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Preface

The recent completion of the human genome-sequencing project is an im-
portant development in the history of biological sciences. It will not only
promote the understanding of the human genome, but will also profoundly
change the discipline of molecular biology and affect medical practices. The
human genome is of great interest and is the subject of intensive basic and
applied research. The molecular biology techniques used in this research
are highly advanced and unique. Learning these techniques will permit
students to learn the basic principles of molecular biology and will prepare
them to work with the human genome.

These skills are in great demand by biotechnology, forensic laboratories,
and pharmaceutical companies. This laboratory manual provides the
student with basic experience in and an understanding of cutting-edge
techniques in molecular biology. In addition, the experiments described in
this manual will provide students with an opportunity for analyzing and
studying their own genes.

The goal of this laboratory manual is not only to teach basic molecular
biology techniques, but also to convey the excitement of performing ex-
periments and comparing the results to a large body of data collected
about the human genome.

The topics of the course revolve around a central theme of analysis of the
student’s own genome, i.e. its structure and gene expression. These topics
include eight exercises.

1. Preparation of genomic DNA. Cheek cells are the source of this DNA.
Collecting these cells is a non-invasive procedure that makes it possible to
use DNA purification in a classroom situation. The techniques thatare used
in the course of this experiment are large-scale purification of DNA, spec-
troscopic analysis of DNA, and determination of DNA concentration and
purity.

2. DNA fingerprinting using multi-locus analysis with a human variable
number tandem repeat probe. Students use their own DNA for this analysis.
In this procedure students learn the techniques of Southern blot transfer,
preparation of non-radioactive probes, hybridization, and chemiluminescent
autoradiography. Use of a non-radioactive probe removes the difficulties
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of working with radioactive materials in the class environment. It also elimi-
nates the problem of disposing of a large quantity of radioactive waste that
will invariably be generated when working with a large class. Moreover,
the non-radioactive procedure is a more advanced technique that has
recently been finding general acceptance in basic research and industry.

3. DNA fingerprinting with a single-locus probe. This technique is used in
standard forensic analysis. The probe used is the standard forensic D2544
probe. It represents a tandem repeat region that is present on human chro-
mosome 2. Students will learn methods of forensic profiling and analyze
data using a fixed bins database of allele frequencies prepared for this probe
by the FBL

4. Linkage disequilibrium analysis using the DNA markers A/z CD4 and
the TTTTC repeat. This experimentis based on the paper of Tishkoff etal.
(1996) (see the reference section in Chapter 4). The authors introduced this
innovative technique in determining a common and recent African origin
for all non-African human populations. Analysis of the data consists of the
calculation of linkage disequilibrium for the entire class. The results are
compared to the disequilibrium found in different world populations. Dur-
ing the course of this experiment, students learn how to perform PCR
(polymerase chain reactions), use the thermal cycler, and analyze products
using high-resolution agarose gel electrophoresis.

5. Sequencing of human DNA using an ABI capillary sequencer and Big
Dye technology. The goal of this experiment is to sequence human DNA
using the same procedures employed in large sequencing projects. Students
prepare their DNA for sequencing using the random sequencing strategy
used by the Human Genome Project. The techniques used in the course of
this experiment are preparation of a random sequencing library by nebu-
lization, cloning DNA fragments into a sequencing plasmid, transforma-
tion of Escherichia coli cells by electroporation, preparation of plasmid DNA
for sequencing, and PCR cycle sequencing.

6. Computer analysis of sequencing data. Students carry out local (Basic
Local Alignment Search Tool or BLAST) and global alignment analysis
using their own sequencing data. They analyze direct and inverted repeats
in their DNA by dot plots and learn how to use various databases available
for the analysis of human DNA sequences (ESTSDB, ALUDB, ICRDB,
etc.).

7. Determination of human telomere length. Telomere length is a reflec-
tion of the “mitotic clock” of normal somatic cells and is therefore age de-
pendent. In the course of this experiment, students determine the telomere
length of their DNA. The techniques used are multi-enzyme digestion of
genomic DNA, turbo-blot transfer, hybridization using an oligonucleotide
probe, and computer determination of average telomere length.

8. Analysis of the expression of the B-actin gene in human cheek cells. This
determination is carried out using single-tube RT-PCR. Students carry
out isolation of total RNA from cheek cells, determine its purity and



concentration, perform RT-PCR reactions, and analyze the results by gel
electrophoresis.

The manual is an outgrowth of a semester course taught each year to
undergraduate students at Indiana University. Each of the eight experiments
constitutes an integrated unit performed in one or more laboratory sessions.
The laboratory sessions are designed to meet twice a week for 4 hours and
are designed for a limit of 20 students per class. Occasionally students (or
instructors) will need to spend additional time in the laboratory in order to
finish experiments or to collect results. These times are indicated in the
outline for each procedure. The descriptions of the laboratory procedures
assume thatstudents will perform all the steps of the procedure. However, at
the discretion of the instructor, pre-preparing some materials (e.g. pre-
paration of labeled probes, preparation of plasmids for sequencing, etc.) can
reduce the session times and session numbers.

In this manual I try to go beyond cookbook recipes for each technique.
The description of each technique includes an overview of its general im-
portance, historical background, and theoretical basis for each step. This is
done in the hope that students will acquire enough of an understanding of
the theoretical mechanisms that they will be able to go on to design their
own modifications and methods.

All of the procedures in this book have been used extensively in the teach-
ing of undergraduate laboratories and passed the ultimate test for “working”
in the hands of several generations of undergraduates. The descriptions of
each step in the protocols are very specific and detailed as to how to carry
them out. These instructions may appear to be overly detailed, but they have
been developed because of years of experience teaching undergraduates and
trying to ensure that the experiments work in inexperienced hands the first
time they are performed. In addition, technical tips for carrying out each
procedure are incorporated into the text.

In the course preparation I make extensive use of commercially available
kits. There are several reasons for their use. First, kits save enormous time in
preparation and afford substantial savings in the cost of reagents. Frequent-
ly the cost of individual reagents necessary for preparing a laboratory for
a large class exceeds the cost of the kit. Second, when using reagents from
supply companies, the expertise of their technical support is only a World
Wide Web page or telephone call away.

In the manual, I also recommend the use of some instruments for class
use. This is generally guided by the usefulness of this instrument in a
classroom environment, as well as cost itself.

Laboratory Safety

Anybody using this manual should be familiar with and should follow labo-
ratory safety procedures. Instructors should be familiar with all national,

Xiii
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state, local, and university regulations and practices. This is particularly im-
portant when disposing of waste (e.g. ethidium bromide, phenol, etc.) and
working with human cells. Students should use this manual under instructor
supervision. Using some instruments, such as an electrophoresis power
supply or high-speed centrifuge, without knowledge of the instrument and
proper training or supervision can be very dangerous.

In addition, the description of each experiment includes a section on
safety precautions. Before performing any procedure, students should
make themselves familiar with its content.
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CHAPTER 1

Preparation of Human
Genomic DNA

Introduction

The goal of this experiment is to isolate and purify a large quantity of
high molecular weight human DNA. The source of the DNA will be your
cheek cells obtained from a saline mouthwash (a bloodless and non-invasive
procedure). You will also learn how to determine DNA concentration
and purity. The isolated DNA will be used in several experiments that
you will carry out later in the course. The procedure is a “hybrid” between
the phenol and chloroform extraction methods, preceded by proteinase K
digestion.

This experiment will be performed during two laboratory periods. The
first period will include the procedure for cell collection and the initial steps
of DNA purification. During the second laboratory period students will
finish DNA isolation and determine DNA concentration and purity.
Figure 1.1 presents a schematic outline of the experiment.

