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Abstract:

interactions, on the other hand, are strongly dependent on the RNA structure as 

INTRODUCTION

protein-dominated modern cells. In striking contrast, we now see ncRNAs as an integral 
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1,2

2 is shaped 

RNA.5

thus on way in which RNA is recognized by protein partners. Secondary structures are 

hybridization between two or more partners.

RNA with proteins. Our presentation does not strive to be exhaustive and attempts to 

possible, we thus cite recent reviews rather than the original literature.

ncRNA-DNA INTERACTIONS

RNA:DNA hybrids play a crucial role in transcription termination in bacteria: the 

6 Another 

DNA replication.7 Despite their use in biotechnology,8,9 very little is known about the 

Figure 1.



22 RNA INFRASTRUCTURE AND NETWORKS

10,11 demonstrated 

12-15

such as p53, NFkappaB, or Nanog. Similar mechanisms are at work also in the yeast 
Saccharomyces cerevisiae16 and in plants.17,18

selected against) on the exon,19

20

have been proposed, reviewed e.g., in21 and there is at least circumstantial evidence 

site during transcription. By the latter mechanism regulative epigenetic markers may 
interact directly or via antisense RNA mediator with ncRNAs in order to bind to the 
target DNA. Therewith expression states might be switched and epigenetic memory 
is established.

quality control22

DNA replication.23

sliding clamp PCNA and other proteins.24-26

Y RNAs have been described in vertebrates and nematodes.27-29

Figure 2.
mediated chromatin regulation during transcription. Epigenetic regulator proteins (circles) are (a) 

antisense RNA mediator (brackets) with ncRNAs (2) in order to bind to DNA (3). With this mechanism 



23RNA INTERACTIONS

RNA-RNA INTERACTIONS

General Properties

anti-coding presented by the corresponding tRNA. In this case, the interaction covers 
only three nucleotides, which is stabilized by the surrounding ribosomal machinery.30 

31

At present, we lack high-throughput methods to assess RNA-RNA interactions both 

32 is used to determine the 

whether a nucleotide is paired or unpaired only provides constraints which in some cases 
imply an unique RNA secondary structure model, while in other cases ambiguities remain.

a graph, whose edges encode the logically allowed Watson-Crick and GU base pairs. We 

unpaired regions.33 Although the RNA-RNA interaction problem (RIP) and the closely 

34

The simplest approaches concatenate the two interacting sequences and subsequently 
35 possibly 

allowing some pseudoknots.36 The resulting model, however, still does not generate all 
relevant interaction structures. Alternatively, internal base-pairs in the interaction partners 
are neglected.37 RNAup38 and intaRNA39 restrict interactions to a single contact interval; 
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MicroRNAs and RNA Interference

40 were discovered throughout Eukarya. They share 

their biochemical processing, they guide large protein complexes to their targets, thus 

and they are typically highly conserved over long evolutionary timescales,43 indicating 

Although microRNAs clearly interact by basepairing with their targets, our 

instance, postulates that exact complementarity between nucleotides 2-7 with the mRNAs 
is necessary. There are several well-documented exceptions, however44 (Fig. 3). In case 

C.elegans

MicroRNAs may act in two distinct ways to downregulate protein expression either by 
translational repression or by slicing

short RNAs. MicroRNA target complementarity (Fig. 3) does not necessarily predict the 

Figure 3.

indicates the putative mRNA cleavage position.
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45

Small Bacterial RNAs and Translational Control

E. coli and many other species.46,47 While the chaperone protein 

abundant in species such as Helicobacter pylori 48 [(Fig. 4)(see Chapter 14, 

secondary structure, translation is inhibited. Most sRNAs achieve this by binding directly 
49 Several sRNAs, however, 

the 5
ribosome binding site.50 -end alters processing and 
increases mRNA stability.

HuR

HuR 51,52

riboswitches, reviewed in,53 utilizes this mechanism to control either translation (by hiding 

play a role in recently-evolved eukaryotic mRNAs.54,55

Helicobacter pylori48

anti-sense transcripts and alternative transcription start sites, indicating that there may be 

56,57

-O-methylated nucleotides however, 
are synthesized by generic RNP complexes. They recognize their target sites in rRNAs, 
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respectively.58

evolutionarily and structurally unrelated (Fig. 5).

O-ribose methylation 
59

but also several otherwise canonical ones, contain a CAB box (AGAG, typically located 

Archaea, the snoRNAs also target tRNA precursors.60

modulate RNA translation, localization and stability.61,62

RNAs in RNA End-Processing

63 This 

Figure 5.
 boxes. 

136
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 UTRs. It 

(HDE) with the U7 snRNA (Fig. 6) which directs endonucleolytic cleavage.64 In contrast, 
the 3 Integrator, a specialized 
protein complex.65 The 3
Schizosaccharomyces pombe.66 Finally, RNase P RNA processes the 3
long ncRNAs MALAT-1 and MEN , utilizing a tRNA-like element to attract the tRNA 
processing machinery. Besides tRNAs, RNase P RNA in addition cleaves the yeast HRA1 

68 that acts as an RNA-chaperone 
69 

Unlike other small nucleolar RNAs, U3 snoRNA acts not by a direct 2 -O-methylation, 
instead the 5  box) and the single stranded hinge region 
(connecting the the 5  and 3  

conserved protein binding sites.

