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10.4
VARIANTS OF THE GEL ELECTROPHORESIS

Onthe
Basis of Substrate (AGE and PAGE)

)Agarose Gel Electrophoresis (AGE)
(a).

Agarosegel electrophoresis is a routinely used method for separating proteins, DNA or
DNA.This simple, but precise, analytical procedureis used in research, biomedicatand forensic

ihoratories. It is a powerful separation method frequently used to analyzeDNA fragments
onerated by restriction enzymes, and it is a convenient analytical method for determining the

e of DNAmolecules in the range of 500 to 30,000 base pairs. Nucleic acid molecules are

size separated by the aid of an electric field where negatively charged moleculesmigrate toward
anode (positive) pole. The migration flow is determined solely by the molecular weightwhere
enmall weightmoleculesmigratefaster than larger ones.

DNA gels are invariably run as horizontal, submarineor submerged gels; so named because

such a gel is totally immersed in buffer. Agarose, dissolved ingel buffer by boiling, is poured

onto a glass or plastic plate; surroundedby a wallofadhecsive tape or a plasticframe to provide

a gel about3mm in depth. Loading wells are formed by placing a plastic well-forming template

or comb in the poured gel solution, and removing this comb once the gel has set. The gel is

placed in the electrophoresis tank,covered with buffer, andsamplesloadedby directly injecting

the sample into the wells. Samples are prepared by dissolving them ina buffer solution that

contains sucrose, glycerolor Ficoll, which makes the solution dense and allows it to sink

tothe bottom of the well. A dye such as bromophenol blue is also included in the sample

solvent; it makes it easier to see the sample that is being loaded and also acts as a marker of

the electrophoresis front. No stacking gel is needed for the electrophoresis ofDNA becausethe

mobilities ofDNA moleculesare much greater in the well than in the gel, and therefore all the

molecules in the wellpile up against the gel within a few minutes of the current being turned

on,forming a tight band at the start of the run. General purposegels are approximately25 cm

long and 12 cm wide.A higher voltage would causeexcessive heating. For rapid analyses that

do not need extensive separation of DNA molecules, it is common to use mini-gels that areless

than 10cm long.
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Fig. 10.5. Agarose Gel Electrophoresismethod.
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Gel Electrophoresis(AGE)

Agarose gel electrophoresis is a routinely used method for separating proteins, DNA or

RNA. Thissimple,butprecise, analytical procedure is used in research, biomedica� and forensic

laboratories. Itis a powerful separation method frequently used to analyze DNA fragments

�enerated by restriction enzymes,and it is a convenient analytical method for determining the

ine ofDNA molecules in the range of 500 to 30,000 base pairs. Nucleic acid molecules are

size separated by the aid of an electric field where negatively charged moleculesmigrate toward

anode (positive) pole. The migrationflow is determined solely by the molecular weight where

sImall weightmolecules migrate faster than larger ones.

DNA gels are invariably run ashorizontal, submarine or submerged gels;so named because

such a gel is totally immersed in buffer. Agarose, dissolved in gel bufrer by boiling, is poured

onto a glass orplastie plate; surroundedby a wall ofadhesivetape or a plastic frameto provide

a gel about3mm in depth. Loading wells are formed by placing a plastic well-formingtemplate

or comb in the poured gel solution, and removing this comb once the gel has set. The gel is

placed in the electrophoresis tank, coveredwith buffer, and samples loaded by directly injecting

the sample into the wells. Samples are prepared by dissolving them in a buffer solution that

contains sucrose,glycerolor Ficoll, which makes the solution dense and allows it to sink

to the bottom of the well. A dye such as bromophenol blue is also included inthe sample
solvent; it makes it easier to see the sample that is being loaded and also acts as a marker of

the electrophoresis front. Nostacking gelisneeded for the electrophoresis ofDNA because the

mobilities of DNAmolecules are much greater in the well than in the gel,and therefore all the

molecules in the wellpile up against the gel within a few minutes of the current being turned

on, forming a tight band at the start of the run. Generalpurpose gels are approximately 25 cm
long and 12 cm wide. A higher voltage would cause excessive heating. For rapid analysesthat

do not need extensive separation ofDNA molecules,it is common to use mini-gels that are less

than 10cm long.
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Once the system has been run,the DNAin
thegel needsto be stainedand

V�sualise

reagent most widely
used is the fluorescent

dyeethidium bromide.
The gel is

insedg
a solution

of ethidium bromide(0.5
mgcm 3)andthen viewed under

ultraviolet

wavelength).
Ethidium bromide is a cyclic planar molecule that binds

between
thes

base-pairs of DNAfi.e. it intercalates).
The ethidium bromide concentration

thereforeb

at the site ofthe DNA bandsand underultraviolet light

Factors affecting migration ofDNA in agarosegels.

1. Size ofthe DNA (length in base pairs, bp, or
kilobase pairs, kb): large

DNAst

slowly (because, it is more difficult forthem to wiggle through the pores),
whereas

DNAS migrate faster (becausethey can easily penetrate the pores; you can think ofthe

a "sieve").

2. Agarose concentration:the lowerthe
concentration, the faster the DNA

fragmentsy

migrate.