Background

DNA constitutes a small percent of the cell material and is usually localized
in a defined part of the cell. In procaryotic cells DNA is highly condensed
and localized in a structure called the nucleoid, which is not separated from
the rest of the cell sap by a membrane. In eucaryotic cells the bulk of DNA is
localized in the nucleus, which is separated from the rest of the cell sap by a
complicated membrane structure. Usually approximately 90 percent of the
DNA is localized in the nucleus (chromosomes); the rest can be separated
into other organelles such as mitochondria or chloroplasts. In viruses and
bacteriophages, DNA is encapsulated by the protein coat and constitutes
between 30 and 50 percent of the total mass of the virus. The amount of
DNA, as a percent of the total mass of cell material in procaryotes and
eucaryotes, is much smaller than that of viruses and is less than 1 percent.
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) Collecting cheek cells
Laboratory period 1 DNA purification

Store DNA
sample at 4°C

I_¢

Laboratory period 2 DNA precipitation and
determination of concentration

Store DNA
sample at 4°C

Figure 1.1 Schematic outline of the DNA isolation procedure.

Table 1.1 Composition of living cells

Component Percent of total cell weight
E. colicells HelLa (human) cells

Water 70.0 70.0

Inorganic ions 1.0 1.0

Amino acids 0.4 0.4

Nucleotides 0.4 0.4

Lipids 2.2 2.8

Proteins 15.0 22.3

RNA 6.0 1.7

DNA 1.0 0.85

For example, the approximate composition of rapidly dividing Escherichia
coli cells and human cells (HeLa) is given in Table 1.1.

The goal of DNA purification is to separate DNA from all of the compo-
nents of the cell listed in Table 1.1. There is no difficulty in separating DNA
from small molecules since the molecular weight of DNA is very large.
Thus, the components that constitute “major impurities” and should be
removed are protein and RNA.

There are several methods of purification of DNA that exploitdifferences
in the physical properties between DNA and proteins. All methods of
purification involve five essential steps.



Cell breakage.

Removal of protein.

Removal of RNA.

Concentration of DNA.

Determination of the purity and quantity of DNA.

A

Cell Breakage

Cell breakage is one of the mostimportant steps in the purification of DNA.
The usual means of cell opening, such as sonication, grinding, blending, or
high pressure, cannotbe used in DNA purification. These procedures apply
strong forces to open cells that shear DNA into small fragments. The best
procedure for opening cells and obtaining intact DNA is through applica-
tion of chemical (detergents) and/or enzymatic procedures. Detergents can
solubilize lipids in cell membranes resulting in gentle cell lysis. In addition,
detergents have an inhibitory effect on all cellular DNases and can denature
proteins, thereby aiding in the removal of proteins from the solution. The
lysis of animal cells is usually performed using anionic detergents
such as SDS (sodium deodecyl sulfate) or Sarcosyl (sodium deodecyl
sarcosinate).

Removal of Protein

The second step in purification involves removing a major contaminant,
namely protein, from the cell lysate. This procedure is called deproteiniza-
tion. Removal of proteins from the DNA solution depends on differences in
the physical properties between nucleic acids and proteins. These differ-
ences are differences in solubility, differences in partial specific volume, and
differences in sensitivity to digestive enzymes.

Deproteinization using organic solvents

The most frequently used methods for removing proteins explore the solu-
bility differences between proteins and nucleic acids in organic solvents.
Nucleic acids are predominantly hydrophilic molecules and are easily
soluble in water. Proteins, on the other hand, contain many hydrophobic
residues making them partially soluble in organic solvents. There are
several methods of deproteinization based on this difference and they vary
by the choice of the organic solvent.

The organic solvents commonly used are phenol and chloroform con-
taining 1 percent isoamyl alcohol. The method that uses phenol as the

w
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deproteinizing agent was introduced by Kirby (1957) and is usually referred
to as the Kirby method. Use of chloroform isoamyl alcohol mixtures was
introduced by Marmur (1961) and is named the Marmur method. These
methods have undergone many modifications and improvements from the
time of their first publications so they bare little resemblance to the original
descriptions.

The application of phenol in the Kirby method is based on the following
principle. Phenol is crystalline at room temperature, but in the presence of
20 percent water it forms an aqueous suspension containing phenol micelles
surrounded by water molecules. Protein molecules generally contain many
hydrophobicresidues, which are concentrated in the center of the molecule.
When an aqueous protein solution is mixed with an equal volume of phenol,
some phenol molecules are dissolved in the aqueous phase (approximately
20 percent water and 80 percent phenol). Yet the phenol molecules are ex-
tremely hydrophobic. Consequently, they tend to be more soluble in the hy-
drophobic cores of the protein than in water. As a result, phenol molecules
diffuse into the core of the protein causing the protein to swell and eventu-
ally to unfold or denature. The denatured protein, with its hydrophobic
groups exposed and surrounded by micelles of phenol, is far more soluble in
the phenol phase than in the aqueous phase. As a result proteins are parti-
tioned into the phenol phase leaving the nucleic acids in the aqueous phase.
Noucleic acids do not have hydrophobic groups at all and are insoluble in the
phenol phase.

Application of the phenol method does require mixing the phenol phase
with the water phase. This introduces some shearing of DNA molecules.
Since only relatively small amounts of protein can dissolve in a given volume
of phenol, repeated extraction of the aqueous phase with phenol is required
in order to remove all the protein. Because the phenol phase at saturation
contains 20 percent water every phenol extraction will remove 20 percent of
the DNA into the phenol phase. Even more DNA is lost by entrapment in
the interphase layer of precipitated proteins or when the pH of phenol drops
below pH 8.0.

Another drawback of the Kirby method is that the oxidation products of
phenol can react chemically with DNA (and RNA) molecules. In addition,
phenol is highly toxic and requires special disposal procedures.

In order to minimize these effects, several modifications have been
introduced.

1. Theuse of ionic detergents. These detergents, by unfolding the protein,
help to expose hydrophobic regions of the polypeptide chains to phenol
micelles, thereby aiding partitioning of proteins into the phenol phase.

2. Enzymatic removal of proteins before phenol extraction. This reduces the
number of extractions needed, thus limiting the loss and shearing of DNA.
3. Addition of 8HQ (8-hydroxyquinoline) to the phenol. Thisincreases the
solubility of phenol in water. In the presence of this compound phenol re-
mains liquefied at room temperature with only 5 percent water. In addition,



8HQ is easily oxidized and, therefore, it plays the role of an anti-oxidant,
protecting phenol against oxidation. Since the reduced form of 8HQ is yel-
low and the oxidized form is colorless, the presence or absence of yellow
coloris an excellent visual indicator of the oxidation state of phenol.

4. Removal of oxidation products from phenol and prevention of oxidation
upon storage or during phenol extraction. Because water-saturated phenol
undergoes oxidation rather easily, particularly in the presence of buffers
such as Tris, phenol used for DNA purification is twice distilled, equilib-
rated with water, and stored in the presence of 0.1 percent SHQ.

5. Adjusting the pH of water-saturated phenol solution to above pH 8 by
equilibration of the liquefied phenol with a strong buffer or sodium borate.
DNA obtained by the Kirby method is usually of high molecular weight, but
contains approximately 0.5 percent protein impurities that can be removed
by another method.