Figure 6.
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Guide RNAs and RNA Editing

specialized class on ncRNAs, the guide RNAs (gRNAs). In contrast to the ncRNA-guided 
editing system in Kinetoplastida, the C- U editing in plant organelles is directed by 
cis

elements. A 5-21 nt region on their 5

is complementary (allowing GU pairs, however) to the mature, edited mRNA. The 3 -tail 

71

72,73

Trypanosoma brucei

Trypanosoma brucei 
mitochondrion are edited in sometimes alternative ways to yield distinctive protein 
sequences. Multiple gRNAs that target the same primary transcript72 expand the diversity 

CRISPRs

is connected to clustered regularly interspaced short palindromic repeat sequences 

Figure 7. Trypanosoma.137 A single guide RNA (bottom 
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74 the CRISPR clusters store 

75,76

Various cas
cluster (Fig. 8). Six core genes cas1 to cas6, located 1kb around CRISPR have been 

processed CRISPR (crRNA). cas1 acts as endonuclease within immunization process 
and cas2 and cas6

77 With the 

78

76 since there are 

Figure 8.



31RNA INTERACTIONS

more detail on the CRISPR system).

Ribozymes

A ribonucleic acid enzyme (ribozyme) is an RNA molecule that, like the much 

ribozyme, and RNase P RNA. Similar to the ribosome, the spliceosome is in essence 
also a ribozyme.80

81

Ribonuclease P (RNase P) and mitochondrial RNA processing (RNase MRP) are 
ribozymes acting in processing tRNA and rRNA, respectively. The RNA subunits are 

82 83 
84,85 suggest 

in silico relationship 
86 The RNA subunit 

and its interacting proteins build a coevoluting network.

87

World Hypothesis but opens the possibility that at least some ncRNAs might also be 
catalytically active. There is, however, no indication that RNA catalysis is wide-spread 

ncRNA-PROTEIN INTERACTIONS

Ribonucleoparticles

interactions using 7SK RNA, SRP RNA, Telomerase RNA, spliceosomal RNAs and 
vault RNA as examples.

88-92 It negatively 

93,94

95-97 Furthermore the 
88,98,99 

90-92,100 
The well characterized LARP7 homologs101
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92,102

BCDIN3 has a much broader phylogenetic distribution, indicating that it has other 

The signal recognition particle (SRP) is present in all living organisms. This 
ribonucleoparticle targets ribosomes to the endoplasmatic reticulum (ER) in order to 

SRP RNA (or 7S RNA) and six proteins (9, 14, 19, 54, 68 and 72 SRPs) in eukaryotes. 

6S RNA in Bacillus).103

clearly visible.104

Eukaryotic cells have been shown to decrease protein synthesis and increasing the 

SRP-independent proteins.105

other hand proteins are cotranslational encoded by the plastid genome.106

cotranslational protein requires the SRP RNA, which accelerates the interaction between 
107 This SRP RNA is missing in the chloroplast SRP 

(cpSRP) pathway. Instead, the cpSRP and cpSRP receptor (cpFtsY) by themselves can 
107

66 Telomerase dates back to the origin 
108 Notable exceptions are diptera including Anopheles and Drosophila, 

vertebrates, yeasts, ciliates and plasmodia.109,110 Telomerase is normally active only 

telomerase is also active in many cancer cells.111

Several small ncRNAs are involved in splicing processes. Small nuclear RNAs 
(snRNAs) act with up to 200 proteins as a large RNP (spliceosome) in eukaryotes to 

112

spliceosome utilizes the alternative U11, U12, U4atac, U5 and U6atac RNAs and plays 
an ancillary role in the nucleus. Although the splicing reactions seem to date back until 
the last unknown common ancestor (LUCA), its extensive use in protein expression 
seems to be an eukaryotic innovation.113 Contrary to cis-splicing, in eight eukaryotic phyla 
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trans-splicing.114,115 The Sm protein binds to SL RNAs in order to 

act in this spliceosome-catalyzed process. In nematoda SmY RNAs are hypothesized 
trans-splicing 

reaction.116 Direct interactions are not known.
While the spliceosome and its RNAs are well understood, there are several much 

more enigmatic ncRNA species. One example is the vault ribonucleoprotein complex, 

(MVP) and two minor vault proteins (VPARP and TEP1).117 It is involved in transport 

118

protostomes.119

particles.120

Long ncRNA as Coat-Hangers?

121 Another example is the heat-shock 
ncRNAs hsr Drosophila  are expressed nearly ubiquitously 
in a developmentally regulated pattern. Upon heat shock, the nuclear-retained longest 

122 Similarly, NEAT1 
(also known as MEN 123,124 which are 

The hsr Drosophila
the  speckles.122

role such complexes might play.

CONCLUSION

There is compelling evidence, that ncRNAs and especially long ncRNAs do not 

Drosophila hsr

localization.122 Some mRNA-like noncoding RNs (mlncRNAs) are primarily involved 

microRNAs125

appropriate processing machinery. Yet another group is processed into a large collection 
126 and nuclear ncRNAs interact directly 

with the transcription machinery.127
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snoRNAs and snRNAs, give rise to smaller processing products118,128-130 that at least in 
131-133 Similarly, MALAT1 and 

MEN 134

among RNAs and between RNA and protein and DNA, but also by an intricate tangle 
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