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Binding site of Escherichia coli RNA polymerase to an RNA promoter
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Abstract

The DNA-dependent RNA polymerase (RNAP) from Escherichia coli has previously been reported to specifically initiate tran-

scription from viroid-derived RNA promoters in vitro. In order to gain insight into the molecular mechanism of RNA promoter

recognition by this RNAP, we have used nucleic acid intercalators and RNA:protein footprinting experiments to study the interaction

between the polymerase and an RNA promoter at the initiation site. Our data revealed that the polymerase binds an external single-

stranded loop, rather than a double-stranded region as is the case for DNA templates. Despite this divergence in promoter binding, the

model RNA template was bound by both the b and b0 subunits of the RNAP, as is observed with DNA templates. Most importantly,

this work proposes large single-stranded RNA hairpin loops have the potential to be promoters for DNA-dependent RNAP.

� 2004 Elsevier Inc. All rights reserved.
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Several DNA-dependent RNA polymerases (RNAP)

have been shown to possess the ability to use RNA

molecules as templates when a suitable one is offered [1].
Among the various natural RNA species that might take

advantage of this property of DNA-dependent RNAPs

for their replication, viroids are the simplest and the best

characterized. Viroids are small (�300 nucleotides, nt),

single-stranded, circular, non-coding RNA pathogens

(for a review see [2]). They replicate by a rolling circle

mechanism that follows either a symmetric or an asym-

metricmode. In the symmetricmode the infecting circular
monomer (which is assigned plus polarity by convention)

is replicated into linear multimeric minus strands which

are then cleaved and ligated, yielding minus circular

monomers. Using the latter RNA as template, the same

three steps are then repeated to produce the plus progeny.

In contrast, in the asymmetric mode, the linear multi-

meric minus strands serve directly as the template for the

synthesis of linear multimeric plus strands. Because they
replicate exclusively via RNA intermediates, and rely
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entirely on their host’s RNAP for this replication, viroids

are therefore ideally suited for analyses of RNA ampli-

fication by DNA-dependent RNAP.
The DNA-dependent RNAP from Escherichia coli

(E. coli) has been shown to specifically initiate the rep-

lication of peach latent mosaic viroid (PLMVd) in vitro

using PLMVd-derived RNAs of both plus and minus

polarities as templates [3]. Regardless of the polarity of

the PLMVd strand used as template, the RNA feature

that triggers the RNAP to initiate specific transcription

was showed to be a hairpin structure (Fig. 1A) [4]. The
characterization of this RNA promoter revealed that

any structural alteration that disrupts the overall rod-

like conformation of the template interferes with tran-

scription. In addition, it was demonstrated that its spe-

cific sequence does not have to be conserved, as long as

it possesses a base-paired uridine as the primary initia-

tion site, and that this uridine must be the first nucleo-

tide 50 of a loop composed of at least 6 nt. The presence
of a relatively unstable stem (i.e., one possessing a low

percentage of GC base-pairing) adjacent to the initiation

site was also shown to significantly increase the level of

transcription.
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Fig. 1. Structure of the RNA promoter. (A) Schematic representation

of the RNA promoter according to a previous report [4]. (B) Sequence

and secondary structure of the P11.60 RNA template. The primary

initiation site is indicated by an arrow.
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The RNAP from E. coli is composed of a catalytic

core (i.e., the a2bb
0 subunits) and a r70 subunit (for a

review see [5]). The presence of both the catalytic core

and the r70 subunit has been shown to be essential for

transcription from PLMVd-derived RNA promoters [4].

In contrast to what is reported with a DNA template,

the r70 subunit was shown to be responsible for neither
the recognition of the RNA promoter sequence nor the

melting of the helix at the initiation fork. However, it

was suggested that upon binding to the core RNAP, the

r70 subunit might support a conformational change that

permits initiation to occur [4].

