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PREFACE

Previously, RNA was investigated merely as an intermediate between DNA and 

and proteins interact in networks. Following this is a chapter on RNA interactions, 

DNAs and proteins. 

other interacting RNAs.

inhibit translation and promote morphological changes. A chapter on programmed 
DNA elimination in the protozoan ciliate Tetrahymena
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binds to the TLS protein, is examined in more detail.

mechanisms we see today, how such RNA-mechanisms evolved and whether some date 
back to the ancient RNA world.

Lesley J. Collins
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CHAPTER 1

THE RNA INFRASTRUCTURE: 
An Introduction to ncRNA Networks

Lesley J. Collins
Institute of Fundamental Sciences, Massey University, Palmerston North, New Zealand  
Email: l.j.collins@massey.ac.nz

Abstract:

RNAs (tRNA, mRNA and rRNA) and other ncRNAs operate in a spatial-temporal 
manner, moving around the nucleus, cytoplasm and organelles during processing, 

prokaryotes and eukaryotes. It describes how transcription-to-translation processes 

prokaryotic and eukaryotic RNA networking.

INTRODUCTION

RNA biology in both eukaryotes and prokaryotes exists in a spatiotemporal network 

noncoding (nc) RNA genes involved including rRNA, mRNA, tRNA, snRNA, snoRNAs, 

in addition to tRNAs, mRNAs and rRNAs, we can have small RNAs, CRISPRs and 
tmRNAs, and even viruses can contain small RNAs. ncRNAs are generally involved 
in the transcription-to-translation processes surrounding the conversion and regulation 

RNA Infrastructure and Networks, edited by Lesley J. Collins. 
©2011 Landes Bioscience and Springer Science+Business Media.



2 RNA INFRASTRUCTURE AND NETWORKS

to understand is how these processes are integrated, and how RNA plays a previously 

eukaryotes), single celled eukaryotes and prokaryotes, but there are also striking similarities 

is becoming a standard step in genomic investigations, it is now clear that discovering 

our regulatory networks can become very complex, but these complex networks have the 
ability to indicate linkages between cellular machineries not previously observed. The 
examples in this chapter will show how RNA-based processes within both prokaryotic 
and eukaryotic cells interact in networks in both a spatial and temporal manner.

RNAs PROCESSING OTHER RNAs

1 

these are: rRNA by RNase MRP and snoRNAs; tRNA by RNaseP; and mRNAs spliced by 
snRNAs within the spliceosome. We can then expand this idea to include spatial movement 
and regulation during RNA-processing (Fig. 1B). In prokaryotes we still have tRNAs and 

indirectly (where rRNAs are released by tRNA processing) (Fig. 1C).
Examining the connections between these processes in more detail we see networking 

II (Pol II) and mRNA splicing in mammals are carried out in close proximity,2 and this 
3

4,5

-end cleavage 

mRNA-processes including RNA localisation, translational yield and mRNA decay.8 In 
 end 

mRNA as it is exported to the cytoplasm.9 This complex interacts transiently with many 
10,11 as it is a 

8 and thus 
detects incorrect splicing that introduces premature stop-codons. It has been shown that in 

6 With splicing central to downstream 
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Figure 1.

mRNA, tRNA and rRNA. B) In eukaryotes, compartmentalisation and biogenesis pathways permit 

1
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RNA processing it is not surprising that many proteins are now seen as having roles in 

 and 3
pre-tRNAs require cleaving, introns within the tRNA may need to be removed and in some 
cases a 3  CCA tail needs to be added.12 In addition, certain nucleotides within the tRNA 

cleaving the 5

is one small protein that plays diverse roles such as enhancing substrate binding, altering 

between the substrate and product by binding to the 5 13,14 
Eukaryotes have 9-10 proteins in the complex with a single RNA. Archaeal RNase P also has 

RNase P plays key networking roles in both the eukaryote’s and prokaryote’s RNA 

transcription (Fig. 2).16,17 In bacteria, as well as cleaving the 5

specialised tRNA molecule that together with the SmpB protein (small protein B) rescues 

partly a tRNA molecule and partly an mRNA molecule,19 the tRNA part binds to the 
stalled ribosome, allows the translation to proceed along the mRNA part which encodes a 
distinctive degradation signal and a translation stop signal. When the mistranslated protein is 

conserved throughout bacteria and is also present in some mitochondria and chloroplasts.20,21 
In prokaryotes other cleavage products by RNase P include some riboswitches and some 

 In yeast 

cleavage is the exact mechanism is yet to be completely determined. In humans MALAT1, 
another long ncRNA, is cleaved by RNase P. tRNAs in organelles within eukaryotes (in 
some species) either encode their own RNase P RNA (e.g., the yeast S. cerevisiae), use 
the nuclear counterpart (e.g., humans) or occasionally do without the RNA component 
altogether.23 Additionally, in the archaeans Nanoarchaeum equitans and Pyrobaculum 
aerophilum and the hyperthermophilic bacterium Aquifex aeolicus, there does not appear to 
be any RNase P-like RNA sequence in their genomes.24 In N. equitans

25

16 and the 
17 Thus, RNase P in eukaryotes 
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and it is likely that other substrates and processing connections, especially in prokaryotes, 
are still to be uncovered.

