Biophysics: Lecture 1

Evolution
Cell
Biopolymers



Biology References

e Alberts et al., Molecular Biology of the Cell
e Lodish et al., Molecular Cell Biology
e Berg et al., Biochemistry
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PLANTS

Angiosperms

C-I"”;()! we Gymnosperms
pea

bean

tobacco

flax

lity

Aratidoosis

Echinoderms
Ferns sea urchin
water fern
Azolla

Mosses
/ Liverworts

Nematodes
Caenorhabadtis

Brown algae
Fucus

Red Green Algae
algae N
Acstabears

Chordates

Anhropods

ANIMALS

Vertebrates

mal

frog
mouse
chick
quail
newt

rat

cow
whitefish
whale

Mollusk:
squid

Coelenterat
Hyara
sea anemor

snail {4y

Insects

frunt fly (Oroscphiia;
cockroach

bug (Cncopeitus.

Crustacea

es

e

Multicellular eucaryotes

PROTOZOA

Euglenoids

—

-

et Trypanosomes
PN s

L

Dinl 4

Glarda

Single-cell eucaryotes (Protista)

EUCARYOTES

- /
mitochondria
-

Cyanobacteria (blue-green algag) — — — — e — ===

Purple bacteria

Myxobacteria

Eubacteria \

Archaebacteria

Halobacterium

I ANCESTRAL PROCARYOTE

PROCARYOTES



4by

3by

2by |

1by

500my

100my

Evolution Timescale

E
Eukaryotes

Protozoa

Multicellular Organisms

Mammals—— Amp
/S Reptiles

Humans Mouse

Fungi

Early Prokaryotes

Land

~Plants

Flowering
Plants

\

Archea

ubacteria

Cambrian \\\\\\\\\\\\\\\\\\\\\\\\\\\\\
) \\
Explosmn/&FiSNants \

phibians



Prokaryotes vs Eukaryotes: Cell
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Major Differences

Type Prokaryote Eukaryote

Size 0.1-10 microns 10-100 microns

Genome circular DNA DNA condensed 1n
chromosomes

Organelles None Many organelles

Metabolism Multiple strategies | Mostly oxydative

Internal None Complex folded

membranes ER

Mobility Flagella Undulipodia




Eukaryotic Cell Organelles

Nucleus




Motor Proteins
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Plasma Membrane
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Ionic Pumps and Channels

The sodium-potassium exchange
pump ejects 3 Na* for every 2 K*
recovered from the extracellular

Potassium ions fluid. At a transmembrane Sodium ions can

can diffuse out of potential of =70 mV, the rate of diffuse into the

the cell through Na* entry versus K* loss is 3:2, cell through

potassium leak and the exchange pump sodium leak

channels. maintains a stable resting channels.
potential.

EXTRACELLULAR FLUID

® Cl-e ® e

The unit of measurement
of potential difference is
the volt (V), and the
transmembrane

potential of a neuron is
usually near 0.07 V. Such a
value is usually expressed
as —70 mV (or =70
millivolts—thousandths of
a volt) with the minus sign
indicating that the interior

Plasma
membrane

is negatively charged. — —
CYTOSOL

@

The cytosol contains an
abundance of negatively
charged proteins,
whereas the extracellular
fluid contains relatively
few. These proteins
cannot cross the plasma
membrane.

©2011 Pearson Education, Inc.

An overview of the events responsible for the normal resting potential of a neuron
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Active site

(1) The substrate,

//\/ of glucose and
together.

Enzymes

sucrose, consists Glucose
/

fructose bonded

,-—-\ @ The substrate binds to the enzyme, '
forming an enzyme-substrate
(@) Products are released,

and the enzyme is free

W complex
\ /___ \
\ to bind other substrates.

\
The binding of the

Enzyme

substrate and enzyme
places stress on the
glucose-fructose bond,
and the bond breaks.

Sucrase Activity



Unity 1in Diversity: Basic
Molecules and Processes

Replication @Polymerase

DNA
Transcription g RNA Polymerase
RNA
Translation ¢ Ribosome
Proteins



Nucleic Acid Ingredients
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PHOSPHATES

The phosphates ere normally joined to
the C5 hydroxyl of the ribose or
deoxynbose suger. Mono-, di-, and
riphosphates are common.

NUCLEOTIDES

A consists of & e
base, 8 5<oarbon sugar, anvd ONe of More
phosphate grougs.
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The base Is hrked 1o
the same carbon (C1)
used i sugar-sugar
bonds.

They are the
subunits of
the nucleic acids.

The phosphate makes a nucleotide
negatively charged.
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Another Look
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RNA
e Typically single stranded

e 3dim structure depends upon how it folds
on itselt

(a) Secondary structure (b) Tertiary structure
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Protein Ingredients

The «-carbon atom is asymmetric, which allows
for two mirror image (or stereo-) isomers, o and t.

THE AMINO ACID OPTICAL ISOMERS

The general formula of an amino acd s
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R is commonly one of 20 different side chains.
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R Proteins consist axchusialy of (-amino acids.

PEPTIDE BONDS
Ameno acids are comemonly joinod together by an amide linkago, peptide bond: The four stoms in cach gray box form o rigid
called a peptide bond, planar unit, There is no freedom of rotation about the C—N bond,
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of amino acids hinked by N\ *n B MRt -
peptide bonds, and they HyN — (IZ N -‘-C N C OO
are always written with the " .
Naerminus toward the left. ' ( -
The sequerce of this /-f% )
tripepiide is His Cys Val HN R CH These two siegle bonds, on either sk of the figid peptide unit,

L exnibita high degree of rowtkonal freedom.




Structural Motifs in Proteins
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Focus

e Central Dogma

e Central Genetic Processes: Transcription,
Translation and Replication



Forbidden Route to Replication
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Transcription
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Translation
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Videos

http://www.youtube.com/watch?v=41tmQOZalvS0
http://www.youtube.com/watch?v=41_Ne5SmS2ls




