Electrophoresis

Goalsfor this unit:
1. Understand essential theoretical concepts of movement of a
charged particlein an electric field.

2. Know types of media commonly used for electrophoresisand
the difference between zonal and boundary methods

3. Befamiliar with common applications:
PAGE / Ferguson plots
Nucleic Acid methods (sequencing gels/ Southern blots)
SDS PAGE (theory and practice- DISC gels)
IEF gels (2D - gels)
4, Other Practical Aspects (tracking dyes/ staining/ applicati ons)
5. Capillary Electrophoesis— DNA sequencing

(Some of the electrophoresis notes given below are modified in part from notes by Terry Frey - San Diego Sate Univ.)

THEORY: Macromolecule accelerated by a force
F =qE (q=net charge; E is electric field strength).
Force causes an acceleration (recall Force = mass x acceleration; F = ma).

Limiting Velocity: movement resisted by frictional force proportional to velocity.
F; =fv (f =frictiona coefficient);
when F; = -F, no more acceleration
==> molecule has reached its limiting velocity.

Define a mobility per unit field, U
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Stokes Law: For a spherical molecule of radius, r, and charge z e(e = elementary
charge, charge on 1 electron)

ze
B, === from Stokes law, f = &mmnry,
wherer, is radius of sphere of equal vol, h is viscosity (~0.01g/cm-sec).

Rigorous quantitative treatment is difficult

Electric field felt by macromolecule is difficult to evaluate. The macromolecule
isavery large ion in solution with many counterions.

Very Low lonic Strength -- Once the macromolecule is separated slightly from
its counter-ions, it takes enormous energy to pull them further apart ==>
charge separation counteracts the external field resulting in little or no
molecular transport.
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Very High lonic Strength -- overcomes the problem of charge separation (the
macromolecule will always have enough counter-ions around). But this
creates an ion cloud around the particle partially shielding it from the
externa field. This does not prevent electrophoretic movement, but it does
complicate rigorous analytical treatment.

Most electrophoretic experiments (whether preparative or analytical) are analyzed
semi-empirically.

Experimental: Media -- Three common types

1. Starch Gel -- swollen potato starch granules (used for prep
isoel ectric focusing)

2. Agarose Gel -- purified large MW polysaccharide (from agar)
==> very open (large pore) gel used frequently for large DNA
molecules

3. Polyacrylamide Gels -- most commonly used gel because they
are very stable and can be made at awide variety of
concentrations or even with a gradient of concentrations ==>
large variety of pore sizes L

7.5% (45K-400K) / 10% (22K -300K) /
12% (13K-200K) / 15% (2.5K-100K




Acrylamide Concentrations - typically 520% by weight (5%, 7.5%,
10%, 12.5%, 15%, 20% common) ==> gel is mostly water.

Acrylamide polymerizes in head-to-tail fashion to form long polymers which form
a complex network held together by bis-acrylamide crosslinks. The cris-
crossing polymers create pores in the gel with the size of pores determined by

the acrylamide concentration. head to tail polymerization
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Terms: Boundary and Zonal

Boundary: measure the rate of movement of the boundary and calculate U from E
and v -- rarely used

Zonal: (~zonal sedimentation; ~ sucrose density gradients)

need some way of stabilizing the zones to prevent mechanical mixng
(from vibrations) or convection mixing (from temperature differe nces)

For example - Paper Electrophoresis
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==> must use a high voltage, otherwise they diffuse too rapidly ==> paper
must be cooled (usually by water)

Common Applications: PAGE / Ferguson Plots

Log relative mobility vs. % Gel conc.: |log U =log U° - K[C]
Ferguson Plot
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Common Applications: Nucleic Acid Apps

Log relative mobility vs. % Gel conc.: |log U =log W° - K[C]
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Ferguson Plot

Zis proportional to the number of
nucleotides and thus M

(molecular weight

Log Relative Mobality

f is proportional to M (for
molecules with similar shapes)

%% Gel —-
Thus, U should be ~independent of the size of the nucleic acid.
(Cal Tech — verified for 1 to 1.7 x 10(+5) nucleotides)
==> Do electrophoresisin a gel matrix -- gel sievesthe molecules

Agarose: 0.2 % for Nucleic Acids up to M = 150 x 108
0.8 % for Nucleic Acids up to M =50 x 10°

Polyacrylamide: for smaller Nucleic Acids; choose % acrylamide to
produce correct size pore
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Common Applications: SDS PAGE

Electrophoresis of "native" proteins is relatively rare except br | soelectric
Focusing described later.

What is needed is away of modifying proteins so zis proportional to M (asis

the case with nucleic acids). -
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Common Applications: DISC PAGE + SDS

Discontinuous Electrophoresis

2 layers: upper layer contains low mobility ions;
lower layer contains high mobility ions

The two zones move down with a sharp boundary between them. Why? Should
not the faster, lower buffer ions should move further ahead, leaving slow
ones behind? But - they experience different potentias: vV, >> V,

OhmsLaw: V=R and | = current and is the same for both lavers

V—
greater voltage gradient applies
larger force o lowr mobility ions
lowrer woltage gradient applies
lezs force 1o high mobility ions

Why a sharp boundry? If a mobile lower zoneion driftsinto the upper zone, it experiences a
higher potential, V,, and speeds up until it reaches the lower zone where the lower potential,
V|, causesit to slow down again. If alow mobility upper zoneion driftsinto the lower zone, it
experiences a lower potential, V|, and slows down until it drifts back into the upper zone.




