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Møtoæ Elecûophorcsís
Syøtetn@øns ltlønual
Nucleic acids, both DNA and RNA, can be separated on the bæis of size and charge þ
means of elechophoresis, a very important technique in molecular biology.

Elec[ophoresis is used to determine the quantity and quatity of DNA and RNA, æ well as

the sizes of DNA and RNA molecules, providing important information about the size of
genes and mRNA molecules.

Elechophoresis is the process bywhich molecules are forced asoss a get fu an electrical

current. The elecbicat current from one elechode repels the molecules, wtdle t}te other
elechode atfacts, and the frictional force ofthe gel matuial acts æ a "moleculâr sieve",

separating the motecul.es by size and charge. Negatively chæged molecules will migrate
towardthc positivc polc, whilc positivclychargcd molcculcs willmigratctowardtha ncg-
ative pole.ltre netnegatirre charge ofthe phosphate groups, which arelocated inthe
'tackbone" of t}re nucleic acid shrcture, rezults in the DNA fragments having a negative

charge andthus will always migratetowardt}re positive pole. Aftu staining, the separat-

ed macromolecules in each tane can be seen; thqr appear æ a series ofbands spread from
one end oftle gelto anothu.

ltre most commonþ used medium for nucleic acid separation is agarose, a nahlral coltoid

exhacted ûom seaweed. Agæoseis used oftenbecause agarose gels have averylarge pore

size.Ihe size ofthese pores depends onthe concentation of agæose used; typicallythe
concentationvaries from 0.5%to 2.tr/o.lttelowertlte concentation, tìelargutìe pore

size ofthe gelandthelargerthe nucleic acid fragmentsthat canbe separated.ltre size of
the pores in an agarose gel æerelatirrelyhomogenous. As a rezult, thela¡gernucleic acid

fragments move more slowtythough the get than do snaller DNA fragments.
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Equlplment ønd llatcríals
WARD'S Etechophoresis Chamber is a horizontal elecEophoresis tank (Figure 1), 10.7 x
4.2x3.2 sn,that holds two acrylic gel casting tays and uses platinum wires for zuperior

electical conductance.

Figure L



3

htcfuded:

A) 1 MagneticSafetyCover

B) 1 Etectophoresis ChamberwithAttaúed Etectode Iæads

C) 2 Gel Cæting ÏYays (also available separately, 36 W 5188)

D) 4 Rubber IYay End Dams (also available separateþ 26 W 5189)

E) 4 8- and 16-Well Gel Combs (also available separateþ 36 W 5187)

gotoæGrlls

Agarose is a natural polysac-

charide ofgalactose and 3,6-

anlrydrogalactose exhacted
from seaweed.Ihe abilityof an

aguose gelto act as a sieve and

filter, or resolve, a partinrlar
nucleic acid fragment (orwhole
plasmid) depends onthe
agarose concentation.

Figure2

1. Fit the end dams onto each end of the gel cæting tay, as strown nFlgure 2.

Ihe end danu seal the ends of the h'ay, elinrinating the need to tape the ends

oftìetay.

2. Insertthegelcomb,using
either the 8-well or the 16-

well side, into tìe slots

nearthe endofthetay
(DNA) orthe center slots of
the tayto separate nega-

tivelyand positively

chuged molecules.

Since the DNA is negatively

charged, if separating DNA,

thetayis placedintìe
tank with the wells closest

totìenegative electodes, FigUe j
so the DNA fragments will
migrate acoss the gel towæd the positive electro de. See Figtre 3.

Note: For easier remowl of the gel comb from the solídified agarose gel, you

may want to coat the comb with a small amount of petroleum jelly befwe

inserting it onto the gel msting tray.
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fustíng an&gør,ose @I
Agarose can be prepared either by using a melted, pre-cooked (prepared) formulation of
a lcrown agæose percentage, or by preparing a formulation. Refer to Appendix tr in
WARD'S ELechophoresis System Manual (32 W 0807) for formulations. AIII,VARD'S gel

elec[ophoresis kits contain precooked agarose, invarious percentages. Each 200 ml
bottle will produce approximateþ eight 25 ml gels. Refer to Appendix I in the manual for
a list ofthe percentage agarose used each kit.

1. Melt pre.cooked agarosewith a hotwaterbath or a microwave.

SaÍeiß Atways handle agarcæ bottb wíth heat-prohctive glwes"

. Water Bath: loosen cap on agarose container before placing in water bath.
l'ì/ater should be at least 100t.