The application of a chloroform:isoamyl alcohol (CIA) mixture in the
Marmur deproteinization method is based on a characteristic of this
organic solvent that differs from phenol. The chloroform is not miscible
with water and, therefore, even numerous extractions do not resultin DNA
loss into the organic phase. The deproteinization action of chloroform is
based on the ability of denatured polypeptide chains to partially enter or be
immobilized at the water—chloroform interphase. The resulting high con-
centration of protein at the interphase causes protein to precipitate. Since
the deproteinization action of chloroform occurs at the chloroform—water
interphase, efficient deproteinization depends on the formation of a large
interphase area. To achieve this, one has to form an emulsion of water and
chloroform. Since chloroform does not mix with water this can only be done
by vigorous shaking. An emulsifier, isoamyl alcohol, is added to chloroform
to help form the emulsion and to increase the water—chloroform surface area.

The Marmur method is very efficient in the recovery of DNA, but it re-
quires repeated time-consuming extractions when large amounts of protein
are present. In addition, chloroform extractions require rather vigorous
mixing that contributes to hydrodynamic shearing of large DNA molecules.
Using this method, itis possible to obtain very pure DNA, but of limited size
(20,000-50,000 bp). The method is useful for the preparation of DNA from
viruses with small genomes or when DNA of low molecular weight is
sufficient for experiments (e.g. a polymerase chain reaction or PCR).

A substantial improvement in the method can be accomplished by limit-
ing the number of extractions. This saves time and limits DNA shearing.
This can be done by enzymatically removing most of the protein before
extraction. Another modification frequently used is combining phenol and
chloroform extraction into one step.

The efficient use of the Kirby and Marmur methods of deproteinization
of DNA requires prior enzymatic digestion of protein. These methods can
only be used without this preliminary step when small amounts of protein
contaminate DNA solutions.

o1
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Deproteinization using enzymes

Proteins can be removed from DNA preparations using a protease that can
digestall proteins, i.e. a general-purpose protease. Two such enzymes are in
use, proteinase K and pronase. Both enzymes are very stable, general speci-
ficity proteases thatare secreted by fungi. Commercial preparations of these
enzymes are inexpensive and devoid of DNase contamination, making them
safe to use in the purification of nucleic acids. These proteases are active in
the presence of low concentrations of anionic detergent, high concentra-
tions of salts, and EDTA and exhibit broad pH (6.0-10.0) and tempera-
ture (50-67°C) optima. They can digest intact (globular) and denatured
(polypeptide chain) proteins and do not require any co-factors for their ac-
tivities. Proteinase K and pronase are usually used in DNA purification pro-
cedures at final concentrations of 0.1-0.8 mgml~!. The difference between
these two enzymes lies in their activities towards self; pronase is a self-
digesting enzyme, whereas proteinase K is not. The fact that proteinase K is
nota self-digesting enzyme makes it a more convenient enzyme to use than
pronase, because itis unnecessary to continually add it during the prolonged
course of the reaction.

The major drawback in using these enzymes is that enzymatic treatment
can only remove 80-90 percent of the proteins present. This is because pro-
tein digestion is an enzymatic reaction that is dependent on substrate and
enzyme concentrations. In practice, the deproteinization rate depends only
on the protein (substrate) concentration, because it is not practical to add a
large amount of enzyme to accelerate the reaction at low substrate concen-
tration. Therefore, as the reaction proceeds the concentration of substrate
decreases progressively, thereby slowing the reaction rate and, indeed, en-
zymatic reactions will go to completion only given infinite time. At high
substrate concentrations and sufficient concentration of enzyme, the reac-
tion proceeds ata maximal rate until 80-90 percent of the substrate has been
removed. The reaction rate then becomes too slow to be practical for the
removal of remaining protein in a reasonable time.

The characteristics of enzymatic removal of proteins make enzymatic de-
proteinization an ideal and indispensable first step in nucleic acid purifica-
tion. This treatment is used when a large amount of protein is present, i.e.
right after cell lysis. The remaining proteins can be removed with a single
extraction using organic solvent.

Removal of RNA

The removal of RNA from DNA preparationsis usually carried out using an
enzymatic procedure. Consequently this procedure does not remove all



RNA and, therefore, yields DNA preparations with a very small amount of
RNA contamination. Two ribonucleases that can be easily and cheaply pre-
pared free of DNase contamination are used, namely ribonuclease A and
ribonuclease T1.

Ribonuclease A (RNase A) is an endoribonuclease that cleaves RNA after
C and U residues. The reaction generates 2”:3’-cyclic phosphate which is
hydrolyzed to 3’-nucleoside phosphate producing oligonucleotides ending
with 3’-phosphorylated pyrimidine nucleotide.

Ribonuclease T'1 (RNase T1) is an endoribonuclease that is very similar
to RNase A in its reaction conditions and stability. The enzyme cleaves
double-stranded and single-stranded RNA after G residues, generating
oligonucleotides ending in a 3’-phosphorylated guanosine nucleotide.

Because of the RNA cleaving specificity of these enzymes, it is recom-
mended that they be used together for complete RNA removal from DNA
samples. The use of only one of these enzymes can result in contamination
of DNA preparations with a large amount of oligonucleotides that will make
the spectrophotometric measurement of DNA concentration practically
impossible.

Concentrating the DNA

Precipitating with alcohol is usually performed for concentration of DNA

from the aqueous phase of the deproteinization step. Two alcohols are used
for DNA precipitation: ethanol and isopropanol.

Alcohol precipitation is based on the phenomenon of decreasing the sol-
ubility of nucleic acids in water. Polar water molecules surround the DNA
molecules in aqueous solutions. The positively charged dipoles of water in-
teract strongly with the negative charges on the phosphodiester groups of
DNA. This interaction promotes the solubility of DNA in water. Ethanol is
completely miscible with water, yet it is far less polar than water. Ethanol
molecules cannot interact with the polar groups of nucleic acids as strongly
as water, making ethanol a very poor solvent for nucleic acids.

Replacement of 95 percent of the water molecules in a DNA solution
will cause the DNA to precipitate. Making a DNA solution of 95 percent
ethanol is not practical because it requires the addition of a large volume
of 100 percent ethanol. To precipitate DNA at a lower ethanol concentra-
tion, the activity of water molecules must be decreased. This can be ac-
complished by the addition of salts to DNA solutions. Moreover, the
presence of salts will change the degree of charge neutralization of the DNA
phosphates, eliciting extensive changes in the hydrodynamic properties of
the DNA molecules (Eickbush and Moudrianakis, 1978). These changes,

simultaneous with water elimination, will cause the separation of the DNA

N

VNQ 2lwouag uewnH jo uoijededaud



00}

L 49adeyq

phase, i.e. precipitation, at the moment of complete neutralization of DNA
molecules.

DNA precipitation is customarily carried out with 70 percent ethanol
(final concentration) in the presence of the appropriate concentration of
sodium or ammonium salts. The use of each of these salts has its advantages
and disadvantages. The major advantage of using sodium chloride, in addi-
tion to convenience and low cost, is that SDS remains soluble in ethanol in
the presence of 0.2 M NaCl. The use of sodium chloride is therefore recom-
mended if a high concentration of SDS has been used for lysing the cells.
The disadvantage of sodium chloride is its limited solubility in 70 percent
ethanol making it difficult to completely remove from the DNA samples.
Thisis particularly true when the precipitated DNA is collected by centrifu-
gation. A high sodium chloride concentration in DNA preparations can in-
terfere with the activity of many enzymes. When sodium chloride is used,
the DNA should be spooled rather than centrifuged in order to collect
precipitated DNA, making sodium chloride particularly useful in large-
scale, high molecular weight DNA preparations.

