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The Relationship of Kinetics to EquilibriumThe Relationship of Kinetics to Equilibrium
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Vf = k1[A][B] Vr = k-1[C]

At equilibrium, Vf = Vr

k1[A][B] = k-1[C]

k1/k-1 = [A][B]/[C] = Keq

• Kinetics probe the 
intermediate state
•There are many 
ways to get the same 
Keq



Affinity and Affinity and KKeqeq

A high Keq means:
A. the ligand has low affinity
B. the ligand has high affinity
C. neither



GibbsGibbs Free Energy (Free Energy (∆∆G)G)

• At constant temp and pressure, ∆G = 
(GA + GB )- GC

• Reactions with a positive and negative 
∆G are endergonic and exergonic, 
respectively

• At equilibrium, ∆G = -RTlnKd
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A reaction has a ∆G of -15 kcal/mol.:
A. The reaction will proceed rapidly 
toward products.
B. The reaction will proceed slowly 
toward reactants.
C. The reaction may not proceed at all.

∆∆G and Reaction RatesG and Reaction Rates



What Determines Rates?What Determines Rates?

• The Arrhenius equation (1889)
• The rate is a related to some portion of 

the collisions with the right geometry (A) 
and with enough energy (e-Ea/RT)

• e-Ea/RT looks suspiciously like the 
Boltzmann distribution and tells you the 
fraction of molecules with Ea energy at a 
given T

k = Ae-Ea/RT



You can raise a reaction rate by all 
except:
A. Increasing temperature.
B.  Lowering Keq

C. Adding an enzyme or catalyst.

Reaction RatesReaction Rates



Reaction CoordinatesReaction Coordinates

• ∆G and Kd are functions of state and independent of the 
reaction path

• Ea is path dependent
• Enzymes affect lower Ea without affecting ∆G or Kd

Free 
energy

Progress of reaction

A + B

C

Ea =RTln kon

∆G =RTln Kd



φφ kinetic analysiskinetic analysis

• φon = 1-φoff

• φon = 1, interaction forms before the transition state
• φon = 0, interaction forms after the transition state
• 0<φ<1 is difficult to interpret

Free 
energy

Progress of reaction

A + B

C

∆ Ea =RTln k’/k

∆G =RTln Kd’/Kd

φ = ∆ Ea/∆G



Kinetic Analysis AssumptionsKinetic Analysis Assumptions

• there are no intermediate states of 
lower energy than the starting state

• mutations only alter the energetics
of transition and bound states not 
the reaction coordinate



A mutation gave a φoff of 0.05.  This amino 
acid is likely to affect:
A. the on rate.
B. the off rate.
C. both.
D. neither.

Interpreting Interpreting φφ



Urea Accelerates UnfoldingUrea Accelerates Unfolding



Kinetics Suggest Significant Kinetics Suggest Significant 
Secondary Structure at the Secondary Structure at the 

Transition StateTransition State



Structure of STX and its Structure of STX and its 
mutation, neoSTXmutation, neoSTX



Channel Mutation

D400A Y401D Y401C E755A M1240A D1532N
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ICIC5050 Values of STX and NeoSTX for Values of STX and NeoSTX for 
the Nathe Na++ Channel and MutationsChannel and Mutations



Mutations Affect Binding Mutations Affect Binding 
KineticsKinetics



Mutant Cycles: The BasicsMutant Cycles: The Basics

1 nM 10 nM

5 nM 50 nM

∆∆G = RT ln (1/10)/(5/50) 
= 0 kcal/mol

1 nM 10 nM

10 nM 10 nM

∆∆G = RT ln 
(1/10)/(10/10) = 1.3 
kcal/mol



Mutant Cycles Mutant Cycles -- Isolating Interactions Isolating Interactions 
Between Two ResiduesBetween Two Residues

STX

neoSTX

Y401C

314 + 13 nM

263 + 25 nM

native µ1

4.1 + 0.5 nM

0.4 + 0.1 nM

77-fold

658-fold

10.3-fold 1.2-fold∆∆G = -1.3

∆∆G = RT ln Ω = RT ln (IC50’/IC50”)/(IC50”’/IC50””)

· Ω = 1 means there is no coupling.
· The larger the deviation of Ω from 1, the more energy 

of interaction.



Coupling Energies of N1Coupling Energies of N1--OH with OH with 
Various Channel ResiduesVarious Channel Residues

Channel Mutation
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NeoSTX in a Model of the NaNeoSTX in a Model of the Na+ + 

Channel Outer VestibuleChannel Outer Vestibule


