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- Linking STEM 1o Agarose sl Electrophoresis

Background Information

PRINCIPLES OF GEL ELECTROPHORESIS

_ Gel electrophoresis is widely used to separate mofecules based upon charge, size and shape. it is particularly use-
ful in separating charged hiomolecules such as DNA, RNA and proteins. This technique possesses great resolving

power, yet is relatively simple and straightforward to perform.

Agarose, a poiysaccharide derived from seaweed, is commonly used to form the separation matrix used for get
electrophoresis. To make a gel, solid agarose powder is added to buffer and melted by boiling. The buffer controls
the pH of the soiution throughout the electrophoresis process, which is important to the charge and stability of
biological molecules. Once the solution has cooled to approximately 60° €, it is poured into a gel tray to solidify. A
special comb is used to form depressions in the gel called loading wells.

Once solidified, the gel is placed in a horizontal electrophoresis chamber and covered with a pH-balanced buffer.
Electrodes placed at each end of the electrophoresis chamber generate current when connected to a direct current
power supply. The buffer contains ions necessary to conduct the electrical current.

Samples are prepared for electrophoresis by mixing them with dlycerol or sucrose, which makes them denser
than the electrophoresis buffer. When the samples are loaded into the wells, the dense sampies sink through the
butter and remain in the wells. An electrical current is passed through the gel to drive malecules through the

gel. Generally, the higher the applied voliage, the faster the samples are separated by electrophoresis. Once the
current is applied, the biomolecules in the sample are pulled into the gel matrix. At first glance, an agarose gel
appears 1o be a solid at room temperature. On the molecuiar level, the gel contains small channels through which

the molecules can pass. These pores act as a molecular sieve that affects the rate at which a molecule can migrate
through the gel.

Factors such as the molecular charge, size and shape, together with buffer conditions, gel concentrations and volt-
age, can affect the mobility of molecules in a gel. For example, small DNA fragments move through these holes
easily, but large DNA fragments have a more difficult time squeezing throuah the tunnels. Because molecules with
dissimilar sizes travel at different speeds, they become separated and form discrete “bands” within the gel. Given
two molecules of the same molecular weight and shape, like dyes, the one with the greater amount of charge

will migrate faster. Molecules with a net negative charge migrate towards the pasitive electrode {anode) while
net positively charged moiecules migrate towards the negative electrode (cathode). Furthermore, molecules may
have the same molecular weight and charge but different shapes. Molecules having a more compact shape, like a
sphere, would move through the pores mare quickly than molecules with a looser conformation,

THE POLYMERASE CHAIN REACTION (P(R)

in 1984, Or. Kary Muilis revolutionized the field of molecular biology when he devised a simpie and elegant method
to capy specific pieces of DNA. Recognizing that an initial step in DNA replication in a cefl’s nucleus is the binding
of RNA primers, Mullis discavered that he could replicate DNA in vitro using short, synthetic DNA primers and DNA
polymerase I. Furthermore, because researchers can specify a primer’s sequence to target a specific gene, this
method allowed for the rapid amplification of a selected DNA sequence. For the development of this technigue,
known today as the Polymerase Chain Reaction (or PCR), Mullis was awarded the Nobel Prize in Chemistry in 1993.

In order to amplify DNA, purified double-stranded DNA is mixed with the short DNA primers, a thermostabie DNA
polymesase {7aq} and nucleotides. The mixture is heated to 94°C to “denature” (i.e., unzip into single strands)
the DNA duplex. Next, the sample is cooled to 45°C-60°C, allowing the primers to base pair with their target DNA
sequences (a step known as “annealing”). Lastly, the temperature is raised again, to 72°¢, the optimal tempera-
ture at which Taq poiymerase will extend the primer to synthesize a new strand of DNA. Each cycle (denaturation,
annealing, extension) doubles the amount of target DNA. Today, a spedialized machine, called a “thermal cycler”
or “PCR machine”, is used to rapidly heat and cool the samples. As a result, a PCR cycle can be completed in less
than & minutes; 20-40 cycles produce sufficient DNA for analysis. -
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Because of its ease of use and its ability to rapidly amplify DNA, PCR has become indispensible in medicai and iife
sciences labs, replacing the time-intensive Southern biot as the method of choice. For example, today's research
laboratories can quickly create copies of a specific region of DNA for cloning applications. Medical diagnostics use
PCR to identify genetic mutations and infectious agents. In addition, because amplification by PCR requires very
little starting material, it is ideal for forensic analysis of biological samples or determination of paternity.

Target Sequence
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LESSON PLAN OPTICN A:
USING DYES TO SIMULATE A CRIME SCENE/DNA FINGERPRINTING ACTIVITY

In this scenario, students will analyze PCR reactions obtained from different suspects and compare them 1o a crime
scene sample.

