
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Antisense RNA in Replication Control of the INC FII Plasmid R1
E. G. H. Wagnera; C. Perssona; M. Öhmana; K. Nordstroma

a Department of Microbiology, Uppsala University, The Biomedical Center, Uppsala, Sweden

To cite this Article Wagner, E. G. H. , Persson, C. , Öhman, M. and Nordstrom, K.(1988) 'Antisense RNA in Replication
Control of the INC FII Plasmid R1', Nucleosides, Nucleotides and Nucleic Acids, 7: 5, 559 — 564
To link to this Article: DOI: 10.1080/07328318808056285
URL: http://dx.doi.org/10.1080/07328318808056285

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318808056285
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 7 ( 5 & 6 ) ,  559-564 (1988) 

ANTISENSE RNA IN REPLICATION CONTROL 
OF THE INC FII PLASMID R l  

E. G. H. Wagner', C. Persson, M. ijhman and K. Nordstrtjm 

Department of Microbiology, Uppsala University, The Biomedical Center, Box 581, S-75123 
Uppsala, Sweden 

Abstract: This paper gives a short summary of some approaches to investigate antisense RNA 
control in general, exemplified by studies of a particular model system - replication control of 
plasmid R1. 

Introduction. Antisense RNA has been shown to be involved in a variety of control 

mechanisms in prokaryotesl. Even though there are great differences between the functions 

that are controlled as well as the mode of regulation, we would for this paper emphasize the 

similarities in order to approach the question of why countertranscripts are used at all. Clearly, in 

the cases studied in some detail, the genes whose expression is controlled by antisense RNAs 

are inhibited s e ~ e r e l y ~ ~ ~ ~ ~ ~ ~ ,  indicating that these RNAs work efficiently. Half lifes for these 

molecules are generally short, which at least in plasmid replication control is a prerequisite for 

quick responses to copy number changes. Furthermore, the inhibition is very specific, a point to 

which we will return below. 

Structurally, antisense RNAs are very similar. All of these RNAs are small (mostly 70-120 nt 

in length) and have a high degree of secondary structure, often with one long stem and a 6-7 

base loop as the major specificity determinant. We have been interested in the question of what 

features are essential for a functional antisense RNA. 

The CODAGOD T reD1-n con- ' The model system we have 

chosen to work with is that of replication control in the IncFll plasmid R16. Here, the main 

replicationkopy number control is exerted by a =91 nt RNA, CopA RNA. Replication of this 

plasmid requires a rate-limiting plasmid-encoded function, the RepA protein. The synthesis of 

RepA is regulated negatively by CopA RNA. This RNA is synthesized constitutively from the DNA 

strand opposite to that encoding the leader region of the RepA mRNA such that both transcripts 

are completely complementary. CopA RNA's target on the mRNA is denoted CopT. Interaction 

between inhibitor and target affects translation initiation at the RepA ribosome binding site 
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560 WAGNER ET AL. 

FIG, 1- Seco ndarv s t m r e  0 f CODA RNA and t he locat ion of various w t  ions in IOOD II. 
Figure 1A shows the secondary Structure of CopA RNA8 Figure 1B shows the base changes 
found in COPY number mutants in Several laboratories (references in 9). The circled bases were 
constructed using site-directed mutagenesis (see text, and Wagner, unpublished), 

located some 80 nucleotides downstream. The mechanism for this indirect translational inhibition 

is so far unknown. 

For studies of the properties of antisense RNAs one needs an assay system that permits 

qualitative and quantitative measurements of the two critical parameters of the reaction, 

effectiveness (rate) and specificity. Plasmid R1 offers these possibilities, since we can assay for 

CopA RNA’s effect on the copy number of the plasmid7; we can measure LQA expression as the 

activity of a &-u translational fusion under the control of the CopNCopT system3. Finally we 

can investigate structure and function relationships of the inhibitorAarget molecules with in 
techniques. 

solution8. Similar studies have been started to analyze the secondary structure of COPT RNA. 

Nuclease techniques and the localization of single-stranded regions by short 

deoxyribonucleotides complementary to target sequences followed by RNAse H cleavage have 

unambiguously identified both CopT loops (data not shown). This means that both inhibitor and 

target loops are exposed and single-stranded. 

We have also used a gel shift assay (Figure 2) to measure the apparent second-order rate 

constant of binding between CopA and COPT RNAs in v i t r ~ 9 3 ~ 0  ; it was found to be =lo6  M - ~ s - ’  

at 370. Copy number differences and incompatibility (inability of two plasmid species to coexist in 

a cell) between wild type and mutant plasmids h viva are reflected faithfully in corresponding 

changes in the binding parameters measured 

Figure 1 A shows the structure of CopA RNA as determined by nuclease mapping in 

(data not shown). 

