NEW ROLES FOR RNA

Note: Material is mostly from Ch25 RNA: The Final Frontier plus some from Ch24 Molecular Evolution

RNA World

RNA Enzymes - Ribozymes

RNA Interference (RNAi)

Micro RNA – Small Regulatory RNA

Riboswitches – mRNA Controls Itself

RNA World

First proto-organisms had both genes and enzymes made of RNA


DNA and proteins as specialized late-comers


DNA took over information storage


Proteins took over enzyme activity
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Central Role of RNA

RNA viruses and viroids have genomes made of RNA 

RNA polymerase can begin new strands


BUT DNA polymerase cannot start new strands


Primers made of RNA must be used to start new strands of DNA

Small RNA guide molecules are used for:


Removal of introns


Modification and editing of messenger RNA


Extending ends of eukaryotic chromosomes by telomerase

Ribozymes are RNA molecules that act as enzymes:


Most important is large ribosomal RNA


(23S rRNA in bacteria, 28S rRNA in eukaryotes)


This links the amino acids together to form the polypeptide chain

RNA may directly control gene expression


Small regulatory RNA may control transcription and translation


Riboswitches bind small molecules

RNA interference:


Novel mechanism - purpose is to destroy hostile virus RNA


Widely used in research to inactivate genes in animals and plants 


Not found in bacteria

RNA Enzymes - Ribozymes

Ribosomal RNA of the large subunit of the ribosome


Links amino acids in growing polypeptide chain


Ribosomal proteins help orient the reaction components but are not catalytically active


(Previously thought that ribosomal proteins carried out the reactions and that rRNA was a scaffold to held proteins in the correct position.) 

Ribonuclease P (a less complex ribozyme)


Processes certain transfer RNA molecules at 5’-end


Has both RNA and protein component



the RNA carries out the reaction



the protein helps bind the tRNA

RNA component works slowly on its own, especially if tRNA is plentiful
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Self-splicing introns


They are catalytic but only act once


Technically they are not true enzymes


Genuine enzymes process large numbers of other molecules as opposed to processing themselves just once

Viroids (Infectious RNA molecules that infect plants)


Do not encode any proteins


RNA of some viroids carries out self-cleavage during replication


Not true enzymes - catalytic but only act once

RNA Interference (RNAi)

Normal cells contain double-stranded DNA and single-stranded RNA


but NOT double-stranded RNA (dsRNA)

RNA interference (RNAi)

mechanism for gene silencing


triggered by double-stranded RNA



must be fully base-paired and at least 21-23 base pairs long


original dsRNA is hacked into pieces


ALSO any messenger RNA with same sequence is destroyed

Natural role of RNAi is defending against RNA viruses


RNA viruses replicate via dsRNA intermediate (replicative form)


Applies to RNA virus whether contains ssRNA or dsRNA


dsRNA is seen as a sign of infection and triggers anti-viral response 

Sequence of Events

1) molecules of dsRNA are sliced into fragments of 21-23 bp


(with overhangs of one or two bases) by a nuclease known as Dicer


RNA fragments = siRNA (short interfering RNA)

2) siRNA is bound by the RNA-induced silencing complex (RISC)

3) RISC separates the siRNA into its two strands

4) Unpaired siRNA base pairs with the target RNA

5) RISC destroys ssRNA that corresponds in sequence to siRNA


nuclease Slicer is a component of the RISC complex

RNA interference found in:


Most eukaryotes - protozoa, invertebrates


Mammals - weaker


Plants – especially effective


NOT found in prokaryotes


[In bacteria, ribonuclease III rapidly degrades dsRNA molecules] 

Amplification and Spread of RNAi

RNAi is very potent. Less than 50 siRNA molecules can silence target RNA with thousands of copies per cell


Due to AMPLIFICATION of the siRNA


By RNA-dependent RNA polymerase (RdRP)

1) When Slicer cuts target mRNA in half this gives two ssRNA molecules:


one with cap but no poly(A) tail, other with tail but no cap

2) RdRP converts these to double-stranded RNA
3) The new dsRNA is chopped up by Dicer


