Basic ldeas on Structure

Biological macromolecules = biopolymers

1.

repeating subunits — 4 general types:
Proteins — linear chains of aa (~ 20 types)
masses of 20 KDa — 10° Da (1 Da = 1 g/mol)
Nucleic Acids — DNA/RNA — 4 bases each
1+2 make up viruses - typical structure

Lipids — group of smaller organic molecules
Insoluble in water — includes triglycerides =
neutral fats (most abundant) and steroids (e.qg.
cholesterol)

(poly)saccharides — (mono- di- or poly) —
carbohydrates - some are structural or metabolic



Cells are compartmentalized

Cell size =1 - 100 um — 1 m (nerve cell)
E coli example

Careful about thinking of these images as
static — there is lots of motion going on

For example, a 160,000 Da typical protein
would diffuse Iits own size of ~10 nm In
about 2 us in water, but in concentrated
cytoplasm it takes about 1000x longer or 2
ms.
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PLASMA MEMBRANE

The outer boundary of the cell is the plasma membrane, a
i sheet of phospholipid malecules about 4-5 nm
thick in which various proteins are embedded.
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Some of thesa proteins serve as pumps and channels for
transporting specific molecules into and out of the cail.

channel protein

ENDOPLASMIC
RETICULUM

Flattened sheets, sacs, and tubes of membrane
extend throughout the cytoplasm of eucaryotic
cells, enclosing a large intracellular space. The
ER membrane is in structural continuity with
the outer membrane of the nuclear envelope and
it specializes in the synthesis and transport of
lipids and membrane proteins.

The rough endoplasmic reticulum (rough ER) generally

Membrane
production

occurs as flattened sheets and is studded on its outer
face with ribosomes engaged in protein synthesis.

UPS
packaging

GOLGI APPARATUS

A system of stacked, membrane-bounded, flattened
sacs involved in modifying, sorting, and packaging
macromolecules for secretion or for delivery to
other organelles.

Around the Golgi apparatus are numerous small
membrane-bounded vesicles (50 nm and larger),
These are thought to carry material between the @
Golgi apparatus and different compartments of ®

the cell. @

The smooth endoplasmic reticulum (smooth ER)
is generally more tubular and lacks attached
i A major ion is in lipid

LYSOSOMES PEROXISOMES

membrane-bounded
vesicles containing
‘oxidative enzymes (4
that generate and
destroy hydrogen
peroxide

3 membrane-bounded
vesicles that contain
hydralytic enzymes
involved in intraceilular
digestions
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nuclear pores
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The nucleus is the most conspicuous
organelle in the cell, It is separated
from the cytoplasm by an envelope
consisting of two membranes. All of
the chromosamal DNA is heid in the
nucleus, packaged into chromatin
fibers by its association with an
equal mass of histane proteins,

The nuclear contents communicate
with the cytosol by means of
openings in the nuclear envelope
called nuciear pores.

nucleolus: a factory in
the nucleus where the
cell’s ribosomes are

assembled
chromatin
inner membrane
nuclear envelope

outer membrane
CYTOSKELETON MITOCHONDRIA gy
In the cytosol, arrays of protein filaments About the size of bacteria, mitochandria are the p ro d u Ctl O n
‘orm netwarks that give the cell its shape power plants of all eucaryotic cells, harnessing
and provide a basis for its movements. In eénergy obtained by combining oxygen with food
animal cells the cytoskeleton is often molecules to make ATP.

organized from an area near the nucleus

that contains the cell’s pair of centrioles.
Thras main kinds of cytoskeletal filaments are: inner membrane /
folded into cristas
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2. actin filaments
x 8-nm
diameter

3. intermediate filaments
the terminal stages of the matrix space contains
—————— 10m oxidation occur at the a concentrated solution
—_— diameter inner membrane of many different enzymas

vacuole—A very large single-

SPECIAL PLANT CELL ORGANELLES

membrane-bounded vesicle
chlerapl These chiarophyll ining plastids are occupying up to 90% of the
double- -Bound! gai found in all cell volume, the vacuole
higher plants. An elaborate membrane system in the functions in space-filling
or of the chl ins the ph y ic and also in intracellular
apparatus, digestion,

vacucle membrane (tonoplast)

inner membrane

cell wall=Plant “ri::d"
F o i G e
—_— wall composed of tough
j— . fibrils of cellulose laid
P —— ———
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Cytoplasm components

Structural proteins —

microfilaments (actin), microtubules
(tubulin) and intermediate filaments
(diverse)

Ribosomes — site of protein synthesis
Mitochodria — site of energy production

Golgi apparatus — stacked membrane
protein packaging assembly

Other small organelles + small molecules
+ proteins
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Some Central Question In
Biophysics

What is detailed Structure?
Structure/Function Relations

Role of flexibility/ motions

Structural Motifs — calculate possible numbers
Protein folding problem

Effect of single-site specific genetic changes
_igand-macromolecule interactions

Regulation/Control of Structure/Function
Drocesses
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Key areas of Current Study

. Structure/Function relations in
proteins/DNA/complexes

Membranes + Channels

Motor proteins/molecular machines
Photo-biophysics
Imaging/Microscopy/New techniques



Sample Preparation Overview

A. Organisms

1. Bacteria — most studied; easy, fast to grow
large quantities; genetic engineering

2. Complex — mammalian whole body, organ
(heart, kidneys), medical applications

B. Components

1. Cells —tissue culture — stem cell lines!;
motility, growth, communication

2. Isolated macromolecules — typical prep



Typical Protein Prep

CELLS/ORGANS
Extraction Homogenize; freeze-thaw;
j sonicate

CRUDE EXTRACT
Remove nucleic acids; add

Differential Sedimentation |precipitating agents like protamine
l sulfate

CRUDE PROTEIN FRACTION

. . : : Salting out with NH,SO,, or
Differential Sedimentation organics

PARTIALLY PURI!LIED PROTEIN

Chromatography/Electrophoresis | Several rounds and types
l (affinity C = 1 step)

PURIFIED PROTEIN




Tests of Purity

A. For purity of Protein:
1. Does it crystallize?
2. Analytical ultracentrifuagation
3. SDS gel electrophoresis

4. Can specific activity (if an enzyme) be
iIncreased?

B. For purity of “Form”
1. Analytical ultracentrifugation
2. Light scattering
3. EM
4. Others

Precautions: Keep Cold, Work Fast, Beware of
Surface Denaturation



How do we learn about
DNA/Proteins?

Look at them — EM, laser manipulation

Watch them move — light & hydrodynamic
methods

Measure a signal from them — NMR, ESR,
Fluorescence, ...

Attach a label to them and monitor a signal
Fluorescence,...

“Look” at them with x-rays when a crystal is
available
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