Lecture 6: Proteins; entropy rules

Goal: Introduce Boltzmann distribution, probability of microstate

* Ligand-receptor binding
» Gene regulation
« Cooperativity

PBOC Chapter 6.1.1,6.1.2, 6.4
(except 6.4.4)



Statistical mechanics for biophysics
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What can we answer with these models?

Determine the probability of finding the

system in a particular (energy) state.

Calculate the average values of observables.



Statistical mechanics for biophysics

Previously (Lecture 3): Microstates

Definition: a microstate is a microscopic
arrangement of the constituents of a system
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Statistical mechanics for biophysics

Microstates

Suppose a system can exist in states with energies E;.
What is the probability of finding the system in a given state?

Boltzmann distribution, probability of

’ _ —E;/kgT
finding the system in a microstate p(E;) = 7 e Ei/ks
with energy E; (derivation, Section 6.1.3)

N
Partition functlol\r;, normalization 7 = o—Ei/kpT
factor so that ),;_, p(E;) =1
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Statistical mechanics for biophysics

Microstates
Suppose a system can exist in states with energies E;. 1
What is the average energy of the system? Q:: kT

N N Q
The average energy is the 1 _BE,
(probability) weighted mean of the (E) = 2 Eip(Ei) = 22 Eie L
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energies of the states:
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Statistical mechanics for biophysics

Example: Ligand binding
Lattice model

L ligands

£ boxes

max. one ligand per box

Microstates with receptor unoccupied

Microstates: multiplicity (Lecture 3)
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Statistical mechanics for biophysics

Example: Ligand binding to

receptor protein Microstates: enerqy, weight
STATE ENERGY MULTIPLICITY WEIGHT
(Jﬁ}& multiplicity x Boltzmann weight
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Example: Ligand binding to

receptor protein Microstates: probability
Z( °:°C]°: ) ﬁe_ﬁ[(ll_l)gsol"'eb]
) states ° ° . (L — 1)!
Pbound = 00 o 000 z = _QL P QL—l _B o .
) ( e )z( fedics ) Tr e Phesl + e Al Desarte
- &_% e—ﬁ[gb_gsol]
= A
1+ 0 e —Bleb—¢soll
ESO\—- E v
Define: Ae = sgs<sSyyy ie‘ﬁA‘g .
c(L) = L/Vyo, 'A,\Lfls_m __Co Langmuir isotherm
ok c(L=Q)=c¢y = 5}1;; o i 1 + £ o—pae | Hill function of coefficient 1

—_ 0




Statistical mechanics for biophysics

Example: Ligand binding to

receptor protein Microstates: probability ~ (e.c 4))
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Example: Ligand binding to

receptor protein Receptor occupancy
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Example: Ligand binding to
receptor protein Receptor occupancy
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How do cells make decisions?

How can different cells in an organism
maintain different protein concentrations?
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Statistical mechanics for biophysics

Will the cell make a
particular mRNA?
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How long will a protem last
before being degraded?
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Will the cell make a .
particular mRNA? Microstates

RNA polymerase
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Example: Transcriptional .
control Microstates
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Example: Transcriptional ) o
control Microstates: probability
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Example: Transcriptional

control RNA polymerase occupancy
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Cooperativity (Pe.C 043)
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Cooperativity (Pe.C 043)
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Cooperativity
1
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Lecture 6: Entropy rules
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Lecture 7: Two-state system, 1on channels

Goal: Statistical mechanics modeling. Compute the
probability of microstates, including applied forces.

» Two-state system
» Mechanosensitive ion channels

PBOC Chapter 7.1.2, 11.5



