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TOPICS
- Contexts for biomolecular binding
- Specificity
- Binding Kinetics and Thermodynamics
- Enzyme Function and Kinetics

Contexts for Biomolecular Binding

The key to the way biology manages complexity is the great specificity of binding displayed by
biomolecules. You are familiar with DNA base-pairing as one example. Many proteins are
designed to recognize and bind to specific target molecules. Example include:

Antibodies — bind to invading molecules

Cell membrane receptors — bind to target ligands that are needed for cell function
Enzymes — bind to substrates and catalyze their reactions

Lectins — bind to saccharides

Examples

Figure 15-62. The three-dimensional structure of human growth hormone bound to its
receptor. The hormone (red) has cross-linked two identical receptors (one shown in green and
the other in bl/ue). Hormone binding activates cytoplasmic tyrosine kinases that are tightly bound
to the cytosolic tails of the receptors (not shown). The structures shown were determined by x-
ray crystallographic studies of complexes formed between the hormone and extracellular
receptor domains produced by recombinant DNA technology. It was entirely unexpected that a
monomeric ligand such as growth hormone would cross-link its receptors, as it requires that the
two identical receptors recognize different parts of the hormone. As mentioned earlier, EGF does
the same thing. (From A.M. deVos, M. Ultsch, and A.A. Kossiakoff, Science 255:306-312,
1992. © AAAS.)
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=books&doptcmdl=GenBookH
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Figure 13-41. The formation of clathrin-coated vesicles from the plasma membrane. These
electron micrographs illustrate the probable sequence of events in the formation of a clathrin-
coated vesicle from a clathrin-coated pit. The clathrin-coated pits and vesicles shown are larger
than those seen in normal-sized cells. They are involved in taking up lipoprotein particles into a
very large hen oocyte to form yolk. The lipoprotein particles bound to their membrane-bound
receptors can be seen as a dense, fuzzy layer on the extracellular surface of the plasma
membrane—which is the inside surface of the vesicle. (Courtesy of M.M. Perry and A.B.
Gilbert, J. Cell Sci. 39:257-272, 1979. © The Company of Biologists.)
http://www.ncbi.nlm.nih.gov/books/bv.fegi?rid=mboc4.figgrp.2389
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EXTRACELLULAR SIGNAL MOLECULE
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Figure 15-1. A simple intracellular signaling pathway activated by an extracellular signal
molecule. The signal molecule binds to a receptor protein (which is usually embedded in the
plasma membrane), thereby activating an intracellular signaling pathway that is mediated by a
series of signaling proteins. Finally, one or more of these intracellular signaling proteins interacts
with a target protein, altering the target protein so that it helps to change the behavior of the cell.
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=mboc4.figgrp.2741
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Figure 15-15. Three classes of cell-surface receptors. (A) Ion-channel-linked receptors, (B) G-
protein-linked receptors, and (C) enzyme-linked receptors. Although many enzyme-linked
receptors have intrinsic enzyme activity, as shown on the left, many others rely on associated
enzymes, as shown on the right.
http://www.ncbi.nlm.nih.gov/books/bv.fegi?rid=mboc4.figgrp.2767

The transport proteins we discussed in Lecture 14 are also examples of highly specific molecular
recognition systems. The origin of molecular recognition specifity lies in the same set of
intermolecular forces that drive protein folding and lipid self-assembly.
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Hydrophobic
patch

We will discuss the key characteristics of molecular recognition in the context of enzyme-
catalyzed reaction kinetics.

5.5
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Binding Kinetics and Thermodynamics
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Approximate treatment of fraction of bound species, fpr

5.9
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How Enzymes Work

Impact on activation energy....

5.12
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How do enzymes accelerate reactions?

5.13
Binding

Stabilize transition states — active site binds transition state complex

most tightly
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Enzyme Kinetics

Consider an enzyme E and a substrate S. Enzyme catalysis happens by binding of the substrate
to the enzyme, whereupon a reaction occurs. Then the product dissociates from the enzyme,
freeing up the enzyme to bind to another substrate molecule. An enzyme usually has one active
site where the binding occurs. Sometimes there can be more than one, but we will focus on the
case of 1 site. Since there is one site only, when it is bound to a substrate, that site cannot bind
another one until the substrate leaves.

This is represented by the following sequence of events:

k
—f) k
E+S ES—< S E + products [1]
k

7

where the constants kg, k;, and k¢, are the rate constants for the forward E+S = ES reaction, for
the reverse ES - E+S reaction, and for the ES = E+products reaction. Note that the last
reaction is assumed to be irreversible, where the E+S binding is reversible. S can dissociate from
E without reacting to form products.

Now, the rate of the reaction, v, is equal to the rate at which product P appears.

_dp]_
v —7— kCClt[ES] [1]

But — how do we know the concentration of ES complex? All we know about the enzyme is the
total concentration of enzyme [E,] in our system. Here we apply a material balance, recognizing
that the total amount of enzyme in any form (bound or unbound) does not change:

£, 1=[E]+[ES] [2]

We also know that the concentration of ES complex, [ES] must follow

d[ES] B
=k LENS] (kr vk }ES] 3]

To a very good approximation, we can make the quasi-steady state approximation, namely that

d[ES] _ "
dt

In that case:
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o1 KBNS
[ ]—W [5]
r cat
k k [E][S]
v=k [ES]=-S4 [6]
cat k +k
r cat

The problem is that we do not know the concentration of free enzyme E, but we can relate it to
[S] via eqn. [4]. Substitute [ES]= [Eo] —[E] into eqn. [5]. This gives

oy kS
[E,1-[E]=-——

r cat
[E ]
k f[S]

k +k
r cat

Rearrange:

[E]=

1+

Rearrange some more to get
— [Eo ](kr + kcat) [7]
k +k,  +k f[S]

[£]

Plug eqn [7] into eqn [6]

V= kcatkf 5] [Eo ](kr " kcat)
kr + kcat kr + kcat + kf[S]

which is rearranged to

ki ISIE,)
k +k
Vk cat+[S]
S

Lumping the collection of rate constants in the denominator, we write this as
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k., [SIE ]
y=-_cal — o- 8]
K _+[S]

where K, is sometimes called the Michaelis-Menten constant.

Equation [8] is called the Michaelis-Menten rate law for enzyme kinetics. It follows the same
type of saturation kinetics that we saw for the Monod cell proliferation model.

[S]
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A brief overview of cellular metabolism...

http://www.expasy.org/cgi-bin/show_thumbnails.pl

http://www.genome.jp/kegg/pathway.html
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