The goal of the present work was to identify the site of

binding of the E. coli RNAP to an RNA promoter. In

order to gain insight into the molecular mechanism of
RNA promoter recognition by a DNA-dependent

RNAP, the interactions between the RNAP from E. coli

and the P11.60 RNA promoter (Fig. 1B), as representa-

tive of enzyme and template, respectively, were studied.
Materials and methods

Transcription assays using E. coli RNAP. Transcription reactions

were performed as described previously [4]. Briefly, 50 pmol of either

P11.60 RNA template (synthesized by in vitro transcription in the

presence of T7 RNA polymerase from a template composed of two

complementary DNA oligonucleotides) or a DNA template (i.e.,

pBlueScript KS DNA digested by ScaI) was transcribed by the RNAP

from E. coli (0.9 pmol; Amersham Biosciences) in 50lL of transcrip-

tion buffer (40mM Tris–HCl, pH 8.0, 10mM MgCl2, 150mM KCl,

5mM dithiothreitol, and 5 lg/mL BSA) containing 0.2mM NTP,

50 lCi [c-32P]ATP (3000Ci/mmol; Amersham Biosciences), and dif-

ferent concentrations of intercalator agents. The reactions were incu-

bated at 37 �C for 60min, stopped by the addition of 25 lL of stop

buffer (80% formamide, 10mM EDTA, pH 8.0, 0.25% each of xylene

cyanol, and bromophenol blue), and then fractionated through dena-

turing 5% or 20% PAGE gels for DNA and RNA templates, respec-

tively. The intensity of the bands was determined by phosphorimager

scanning.

Electrophoretic mobility-shift assays. Either a double-stranded r70-

driven DNA template (50-GCTAACTTGTTTTGACACCGGGTC

TATTTGGTGGTATAATAGATTCATACATTTTTGCCT-30, the
underlined nucleotides correspond, in the order, to the )35 box, )10
box and the initiation site), or the P11.60 RNA template was end-la-

beled with [c-32P]ATP using T4 polynucleotide kinase according to the

manufacturer’s recommended protocol (New England Biolabs).

Radiolabeled templates (1 pmol) were dissolved in a final volume of

10 lL of transcription buffer containing 0.9 pmol of E. coli RNAP and

increasing amounts of ethidium bromide (0, 0.5, 1, 5, 10, 50, and

100lM). After incubation at room temperature for 30min, 3 lL of

glycerol solution (30% glycerol, 0.25% xylene cyanol, and 0.25%

bromophenol blue) was added and the resulting mixtures were elec-

trophoresed through native 5% PAGE gels (49:1 ratio of acrylamide to

bisacrylamide) in 1� TBE buffer (100mM Tris–borate, pH 8.3, 1mM

EDTA) at room temperature and low voltage. The gels were then

exposed to a phosphor screen.

RNase H hydrolysis. Trace amounts of internally labeled P11.60

RNA were preincubated either with or without the RNAP from E. coli

(2 lM) for 30min at 25 �C in a final volume of 18 lL of transcription

buffer. Subsequently, DNA oligonucleotides (50-GATGATATG-30;

20 lM) and RNase H (0.5U; United States Biochemicals) were added

and the samples were incubated at 25 �C for 10min. The reactions were

quenched by adding 6lL stop buffer, the mixtures were fractionated

through a denaturing 10% PAGE gel as described above, and the gel

was exposed to a phosphor screen.

UV crosslinking of the RNAP:P11.60 complex. To increase the

crosslinking efficiency, the P11.60 RNA was synthesized in the pres-

ence of 4-thio-uridine triphosphate (TriLink BioTech) during the

transcription and gel-purified. The resulting P11.60 RNA was labeled

either at the 50-end using T4 polynucleotide kinase in the presence

[c-32P]ATP, or at the 30-end using T4 RNA ligase and [a-32P]pCp
(Amersham BioSciences), and gel-purified. End-labeled P11.60 RNAs

were incubated with the RNAP from E. coli as described above, and

UV crosslinked by exposition for 10min to 365 nm light using a UV

crosslinker (Hoefer) at a distance of �4 cm. The resulting mixtures

were then diluted in 1 volume of SDS loading dye (50mM Tris–HCl,

pH 6.8, 2% SDS, 0.1% BPB, and 10% glycerol), the RNAP:P11.60

RNA complexes were fractionated on a 10% SDS–PAGE gel and

detected by autoradiography.

