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Perpetual 
Motion!
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What are the units of KM? Concentration = mol/L
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when [S] very small

when [S] very 
LARGE

[S] cancels if
very LARGE

equation of 
straight line



5 x 10-6

*Specificity
Constant in
our text

Is k2 ever >>k1???
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How large can
k2/KM be?

Limit of 
VERY low [S] 1 2
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A small KM
is like a small
dissociation constant
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Single 
Molecule
Kinetics

This shows that a single enzyme shows an efficiency that
varies in time, yet the average is the same as for a 
typical macroscopic solution. 



Arieh Warshel, stated the truth about enzyme 
action in 1976:

“The energy provided by protein folding reduces 
the activation energy by preorganizing the 
active site to provide large electrostatic
stabilization of the transition state(s).”  
(paraphrased)

He has preached this since 1976 and has
been awarded the Nobel prize along with his 
mentors for associated development of 
modeling methods, and yet this idea still is not 
well accepted.
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Coulomb’s Law =
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YOUR Coulomb’s Law = 1389 kj/mol times the sum over all pairs i,j
where zi = charge in units of e, and rij is in Å
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What about a collection of point charges?
+1 -1 +1

1 Angstrom apart
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Are charges 1 and 3 
“shielded”  by 2????

There really is no such thing
as shielding in Coulomb’s Law

This is the only potential energy that is in Quantum Mechanics: the 
Schrodinger Equation for atoms and molecules!  (i.e., CHEMISTRY) 

This is therefore what determines all molecular energies  when determined by 
quantum mechanics. 

The sum is ALWAYS negative for a stable atom or molecule. 



How much is an equilibrium constant or a rate 
constant changed by a seemingly small 
electrostatic interaction ??

kJ
E

RT
E

kJ
G

RT
G

aa

7.5
--

7.5
-

3.2
-

A10eA  k constant   Rate

1010 K constant   mEquilibriu
00

==

==
∆∆

Consider  a +1 and a -1 charge 100 Angstroms apart

U = 1389 x (1)(-1) / 100  =  -13.9  kJ/mol

13.9
2.45.710 10 250 i.e., 250 times larger K!= =
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Example of electrostatic importance in an enzyme
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This part of substrate is now covalently attached to the enzyme
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“Convergent Evolution”

Chymotrypsin
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