Sodium acetate is more soluble in ethanol than sodium chloride and,
therefore, is less likely to precipitate with the DNA sample. Its higher
solubility in 70 percent ethanol makes it easier to remove from a DNA
preparation by repeated 70 percent ethanol washes. Sodium acetate is
the most frequently used saltin DNA precipitation.

Ammonium acetate is highly soluble in ethanol and easy to remove from
precipitated DNA due to the volatility of both ammonium and acetate ions.
The use of ammonium acetate instead of sodium acetate is also recom-
mended for removing nucleotide triphosphates or small single- or double-
stranded oligonucleotides (less then 30bp), since these molecules are less
likely to precipitate at high ethanol concentrations. In addition, precipita-
tion of DNA with ammonium acetate has proven to be more efficient for the
removal of heavy metals, detergents, and some unknown impurities that are
potent inhibitors of restriction endonucleases and other enzymes used for
DNA manipulation (Crouse and Amorese, 1987; Perbal, 1988).

Usually ethanol precipitation is carried out at temperatures of —20°C or
lower. It is reasoned that low temperature and the presence of salts further
lower the activity of water molecules, thereby facilitating more efficient
DNA precipitation. However, a careful analysis of the efficiency of DNA
precipitation at various temperatures and DNA concentrations demon-
strated that this step could be performed at room temperature without
serious loss of DNA, even when the concentration of DNA in a sample is
very low (Zeugin and Hartley, 1985; Crouse and Amorese, 1987).

The best recoveries of DNA (DNA concentrations in the range 5-
5,000ngml!) occuratroom or4°C temperatures and the worst when the pre-
cipitation is carried out at —70°C. The recovery of DNA at very low concen-
tration (Sngml™) is not substantially different at the various temperatures



and is largely dependent on time. Thus, in the procedures described in this
manual DNA precipitation is always performed at room temperature.

Determination of the Purity and Quantity
of DNA

The last step of any DNA isolation procedure is evaluation of the results.
For DNA this evaluation involves determination of DNA concentration
and evaluation of the purity of the DNA.

Ultraviolet (UV) spectrophotometry is used for the determination of
DNA concentration. The DNA has maximum and minimum absorbances
at 260 and 234 nm, respectively. However, these are strongly affected by the
degree of base ionization and, hence, pH of the measuring medium (Beaven
etal., 1955; Wilfinger etal., 1997).

The relationship between DNA absorbance at 260nm (4,,) and DNA
concentration (N) is described by the following equation:

N =A260/8260 (1.1)

where €, is the DNA extinction coefficient. This coefficient for double-
stranded DNA is 0.02 pg~' cm™ when measured at neutral or slightly basic
pH. Thus, an absorbance of 1.0 at 260nm gives a DNA concentration of
50ugml (1/0.02 = S0mgml™"). The value of the absorption coefficient
(&,4) for double-stranded DNA varies slightly depending on the percent of
GC. As aresult the concentration of DNA solutions having an absorbance
of 1.0 is not always 50 ugml~'. This slight variation is usually disregarded.
The absorption coefficient of single-stranded DNA is 0.027 ug~! cm™! giv-
ing an ssDNA concentration of 37 ugml™! for an absorbance of 1.0 (1/0.027
=37ugml™).

The linear relationship between absorbance at 260nm and DNA con-
centration holds in a range between 0.1 and 2.0 absorbance units. Reliable
measurements of DINA concentration can be made for solutions of 0.5-
100 pgml™" using a standard UV spectrophotometer. Before measurement,
samples with an absorbance equal to or greater than 2.0 should be diluted.
The measurement of DNA concentration at a lower range (4,4, lower than
0.2) can be strongly affected by light scattering on dust particles present
in the preparation. Measuring the absorbance at 320nm (Schleif and
Wensink, 1981) will assess the degree of such contamination. At this wave-
length, DNA does not absorb and any absorbance at 320nm is due to light
scattering. To measure DNA concentration properly the absorbance of a
DNA sample at 320 nm should be less than 5 percent of the absorbance at
260 nm.

(8]
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Absorbance measurements at wavelengths other than 260 nm are used for
determination of the degree of protein contamination of the DNA sample.
Proteins absorb maximally at 280nm due to the presence of tyrosine,
phenylalanine, and tryptophan and absorption at this wavelength is used for
the detection of protein in DNA samples. This is done by determination of
the A,4,:A,q, ratio. This ratio for pure double-stranded DNA is not
1.8-1.9, as previously thought, but is 2.0 (Glasel, 1995; Huberman, 1995;
Manchester, 1995; Held, 1997). The ratio between 1.8 and 1.9 corresponds
to 60 and 40 percent protein contamination, respectively (Glasel, 1995). If
the absorbance ratio of 260 nm : 280 nm is lower than 2.0, the DNA concen-
tration can be calculated using following formula (Surzycki, 2000):

N(Mg ml_l) =70 AZGO -40 Azgo (1.2)

where 4,4, and A, are the absorbances of a DNA sample at 260 and
280 nm, respectively.

A better indicator of protein contamination in DNA samples is the ratio
of A,4:A4,34- DNA has an absorbance minimum at 234nm and protein
absorbance is high due to the absorption maximum for peptide bonds at
205 nm (Scopes, 1974; Stoscheck, 1990). Since the ratio of the DNA extinc-
tion coefficient at 234nm (g,;,) to the protein extinction coefficient at the
same wavelength is 1.5-1.8, the 4, ,: 4,5, ratio is a very sensitive indicator
of protein contamination. For pure nucleic acids, this ratio is between 1.8
and 2.0. The DNA concentration can be calculated from the absorbances at
260 and 234 nm using the following equation (Surzycki, 2000):

N(Mg mlil) =52.6 A260 -5.24 A234 (1.3)

where A4, and A,;, are the absorbances of a DNA sample at 260 and
234nm, respectively.



FIRST LABORATORY PERIOD

In this laboratory period you will collect your cheek cells and begin DNA
purification.

Safety precautions

Each student should work only with his or her own cells. Any student who
does not wish to isolate DNA from his or her own cells should be provided
with human genomic DNA certified to be free of human immunodeficiency
virus DNA. This DNA is commercially available from a number of compa-
nies (e.g. Promega Co. and Sigma Co.).

Special safety procedures are necessary when working with phenol or
CIA solutions. Because of the relatively low vapor pressure of phenol, occu-
pational systemic poisoning usually results from skin contact with phenol
rather than from inhaling the vapors. Phenol is rapidly absorbed by and
highly corrosive to the skin. It initially produces a white softened area, fol-
lowed by severe burns. Because of the local anesthetic properties of the phe-
nol, skin burns may not be felt until there has been serious damage. Gloves
should be worn at all the times when working with this chemical. Because
some brands of gloves are soluble or permeable to phenol, they should be
tested before use. If phenol is spilled on the skin, flush off immediately with
alarge amountofwater and treatwitha 70 percentaqueous solution of PEG
(polyethylene glycol) 4000 (http://users.ox.ac.uk/~phar0036/biomedsafety/
labsafety/chemicalsafety/phenol.html). Do not use ethanol. Used phenol
should be collected in a tightly closed, glass receptacle and stored in a chem-
ical hood to await proper disposal.

The CIA reagent should also be handled with care. Mixing chloroform
with other solvents can involve a serious hazard. Adding chloroform to a so-
lution containing strong base or chlorinated hydrocarbons could result in
an explosion. Prepare CIA in a fume hood because isoamyl alcohol vapors
are poisonous. Store the CIA mixture in a hood in a tightly closed, dark
glass bottle. Used CIA can be collected in the same bottle as phenol and
discarded together.