. MÍæunræ: loosen cap on agarose container before microwaving. Heat in
one.minute intervaìs on lowpower until agarose is melted.

Note: If, when heatíng ín amictowaw, agarose starß to boil

beþre melting conpletely, stop micrwnve, nirl agarose botfle,

andcontinue.

2. After agarose is melted, pipet or meæure, using a clean graduated cytinder,
25 ml ofagarose.

3. Pour agarose into t}re gel casting tay in the castinq tay holder.

Fígure4
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4. Allowthe agæoseto solidifyfor approximateþ 20 to 30 minutes. Do not disturb the
gel tay or comb. I4tren the agarose hæ solidified, it wrll turn opaque.

5. Remove the comb and gel casting tay from the holder by opening the sides of the
holdel while lifting up the casting tay. Iæave the gel ontle tay.

Note : Gels mty be used immedíately, or may be stored ín a refrigøator þr
Iater use. When storing gels, cowr with 1x buffø and plastic wrap to prevmt
desíccation. Do not store gels þr longer than two weel<s.

fumplePrcparutíon

Fngmentlmaging

DNAfragmentimaging depends ontlretype of gelandtlretype of nucleic acidstain
used. Generally, agarose gels æe used to image DNA fragments ranging in size ftom 200

to 50,000 bp. See Appendix Itr in VTIARD'S Etectrophoresis System Manual for more infor-
mation. PAGE þotyaa$amide) gels, though predominantlyused forlower-molecular-
weightproteins, maybe emplorTedto separate DNAfragments. Becausethislvpe of gel

contairs o<üemely fine motecular gradients, it can only sepæate DNA fragments smaller

than 6,000 bp.

DNASamptes

Read the label and technicalinformation enclosed witl each sample before proceeding.

Each labet provides information regarding the total amount of DNA (oçressed in ¡rg)
supplied. Refer to Appendix Itr in WARD'S Eleckophoresis Svstem Manuat for additional
information on WARD'S DNA samples.

Samples maybe refrigerated for up to one montl. To store samples longer, keep frozen at
-3 T, and thaw in a refrigerator for approximateþ one hour.

Ioadingqp
loading dye contains sucrose, which causes to DNA sampte to sink to the bottom ofthe
well; bromophenol blue, the tacking dye that ceates a visible tail æ the sample moves

doriun the geL and IE buffer, matched to that ofthe gel to assure correct pH.

Bromophenolblueis equivalentto a 250bp fragmentwhenrun on a 1.2% agarose gel.

See Appendix tr in WARD'S Etectrophoresis System Manual for more information on load-
ing dye, and Appendix tr for mo¡e information on loading dye bæe-pair equivalents.

Note: It ís not neæsnry to add loading dye to samples ín WARD'S gel

eleüophoresis kiß, as aII samplæ hare the dye added
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ReactionTubes

To tarsfer DNA from larger samptes to individual microcenüifi.rge "reaction" hrbes (u2-
alþ 10pt; refø to individual experirnents for specific requirements), use eitler a variable
volume miaopipet, fixedvolume miaopipet, or a student capittarymiaopipet.
Appendix Itr ofWARD'S Etecûophoresis Svstem Manual contairs additional information

onusing miøopipets.

Ileotíng fumpbs
If a procedure requires a DNA sampleto be heatedto improveband separation, you may
heatthe sample one oftwo ways:

Option I
AIIWARD'S gelelechophoresis kits'DNAsamples are zuppliedinagraysampleboxwhich
can be used as an inexpensive incubator. Place the miaocentrifrrge reaction tubes con-
taining samples and loading dye in the box. Fill the box with distilled water heated to
approximately90T untittltewaterler¡elreachestìe clear pìastic dividers. Do not overfill
the box. Cover the box and allowthe samples to incubate for five minutes.

@tion 2

Using eitler a Round Bubble Rack (18 W4215) or Micocenüifi.rge Rack (18Wa205),
immerse the tubes halfwayin a 90T water bath for five minutes.

GeIloúhtg
7. Remove specifiedvolume of sample fromthe cast getinthe geltaywith a

cleanmiaopipel

2. Ilansfer the sample to a get welL taking care not to pierce the bottom of the
welt with the miøopipet tip. Do not overload wells.

3 . Repeat the above procedure untJl all samples have been loaded.