Structuralfeatures of CODA RNA and its fu High copy number mutants map almost 

exclusively in four of the six single-stranded bases of the major loop (11) or alter bases such that 
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ANTISENSE RNA 5 6 1  

FIG. 7 - Kinetics of b i n d i w e e n  CODA RNA and CODT R N A  Binding between 
radiolabelled CopA RNA and unlabelled CopT RNA was assayed as describedlO. The left-hand 
panel shows an autoradiogram of the binding reaction.The data are displayed on a lin-log scale in 
the right-hand panel. From the slope a pseudo-first order rate constant is derived. From this 
constant and the [CopT RNA], we calculate k2 (the second order binding rate constant). 

the loop size is affected (Figure lE ) .  From these mutants we conclude that it is both the primary 

sequence (at least the CGCC sequence) and the size of the loop that determines the rate of the 

interaction. In general, mutations changing a potential G-C base pair between inhibitor and target 

loops to an A-U base pair are assumed to decrease the binding rate. Two mutants with altered 

loop sizes have C-U base changes in the first C of the CopA loop I1 or in the C in the upper stem 

(Figure 1B. mutants 3 and 1). In the one case, a four base loop is created, in the other case the 

loop becomes very large (>12 nucleotides)8. Both of these alterations lead to higher copy 

numbers. This is especially interesting in the case of the second mutant which has the upper 8 

nucleotides identical to the wild type. We therefore conclude that an appropriate presentation of 

the recognition sequences requires a loop size of (in this system) six nucleotides. We are at 

present testing these assumptions by analyzing novel mutants. These mutants are, unlike all 

previous mutants found in IncFll plasmids, not selected as high copy number mutants. Instead we 

have chosen to alter specific bases in the recognition loop using site-directed mutagenesis. In 

this way, phenotypically silent or very low-copy number mutants can be made and analyzed. 

Similarly we can insert single or multiple nucleotides in the inhibitor/target loops to increase the 

loop size. 
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A property of several antisense RNAs is the presence of bulged-out nucleotides in the 

upper stem structures. Bulges are often implicated in protein binding to highly structured 

RNAsl l. In RNAl (the antisense RNA of the W E 1  plasmid) a small protein binds to a stem 

containing a bulged-out cytosine and helps to increase the rate of interaction with RNAII12. In 

plasmid R1, we have no indication for an involvement of a protein in the RNNRNA interaction. In 

fact, the RepA leader region encodes a protein of a similar size as that in ColEl, but we have ruled 

out a comparable role for this protein' 3. An alternative function for bulged-out nucleotides could 

be that during binding (perfect) duplex formation with the target RNA would be favored over 

refolding of the (imperfect) helix in CopA RNA, thereby driving the reaction towards completion, 

once helix nucleation has taken place. Experimentally this question can be tackled in the same 

way as above. Site-directed mutagenesis may be used to remove bulged-out bases or to insert 

complementary bases opposite to the first ones, and the resulting mutants can be analyzed. 

p So far we have argued that sequence and structure of 

CopA RNA are important for its function as an inhibitor. However, we lack data that permit us to 

answer the question whether a high secondary structure is favorable for rate and/or 

specificity. We have to remind ourselves that the existence of stable hairpin loops in all antisense 

RNAs might simply reflect the necessity to terminate transcription correctly. In principle, therefore, 

it is conceivable that binding between a largely unstructured antisense RNA and a target RNA is 

equally effective or even faster than for CopNCopT. Here, because of the need for a 

transcription termination structure, in riyn experiments are not feasible. Using the gel shift assay 

in ritrn we will be able to test the binding between two complementary RNAs from the RepA 

coding region (which is not tailored for high secondary structure) which we subcloned in opposite 

orientation in two SP6-vector plasmidsi4. In the same way, we can test very highly structured 

RNAs such as tRNA molecules and their ability to form a duplex with an in a transcribed "anti- 

tRNA". 

-. The interaction between the recognition loops of CopA and CopT RNA is of 

high specificity. We know that many mutations in these bases not only affect the copy number but 

also create new incompatibility groups, meaning that a wild type and a mutant replicon do not 

interfere with each other's replication inside the bacterial cell. This means that one base change 

(out of 191 bases) is sufficient to prevent hybridization to the heterologous target. Such a 

specificity hints at a small number of bases being involved in the primary (recognition) reaction. 

We have proposed9 that the initial binding might involve triplets of bases in CopA and CopT 

RNAs loops II. 

type and mutant combinations of CopNCopT RNAgl10. We lack, however, an understanding lor 

the details of the reaction pathway. The recognition reaction takes place at the main loop I I ,  but 

the site for the nucleation step in helix formation is unknown. Antisense RNAl and RNAll of ColEl 

Mecha nism of C O Q U O D T  b indine The kinetics of binding has been studied for both wild 
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ANTISENSE RNA 56 3 

form a recognition contact between loops, followed by nucleation starting from the free 5'-end of 

RNA115. Such a pathway is unlikely for CopA RNA, since the 5'-end is buried in a stem. In 
binding assays using fragments of CopA RNA obtained after oligodeoxyribonucleotide-directed 

RNAse H cleavages will help us to decide what parts of the molecule are required. 

v CODA RN& Apart from the general properties of antisense RNAs 

that can be investigated studying the CopNCopT system as discussed above, we would like to 

emphasize the specific interest of this system for the understanding of indirect translational 

inhibition in control of replication. The presumed site of inhibition, the ribosome binding site of 

the a gene, is located some 80 nucleotides downstream of the part of the leader RNA that is 

involved in binding of CopA RNA. How then can an RNNRNA interaction in one region of a 

molecule affect a distal event? So far, no experimental data are available to answer this question. 

The only detailed hypothesis has been proposed by Rownd e.t Based on RNA folding 

predictions, they suggested that RNA-E (identical to CopA RNA) binding in the CopT region 
would result in an RNA folding change in the region of the ribosome binding site of the 

gene. Experiments are needed to test this hypothesis . 
We believe that antisense RNA control systems are of increasing importance in prokaryotic 

gene expression. We suggest, that the thorough study of a well-defined system of the type 

described above, will yield results that contribute to an understanding of the general aspects of 

antisense RNA control as well as of the particular role these RNAs play in the function they 

regulate. 

F. This work was supported by the Swedish Natural Science Research Council 

and the Swedish Cancer Society. 
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