Cell is a complex system
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Open system: steady state (far from equilibrium, energy consumption)

Specialization

Spatial anisotropy

Compartmentalization (constraints to FREE DIFFUSION)

Structure-function redundancy (one structure for many functions, one function for many structures)

UNITY AND DIVERSITY
We can talk about Cell Biology (and Cell Physiology) because of the

organizational unity of the different cell types
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Cell is a highly biochemically and structurally compartimentalized system

. . nuclear envelope
mitochondrion __ \ nuclear pore

microtubules " chromatin } The Integration of Biochemical Networks
nucleus

nucleolus
centriole .
Golgi complex

. lysosome
vesicle

Growth factors
cytosol

flagellum

- Z

Pathogenic virus

Anti-growth faciers
{e.q TGFE)

P16

i3
Cyel D:CDKA fm pi§sm= = = — —
2
Ab —HPY E7

anh:m\\

Cell cycle and
DNA repair

smooth

IADI

k MEKK.

\ e
* \ NF1 PKC Mos MKKs
] I ey
V\plasma membrane ul.ré.‘Tan;;Trs 4 g;g___m*m_ms“_m”“
v / /ﬂ}, L‘

endoplasmic endoplasmic s

reticulum ribosomes reticu“’m {e.9. Bombesin) #@—hﬁ-

CdC42 —» Aac == Rho
Prot— Ad Cycl = PKA

{®.g. Estrogen)

Survival Factors

?

Cytokines

PTEN

)

e

e:0. IGF1) -+ (BTK) —* P13K —> Akt—> Akka — IxB

(—- Stat3s

[

[
Stat3s ————
)

qkines J

T
Jaks.

+

(e.g. FasL)

Q. TL=dM)




SURROUNDINGS

Living beings—>

Interactions of thermodynamic systems

Type of system |Mass flow Work Heat

Closed
Thermally isolated
Mechanically isolated

Isolated



An open system can maintain (and eventually increase) its
internal stability and organization

A dissipative system is a thermodynamically open system which is

operating out of, and often far from, thermodynamic equilibrium

in an environment with which it exchanges energy and matter.
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The zeroth law of thermodynamics involves some simple definitions of thermodynamic

i

equilibrium. Thermodynamic equilibrium leads to the large scale definition of temperature,

as opposed to the small scale definition related to the kinetic energy of the molecules.
s oy

He first law of thermodynamics relates the various forms of kinetic and \

potential energy in a system fo the work which a system can perform and to the
transfer of heat. This law is sometimes taken as the definition of internal energy, and
introduces an additional state variable, enthalpy. The first law of thermodynamics allows

for many possible states of a system to exist. But experience indicates that only certain

\s\’ra’res oCCur. /
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This leads to the second law of thermodynamics and the definition

of another state variable called entropy.
& )
The second law stipulates that the total entropy of a system plus its
environment can not decrease; it can remain constant for
a reversible process but must always increase for

an irreversible process.

.

Entropy dS =dQ/T Enthalpy H = U+ PV

In an isolated system

the Gibbs free energy is a thermodynamic potfential that measures the
‘usefulness” or process-initiating work obtainable from a thermodynamic
system at a constant temperature and pressure (isothermal, isobaric).

G=H-TS=U4+PVETS dG = O equilibrium




Endoergonic reaction
dG>0

Esoergonic reaction

Exergonic Reaction: AG < O Endergonic Reaction: AG >0
-Reaction is spontaneous. -Reaction is not spontaneous.

Gibbs Free Energy
Gibbs Free Energy

reactants

Reaction




COUPLED REACTIONS

AG = 5Kcal /mole

Endoergonic

ATP + H,0 ————  ADP +Pi AG = -T7.3Kcal /mole

Esoergonic

GLOBALLY:

AG = -2.3Kcal /mole

Esoergonic