Partial alkaline hydrolysis of the RNAP:P11.60 complexes. Fol-

lowing UV crosslinking the complexes were fractionated as above on a

10% SDS–PAGE gel, the appropriate bands were excised and elec-

troeluted in Tris–glycine electrophoresis buffer (25mM Tris–HCl, pH

8.3, 250mM glycine, and 0.1% SDS). After precipitation, the

RNAP:P11.60 template complexes were either reserved or partially

hydrolyzed by incubating in 0.3M NaOH for 2min at 25 �C, the re-

actions stopped by adding 1 vol of 1M Tris–HCl, pH 7.5, and ethanol

precipitated. The resulting pellets were dissolved in stop buffer,

fractionated through a 10% denaturing PAGE gel, and visualized by

exposure to a phosphor screen.

Fluorescence measurements. Fluorescence emission spectra were

conducted on an Hitachi F-2500 fluorescence spectrophotometer using

an excitation wavelength of 335 nm on various combinations of the

double-stranded r70-driven DNA template (0.2lM), the P11.60 RNA

promoter (0.2lM), and the E. coli RNAP (0.2lM) preincubated in

transcription buffer. Ethidium bromide (1lM) was then added and the

emission spectra were collected from 550 to 650 nm. Background

emission was eliminated by subtracting the signal from the buffer alone.
Results

Effect of intercalator agents on the transcription reaction

In order to investigate the effect of intercalator agents

on the transcription reaction, we adopted an enzymatic

assay that was described previously in great detail [4].
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Briefly, either the P11.60 RNA promoter (see Fig. 1B),
or a typical DNA promoter (i.e., a DNA fragment that

includes both )10 and )35 boxes of a promoter ob-

tained by ScaI digestion of the pBlueScript KS vector)

was transcribed by the RNAP from E. coli in the pres-

ence of [c-32P]ATP and different intercalator agents.

This radioactive nucleotide was used because it allows

identification of only newly synthesized RNA molecules,
Fig. 2. Transcription sensitivity to various nucleic acid intercalators.

The relative amounts of transcripts produced from either the P11.60

RNA (closed circles) or the DNA templates (open squares) are plotted

as a function of the concentrations of intercalators (A–C). Typical gels

showing the effect of increasing concentrations of actinomycin-D are

presented in the inset of (A).
since they are the only ones that contain a new 50-ter-
minal triphosphate group (pppN). The resulting mix-

tures were analyzed by denaturing polyacrylamide gel

electrophoresis (PAGE), and the relative intensities of

each band were determined (Fig. 2A inset). Actinomy-

cin-D, Hoechst 33258, and ethidium bromide were

found to strongly inhibit transcription from the DNA

template (Figs. 2A–C; open squares). These results are

in agreement with an earlier report using another DNA
template [6]. Nucleic acid intercalators are characterized

by a substantially higher affinity for double-stranded, as

compared to single-stranded, nucleic acids [6–8]. By

binding to double-strand nucleic acids, they inflate

double-stranded nucleic acids, producing an alteration

in the orientation of the helix. When acting on a DNA

template, the RNAP initially forms contacts with the

surface of the promoter helix [9]. Therefore, when added
before the RNAP, the intercalation of these agents can

prevent the binding of the enzyme to a double-stranded

promoter and inhibit the transcription reaction [6]. In

order to verify the effect of the intercalator agents with a

RNA template, we used a hairpin structure with a loop

composed of at least 6 nt that was shown to be the

minimal features required to support the initiation of

transcription [4]. The three intercalator agents also in-
hibited transcription from the P11.60 RNA template,

although at a reduced level (Figs. 2A–C; closed circles).

