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Biophysics

Chemical Potential

Gibbs’ formula in the differential form

dU=TdS+dW  (dU=dQ+dw; dS=dQIT)

various kind of work:

- volumetric work dW, = -pdVv

- mechanical work dWn=Fdl

- electric work dW, = dg

- chemical work dW,=pndn u — chemical potential

generally the work is given by the formula:
dw=dW, +dW, +dW,+dW, =-pdV + Fdl + ¢ dg + pdn

Gibbs’ formula can be rewritten to:

‘ dU=TdS-pdV+Fdl+¢dg+pdn \
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Chemical Potential

Let assume: dS=0; dvV =0; dl=0; dg=0

then: dUu=pundn

or generally: dU =X p;dn;
=1
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Biophysics

Chemical Potential
When system is doing the work (-dW) a chemical potential is diminishing (-dp)

-dp = pdVv
The equation of state for ideal gass is given by the formula:

pV =nRT R=8.31 J/mol deg — the universal constant
for isothermal process (dT = 0) valid is the equality:

pdV=-Vdp

then:
-du =-V dp; and V=nRT/p

du =nRT dp/p
_/c;u = nRT_/ap/p
2
u=nRT Inp| +W
1
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% Chemical Potential

w=nRT (Inp; -Inpy) +p°

u=+p’> +nRT Inp, for p;=1

since P =nRT/V and n/V=c

thus

u=+p’> +nRTInc

Biophysics
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Biophysics

Electrochemical Potential
Electric charge of n mols of ions is described by the equation:
gq=znF
and change in the charge amount:
dg=zFdn
or for several types of ions:
m
dq =F Xz dni
i=1

the Gibbs’ formula will be expressed as:

dU=TdS-pdV+FdI+(pFZZidni +Zuidni
i=1 i=1
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I’?."L Electrochemical Potential

Biophysics

Elements of the sum can be ordered:

(pFZz dn; +2u,dn, —Zdn (Wi - zj Fo)
=1 =1

€

w =w +ziFo

W =p +RTInc+zFo
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= Osmotic Pressure

Biophysics

—

dp u’; +RTInc,=p% +RTInc,

subsystem 1:

subsystem 2:

M1

M2

M1

RT In C1/C2 = H,Oz — uol

u, —pu’r=vdp

= W1 +RTIng dp = (RT/V) In ci/c;
— HO2 + RT In Co

IT=(RT/V)Inci/c;
= ”’2
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Biophysics

U Osmotic Pressure

If the subsystem 2 contains pure solvent then ¢, =1, and:
I1=(RT/V)Inc,

for low concentrations of solutions true is dependence:

Van’t Hoff” formula
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PE?L Osmotic Pressure

> 30 atm pressure

Osmotic membrane
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B Diffusive (Contact) Potential

For equilibrium exchange J. =0, and then:

dVv = - du I—ed/Le

dVv
Y and assuming that du =0, one can write:
Jqg = L4 du + Ly dV I—ed/Le = Jd/Je
Je = Legdp+ Lo dV Jag=c(v-v') ; J=zFc(v +v")

Projekt wspoéffinansowany przez Unie Europejska UNIA EUROPEJSKA
5 KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego ooty TR




Biophysics a

PL Diffusive (Contact) Potential

vi-vo 1

dV = - - dy; u=Vv/E - mobility
vi+v® zF
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“

& Donnan’s Equilibrium

: K" (C1 + X) K* (C2 - X)

Cl x Cl ™ (c; - X)

Starting state Equilibrium state

du®= 0
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PL Donnan’s Equilibrium

X (€1 +X) = (C2 -X) (C2 -X)
X [( Cz-X) = (C2-X) / (C1 +X)

[CLT/ICL] = [K2]/[Ki]

dV = (RT/F) In ([Cly]/[Cl;]) = (RT/F) In ([K2']/ [K:'])
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& \\embrane Potential

INTERIOR EXTERIOR c/Ce
Na® 9.2 mM Na® 120mM 13:1
K™ 140 mM K* 25 mM 1:56
Cl 4.0 mM Cl 120 mM 30:1

Nerst’s equation (membrane potential)
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E (mV)
+ 67
- 102

- 86
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Biophysics

2 Membrane Potential

Goldman’s equation (with permeability coefficients)

For premeability coefficients Pk : Pna: Py = 1:0.04 :0.05,
and concentrations as on previous transparency, the calculated
membrane potential is about - 90 mV
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P?ﬂt Action Potential
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Source: INTERNET
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P?ﬂh Action Potential

Sodium channel

Closed

—— Sodium ions enter
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become
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leave cell,

causes membrane
potential to return
to resting level
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cell -

Threshold of Extra K+ outside
excitation diffuses away

Membrane potential (mV)

- K+ channels close,
Na* channels reset

Source: INTERNET
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Measure of Membrane Potential
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Cellular Signalling

cell

Nerve
signals

Neurotransmitter
diffuses across
synapse

Local regulator
diffuses through
extracellular fluid

Nerve cell

Paracrine signaling Synaptic signaling

paracrine signaling

(a) Local signaling
Copyright © Paarson Education, Inc., publishing as Benjamin Cummings.
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travels in
bloodstream

(b) Long distance (hormonal)
signaling

endocrine signaling
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l Transmembrane Signalling
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Hormone-receptor Inactive
complex activates adenylate

G-protein cyclase

Source: INTERNET
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adenylate
cyclase

Active G-protein CAMP
activates adenylate l
cyclase Other reactions

Source: INTERNET
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Intracellular Signalling

First Extracellular First
messenger fluid messanger
Active Hormone
Hormone et G pm!eln ﬁ
f 5 G protein Adenylate cyclase |

@.i“

GDP \
GTP

Receptor Receptor
Cytoplasm
Phosphokinase C
Mg?*-ATP
Protein Phosphoprotein
. Phosphata 1
Triggers responses of target cell PRI physiologic
(activates enzymes, stimulates cellular effect

| secretion, opens ion channels, etc.)

Source: INTERNET
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Intracellular Signalling

Cytoplasm

Steroid
receptor

Steroid
hormone

Hormone-receptor
complex enters nucleus

Source: INTERNET
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Calcium Signalling

Signal molecule
Signal molecule ¢ (first messenger)

(first messenger)

G-protein-linked
receptor

Tyrosine-kinase

(second measaonger) receptor
lPs-gated
calcium channel
o9 Various / Cellular
L — —- PrOteINS mge-
e activated N, "®POnse

Ca?* Calmodulin

(second
messenger)
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il |ntracellular Signalling

epinephrine

Biophysics O

AC — oderyiate cydase
DAG — diocylglycertol
PKC — proten kinase C
PG — pmostogondins
PLC — phospholipase C
A A — amochidonic acid
CO - cydooxygenase
T X An— thromboxane A »

GC — guonylote cydase

Pl P2 — phosphatidiincsitobiphosphate
Pz — inositoltriphosphote

DTS — dense tubular system

PL An — phospholipase AQ

XS — thromboxane synthetase

ML C K — myosin light—chain kincse

Gp » Gg\ G; = GIP binding pmteins
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