Technical tips

Two of the most common obstacles in obtaining a high yield of high
molecular weight DNA are hydrodynamic shearing and DNA degradation
by non-specific DNases.

To avoid hydrodynamic shearing, DNA in solution should always be
pipetted slowly with wide-bore pipettes (approximately 3—4mm orifice
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diameter). A wide-bore pipette can be prepared by cutting off the tip of a 10
ml plastic disposable pipette. Alternatively, a pipette aid can be inserted on
the tip end of a sterilized 10ml glass pipette using the other end as the “in-
take” end. The end of the pipette should always be immersed in the liquid
when pipetting DNA. The DNA solution should never be allowed to run
down the side of a tube nor should it be vigorously shaken or vortexed.

In order to avoid DNase degradation, all solutions should contain
DNase inhibitors. Two kinds of DNase inhibitors are in use, EDTA and de-
tergents. ED'TA is a Mg?" ion chelator and a powerful inhibitor of DNases
since most cellular DNases require Mg?*ion as a co-factor for their activity.
In addition, the presence of ED'TA in extraction buffers inhibits Mg?* ion-
induced aggregation of nucleic acids. A concentration of 50-100mM
EDTA is usually sufficient for inhibiting DNases present in human cells. In
fact, a high concentration of ED'TA (above 100 mM) in buffers is not recom-
mended because itleads to a substantial decrease in yields. Detergents com-
monly used in DNA purification are SDS or lithium deodecyl sulfate and
Sarcosyl.

DNA samples should be stored under conditions thatlimit their degrada-
tion. Even atideal storage conditions, one should expect approximately one
phosphodiester bond break per 200kb per year. For long-term storage, the
pH of the buffer should be above 8.5 in order to minimize deamidation and
contain atleast 0.15 M NaCland 10mM EDTA.

During DNA preparation and storage the following conditions will con-
tribute to fast degradation of DNA.

DNuase contamination

The most frequent source of this contamination is human skin. In spite of
the low stability of most DNases, even short exposure to a very low concen-
tration of these enzymes will result in substantial sample degradation. In
order to avoid this contamination, it is necessary to avoid direct or indirect
contact between samples and fingers by wearing gloves and using sterilized
solutions and tubes. Since DNA is easily absorbed onto glass surfaces only
sterilized plastic tubes should be used for storage.

Presence of beavy metals

Heavy metals promote the breakage of phosphodiester bonds. Long-term
DNA storage buffer should contain 10mM or more of EDTA, which is a
heavy metal chelator. fEDTA is present, DNA can be stored as a precipitate
in 70 percent ethanol. This storage condition is preferred if the sample is
stored at 5°C because it prevents bacterial contamination. A 1-2mM EDTA
concentration is sufficient for short-term storage of DNA and more conve-
nient for everyday work.



Presence of ethidium bromide

The presence of ethidium bromide causes photo-oxidation of DNA with
visible light in the presence of molecular oxygen. Since it is difficult to re-
move all ethidium bromide from DNA samples treated with this reagent,
such samples should always be stored in the dark. Moreover, due to the ubig-
uitous presence of ethidium bromide in molecular biology laboratories,
DNA samples can be easily contaminated with it. For this reason all DNA
samples should be stored in the dark.

Temperature

The best temperature for short-term storage of high molecular weight
DNA isbetween 4 and 6°C. At this temperature the DNA sample can be re-
moved and returned to storage without cycles of freezing and thawing,
which cause DNA breakage. For very long-term storage (five years or more)
DNA should be stored at a temperature of —=70°C or below, providing the
sample is not subjected to any freeze—thaw cycles. Long- or short-term
storage of high molecular weight DNA at—20°C is not recommended. This
temperature can cause extensive single- and double-strand breakage of
DNA because, at this temperature, molecular bound water is not frozen.

Protocol

Collecting human cheek cells

1. Pour 10ml of PBS into a 15ml conical centrifuge tube. Transfer the
solution into a paper cup. Pour all the solution into your mouth and swish
vigorously for 30-40 seconds. Expel the PBS wash back into the paper
cup.

2. Transfer the solution from the paper cup into a 25 ml Corex centrifuge
tube and place iton ice.

3. Repeatstep 1 one more time with fresh PBS. Expel the mouthwash back
into the paper cup and transfer the solution into the same 25 ml Corex tube.
4. Collect the cells by centrifugation at 5,000 r.p.m. for 10 minutes at 4°C.
5. Pour as much supernatant as possible back into the paper cup. Be careful
not to disturb the cell pellet. Discard the supernatant from the paper cup
into the sink. Invert the Corex centrifuge tube with cells on a paper towel to
remove the remaining PBS.

DNA purification

1. Add 1 ml of lysis buffer prewarmed to 65°C to the cells and gently re-
suspend them by pipetting up and down.
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2. Add 70ul of proteinase K (20 mgml™') and mix by inverting the tube
several times.

3. Add 80l of 20 percent Sarcosyl and mix well by gently inverting the
tube. Clearing of the “milky” cell solution and increased viscosity indicates
lysis of the cells.

4. Incubate the mixture for 60 minutesin a 65°C water bath.

5. Add 800 ul of dilution buffer and mix carefully. Hold the tube between
your thumb and index finger and very quickly invert several times. Do not
allow the lysate to run slowly down the side of the tube. This step lowers the
sodium chloride concentration allowing single- and double-stranded activ-
ities of both RNases.

6. Transfer the tube to a 37°C water bath and add 25 ul of RNase A and 2
ml of RNase T'1. Cap the tube and mix by quickly inverting several times.
Incubate for 30 minutes at 37°C.

7. Add 1 ml of phenol-8HQ solution and 1 ml of CIA solution to the tube.
Close the tube with a Teflon-lined cap and mix using the procedure de-
scribed in step 5. The solution should turn “milky” when properly mixed.
This should not take more than two to three inversions.

8. Remove the cap and place the tube into a centrifuge. Centrifuge at
10,000 r.p.m. for 5 minutes at 4°C to separate the water and phenol phases.
DNA will be in the top aqueous layer.

9. Collect the aqueous phase using a P1000 Pipetman set to 1,000 ul and
equipped with a wide-bore blue tip. Prepare a wide-bore blue tip by cutting
off 5-6 mm from the end of the tip with a razor blade. The total volume of
the aqueous phase should be approximately 2 ml. Avoid collecting the white
powdery looking precipitate at the interphase. However, do collect as
much of the viscose, bluish-white layer from the interphase as possible. This
layer contains concentrated nucleic acids, not proteins. Record the volume
of aqueous phase and transfer it into a fresh 25 ml Corex tube. To do this
place the cut-off end of the blue tip at the bottom of the tube and slowly de-
liver the solution.

10. Add 0.5 volume (1.0ml) of 7.5 M ammonium acetate to the DINA solu-
tion and mix by inverting the tube.

11. Add approximately 6 ml of 95 percent ethanol to the tube containing
DNA solution. The volume of added ethanol should be two times the total
volume, i.e. DNA plus ammonium acetate (~3.0ml). Carefully overlay the
ethanol onto the viscose DNA solution. Since ethanol is less dense than
the DNA solution, it will be the upper layer.

12. Precipitate DNA by gently inverting the tube several times. The DNA
should appear as a cotton-like precipitate.

13. Insert the end of a glass hook into the precipitated DNA and swirl the
hook in a circular motion to spool out the DNA. The DNA precipitate will
adhere to the hook. Note: if at this step DNA does not form a clump and



instead it forms several smaller fragments, do not try to collect them on a
glass hook. Go to step 17 instead.