The inhibitory effect of these compounds was found to

be more than one order of magnitude greater on DNA

template than on the P11.60 RNA template. Concen-

trations of less than 0.3 lM of these agents caused

greater than 50% inhibition of transcription from the

DNA template, while concentrations of 24� 3, 18� 3,
and 16� 1 lM of actinomycin-D, Hoechst 33258, and

ethidium bromide, respectively, were required in order

to achieve an equivalent level of inhibition in the pres-

ence of the RNA template. In fact, concentrations of at

least 100 lM of the intercalator agents were required in

order to be able to detect severe inhibition of the tran-

scription from the RNA template. Similar levels of in-

hibition were also reported when actinomycin-D and
ethidium bromide were added to the RNAP from E. coli

acting on another RNA template (i.e., potato spindle

tuber viroid) [10].

Ethidium bromide binding does not disrupt RNAP binding

to P11.60

In order to establish that the intercalator agents in-

hibit transcription from the template by preventing the

binding of E. coli RNAP, binding assays were per-

formed in the presence of ethidium bromide. Either ra-

dioactive double-stranded DNA promoters or RNA

promoter was preincubated in the transcription buffer
containing increasing concentrations of ethidium bro-

mide prior to the binding with the enzyme. Then the



Fig. 3. Formation of RNAP:template complexes in the presence of

ethidium bromide. Electrophoretic mobility-shift assay between the E.

coli RNAP and either a double-stranded r70-driven DNA promoter

(A) or the P11.60 RNA template (B) in the presence of increasing

amounts of ethidium bromide (0, 0.5, 1, 5, 10, 50, and 100lM). The

first lane of both panels is a control reaction in which the RNAP was

omitted.

Fig. 4. Effect of the binding of E. coli RNAP to DNA and RNA

promoters monitored by the fluorescence emission spectra of ethidium

bromide (EtBr). (1) EtBr+DNA promoter; (2) EtBr+DNA pro-

moter +RNAP; (3) EtBr+P11.60+RNAP; (4) EtBr+P11.60; (5)

EtBr+RNAP; (6) EtBr; (7) DNA promoter; and (8) P11.60. The

background corrected fluorescence emission spectra were recorded at

an excitation wavelength of 335 nm.
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resulting mixtures were analyzed by electrophoretic
mobility-shift assay (Fig. 3A). Increasing the ethidium

bromide concentration was observed to produce a

smaller fraction of RNAP:DNA promoter complex. At

concentrations high enough to completely inhibit the

transcription reactions (i.e., 50 or 100 lM; see Fig. 2C),

no RNAP:DNA promoter complex was detected. In

contrast, the binding of the RNAP to the P11.60 RNA

appeared to be unaffected by increasing concentrations
of ethidium bromide (Fig. 3B).

The differences observed in the inhibitory effect may

also reflect their differential intercalation efficiencies

when acting on either the DNA or the RNA template.

The degree of the intercalation of ethidium bromide was

determined by monitoring its fluorescence spectrum.

The optimal excitation and emission wavelengths for

ethidium bromide were determined experimentally in the
presence of the P11.60 RNA template. When excited at

335 nm, intercalated ethidium bromide fluorescence at

591 nm was greatly increased in the presence of either

the DNA (Fig. 4, compared curves 1 versus 7) or the

P11.60 RNA templates (Fig. 4, compared curves 4 ver-

sus 8). Consequently, the differences observed in the

transcription inhibition caused by the intercalator

agents most likely correspond to divergence in promoter
binding by the polymerase, rather than differential

binding of the compounds to either the DNA or the

RNA template. This hypothesis receives additional

support from the observation that the fluorescence

spectrum of ethidium bromide was not decreased when

P11.60 was preincubated with the RNAP prior to the

addition of the intercalator. In fact, a slight increase of

the fluorescence was repetitively observed in the pres-
ence of the polymerase, as compared to that seen with