DISC PAGE + SDS

Choose upper and lower zoneions so that: My, < My e /SDS <m_
Cl- vs. proteins/ SDS vs Gly
[mobility of Gly varies with pH; (pH 6.7, Gly ~0 / > pH 9.0, Gly ~-1)]
Upper " stacking gel" - proteins/ SDS > Gly ~(0)
Lower "running gel" - Gly ~(-) > proteins/ SDS
==> proteins will be concentrated at the interface into thin zones stacked in order

of protein mobility. Note: all this assumes electrophoresisin a "stacking" ge with
large pores which do not inhibit protein movement.
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Applications: Isoelectric Focusing

All protein carry charges that vary from a net positive charge at low pH (-
COOH and -NH;* forms of acidic and basic functional groups), through
0 at some intermediate pH, to a net negative charge (-COO- and -NH,
forms) at high pH.

pl - Isoelectric Point: pH at which a protein has a net 0 charge (positive
and negative charges balance). Depends mostly on the amino acid
composition and a little on the tertiary structure

Create a pH gradient in a gel: Can be done on a slab (vertical or
horizontal) or a tube (Equilibrium Density Gradient Centrifugation
(IsoPycnic Centrifugation))

Applications: Isoelectric Focusing

How to make a stable pH gradient?
Must have a buffer for each pH along the gradient ==> Ampholytes

small organic molecules with different combinations of acidic and basic groups so
that each one has a different pKa. If one electrophoreses a mixture of ampholytes
(polyampholytes ) with H,PO, in the Anode buffer reservoir (to buffer at very low
pH) and NaOH in the Cathode buffer reservoir (to buffer at very high pH), each
ampholyte will migrate to a pH equal to its pKa and buffer the pH at that point.
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Applications: 2D Electrophoresis

(a) Protein pH 4.0
Most common: mixtite
I soelectric Separation Isoelectric
S in first focusing (IEF)
Focusing in tube ﬂ;me:smn)
y charge
gelsand SDS-
PAGE in dlab
Apply first gel pH 10.0
gels to top of second
pH 4.0 pH 10.0
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Clinical Applications: 2D Electrophoresis

Use 2D gels to monitor how each
protein changes during:

a) Development;

b) Transformation;

¢) Disease states;

d) Activation -- eg. by a

hormone etc.

2D gel has a complex mixture or
proteins separated by pl along
the horizontal axis and by log
M along the vertical axis. Can
resolve thousands of spots
(proteins) by this technique.
Analysisis now automated by
computer so that one can do 2D
gels on whole cell extracts.
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Other Practical Aspects (dyes and stains)

Tracking Dye: bromophenol blue (+) / methylgreen (-)

Staining: CoomassieBlue / Silver / SYPRO orange

Coomassie Blue
50 ng / band

/ Silver /

2-5ng/band
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SYPRO orange
2-3ng/band

SYPRO Orange
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Western Blot (a.k.a. protein immunoblot)
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Fluorescent westerns use secondary antibodies coupled to fluorophores. Compared to

colorimetric detection, the fluorescence signal is more quantitaive, easier to generate,
more immediate and stable (no enzyme reaction /no substrates). Also, you can utilize
different colors to image multiple proteins on the same blot.

Southern Blot (Edwin Southern—mid 1970's)

RFLPs - Restriction Fragment Length Polymor phisms
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RFLPs resulting from b-globin gene mutation. In the normal cell, the sequence
corresponding to 5th to 7th amino acids of the b-globin peptideis CCTGAGGAG, which
can be recognized by therestriction enzyme Mstll. In the sickle cell, one base is mutated
from A to T, making the site unrecognizable by MstIl. Thus, Mstll will generate 0.2 kb and
1.2 kb fragmentsin the normal cell, but generate 1.4 kb fragment in the sickle cell. These
different fragments can be detected by Southern blotting.
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Southern blotting is atechnique for detecting Hybridiza
L . wilh probe
specific DN A fragmentsin a complex
mlxtgre. DNA fragments are denatured with Adbredcaran
alkaline solution.
Northern blotting is atechnique for detecting
specific RNA fragments in a complex I
mixture. RNA fragments are treated with
formaldehyde to ensure linear conformation.
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Chemiluminescent Detection of CDRY
BioRad Bulletin 2032




Automated DNA sequencing
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During Process

Capillary Electrophoresis (-1960 / 1989)
Limiting factors of traditional electrophoresis:

1) detection of molecules after electrophoretic separation

2) low voltages needed to prevent heat damage of the samples

GCAT

cathode

capillary tubing :

Short run times thanks to the high voltage (10- 30kV) sample
Good heat dissipation- 100 micronsin diameter
Sensitivity - detection limitsaslow as 10-% to 102 mol
Scalability - 96-well plate operation

M egabase Sequencer that analyzes 96 sequencing reactions at a time
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