14. Transfer the hook with DNA into a 20 ml tube filled with 5 ml of cold 70
percent ethanol. Wash the DNA by gently swirling the glass hook. Pour out
the 70 percent ethanol and repeat the wash two more times.

15. Transfer the hook to a microfuge tube and add 300 ul of TE buffer. Re-
hydrate the DNA slowly by moving the glass hook back and forth. To speed
up the rehydratation of DNA, incubate the solution in a 65°C water bath for
10-15 minutes moving the tube gently every 2-3 minutes.

16. Store the tube in a 4°C refrigerator until the nextlaboratory period

17. Collect precipitated DNA by centrifugation for 5 minutes at 10,000
r.p.m. Discard the supernatant by gently pouring off the ethanol. DNA will
appear at the bottom of the tubes as a white precipitate.

18. Add 5ml of cold 70 percent ethanol to the tube and wash the pellet by
carefully rolling the tube at a 45° angle in the palm of your hand. Take care
not to dislodge the DNA pellet from the bottom of the tube during this pro-
cedure. Never vortex the tube. Discard the 70 percent ethanol and drain the
tube well by inverting it over a paper towel for a few minutes. Repeat the
wash one more time.

19. Add 100ul of TE buffer to the tube and rehydrate the DNA pellet by
gently pipetting up and down using a P200 Pipetman equipped with a
yellow tip with a cut-off end. Transfer the DNA solution into a 1.5ml
microfuge tube.

20. Add another 100l of TE buffer to the centrifuge tube and wash the
tube by gently pipetting up and down as described in step 19. Add the solu-
tion to the microfuge tube with DNA. Repeat this washing one more time.
The total volume of the DNA should be 300 ul. Store the tube at 4°C as de-
scribed in step 16.
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SECOND LABORATORY PERIOD

In this laboratory period we will continue DNA purification. First, DNA
will be concentrated by precipitation with ethanol in the presence of
ammonium acetate. We will use the ammonium acetate procedure because
this salt has proven to be the most efficient for the removal of the heavy
metals, detergents, and impurities that are potent inhibitors of restric-
tion endonucleases and other enzymes used for DNA manipulation.
Second, we will determine DNA concentration and purity using a UV
spectrophotometer.

Safety precautions

The same safety precautions as for the firstlaboratory period apply.

Technical tips
The same technical tips as for the first laboratory period apply.

Protocol

Precipitating DNA

1. Retrieve the tube from the refrigerator and add 150ul of 7.5M am-
monium acetate. Mix by inverting the tube several times.

2. Add 950l of 95 percent ethanol and mix by inverting the tube two to
four times.

~ | 3. Place the tube in a centrifuge, orienting the attached end of
the lid away from the center of rotation (see the icon in the mar-
gin). Centrifuge the tube at maximum speed for 5 minutes at
room temperature.

4. Remove the tubes from the centrifuge. Pour off ethanol into
an Erlenmeyer flask by holding the tube by the open lid and gently inverting
the end. Touch the lip of the tube to the rim of the flask and drain the ethanol.
You do notneed to remove all of the ethanol from the tube. Return the tubes
to the centrifuge in the same orientations as before. Note: when pouring off
ethanol do notinvert the tube more than once because this could disturb the
pellet.

5. Wash the pellet with 700 pul of cold 70 percent ethanol. Hold-
ing the P1000 Pipetman vertically (see the icon in the margin)
slowly deliver the ethanol to the side of the tube opposite the pel-
let. Do not start the centrifuge: in this step the centrifuge rotor
is used as a “tube holder” that keeps the tube at an angle conve-




nient for ethanol washing. Withdraw the tube from the centrifuge by hold-
ing the tube by the lid. Remove ethanol as before (step 4). Place the tube
back into the centrifuge and wash with 70 percent ethanol one more time.
6. After the last ethanol wash, collect the ethanol remaining on the sides of
the tube by centrifugation. Place the tubes back into the centrifuge with the
side of the tube containing the pellet facing away from the center of rotation
and centrifuge for 2-3 seconds. For this centrifugation, you do not need to
close the lids of the tubes. Remove collected ethanol from the bottom of the
tube using a P200 Pipetman equipped with capillary tip. Note: this proce-
dure makes it possible to quickly wash the pellet without centrifugation and
vortexing. Vortexing and centrifuging the pellet is time-consuming and
leads to substantial loss of material and shearing of the DNA. Never dry the
DNA pelletin a vacuum. This will make rehydration of the DNA very diffi-
cultif notimpossible

7. Add 35 pl of TE buffer to each tube and resuspend the pelleted DNA.
Use a yellow tip (P200 Pipetman) with a cut-off end for this procedure.
Gently pipette the buffer up and down directing the stream of the buffer
towards the pellet. If the pellet does not dissolve in several minutes, place
the tube in a 60-65°C water bath and incubate for 10-20 minutes mixing
occasionally.

Determination of DNA concentration and purity

1. Determine the concentration of DNA by measuring absorbance at
260 nm. Initially use a 1:20 dilution of the DNA. The absorbance reading
should be in the range 0.1-1.5 OD, . Special care must be taken to dilute
the viscose solution of DNA when micropipettors are used. Most mi-
cropipettes will not measure the volume of a very viscose solution correctly.
"To prepare a 1:20 dilution of DNA, add 100 pl of PBS to a microfuge tube.
Prepare awide-bore, yellow tip by cutting off 5—6 mm from the end of the tip
with arazor blade. Withdraw 5 ul of PBS from the tube and mark the level of
the liquid with a marking pen. Discard PBS from the tip and draw DNA so-
lution to the 5 pl mark. Transfer DNA to the tube containing PBS. Pipette
up and down several times to remove the viscose DNA solution from the in-
side of the pipette tip. Note: DNA concentration should never be measured
in water or TE buffer.

2. Determine the absorbance at 260 nm and calculate the DNA concentra-
tion using the equation

DNA (ug ml™) = 0D, x 50 x Dilution factor (1.4

3. Determine the purity of DNA by measuring the absorbances at 280 and
234nm. Calculate 260nm:280nm and 260nm:234nm ratios. Calculate
the amount of DNA using equations (1.2) and (1.3).
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Figure 1.2 Absorption spectrum of DNA purified from human cheek cells. The DNA
was diluted 20 times in PBS and scanned using a UV spectrophotometer. The 260 nm :
280 nm absorbance ratio was 1.7 and the 260 nm : 234 nm absorbance ratio was 1.8.

4. Label the tube with your name and group number and indicate the
DNA concentration in micrograms per microliter. Store the tube in a
4°C refrigerator.

Expected results

A typical spectrum of the DNA purified from human cheek cells is shown in
Fig.1.2. The concentration of DNA isolated from two mouthwashes should
be between 0.5 and 1.0ugul™". The total amount of DNA should be 17-
35ug. The DNA is high molecular weight and does not contain RNA.

A low 260nm:280nm and/or 260nm:234nm ratio indicates protein
contamination and more often than not is caused by low activity of pro-
teinase K or inadequate mixing of phenol and aqueous phases. The low ac-
tivity of proteinase K is indicated by the presence of a large amount of
“foamy” material at the interphase after the first phenol extraction, whereas
inadequately mixed phenol and aqueous phases do not have a uniformly
“milky” appearance.

The presence of low molecular weight DNA in the preparation fre-
quently results from DNA mechanical shearing when pipettes with narrow
openings are used or by allowing the DNA solution to run down the side of
the tube. Inverting tubes too slowly during organic extraction will also re-
sultin substantial shearing of DNA molecules.



