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58 Chapter 2 The Allosterician’s Toolkit
(A) FIT TO HILL FUNCTION (B) SLOPE AT MIDPOINT (C) CURVATURE
1
n=4
0.8

n=1

T e 2 0.6
3 3 3 2
£ £ & 0.4 g
dc
0.2 b cI2pbound <0
0 0 0 "
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
ligand concentration (c/Ky) ligand concentration (c/Ky) ligand concentration (c/Ky)

R

Three variations on the theme of cooperativity. (A) Fit to a Hill function. (B) Evaluated from the slope at the midpoint between the
minimum and maximum values of the activity curve. (C) Determined from the curvature of the binding (or activity) curve.
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Figure 2.15

States and weights for a nonallosteric two-
site receptor. There are a total of four
different states, corresponding to the two
choices of occupancy for each of the two
sites. The doubly occupied state includes
an interaction energy &;,; to account for
cooperativity.
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Figure 2.16
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Probabilities of the different states of the nonallosteric two-state receptor. (A) Probabilities of the different states of occupancy for the
case where there is no cooperativity (¢j,s = 0, @ = 1) between the binding sites. Note that since there are two states of single occupancy,
we have pg + 2p1 + p2 = 1. (B) Probabilities of the different states of occupancy of the receptor for the case where the cooperativity
is characterized by &,y = —4.6 kpT and @~ 100. In the presence of cooperativity, the probability of the singly bound intermediate is
suppressed, suggesting the approximation of ignoring that state altogether, as in a Hill function.
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Signaling pathways and allostery.
Each panel shows a schematic
representation of inactive and
active signaling pathways. In each
case, an extracellular ligand binds
to a receptor resulting in a cascade
involving intracellular signaling
proteins. These proteins in turn
influence a variety of other proteins
that can carry out specific biologi-
cal processes, including activating
metabolic enzymes (top panel),
turning on the transcription of key
genes (middle panel), or turning
on cytoskeletal polymerization in
particular regions within the cell
(bottom panel).
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ion channels receptors regulatory proteins physiological proteins

Structures of MWC molecules. Many different macromolecules can exist in distinct conformational states including ion channels,
such as the nicotinic acetylcholine receptor shown here, G protein-coupled receptors such as the adrenergic receptor shown here,
transcription factors such as the Lac repressor shown here, and proteins relevant to human physiology such as hemoglobin. Illustrations
courtesy of David Goodsell.
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States and energies of the simplest

MWC molecule. The left column active states inactive states
shows the active states of the MWC @ @
molecule, and the right column ® ® 1 ® ® 1
shows the inactive stzftes. Here Yve ® e - . )
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active states inactive states States and weights of the simplest MWC
molecule using the chemical potential

concept. The left column shows the active

m A ePen Cﬁ o ePa states of the MWC molecule, and the

right column shows the inactive states of

() the MWC molecule. Those states with a

ﬁ ens By eBe Aa-BER-w os o-Bera-BE-w b.ound ligand incur a ct.)st m tf’ take. the
ligand out of the reservoir that is partially

compensated for by the binding energy ¢,.
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Energies and probabilities of different states as a function of concentration of ligand. (A) Free energies of the four states of the simplest
MWC molecule as a function of ligand concentration. (B) Probabilities of the four states as a function of ligand concentration. The
crossing points in these graphs correspond to those concentrations at which the energies of two states cross. Parameters used in the
plots are ey =2.3 kpT, £4 =0, K; =2 x 1078 M, and K4 =107° M.
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States and weights for the simplest
MWC molecule. Comparison of
the states and weights in statistical
mechanics language and thermo-
dynamic language.







