What is life?

Life is a pattern in space-time, rather than a
material object.

Attributes of life

Reproduction

Recombining instruction sets.
Metabolism

Interacts with the environment.
Stability under perturbations
The ability to evolve.




Life requires a critical level of complexity.

Life is not a highly "\\\
improbable chance event,

but almost inevitable.
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Value of this concept is that it
suggests that chemical
evolutionary systems may be
experimentally testable.

Stuart Kauffman



Biological systems and physical/chemical systems
are substantially different.

Adaptation and Evolution

Biological systems are shaped by natural selection to assure
survival and maximize chances for reproduction, while physical
systems are not “goal-oriented”.

Self-organization
“A system in which structure appears without external pressure”
» Results from interactions between components.

» Organization can evolve in time or space.

» May be stable or transient.

Complexity itself triggers self-organization
(Kauffman)



How simple can life be?

Not Cells

 Virus = RNA or DNA wrapped in protein coat (HIV, poliomyellitis)

e Viroid = Tightly wound DNA or RNA (coconut cadang cadang, bunchy
top)

* Prions = 1/100 to 1/1000 the size of a virus, composed of proteins
(Scapies, Multiple Sclerosis, Lou Gehrig’s disease)

Pneumonia mycoplasma

Phytoplasma and Mycoplasma = simplest
cell, lack a cell wall, DNA for 200 functions
(walking pneumonia)




A Single Molecule Census of the Cell




(a) Prokaryotic cell (b) Eukaryotic cell
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Collections of Cells -

Sporulation

Dictyostelium discoideum
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Colonies of alga




Blood cells







Intestinal epithelium




Collections of Cells - Organisms

Featured above 1s a digital image of a
triple-labeled Drosophila embryo at the
cellular blastoderm stage.
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Figure 21-25. Molecular Biology of the Cell, 4th Edition.



Big Picture

We have ~ 10? cells .

Each has a complete
instruction set (the
genome).

Not all genes are
expressed in a cell.

organelle organization and biogenesis
transport

protein biosynthesis

DNA netabolisn

RNA netabolisn

transcription

protein nodification

response to stress

cell cycle

cytoskeleton organization and biogenesis
vesicle-nediated transport

ribosone biogenesis and assenbly
generation of precursor netabolites and energy
lipid netabolisn

carbohydrate netabolisn

anino acid and derivative netabolisn
signal transduction

norphogenesis

protein catabolisn

cell wall organization and biogenesis
neiosis

cell honeostasis

sporulation

con_jugation

nenbrane organization and biogenesis
cytokinesis

cellular respiration

cell budding

vitanin netabolisn

pseudohyphal growth

nuclear organization and biogenesis
electron transport

other

% genes annotated
o

[y
-]




a0 \ L/ \ P — e
L&~ Vi \ B
\\J) ~>4l) \
3 { \L N 4 \ /}\‘ ( / ; \ Q‘
—:;_Q\( ; A\ \\‘\\ ~ ) I i ] ’ \)’
300 B R A A /
= (A0 | AT } — \ J

—_— A .‘:‘\ > ' .‘\». SN N 4 — — N — — —
L = . : AN 1/ PR
SSSNES S a7 / Fat cell: 50-150 um
- "‘/’~ D “ " P, ! S
— OV VA RN G <
200 pm 7 0 Y A P /1 White blood
\_.\‘- .

) 7~ T NALR )
~, N S o, < g N / J cell: 15 um
. = N & — \ N y ()
— — - = v N .‘V|
'»“'\ ‘ { s < L -\f < > ~— Red b'OOd O\
S SN AT cel:75um @
— A A\ 1\ . A
100 pm = s v 3 )
g T N N
- //) f > : - )_,/\ /'; X

/1 e )2 YACH Smooth muscle cell: Sperm cell:
A 77N A A )\7\ 15-200 um long 5 um long
AN Neuron in brain:
300-400 pm wide

0pm

Unlike atoms and simple molecules
studied in chemistry and physics, no
two cells are identical.




Homeostasis

Networks of interconnecting systems that use

antagonistic interplay making them stable to internal-
external changes.

Selected cell
parameters

Description Units Symbol Value
Energy of ATP hydrolysis AGump 21 kyl
Cytoplasmic pH* pHe 7.0-7.5
Cytoplasmic sodium concentration mM Na_* 15
Cytoplasmic potassium concentration mM K. ' 140
Cytoplasmic chloride concentration mM Cl, 1
Cytoplasmic ATP concentration mM ATP, 5
Cytoplasmic ADP concentration mM ADP, 0.1
Cytoplasmic phosphate concentration mM P, 5
Cytoplasmic calcium concentration M Ca2! 10-7
Extracellular sodium concentration m Na,* 145
Extracellular potassium concentration mM Ke* 5
Extracellular chloride concentration mM Cla 110
Extracellular calcium concentration mM Ca2t 2.5-5
Extracellular phosphate concentration mM P. 1
Bilayer capacitance wh/em? Cq 1

Golgi complex buffering capacity mM/pH B 10, 40

ER buffering capacity mM/pH ER 6
Endosome buffering capacity mM/pH EN 50
Chloride permeability cm/s Pey 1.2x 1073
Proton permeability cm/s P, 1.8-0.67 x 103
Golgi complex volume cm? S 6x 1012
Endosome volumes cm? Vin 88-0.7x 1013
Golgi complex surface area cm? S 8x 10°6
Endosome surface area cm? Skn 1-0.06 x 108
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Cells as Organized Machines

Cells are computational devices.

Cells have instructions and programs too.
Genome (DNA) contains the instructions.

Proteins are executables (strings of amino acids).
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Effects on Gene Regulation



Homeostasis is maintained by directional flows
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Space compartmentalization

THE CELL

3 |
is composed of

B

- Cell
' ' ‘membrane
Cytoplasm ‘ Nucleus
Y [}
Cytosol ‘ Organelles
I
inclcl:de
Y Y
Nonmembranous Membranous
organelles organelles
* Cytoskeleton | | * Mitochondria
* Centrioles * Endoplasmic
¢ Centrosomes reticulum
¢ Cilia * Golgi
* Flagella apparatus
* Ribosomes * Lysosomes
¢ Vaults * Peroxisomes

Extracellular fluid




Biochemical reactions in
living systems take place in
media containing 50—400
mg/ml of macromolecules.




The numbers of different
molecular actors in the drama
matters!

Concentration might just be
the most important variable in
biochemistry!



Macromolecular crowding effects

in vitro
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Effect of crowding on diffusion
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Biological Design

There is a recurring patterns of spirals,
triangulated forms, & pentagons in everything from
crystals to proteins, viruses to plankton.

TENSEGRITY is a fundamental aspect of self-assembly
- an architectural system, mechanically stable, yet
dynamic, where the forces of tension and compression
balance.

Tensegrity may be the most
economical and efficient way
to build cell structure.
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Cellular
information
processing and
passing are carried
out by networks of
interacting
molecules.

from Downward,
Nature, August (2001)



Regulatory and signaling pathways
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Domain

Hierarhical
organization of
information —
emerging properties

*Genes *Gene expression *Post-transla
*Promoters  *Genetic networks

interactions

*Compartments

eTransport

*Signal trans-
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Whole
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