P11.60 alone (Fig. 4, compared curves 4 versus 3). If the
RNAP had bound to the double-stranded region of the
RNA template, or if its binding required melting of the

helical regions, the fluorescence signal should have been

lowered, as it was observed in the case of the DNA

template (Fig. 4, compared curves 1 versus 2). Thus, the

difference in the mode of RNAP binding to the DNA

and RNA templates might explain, at least in part, the

differences in transcription levels observed in the pres-

ence of ethidium bromide. Moreover, these data lead to
the suggestion that the RNAP binding site on the DNA

promoter is in the double-stranded region, while that on

the RNA promoter is in the single-stranded region (i.e.,

the loop of the P11.60 RNA, see Fig. 1B).

Binding site of, and region protected by, the RNAP

In order to confirm that the binding site of the RNAP

is located in the single-stranded region (i.e., the loop of

the P11.60 RNA), an oligonucleotide hybridization as-

say was performed. Internally labeled P11.60 RNA was

preincubated either with or without the RNAP from

E. coli prior to the addition of ribonuclease H (RNase
H) and an excess of DNA oligonucleotides (9-mer)

complementary to the P11.60 loop (Fig. 5A). The RN-

ase H specifically cleaves DNA:RNA hybrids [11],

therefore its use permits the monitoring of whether

or not the oligonucleotides are bound to the RNA



Fig. 5. Location of E. coli RNAP binding site. (A) Representation of

the oligonucleotide hybridization assay including the P11.60 RNA and

the position of the complementary oligonucleotide (bold line). (B)

Protection by E. coli RNAP of the P11.60 loop from RNase H hy-

drolysis. Lane 1 contains the P11.60 RNA alone; lane 2 contains the

P11.60 RNA in the presence of the RNase H, but in the absence of any

oligonucleotides; lane 3 contains the P11.60 RNA incubated with both

the RNase H and the oligonucleotides; and lane 4 is similar to the lane

3, but with prior incubation with the RNAP from E. coli. The positions

of the xylene cyanol (XC) and the bromophenol blue (BPB) dyes are

indicated adjacent to the gel. (C) Mapping of the binding site of E. coli

RNAP on P11.60. End-labeled P11.60 RNAs were incubated with the

RNAP from E. coli as described above and UV crosslinked. After

precipitation, the RNAP:P11.60 template complexes were either re-

served (lane 3) or submitted to partial alkaline hydrolysis (lane 4).

Labeled P11.60 RNAs were also submitted to partial alkaline hydro-

lysis (lane 1) and RNase T1 digestion (lane 2) in order to provide

molecular markers. The locations of the RNase T1 major cuts and the

partial alkaline hydrolysis cleavage sites are indicated on the left of the

gel. (D) Identification of the binding site of the RNAP on the P11.60

RNA template. The nucleotides crosslinked with the enzyme are cir-

cled, and the partial alkaline hydrolysis sites are indicated by arrows.
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template. After the incubations, the mixtures were

fractionated on a denaturing PAGE gel (Fig. 5B). No

cleavage of the P11.60 RNA was detected in the absence

of either RNase H or the oligonucleotides (Fig. 5B, lanes

1 and 2). In contrast, the addition of both the oligonu-

cleotides and RNase H to the P11.60 RNA allowed

detection of cleavage products of the appropriate size
(i.e., �30% cleavage; Fig. 5B, lane 3). Finally, when

RNAP was preincubated with the P11.60 RNA, thereby

allowing formation of the RNAP:P11.60 RNA complex,

prior to the addition of RNase H and the DNA oligo-

nucleotides, the amount of cleaved P11.60 RNA de-

creased significantly (i.e., <5% cleavage; Fig. 5B, lane 4).