3.Conformatíonof the DNA: the relationship between rate of migration and size

DNA explained above only applies to linear DNA; different forms of circular DNA

undigested piasmid DNA, have differentproperties and will migrate with different raes

same DNAs in their linear form:plasmids and other circular DNAs must therefore be linen

by restriction digestion before running them on a gelwith the goal to determine the size o

DNA.

4.Voltage applied: the higher the voltage, the faster the DNA will migrate; do not e

5-8 V/cm:itis best to checkthe current and make sure that it not exceeds 75 mA for stand

size gels and 100mA for minigels; heat generated at higher voltages/currents will impar

reso�ution oreven melt the gel.

5. Buffer composition: the salt content (ionic strength) of the electrophoresis buffer

influence migration; without salt the DNA will barely move; in the presence of to0 muchs

the conductivity will be very high and the produced heat will impairseparation.

(b)PolyacrylamideGel Electrophoresis (PAGE)
PAGE (Polyacrylamide Gel Electrophoresis), is an analytical method used tosepa

components ofa protein mixture based on their size.The technique is based upon the pri

that a charged molecule will migrate in an electricfieldtowards an electrode with opposite s
The general electrophoresis techniques cannot be used to determinethe molecular weig

biological molecules because the mobility of a substance in the gel dependson both charge

size. To overcome this,the biological samplesneedsto be treated so that they acquire
uio

charge, thenthe electrophoretic mobility depends primarily on size. For this different
prote

molecules with different shapes and sizes, needs to be denatured (done with the aid of SD

so that the proteins lost their secondary, tertiary or quaternary structure .1he proteins
bei

covered by SDS are negatively charged and when loaded onto a gel and placed inan elec

field, it will migrate towardsthe anode
(positively charged electrode) and are Separated

by

molecular sieving effect based on size. After the visualization by a staining (protein-speci

of a known molecular weight ladder (marker).
Polyacrylamide gel

electrophorests
Can

be d

technique, the size of a protein can be calculated by comparing its migration distance
witht

using either of two arrangements, collumn or slab.

In column PAGE, glass tubes (1Ocm x 6mm) are filled with a mixture of acrylamide.
N.

methylene, buffer, andIfree radical
initiator-catalyst.

Polymerization occursin 30to 40
minut

The gel columnis inserted
between twoseparate bufferreservoirs. The upper reservoir

usual
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When the ebnd has oved the gpse
fand thegel is

d of the olnthe voltges

e analyzed

sAsabglon whichserlsampls

Sab gels also efter the advantage that all samplesaR nhed inamatrix

hat is entica! in composbon. A plastic ombnsetedinto the ton ofthe slab gel urung

inment

formsindentationsntheglthat sere ssamlews Up to 20:

may
eformei

Afier polymerization, the comb iscreflly
D sample wells

moved n the wels are

haroghy with buter to remoesalts and any un-pomerzed crylamide The gel plate

sclamped into place between Two buffer neseroiS a sampleis louded into each well, and

olnge is applied For visualization, the slab is removad andsained with an sporopriate dye

Suther

Anelectic eidis appiedto
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Fig. 10.6. Pojocryamidegal electrophoresis method

The sampleis usually dissolved in glycine-chlonde buffer. pH 8to 9. before loading on the

gel Glycine exists primarily in two foms at this pH, a zwiterions and an anion.

H,NCH;COO =H,NCH,CO0+H

The average chargeon glvcineanionsat pH 8.5 is about-2.When the voltage is tumedon.

Dutier ions (glvcinate and chloride) and protein or nucleic acidsamplemove into the stacking

sel, which has a pHof6.9.Upon entry into the uppergel, the equilibnumofabOveequation

shifts toward the left. increasing the concentration of glycine zwittenions, whhich has no net

ageand hence noelectrophoretic mobility. In order to maintain a constant current in the

electrophoresis system, a flow of anions must be maintained. Since most proteins and nucleic

d Samples are still anionicat pH 6.9, they replace glycinate as mobile ions. Therefore, the

relatíve ion mobilitiesinthe stacking gel are:

chloride protein or nucleic acid sample> glycinate

e samplewill tend to accumulate and form a thin, concentrated band sandwiched

between the chloride and glycinate as they move throughthe upper gel. Since the acry lamide
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concentration in the stacking gel is low (2to 3%).there is little impediment to the mobilityat

the largesample molecules.

Now, when the ionic front reaches the lower gel with pH 8to 9 buffer, the glycinae

concentration increasesand anionic glvcine and chloride carry most of the urrent. The proteis

or nucleic acid sample molecules, now in a narrow band,encounter both anincrease in pH and

a decrease in pore size. The increase in pH would,of course, tend to inerease electrophoretie

movement ofanions in the lowergel is

chloride> glycinate protein or nucleic acid sample.

The separation of sample components in the resolving gel occurs in the similar way

Each component has a unique charge/mass ratio and a discrete size and shape,which directly

influence its mobility.

TABLE 10.7
Relative percentage ofçels prepared from agaroseor gel electrophoresis andthe size range

of DNAsuitable forparticular gel. (Source:https/www.idtdna.com/.

6agarose

0.5

0.7

1.0

12

15

Agarose Gels

Size Rangefor Optimum
Resolution (bp)

1.000-30,000

800-12.000

500-10.000

400-700

200-500

%acrylamide

3.5

8

12

15

20

PolyacrylamideGels

Size RangeforOptimum
Resolution (bp)

1,000-2,000

80-500

60-400

25-150

25-150

6-100