26 

Yeast models (primarily in S. cerevisiae

Figure 3.

one catalytic RNA and ~9 proteins moves as a whole through the cell, or disassembles and re-assembles 



7THE RNA INFRASTRUCTURE

rRNA sequence elements appear to optimize transcription elongation and co-ordinate 

processing and ribosome assembly.27

production and pre-rRNA processing.28

SPATIAL REGULATION OF EUKARYOTIC RNA PROCESSING

Figure 4.
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the Lsm-class snRNAs (U6 and U6atac snRNAs) in humans never leave the nucleus,29 
29

30 In 

31

32

protein there has been a similar protein characterised in the protist Cryptosporidium 
parvum.32 Another important RNA-escorting macromolecule is the SMN protein complex, 

33 The SMN complex 

proteins) are only assembled on proper snRNAs,34

34 The 

and microRNPs.33

35

in the cytoplasm until developmental or environmental cues signal their translation.36 

neurons (neuronal granules). Processing-bodies (P-bodies or GW bodies) are involved with 
post-transcriptional processes, including mRNA degradation, nonsense-mediated mRNA 

38).  polyA-tail 
39 Stress Granules are a cytoplasmic RNA granule that typically 

40 Stress Granules 

40 whereas mRNAs recruited to P-bodies are largely 
deadenylated.37 mRNAs within stress granules P-bodies and Stress Granules constantly 
exchange RNAs and proteins with the cytosol37

P-bodies have been investigated in yeasts, plants, trypanosomatids, insects and vertebrates 



9THE RNA INFRASTRUCTURE

Although RNAs such as miRNAs, siRNAs and tRNAs typically act in the cytoplasm, 
there are some miRNAs that may re-enter the nucleus, possibly playing a role in 

tRNAs in particular show interesting nuclear-cytoplasmic dynamics. tRNA transcription 
and 5  processing is typically in the nucleolus, however 3

 Subsequently however, a retrograde pathway exists where the tRNAs are 
43 but can then be re-exported to the 

cytoplasm in response to nutrient availability.44

dynamics has been mainly in yeast, the retrograde process (moving cytoplasm to nucleus) 

is not restricted to eukaryotes. The Gram-negative bacteria Caulobacter crescentus 

C. crescentus shows substructure 
45-47 tmRNA and its small protein 

SmpB are colocalised to a helix-like pattern in swarmer and predivisional cells but they 
are delocalised in stalked cells.46 However, the protein RNase R which interacts with 

the tmRNA-SmpB pattern. Trans-translation requires that the individual tmRNA-SmpB 

trans-translation.46 C. crescentus is 
regulated in the cell cycle by temporally controlled transcription and translation.45 With 

Bacillus subtilis,48 symbiosis in Bradyrhizobium japonicum109, and pathogenecity in 
Salmonella enteria  

is not unexpected. It is even possible that these helix-like structures seen in C. crescentus 

RNA REGULATION, CONNECTING COMPONENTS 
OF THE RNA-INFRASTRUCTURE

RNAi Networks

RNA regulation (including RNAi, riboswitches and RNA-editing), storage 
and degradation are linked to the processes discussed in the earlier sections. RNAi 

49, 50). 

involved in many cellular processes including chromatin-mediated gene silencing and 

shown51
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in miRNA copy number, genomic context (either exclusively intergenic, or intronic and 
intergenic) or both.52

52

16,53 RNase P associates with the 

but not with the U6 snRNA and 7SL-RNA that have Type-3 Pol III promoter sequences. 

active RNase P.16

snoRNAs as recently demonstrated in yeast54

 

NRSE (Neuron-restrictive silencer element dsRNA), HSR1 (heat shock RNA-1) and 
7SK RNA. This latter ncRNA is transcribed by Pol III and represses transcript elongation 

 

56 With the ongoing 
discovery57

snoRNA-derived RNAs58 59 tRNA-derived 
RNAs are thought to be involved in translational repression.60,61 Studied in mammals, 

Giardia and Tetrahymena, tRNAs are cleaved by members 
 and 3  

is still very much under investigation, in mammals it has been shown that 5  tRNA halves 
62 and that the original cleavage is enhanced by stress. 

37,63 Other 

64 

Transcription-initiation RNAs
65

17-18 bp in length and have a connection to splicing in that their 3  ends map precisely 
66

to be associated with highly expressed genes.66

RNAs are remains to be investigated, but high throughput sequencing technology has 
enabled researchers to uncover these types and more.

regulation. The yeast S. cerevisiae
lacks Dicer-like RNases, Argonaute or Piwi-like proteins, but it does have ncRNAs 

65 and tiny RNAs66 have both been given the name 
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67

67 In single 

have retained them.68

68 Whether 

to compensate, is as yet unknown.

RNA Networks and Epigenetics

69-74

69,74,75 such as miRNAs, siRNAs 
and piRNAs. miRNAs in particular have been shown to be important in RNA networks 

which develop, maintain and repair tissues in developing and adult organisms), and 

77 These miRNAs act as post-transcriptional 

77,78 

indirectly regulated targets,77

length  200 nt) are also known, with a classic example being the long ncRNA control 
 In mammals the potential double 

79

79

80 
81

along both the Xist and Tsix
Xist
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82

82

83

84

84. RepA also collaborates with the 
81 On 

Figure 5.

Xist and Tsix 

Dnm3a, directs the methylation on the Xist

74


