase hydrolysis in 2 X SSC. A mix- 
ture of c [3H]RNA, which has been allowed to self 
hybridize at 65°C in 2 X SSC, and of dsRNA, added 
as a control, was incubated in the presence of pan- 
creatic RNase for different times, and the resistant 
material was estimated as in section 2. At the plateau 
level, only 9% of the cRNA is RNase-resistant while 
dsRNA is totally resistant. If hydrolysis is done in 
0.2 X SSC, both RNAs are completely digested. 
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4. Discussion 

Whilst this work was in progress, the polarity of 
another strain of CaMV (Cabbage B-JI) was estab- 
lished by a different approach [7]. Our result con- 
firms that the polarity is the same in the two strains 
PV147 and JI. 

The CaMV DNA regions transcribed by E. coli 
RNA polymerase in vitro are composed of sequences 

present: 
(i) In the Hind111 fragments A, D and G for short 

times of transcription, fragment A being tran- 
scribed to a greater extent; 

(ii) In all the Hind111 fragments when transcription 
is performed for long periods; 

(iii) In strand 1 in either case. 
Each of the fragments A, D and G contains one 

single-stranded interruption. The corresponding 
region binds preferentially E. coli RNA polymerase 
(F. Grellet, R. Cooke and P. Penon, personal commu- 
nication) and transcription could be initiated at their 
level. There would be a discrepancy between initia- 
tion at the level of discontinuities present in both 
strands, and obtention of RNA complementary to 

one strand. However, it should be kept in mind that 
binding and initiation are two distinct events, and in 
particular that, although the holoenzyme tightly 
binds to single-strand breaks, most of these breaks 

cannot serve as initiation sites [ 18,191. 
Seeking potential plant viral promoters with 

CaMV DNA cloned in pHB1, a viral DNA sequence 
was shown to function as a promoter in E. coli cells 
(restoring tetracycline resistance) [20]. This viral 
sequence has been tested in vitro [20] for binding 
with RNA polymerase: both E. coli and wheat germ 
class II enzymes bind to the same site, suggesting 

that this sequence could act also as a promoter in the 
eukaryotic cell. 

It is clear that E. coli RNA polymerase discrimi- 
nates between the two strands of CaMV DNA, in our 
experimental conditions. It has to be pointed out that 
the strand transcribed in vitro is that copied for the 
main virus-coded RNA species found in infected 
protoplasts [21]. 
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