&rrnníng ø&l
1. Make sure that the power supply to be used with the etechophoræis chanrber,

including power cord and patch cords, æe away fiom any moisture. For safety, the
appuahrs (Hgure 5) should be in a designated area of your laboratory, away from
everydayactivities.

2. Place each loaded gel, on a gel tay, in the center of tle elecEophoresis chamber.
Position the well-side of the get neæ the negative elecEode.
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3. Add 1X lBE running buffu, approximateþ 575 ml, to one of the side wells of the
chamber until the level of buffer is approximateþ 2mm above tlre top sruface of the
gel. Do not overfillthe chunber witì buffer.

Note:If usingaWARD'Sgelelefr ophoresiski|the500mlltsErunning
buffw ænæntate ( 5X) índuded with the kit must be diluted. Add 5Z 5 mI øn-
æntate to 517.5 mI disflIedwater to obtain 575 ml of lXbuffer.

4. Ivlaking sure the cover is dry, tower it onto the elecüophoresis chanrber. Wipe off
any spills onthe apparatus before procecding to the next step.

Fígure 5

Im¡ørfrrú! Ifak sulæ pvtø nryply ís ttryø/rugged!

NoÞ: If wirtg WARD'S Deluvc tuwu Supply, rcþ to the spæial opemting

instudionsthatþllow.
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5. Insertthe positive (red) patch cordto a positive port of an appropriate powu
supply. Iruert the negative (black) patch cord to the sister negative port of an
appropriate power supply.

6, Plug the power cord of the power zuppþ into stanrlanl 1 20V or¡tìet.

7. I\:rn on the power zuppþ. The red power light will ilIuminate, and bubbtes r¡¡ill form
along the platinum elec[odes. Set the voltage adjushnent knob to desired voltage,
depending on the number of elec[ophoresis chambers that are connected to the
power suppþ and the migration rate of the samples.

8. Observe the migration of the sampte down the gel toward the red þositive)
elechode. Tlrn off tìe povrær and unplug the unitwhenthe toading dye hæ
reachedtle end ofthe gel.

9. To eruu¡e t}re utnost safety, wait approximateþ 10 seconds before disconnecting
the patch cords from the power supply.

10. Remove safetycover and geltay(s).

11. Cæefulþ push the gel off the gel tay and into the staining tay with a gel handler.

&lSüíníng
Iïrcre are manytypes ofDNA stains avaflable to image separated DNA fragments. Silver
nitate, a very sensitive stain, can image minute amounts of DNA at the nanogram level.
It should be noted, howwer, tìat the staining proces is similar to that of wet-plate pho-
tography; it is complicated, and requires tÏe use of hazardous chemicals.

Ethidium bromide is an orcellent stain for DNA; however, it is a carcinogen, requiring the
use of extensive personal protective equipmenf æ well æ a W light source that fluo-
resces the stain. A photographic image must be taken to anaþe the DNA.

Methflene blue, a biological stain, is most often used when imaging DNA in an educa-
tional setting, since it requires no hazardous chemicals. Hower¡er, because the imaging
of DNA fragments is rather poor, with metlytene blue staining both the gel matix and
DNA, a light table is uzualþ required to view small fragments.

WARD'S DNA stain, which can be used with either agæose or PAGE gels, provides an alter-
native to these stains, requiring no other chemicals and producing clear DNA fragment
bandimaging.
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ltre amount of DNA placed in a well of an agarose gel must match to the staining require
ments.Ihe DNA sample is distibuted proportionallywithin sepuated fragments; lalger
top fragments have a greater bæepair length, (more DNA) than smaller bottom frag-

ments. Genually, 1.0 to 1.4 ¡rg per well must be used for methylene blue or WARD'S DNA

stain. Ethidium bromide wilt image 0.2 to 0.5 ¡rg DNA, silver nibate tess than 0.1 ¡tg.
Unless otherwise noted, all samples used in l4lARD'S gel elecùophoresis kits are prorrided

in 10 ¡rg amounts-enough for eight samplelanes at 1.25 ¡tg pulane. If a 10 ¡tg sample is

heavily diluted, i.e., to 0.5 pg per sample, and methflene blue or Wr\RD'S stain is used,

there will be minimal fragmentimaging.

kutuctions for staining separated DNA fragments æe supptied with each type of stain

and eachlab activity; followthe specific directions for each procedure.


