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Today’s Lecture:

Chapter 6: Entropy Rules!




5.5 Structures affee energyminimizers

DNA-binding protein
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lattice model of DNA/protein complexes
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Thermal and Chemicalequilibriums are obtained by Maximizing the Entropy

4

semipermeable
membrane

Stot = S1(E1,V1,N1)+ Sp(E2, Vo, N»)




Eiot = E1 +E>

maximizing S we conclude: (same temperature @ equilibriu



Viet = V7 + V5

sliding partition

Physteat-Bioton,

Stot = S1(E1, Vi, N1) + Sp(Ep, Vo, Np)

1S d\v, = ! dV;
é.dV]_ + P2 éd\/2 -0
1V,

!Sl lSZ )
it I V, =
!Vl |V2 ad 1 O

p/IT = -

maximizing S we conclude: (same pressure @ equilibrium)



N;+ N>

semipermeable
membrane

4

24

S1(E1,Vi,N1) + Sp(Ep, Vo, Np)

1S
adN; + ﬁ adN, = 0

maximizing S we conclude: (same chemical pot. @ equilibriu




Free energy minimization as alternative to Entropy maximization

dSiot = dS; + dSs ! O entropy change “ wneray

0

energy O,
— I ‘\\O )l
d Er - T ds . pd\/r impermeable, rigid,
adiabatic wall

reservoir energy = entropy - work by reservoir on system

ISOLATED SYSTEM CLOSED SYSTEM

dE ,
dSor = dSs + —" + $advr 0

by isolation of total system.
dE, = —dEg
= I dVi

dStot — dSs |

Multiplying by -T we get Gibbs. dG = d(Es+ paVg! T aSs)" O

By minimizing the systemOs Gibbs free-enezgeigy Vv.s. entropyve maximize the total entropy



Chapter 6:
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Figure 6.3 Physical Biology of the Cell (© Garland Science 2009)




Lattice Receptor Binding Q!
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Stat. Mech. of gene expression
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most polymerase molecules are bound to D

MICROSTATE 1
MICROSTATE 2
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etc.

RNA polymerase
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Figure 6.11 Physical Biology of the Cell (© Garland Science 2009)
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RNA polymerase

Zns(P' 1, Nng) -e" s
Z(P7 NNS)

Pbound —

MICROSTATE 1

MICROSTATE 2

MICROSTATE 3

etc.

Nys boxes

—1"
Z(P,Nns)= Zns(P,Nns)  +Zns(P —1,Nns) €77 3
\——— e e e ——
no RNAP on promoter one RNAP on promoter

N , .
ZNs (P, Nns) = NS4 ﬁ:g%'\'_s&

#_$% & Boltzmann factor
multiplicity




Zns(P! 1, Nyg) e s
Z(P7 NNS)

NNsY Ao T (P D)'ns Aol 1
(pig) e’ 17 Dins g T

) ¢! ! P'Ns + (]Jllesl) qe! ' (P! 1)"ns Ze! " s

Pbound — (NNS
P

Nns >> P

Nns!/(Nns — P)!~ (Nns)"

[P/ (Nns)"14e " s

(P/N ng) &€ T
1+ (PN yg) &€ '

pbound —

200 400 600 800

P (number of RNA polymerase molecules)




Boltzmann:

Wiot (Etor ! Eg) = !% "W, =W, (Etor! Eg)
1
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ambiguous micro/macro:

WEIGHT

o BGX))

e BGX,)

G(X)= TKgTInZ




on being ideal

|deal solution: water + solute In a lattice

solute

&

solvent
(water)




From the free-energy of the solution we can get $@ute chemical potential

| Gtot

Hs =

|
' Ns T,p

_ 4,0 : 2 .
Giot = {VﬂzO..gMHQ% T {\E'ﬁﬂ_‘% ! T_a%n:$\

water free energy solute energy  mixing entropy
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S = kB In W

Stirling a bit:
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water free energy solute energy  mixing entropy
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chemical potential: a simple log of concentrations




Osmotic pressure (entropic spring)

Giot = NH2O é.|.1|(2|20 + Ng aes + kg T é.(NS In

solution solution of H,0
of H,0 + macromolecules
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@ equilibrium

solution solution of H,0
N S of H,0 + macromolecules
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T |
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Osmotic Row

T aS >>mgh

Reverse Osmosis
T aS << mgh

semipermeable membrane

motion of
pistons

absorbs heat

thermal E into work by using-up order

releases heat

mechanical E into thermal E and
creating order




How important is osmotic pressure for cells?

—

Isotonic Hypotonic




How important is osmotic pressure for cells?

Gram Negative
Bacterial Cell Wall




equilibrium constants are of course determined by entropy maximization

A_|_BI AB (NA1NB1NAB) (ANA7AN87ANAB)

@ equilibrium

(dG=0) ! (pa adNp + pg adNg + pag adNag = 0)

[dG=0]!  py &N; =0

introducing stoichiometric coefpcientsd/N; = ! ad N

@ equilibrium
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Receptor-Ligand revisited

L +R = LR

LR/
R] + [LR]

Pbound — [

|/ Kq
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Kd =2.5 I.LM Kd =25 lLM
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affinity chromatography

9 &>
33

receptors

immobilized <

ligands

light source detector

éazjb

no binding bmdmg

absorption

time
Figure 6.25a Physical Biology of the Cell (© Garland Science 2009)




equilibrium dialysis
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dialysis
tubing
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Receptor-Ligand re-revisited: (beyond simple binding) (Hill function)
L+L+R ! LoR cooperativity

([L]/Kq)"

Pbound 1+ ([L] /Kd)n
[LQR] n=

Pbound — [R] T [L 2R]

([L]/K 4)=
1+ ([L] /K ¢)°

Poound =

2 3 4
ligand concentration (K)




~

[ ATP hydrolysis | ;AN = | ;;dN
ATP = ADP +P |

1 1

considering the energy released per reaction d/N = 1

AG= W+ kgTlIn

Using above twice: once for above and also for a reference stX€r .

N 1,

. C.
AG—AGref+kBTln( L )
[T ()"

Taking the reference state as the equilibrium.

AGref =0

| G — ]CBTIH

N
[1()" = K
i
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~N

ATP = ADP + P

J

we use! Gog=1! kg T InK¢q to rewrite the above as:

6= |G

standard state

+

[ADP][P]
kB T In
A

concentration dependence

measuring all concentratiomslative to the 1M standard state in E. coli
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