The presence of low molecular weight DNA in the preparation can also
result from insufficient inhibition of DNase activity. This usually results
from a too low concentration of EDTA in the lysis buffer.

A low yield of DNA can result from inadequate lysis of the cells or a too
high concentration of EDTA in the lysis buffer. Insufficient cell lysis will be
noticeable after the addition of Sarcosyl. Adequate lysis of the cells at this
step results in a drastic increase in viscosity of the solution.
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DNA Fingerprinting:
Multi-locus Analysis

Introduction

The goal of this experiment s to carry out multi-locus DNA fingerprinting.
For this procedure you will use your own DNA and a probe that recognizes
a family of DNA mini-satellites with the core sequence GAGGGTGGNG
GNTCT. The typing of your DNA will require performing five proce-
dures. The essential steps of the typing procedure are as follows.

1. DNA is digested into fragments using restriction endonuclease en-
zymes. We will use the enzyme Huelll, which is widely used in forensic
work. Experiment 1 describes this procedure.

2. DNA fragments resulting from digestion are separated based on size by
agarose gel electrophoresis. Experiment 2 describes this technique.

3. DNA fragments are transferred from gel onto a nylon membrane by a
process termed Southern blotting. The membrane will contain the DNA
fragment located in exactly the same position as it was present in the gel.
This procedure will be performed in experiment 3.

4. Immobilized DNA fragments are hybridized with labeled DNA probe
complementary to core mini-satellite sequences. Labeling of the probe and
hybridization will be carried out in experiment 4.

5. Hybridized DNA fragments are detected by chemiluminescence. Thisis
described in the signal detection experiment.

The entire experiment will be done during five laboratory periods.
Figure 2.1 presents the overall timetable for these experiments.

Background

The human genome contains approximately 3 billion bp. This genome,
similar to all other higher eucaryotes, may be divided into classes based
very broadly on their functional properties. Approximately 10 percent of
the genome constitutes DNA sequences harboring genetically relevant



Laboratory period 1

Laboratory period 2

Laboratory period 3

Laboratory period 4

Laboratory period 5

Figure 2.1 Schematic outline of the procedures used in the multi-locus DNA finger-

printing experiment.

information that is essential for each individual, i.e. the gene-coding region
of the DNA. The remaining DNA constitutes non-coding regions of the
genome. This part of the genome, largely due to its non-coding nature, is
the major source of variability or polymorphism-responsible differences
between individuals. The non-coding segment of the genome consists of
two classes of DNA sequences: unique low copy number DNA and repeti-
tive DNA. Repetitive DNA can in turn be further subdivided into inter-

Restriction enzyme digestion
Gel electrophoresis
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Tandemly repetitive sequences, commonly known as “satellite DNAs”
are classified into three major groups.

1. Satellites. These are very highly repetitive DNA sequences with repeat
lengths of one to several thousand base pairs. These sequences are typically
organized as large clusters (up to 100 million bp) in the heterochromatic re-
gions of chromosomes, centromeres, and telomeres. Human centromeric
and pericentromeric DNA consists predominantly of satellites II, III, IV,
alphoid, and I that are specific or nearly specific for particular chromo-
somes. In contrast, telomeric tandem repeats are conserved and identical for
all chromosomes. In addition, specific satellite DNA sequences are present
on the long arm of the Y chromosome.

2. Micro-satellites. These are moderately repetitive DNA sequences
composed of arrays of short repeats (2—10 bp). The human genome contains
at least 30,000 micro-satellite loci located in euchromatin. The number of
repeats is characteristically variable within a population for each micro-
satellite, typically with mean array sizes in the order of ten to 100 repeats.

3. Mini-satellites. These are moderately repetitive, tandemly repeated
arrays of 10-100bp spanning 0.5 kb to several kilobases. They are found in
euchromatic regions of the genome and are predominantly clustered to-
wards chromosome ends. They are highly variable in array size.

In general, satellite DNAs can be variable among individuals and, thus, form
excellent tools for genetic individualization, particularly with regard to the
number of repeats at a given locus. Mini-satellite loci are the most highly
polymorphic sequence elements yet discovered in the human genome and
delineating the repeat lengths of these loci is the basis of most DNA typing
systems used in forensic medicine. These loci are usually referred to as vari-
able number tandem repeat (VN'TR) loci. The VN'TRs can be grouped into
families of independent loci that are related to each other by small variation
in their common core sequence. Some VN'TR loci are hypervariable and
contain between 100 and 1,000 repeats. The variability of these loci is not
limited to differences in the number of the repeated unit, but also the se-
quence of the repeat can vary in different members of an array. Thus, any
given hypervariable VN'TR allele can be monomorphic for length, but may
still be polymorphic in structure. At present approximately 300 human
mini-satellite families have been typed and less than ten of them are hyper-
variable (Nakamura et al., 1987; Armour et al., 1990; Amarger etal., 1998;
Vergnaud and Denoeud, 2000).

Hypervariable VNTR loci are used in genetic typing by means of two
methodologies: a multi-locus analysis or DNA fingerprinting and a
single-locus analysis or single-locus DNA typing. Jeffreys etal. (1985a, b)
first introduced DNA fingerprinting for individual identification in 1985.
Soon after this the first case, which involved a UK immigration dispute, was
satisfactorily resolved by DNA fingerprinting. Shortly after the method was
used in an unusual paternity dispute in a UK court. DNA fingerprinting
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Figure 2.2 Principle of multi-locus DNA fingerprinting. Independent mini-satellite
loci A, B, and C are members of one VN'TR family related to each other by a small
variation in the common core sequence of 1,000 bp. Each locus has a different number
of repeats on each homologous chromosome, designated as A, and A,, B, and B,, and
C, and C,. In order to generate a DNA fingerprint, DNA is cut with restriction
endonuclease that does not have a recognition site on any repeat. This generates a set
of DNA fragments of different sizes, which is a consequence of the different number
of repeats presentata particular locus. Thus, locus A, will be represented by 9 kb
fragments, locus A, by 8 kb fragments, locus B, by 5 kb fragments, etc. These
fragments are separated by agarose gel electrophoresis, transferred to a membrane, and
hybridized to a probe complementary to the repeated element. The autogram shows a
set of hybridization bands that represent hybridization to each member of the VN'TR
family. This is called a DNA fingerprint.
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made its debut in a criminal case in 1986 in the Enderbery murder case
(Jeffreys and Pena, 1993). After a period of initial disputes as to the validity
of DNA fingerprinting for unequivocal identification of an individual, the
method became established worldwide in forensic medicine and criminal
investigations (Benecke, 1997). DNA typing has found many uses other
than forensic applications (Kirby, 1990). These include animal and plant
breeding, conservation biology, patent identification, genototoxicity
studies, etc.

Both, DNA typing (single-locus analysis) and DNA fingerprinting
(multi-locus analysis) use the same technique for revealing the polymorphic
variation in the number of tandem repeats. DNA is digested with restriction
enzyme that cuts externally to the tandem repeat, fragments are separated
by gel electrophoresis, and Southern blots are hybridized to a probe either
recognizing an internal core sequence (DNA fingerprinting) or a locus-
specific sequence (single-locus analysis). The principle of multi-locus DNA
fingerprinting is presented in Fig. 2.2.