This generates more siRNA and amplifies the RNAi effect

RNAi effect can spread from cell to cell


may travel a long way through an organism


especially noticeable in plants but also in some lower animals


some lower animals can inherit RNAi for several generations

Mammals do not have RdRP


cannot amplify RNAi hence effect remains localized

Using siRNA in Research

Injecting dsRNA causes destruction of corresponding mRNA


Allows investigator to switch off gene expression


No need to construct gene knockouts and insert them into the chromosomes of the organisms being examined


Stops gene expression whether target gene is haploid or diploid 


If genome sequence is known can make siRNA for any target gene 

Experimentally, RNAi may be triggered by:


a) long molecules of dsRNA will be cut into short siRNA by Dicer 


b) short dsRNA molecules of 21-23 nucleotides in length


c) in practice often easier to make dsRNA inside target organism



design DNA that codes for the required dsRNA



arrange this to be transcribed inside the cell


i) Single gene gives single molecule of RNA that RNA is designed to fold into a stem (dsRNA) and loop structure 


ii) Single DNA sequence flanked by two promoters facing inwards. One promoter transcribes plus strand and other transcribes minus strand.


iii) Two copies of same DNA sequence in opposite orientation with own promoters. Gives two complementary ssRNA molecules 

Neurodegenerative Diseases Targeted by RNAi

Disease
Gene/RNAi Target
Current Results

Polyglutamine-repeat diseases

Spinocerebellar ataxia type 1
Ataxin-1
In vivo

SCA3 (Machado-Joseph disease)
Ataxin-3
In vitro

SCA6
CACNA1A
In vitro

SCA17
TATA-binding protein
None published

Dentarubral-pallisoluysian atrophy
Atrophin-1
None published

Spinobulbar muscular atrophy
Androgen receptor
In vitro

Huntington's disease
Huntingtin
In vivo

Other neurodegenerative disease

Alzheimer's disease
BACE1d
In vivo

Parkinson's disease
α-Synuclein
None published

Amyotrophic lateral sclerosis
Superoxide dismutase 1
In vivo

Regulation at the Level of mRNA

Controlling transcription = most efficient way to conserve materials & energy

Directly regulating enzyme activity gives the most rapid response

Controlling protein synthesis (i.e. translation) is neither most efficient nor most rapid and it is less common

Several ways to regulate translation of mRNA: 

1. Control the degradation of the mRNA 

2. Make mRNA that cannot be translated until it is modified

3. Control mRNA translation by regulatory proteins

4. Control mRNA translation by anti-sense RNA 

5. Control mRNA translation by riboswitches

Micro RNA – Small Regulatory RNA

Micro RNA (miRNA) = short RNA molecules that are related to siRNA

miRNA found in worms, insects, mammals, plants = same organisms that have RNAi

Plants especially often control translation by small regulatory RNA 

BUT microRNA blocks translation of mRNA 

miRNA made from longer RNA precursors of about 70 nucleotides


Precursor RNA folds into stem-loop and dsRNA stem is cut by Dicer


One strand of miRNA binds to target mRNA

Difference from siRNA:

a) miRNA has a few unpaired bases in middle (siRNA fully base paired)

b) base pairing of miRNA to mRNA is not perfect (as with siRNA)

c) translation of mRNA is blocked (but mRNA is not destroyed) 

Riboswitches – mRNA Can Control Itself

Biosynthetic pathways for amino acids and vitamins:


Usually induced when the metabolite is in short supply


Shut down when there is a plentiful supply of the metabolite


Usually due to regulatory proteins - but not always 

Riboswitch


region of mRNA at the front (5’-end)


binds directly to metabolites


controls whether the mRNA is translated or not

Riboswitches exist in two alternative conformations


These have different stem and loop structures


Binding of metabolite changes conformation of the riboswitch


When metabolite is absent the Shine-Dalgarno sequence is free to bind to rRNA and translation proceeds


When metabolite binds, the riboswitch blocks Shine-Dalgarno sequence and translation is prevented


NO regulatory protein is involved

Riboswitches are known for vitamins, amino acids and purines

Riboswitches are also known that respond directly to temperature


At high temperature one of the stems is unstable and the riboswitch flips into its high temperature form 


Certain virulence genes in pathogenic bacteria such as Yersinia and Listeria are controlled this way


Outside the host, these genes are switched off


Inside hot-blooded mammals it is warmer and the genes are expressed

Majority of riboswitches have been found in bacteria


Genomes of some fungi and plants contain related sequences


Thiamine riboswitch recently demonstrated in plants
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