
1958: Linked Equilibria
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Linked Equilibria
L1KT = L0KR

L1 = L0{KR/KT} = L0c

L2KT = L1KR
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L1c = L1c2

L3KT = L2KR
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The Free Energy Landscape

”Reaction Coordinate”



The Perturbed Free Energy 
Landscape

n. b. The Protein is 
Divided into Free and 
Bound fractions



The Binding Affinity Landscape

“Lock and Key” 
requires a very 
narrow and deep 
minimum
The “fit” must be 
between the FEL 
and the BAL
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Binding 
Free Energy



The Binding Affinity Landscape

“Conformational 
Capture” results 
from a deep, narrow 
min in the BAL and a 
broad min in the FEL
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The Binding Affinity Landscape
(BAL)

“Induced Fit” results 
from overlap of the 
BAL with the FEL, 
but with a min in a 
different position
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The Perturbed FEL

+

=

We could predict/engineer 
biomolecular conformation 
from the BAL/perturbed 
FEL

BUT, to do so requires 
isolating (fixing) the 
representative conformers



The Perturbed FEL

We could predict/engineer 
biomolecular conformation 
from the BAL/perturbed 
FEL

BUT, to do so requires 
isolating (fixing) the 
representative conformers

Fixing/predicting protein 
secondary or tertiary 
structure is challenging

Fixing/predicting RNA 
secondary structure is 
(nearly) tractable



The Perturbed FEL
Fixing/predicting protein 
secondary or tertiary 
structure is challenging

Fixing/predicting RNA 
secondary structure is 
(nearly) tractable
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Model System Needed for the Binding 
Energy Landscape

Riboswitches



S-Adenosyl Methionine (SAM) 
Riboswitch: Feedback Regulation

5’ UTR

Riboswitch

Biosynthesis genes

Biosynthetic 
proteins



Significance of “Riboswitches”

l Riboswitches are Bio-Sensors AND Gene Regulators
l Tuning of Metabolism
l (Mostly) in Bacteria
l Nanoengineering/Synthetic Biology

THF

TPP

Pre-Quenosine

2-Aminopurine

Glycine



Structure of Isolated Riboswitch 
Aptamer

Montange & Batey, 
Nature  Structural 
Biology, 2006
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SAM Binds to Riboswitch 
with Hybrid ON/OFF 

Conformation 

Vamsi Boyapati



Thermodynamic Cycle for 
Binding and Conformation

Osama Alaidi

Alaidi & Aboul-ela, JCC 2020



Perturbed FEL for SAM-I 
Riboswitch RNA



SAM Binding Facilitates Formation of RNA 
Transition State
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Summary

• Binding Energy Landscape has been measured
• “Tuned” riboswitch response can be 

calculated/predicted/engineered
• Experimental evidence?
• Prediction of BAL/pFEL and ligand-induced 

allostery?
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Emil Fischer: The Lock and Key 
“Model” (1894)

Louis Pasteur 
Biography.com



smFRET
evidence 
for SAM-I 
riboswitch 
conformers

Manz et al Nature Chem Biol 2017

Manz et al J. Chem Phys 2018



Riboswitch RNA Function 
Depends on Kinetics of Folding 5’
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