


The Riboswitch is functionally separated into the ligand binding APTAMER and the decision-making 

EXPRESSION PLATFORM



Biological ligands of the known natural riboswitch classes

Nelson JW, Breaker RR. The lost language of the RNA World. 

Sci Signal. 2017. 10(483):eaam8812.







Purine riboswitch TPP riboswitch SAM riboswitch

glmS ribozyme



An mRNA structure that controls gene expression by binding 

FMN.
Winkler, Cohen-Chalamish, Breaker. 2002. PNAS  99:15908-15913

An example of aptamer binding a ligand



In-line probing

The principle: spontaneous cleavage of the phosphodiester backbone in 

the presence of Mg+2.

How did the Breaker lab show that an RNA could specifically bind a ligand?



These are internal transesterification reactions that involve the 2’ OH and Mg2+. 

This reaction requires a specific geometry (SN2-inline displacement reaction) that does not 

correspond to typical conformations in structured regions of an RNA (especially duplex 

regions). 

However, flexible regions of the RNA can access this geometry, at least transiently with 

some probability.

To enhance the efficiency of the transesterification reaction and thus backbone cleavage, the 

reactions contain 20 mM Mg2+ and are run at room temperature for 40 hours.

Why room temperature for 40 hours?
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Nucleotides that become less reactive 

when FMN is bound.

All regions show the same FMN concentration-dependence.

Therefore, the conformational change is global and cooperative. 



Binding is specific to FMN.



Wickiser, Winkler, Breaker, Crothers. 2005. Mol Cell. 18:490-60.



promoter

RNAP Transcribe 5′ to 3′

1 ------------------------------------------------------------------------------------------304

DNA

RNA

NusA is a protein that binds to bacterial RNAP and slows 

transcription.



This riboswitch is not at thermodynamic equilibrium at the 

time the choice is made to transcribe or terminate. 

Therefore, this decision is kinetically driven.



Shine-Delgarno 

(GAA) and AUG 

start are paired in a 

stem.  Adenine 

binding shifts the 

equilibrium.

Low Adenine 

concentration leads 

to OFF state. High 

concentration can 

co-transcriptionally 

bind leading to the 

ON state. 

The Purine riboswitch operates in two modes.



Porter et al., 2014. Biochem Biophys Acta 1839:919-930.

The purine riboswitch



Ions in the crystal structure.

What do they do?



Haller, A, Souliere MF, Micura R (2011)  

The Dynamic  Nature of RNA as Key to 

understanding riboswitch mechanisms. 

Accts Chem Res. 44:1339-1348.

A spectroscopic method to study the ligand binding process

Examine adenine binding by the purine riboswitch.  Replace a single 

nucleotide with the fluorescent nucleotide 2-aminopurine (Ap).  

When the riboswitch undergoes a conformational 

change, Ap fluorescence could increase or decrease (or not change), 

reporting on the timescale of the binding and also the folding pathway.



What do you think you would 

observe if adenine were 

added first, then Mg2+?



The lock and key paradigm of substrate binding clearly fails for these 

riboswitches. 

Instead, there is a coupled binding/folding that needs a new formalism to 

describe it. There are two popular models that you’ll find in the literature. 

Induced Fit, and Conformational Selection. Are they mutually exclusive 

mechanisms, or are they the same mechanism with different names, or 

can both be present in the same system?

Vogt & Di Cera . 

Biochemistry. 2012 

51(30):5894-902.



Targeting RNA structures with small molecules

Childs-Disney JL, Yand X, Gibaut QMR, Tong Y, 

Batey RT, Disney MD. 2022. 

Nat Rev Drug Discov. 21(10):736-762.

Frameworks for targeting RNA with small 

molecules

Juru AU, Hargrove AE, 2021. 

J Biol Chem 296:100191.