Moreover, it was shown that the binding of the poly-

merase to the oligonucleotide was marginal under the
conditions tested (data not shown), therefore the ob-

served decrease in cleavage in the presence of the RNAP

was not caused by a titration of the oligonucleotides,

even with a 10-fold excess of the oligonucleotides over

the enzyme. It was also shown that the presence of

RNAP did not affect the RNAse H hydrolysis when

using another oligonucleotide/RNA target system that

does not permit binding of the polymerase. Therefore,
this result indicates that the RNAP from E. coli bound
the large terminal loop and protected it from RNase H

hydrolysis.

Further indication of the binding of the polymerase

to the loop of the P11.60 RNA template came from

footprinting analysis of crosslinked RNAP:P11.60 RNA

complexes. Photoreactive 4-thio-uridines were incorpo-

rated into the P11.60 RNA during its in vitro synthesis

in order to obtain a better crosslinking yield. The in-
corporation of 4-thio-uridine into the P11.60 RNA

template affected neither the binding of the RNAP nor

the transcription efficiency (data not shown). Briefly, 4-

thio-uridine containing P11.60 RNA templates were

end-labeled at either the 50- or 30-end using [c-32P]ATP

and T4 polynucleotide kinase or [a-32P]pCp and T4

RNA ligase, respectively, and purified through dena-

turing PAGE gels. These 32P-labeled templates were
incubated in the presence of RNAP prior to UV irra-

diation at 365 nm. The resulting mixtures were frac-

tionated on a denaturing PAGE gel, the covalently

linked RNAP:P11.60 RNA complexes were recovered

and then submitted to a partial alkaline hydrolysis. A

typical gel of an experiment performed using the 30-end
32P-labeled P11.60 RNA is illustrated in Fig. 5C. Partial

hydrolysis of P11.60 RNA alone produced a ladder of
bands corresponding to each position of the RNA

backbone, while RNase T1 cuts specifically after the

guanosine residues. The partial hydrolysis of the

RNAP:P11.60 RNA complexes produced a ladder of

bands corresponding to hydrolysis of the phosphodies-

ter backbone between the 30-end and U39, which is the

foremost 30 thio-uridine crosslinked to the RNAP. The

hydrolysis of the phosphodiester bonds located on
the other side of the polymerase gave rise to products

with a very slow electrophoretic mobility because of their

covalent linkage with the RNAP. Similarly, the experi-

ments performed with the 50-end 32P-labeled P11.60

RNA show that the region from G1 to U24 was hydro-

lyzed. Since no uridine residues are located between

U13 and U24, the possibility that additional nucleotides

are bound by the RNAP immediately upstream
U24 cannot be excluded. However, the presence of

RNAP was shown not to affect RNAse T1 hydrolysis

of G14, G16, and G19 (data not shown). Taken together,

our data indicate that the RNAP binds a region that

includes the loop in its entirety and some of the adjacent

nucleotides that are located within the stem (Fig. 5D).

Interaction of the b=b0 subunits with P11.60

To find which RNAP subunits form close contact

with the RNA template, the RNAP:P11.60 RNA com-

plex was crosslinked and analyzed for protein content.

Briefly, either the r70-driven DNA template or 4-thio-
uridine containing P11.60 RNA was end-labeled at the

50-end using [c-32P]ATP and T4 polynucleotide kinase.



Fig. 6. Identification of the subunits of the RNAP included in the

crosslinked complexes. Either end-labeled P11.60 RNA or the r70-

driven DNA template was crosslinked with E. coli RNAP. Protein

markers (lane 1) and the RNAP from E. coli (lane 2) were visualized by

Coomassie blue staining. Lanes 3 and 4 are the experiments performed

with the typical r70-driven DNA template and the P11.60 RNA tem-

plate, respectively. The result of a longer migration of the RNAP:RNA

complexes is shown in the inset.
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Following purification through denaturing PAGE gels,

these 32P-labeled templates were incubated in the pres-

ence of RNAP. The complexes were then UV irradiated

at 365 nm, fractionated on a denaturing PAGE gel, and

visualized by autoradiography (Fig. 6). The non-cross-

linked templates passed through the gel and therefore

were not detected. Only the subunit(s) crosslinked to the
templates were radioactive and therefore were detected.

