Gel electrophoresisis one of the most powerful tools of modern biology. It is the most widely used method
for separation and analysis of proteins and nucleic acids. In electrophoresis an electric current is passed
through a solution or gel from one electrode to the other. lons, molecules and molecular fragmentsin the
solution or gel are drawn to one of the electrodes according to their charge. A sodiumion (Na"), for
example, would be drawn to the negative electrode. When charged molecules are placed in agel, the speed
with which they travel toward the electrode is influenced by both their charge and their size. Larger
molecules move more slowly through the gel. Thus, molecules can be identified according to which

direction and how fast they travel.
Background

A challenge faces students and teachers alike when discussing molecular biology. There seems to be no get-
ting around it: molecular level concepts are often difficult to grasp. When trying to visualize the invisible world
of the molecule, students are too often confronted by abstract theory.

But like everything else in the field of biotechnology, things are changing fast. One product of biotechnolo-
gy’s advances - gel electrophoresis - actually allows students to visualize and separate DNA, proteins and other
gene products (polypeptides, nucleotide sequences). Genes control all life processes. Therefore, the separa-
tion of DNA and gene products provides the potential to examine all of life’s processes.

What exactly is this tool, gel electrophoresis? It is a separation technology that is the sum of its parts: gel - a
substrate (think of gelatin or “JELLO"). Electro refers to the energy of electricity. Phoresis, from the Greek verb
phoros, means “to carry across.” Gel electrophoresis then, refers to the technique in which molecules are
forced across a span of gel, motivated by an electrical current; activated electrodes at either end of the gel

provide the driving force.

Exploring the “Bar- codes of Life”

By using gel electrophoresis, students can gain a Figure 1

unique perspective on DNA structure and function. Anatomy of a gel system
NUCIEiC-aCidST both DNA and RNA, can be separated on Following electrophoresis, the gel is fixed and stained, show-
the ba_5|5 Of size and charge by means (_)f electrophore- ing distinct bands in each lane which corresponds to molec-
sis to identify structural forms of plasmid DNA, as well  a, separation. Three samples (A, B, C) were processed.

as determine the size of DNA fragments. These deter- Lané 1 2 3 4 5 6
minations are critical to the analysis of the structure and
function of genes. Furthermore, the size of unknown

DNA fragments can be determined by constructing a Band
standard curve using the migration distances and sizes

of a known DNA marker.

Band patterns of separated DNA on a gel, visually
resemble a “bar-code” - that familiar pattern used to
identify consumer products. Each band is a unique
“signature,” revealing a recorded and identifiable DNA

fragment (Figure 1).

Scientists and clinicians regularly use scanning instru-
ments to glean vital information from electrophoresed
samples. This information is critical in a range of appli- —
cations: pinpointing cancer types, identifying diseased
tissue, characterizing genetic dysfunctions, assessing —
coronary risk, even reading and compiling nucleotide
sequences to map genomes of many life forms, includ-
ing our own.
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DNA isextracted and cut into fragments.

The fragments form a pattern on an electrophoresis gel. That pattern is known asa“DNA Fingerprint” and
provides an identity profile.

DNA fingerprinting allows scientists to compare DNA from various organisms and identify a particular
individual.

DNA fingerprinting is also used in crime work. It is particularly important to society in criminal cases
(such as rape and/or murder) because it protects the innocent and improves the conviction rate of the guilty.
DNA fingerprinting can also be used in paternity suits, missing persons, unidentified bodies, and
immigration disputes.

In zoological applicationsit can be used in breeding commercial species (horses, cattle, dogs, cats, etc.) zoo
animals and endangered species.

In this lab the movement of molecules of dyes through a gel via electrophoresis will be examined, mapped
and the individual dye molecules Rs (relative mobility) values will be calculated.

POWER SUPPLY MICROPIPETTES FOR EACH DYE SOLUTION
GEL BOX WITH BUFFER SOLUTION METRIC RULER

GEL TRAY WITH AGAROSE GEL COLORED PENCILS

BUFFER SOLUTION TISSUES
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THE CURRENT PRODUCED BY THE POWER SUPPLY CAN CAUSE SEVERE INVOLUNTARY
MUSCLE CONTRACTIONS AND CARDIAC ARREST. USE THE EQUIPMENT ONLY AS
INSTRUCTED.



1. Make a“Gel Map” drawing of the gel including the six wells to use for data collection.

2. Lower the sides of the gel tray and tighten them gently in the lowered position.

3. Holding the gel tray by the high side, lower it into the gel box containing the buffer solution as instructed
by your teacher. Asyou face the gel box the ANODE (+) is on your right

and the CATHODE (-) ison your left and the far well is#1. On your gel map note which end of the gel is
“+” and which is“-*.

4. Theliquid buffer in the gel box should just barely cover the gel. If it doesn’t, inform your teacher so that
abit more of the buffer can be added.

5. Obtain a5uL sample of one of the dyes using only the micropipette for that dye as instructed by your
teacher. Hold the pipette only in the upright position. Carefully, avoiding damage to the gel, place the tip of
the micropipette into well #1 and inject the dye.

6. Record on your gel map which dyeisinwell #1.

7. Repeat steps 5 and 6 with the remaining dyes.

8. When the wells are filled, with the power supply OFF, connect the lid of the gel box.

9. With the power supply OFF, turn the voltage select knob to “min” and the “LO/HI” range setting to
“LO". Set the “milliamps/voltage” switch to “voltage”.

10. When all settings are correct, inform your teacher so that your settings may be double checked.

11. After your teacher hasgiven you the“ OK”, turn “ON” the power supply. Turn the voltage select
knob up until the voltage is between “90” and “110”.

12. Allow the gel to run for about 20 minutes or until the fastest moving dye approaches the edge of the gel.



13. Turn “OFF” the power supply, disconnect the box lid and remove the gel tray. Carefully drain the
excess buffer back into the box. Use caution to not allow the gel to dip off the tray and into the box. If this
happens notify your teacher immediately. Do not empty the buffer out of the gel box.

14. Gently dlide your gel onto awhite piece of paper. Gently dry the empty gel tray with tissue only and
return it to where your teacher has instructed.

15. Using colored pencils complete your “gel map” according to your observations of your gel.

16. In aData Table record the colors, distances (in mm) and cal cul ate the R; (relative mobility) of each of
the colors on your gel.

Y our data should include a properly labeled “ Gel Map” (See “Procedure Steps 1, 3 and 6”) and a properly
headed “Data Table” (See “Procedure Step 16”).

1. Why do certain fragments migrate toward the cathode and others toward the anode?
2. State some way's electrophoresis can separate fragments.

3. Explain why we need to vary agarose concentration according to the fragment sizes that we are
Separating.

4. Discuss factors affecting electrophoretic mobility and resolution.

5. Discuss the R; (relative mobility) of each of the colorsin your gel.

Please write a conclusion according to your teacher’ s requirements.