Standard Dye Marker
Crime scene PCR reaction
PCR control reaction
Suspect 1 PCR reaction
Suspect 2 PCR reaction
Suspect 3 PCR reaction
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in humans, DNA is packaged into 23 pairs of chremosomes that are inherited from an individual's biological par-
ents, Although most of this genetic material is identical in every person, smali differences, or “polymorphisms”, in
the DNA sequence occur throughout the genome. For example, the simplest difference is a Singie Nucleotide Poly-
morphism (or SNP). Changes in the number and location of restriction enzyme sites result in Restriction Fragment
Length Polymorphisrns (or RFLPs). Shart repetitive stretches of DNA at specific locations in the genome can vary in
numbsr to produce STRs (Short Tandem Repeats) and YNTRs (Variable Number of Tandem Repeats). Althouah most
polymorphisms occur in non-coding regions of DNA, those that disrupt a gene can result in disease. Medical diag-
nostic tests can identify specific polymaorphisims associated with disease.

Analyzing several different polymorphisms within & person’s genome generates a unique DNA “fingerprint”. DNA
fingerprints can allow us to distinguish one individual from another, Because polymarphisms are inherited, DNA
fingerprints can also be used to determine paternity /maternity (and other familial relationships). The best-known
application of DNA fingerprinting is in forensic science. DNA fingerprinting techniques are utilized to interpret blood,
tissue, or fluid evidence collecied at actidents and crime scenes. After DMA is extracted from these samples, foren-
sic scientists can develop a DNA fingerprint. The DNA fingerprint from a crime scene can then be compared to the
DNA fingesprints of different suspects. A match provides strong evidence that the suspect was present at the crime
scene,
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Experiment Overview
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Gel pattern will vary depending upon the experiment.
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Agarose Gel Electrophoresis

1. ., - o o i IMPDRTANT:

@ ¢ " if you are unfamiliar with
agarose gel prep and
electrophoresis, detailed
instructions and helpful
respurces afe avallable at
www.edvotek.com

Cnl\cﬂ\fﬂd’ld
buffer

Wear gloves
and safety goggles ;

1. DILUTE concentrated (50X) buffer with distilled water to create 1X buffer (see Tabie A).

2. MIX agarose powder with 1X buffer in a 250 mi flask (see Table A).

3. DISSOLVE agarose powder by boiling the solution. MICROWAVE the solution an high for 1 minute. Care-
fully REMOVE the flask from the microwave and MIX by swirling the flask. Continue to HEAT the solution in
15-second bursts until the agarose is completely dissolved (the solution should be clear like water).

4. C0OL agarose to 60° C with careful swiriing to promote even dissipation of heat.

5. While agarose is cooling, SEAL the ends of the gel-casting way with the rubber end caps. PLACE the well
template (comb) in the appropriate notch.

6. POUR the cooled agarose solution into the prepared

1 e Tebi
gei-@stmg tray. The gel shouid thoroughly solidify A‘ Tndividual 0,8% UrbraSpec-Rgaros™ Gel
within 20 minutes. The gel will stiffen and become
less transparent as it solidifies. oty oay | Sre i+ ey ot A

7. REMOVE end <aps and comb. Take particular care

when removing the comb to prevent damage to the
wells. co TxlOem | 1O0ml 490w 039g | 50wl

TxTem 0.6 ml 29.4ml 0,234 30 ml

Txldem 1.2 ml 58.8m 0464 60 ml
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Agarose Gel Electrophoresis Reminders:

If unfamiliar with gel loading, consider
performing the optional activity in
Appendix ¢, Pracfice Gel Loading, prior
to performing the experiment.

1% Diuted Before loading the samptes, make

BufFer sufe the gel is properly oriented in the
apparaius chamber.
-t

10, 1. 11.

-3

1 2 3 4 5 6
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a. PLACI—E gel (on the tray) in‘to electrophoresis chamber. COVER the Table 1: Gef Loading
gel with 1X electrophoresis buffer (See Table B for recommended Lane
volumes). The gel should be completely submerged. 1 | TubeA i Standard Dye Marker

9. PUNCTURE the foil overlay of the QuickStrip™ with 3 pipet tip. 2 | TubeB | Dye Sample B

Al i - in in c i
LOAD the e.nt1re .sample (35-38 pL) . to thfa we!! in consecutive 3 | Tubec | yesampie
order. The identity of each sample is provided in Tabie 1.

10. PLACE safety cover. CHECK that the gel is properly oriented. Re- 4 | TubeD{ Dye Sample D
member, the DNA samples will migrate toward the positive (red) 5 | Tube E | DyeSampleE
electrode. 6 | TubeF { DyeSampleF

11. CONNECT leads to the power source and PERFORM electrophoresis
{See Table ¢ for time and voltage guidelines).

12. After electrophoresis is compiete, REMOVE the gel and casting tray
from the electrophoresis chamber and VISBALIZE the resuits. No
staining is necessary.

Take Yalole T d Voltage Guideli

B 1x Eleetrophoresis BufFer (Chamboer Buff er ) C e Q?Q,B'A?Ag:gi Gl e
Dilution Eleetrophorai AModel R
EDVOTEK Total Volum . MALL (lassic)
AAodal 3 Requirad * sg:g;:" D\;Z':_l:f AMB+ MA2 (new) S AA3E
Vot Min, £ Max, M, £ Aax, Phin. £ Max.
MEX S ML (newd | 300 ml Eml 234 mi 150 | 15/20 min, | 20/30 min. | 257 35 min,
AT (elassic) 400 m! Bml 397w 125 | 20730 min. | 30735 min. | 35/ 45 min,
AA36 1000 mt W0m o80m 75 | 35745 min, | 55/7Q min. | 60/ 90 min.
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