The migration of the subunits was not significantly af-

fected by the presence of the templates because they are

so small. A sample of RNAP was also migrated and

stained with Coomassie blue in order to permit identi-

fication of the subunits. Only one band with an elec-

trophoretic mobility corresponding to the b0=b subunits

of the RNAP from E. coli was initially detected in the
presence of either the DNA or the RNA templates.

Extended electrophoresis revealed two bands corre-

sponding to the b and b0 subunits of the RNAP (see

inset Fig. 6). Whereas these results do not exclude the

possibility that other RNAP subunits bind these two

promoters, they are nevertheless in agreement with the

involvement of the b and b0 subunits suggested by the

severe inhibition of the polymerase activity on both
templates caused by rifampicin (data not shown).
Discussion

We recently reported that an RNA hairpin structure

can trigger the E. coli RNAP to initiate specific tran-

scription [4]. With the exception of base-paired uridine
as the primary initiation site, no specific sequence in

both the stem and the loop was required as long as the

RNA promoter adopts a rod-like conformation and a

loop of at least 6 nt. The work reported here unambig-

uously demonstrates that the RNAP binding to the

P11.60 template is primarily within the single-stranded

hairpin loop. In the nature, the P11 loop of the peach
latent mosaic viroid is composed by 12 nt in single-
stranded region [13]. The RNAP-binding site explains

the necessity to maintain a large terminal loop at this

position of the RNA promoter. Most likely adoption of

the stem by the template is strictly required to form this

single-stranded RNA segment. However, if the same

loop (or modified versions) are located between two

double-stranded regions, the binding of the RNAP does

not lead to a productive complex (data not shown).
We also found that both b and b0 subunits make close

contacts within the loop of the RNA promoter. Since the

bacterial RNAP structure shows that the catalytic center

of the enzyme is intimately constructed from elements of

both b and b0 subunits, our result suggests a similar

mechanism between both DNA and RNA-directed

transcription. The finding that E. coli RNAP forms also

close contacts between the catalytic b0=b subunits and a
DNA promoter agrees with this hypothesis [9]. Addi-

tionally, when single-stranded, the )10 region of DNA

promoters is reported to contribute to the stabilization

of the RNAP:DNA promoter complex [12]. The binding

of the enzyme to the single-stranded domain of the

P11.60 RNA template most likely reflects a similar

mechanism, and also might explain the non-involvement

of the r70 subunit in promoter binding and melting [4].
In summary, this study presents an original descrip-

tion of the recognition of an RNA promoter by a DNA-

dependent RNAP. Transcription from such a RNA

template by the DNA-dependent RNAP from E. coli is

obviously a non-physiological reaction. However, it is

interesting to note that in the proposed secondary

structure of PLMVd, the loop implicated in the repli-

cation initiation is located at the end of a long external
stem [13,14]. For the potato spindle tuber viroid, a large

external loop was also reported to be capable of binding

the wheat germ DNA-dependent RNAP II [15]. RNA

segments containing large external loops were also re-

ported to initiate RNA synthesis from avocado sun-

blotch viroid and hepatitis delta virus RNAs [16–18].

Consequently, it is tempting to suggest that external

hairpin structures may serve as RNA promoters for the
replication of viroids and viroid-like satellite RNAs by

host encoded DNA-dependent RNAPs. Likewise, it is

not excluded to find reminiscent structures in cellular

RNAs, which therefore, would have the potential for

initiation of transcription from RNA templates rather

than conventional DNA; whereas, physical evidences

remain to be presented. If such a mechanism exists, it

would modify significantly our understanding of the
molecular biology of the cell.
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