The quantity of non-degraded DNA needed for these analyses is in the
order of 1-10pg. Because, with the exception of parentage studies, the
quantity and integrity of DNA in a typical forensic specimen is limited, a
PCR (polymerase chain reaction)-based technique was developed. This
technique requires only a few nanograms of DNA and, indeed, the DNA of
asingle cellis usually sufficient for successful DNA typing. An efficient PCR
is possible for fragments of approximately 1 kb in size. Most classical VN'TR
alleles are much longer than that limit and cannot be reliably amplified.
However, PCRs can be used for amplifying tandem repeats of micro-
satellites, named short tandem repeats (STRs), for which the repeat arrays
are in the range of 50-300bp. At present forensic DNA analysis uses STR
loci exclusively for individual identification. These loci are composed of
tri-, tetra-, and pentameric core units and are evenly distributed throughout
all chromosomes. Because the primer used is unique for a given STR locus,
this method uses a single-locus approach for data analysis.



FIRST LABORATORY PERIOD

In this laboratory period two experiments will be performed. First, you will
digest your DNA with restriction enzyme endonuclease. Second, you will
carry out agarose gel electrophoresis of restricted DNA.

Experiment 1: Restriction Enzyme Digestion

Introduction

In this experiment you will digest DNA purified in Chapter 1 using type 11
restriction enzyme endonuclease Hzelll. You will digest your DNA and
your partner’s DNA as well as two control DNAs that will be given to you by
your instructor. This experiment will take a single laboratory period.

The Haelll restriction enzyme endonuclease is the most often used re-
striction endonuclease in human DNA fingerprinting. The recognition se-
quence for this enzyme is GGCC assuring extensive digestion of human
DNA. This recognition site is not present in the M13 15 bp tandem repeat
element (GAGGTGGNGGNTCT) that we will use for the multi-locus
fingerprint of your DNA.

Background

Restriction endonucleases catalyze sequence-dependent, double-stranded
breaks in DNA yielding a homogeneous population of DNA fragments.
These enzymes are used in a number of applications in molecular biology,
including establishment of an endonuclease map of DNA, fragmentation of
genomic DNA prior to Southern blotting, generation of fragments that
can be subcloned in appropriate vectors, and generation of fragments for
labeled probes.

The most frequently used restriction endonucleases belong to the type I1
endonucleases discovered by Smith and co-workers (Smith and Wilcox,
1970). These enzymes are small, monomeric proteins that require only
Mg?* for activity. Type II enzymes recognize a short nucleotide sequence
with dyad symmetry (the 5" to 3" nucleotide sequence of one DNA strand is
identical to that of the complementary strand sequences). Most sites consist
of 4, 5, or 6bp (Brooks, 1987), but a few have a recognition site of 8bp or
larger or sites smaller than 4bp (Roberts and Macelis, 1991). In general,
there are three possible cleavage positions within a recognition sequence: at
the center of the axis of symmetry, yielding “flush” or “blunt” ends (e.g.
CCC3'|5’GGG), to the left of the center giving cohesive termini with a pro-
truding 5’-phosphate (e.g. C3’|5’CGQG), or to the right of the center giving
cohesive termini with protruding 3’-phosphates (e.g. CTGCA3’|5'G).
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An estimate of the number of cleavage sites for a restriction endonuclease
within a given piece of DNA, assuming an even distribution of bases, is de-
scribed by the equation site number = N/4”, where N is a number of base
pairs in the DNA and 7 is the number of bases in the recognition site of the
restriction endonuclease. This should be treated only as an approximation
of the number of expected sites (Rodriguez and Tait, 1983).

Owing to the complicated nature of the restriction reaction and differ-
ences in substrates, it is difficult to define universal units of activity for
these enzymes. For this reason, a convention was adopted for defining a unit
of enzyme activity as the amount of enzyme required to digest 1ug of
bacteriophage lambda DNA completelyin 1 hour.

Despite the diversity of the sources and of the specificity of over 1,000
type Il restriction endonucleases identified to date, restriction enzyme reac-
tion conditions are remarkably similar. Each restriction enzyme has its own
optimal reaction conditions, which are usually given on the information
sheet provided by the manufacturer. The major variables are the tempera-
ture of incubation and the composition of the buffer. The temperature
requirements of type Il restriction enzymes are very strict, whereas the dif-
terences between salt and pH requirements are often only slight. Presently
the manufacturer of the enzyme supplies the appropriate buffer for each

enzyme.

Technical tips

The general rules for working with restriction enzymes and preparing a
digestion reaction are as follows.

1. Store restriction endonuclease at —20°C in a freezer that is not frost free
ata concentration of 10upl™ or higher.

2. The volume of the digestion reaction should be large enough that the
restriction enzyme constitutes no more than 10 percent of the total volume.
A 30ul reaction volume should be routinely used.

3. UseaDNAamountno greater than 10 pgadded in avolume thatis notto
exceed one-third of the reaction volume. Addition of a large volume of
DNA dissolved in TE buffer will decrease the Mg?*ion concentration in the
reaction, thereby inhibiting restriction enzyme activity.

4. Use ten units or more of enzyme per microgram of DNA. Although this
is far more enzyme than is theoretically required, this excess assures com-
plete digestion in the case of impurities in the DNA, decreased enzyme
activity from storage, pipetting errors during enzyme addition, etc. Some
enzymes cleave their defined sites with different efficiency, largely due to
differences in the flanking nucleotides and cleavage rates. Different sites
recognized by a given enzyme can differ by a factor of ten. Using excess
enzyme does compensate for these differences. Use 20-fold excess enzyme
when digesting human genomic DNA.



Protocol

Always observe the following rules when preparing the reaction mixture.
First, thaw all reagents at room temperature and place them onice. Second,
calculate the amounts of all reagents needed. Do not include water in these
calculations. Next calculate the amount of water needed to obtain the
desired reaction volume.

Start the assembly of the reaction mixture by addition of water. Remem-
ber the rule for reaction mixture assembly: the amount of water is always
calculated last, but water is always added first. Add the remaining ingre-
dients in the following order: buffer, co-factors, and substrate. Start the
reaction by the addition of enzyme.

1. Label four sterile 1.5 ml microfuge tubes as follows: 1H, 2H, 3H, and
4H.

2. Calculate the volume of DNA solution to be drawn in order to have 3 ug
of DNA per reaction. Use your DNA concentration as determined in the
DNA isolation experiment. Your instructor will give you the concentrations
of control DNAs. Record the results of these calculations in Table 2.1.

3. Calculate the amount of enzyme and buffer to be added to each reac-
tion. The concentration of the buffer stock solution is ten times and the
enzyme concentration in the stock solution is 10upl™. You will need 30
units of enzyme per reaction. Record these calculations in Table 2.1.

4. Calculate the amount of water needed to obtain a final reaction volume
of 30ul.

5. Add the calculated amount of water to each tube.

6. Add 3pl of ten times buffer to each tube. Mix by pipetting up and
down.

7. Add the appropriate DNA for each tube. Consult Table 2.1 for the
amount and type of DNA to be added to each tube. For the addition of each
DNA you will need to prepare a wide-bore yellow tip. Prepare each tip by
cutting off 5-6mm from the end of the tip with a razor blade. Set a P20

Table 2.1 Restriction enzyme digestion of DNA

Tube number 1H 2H 3H 4H

Buffer (ten times) 3.0ul 3.0ul 3.0ul 3.0ul
DNA control 1 - - -

DNA control 2 - - -

Your DNA - - -
Partner’s DNA - - -

Haelll enzyme (10upl-1) 3.0ul 3.0ul 3.0ul 3.0ul
Water

Total 30.0ul 30.0ul 30.0ul 30.0ul
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Pipetman to the required volume for each DNA type. Draw that amount of
TE buffer into the tip and mark the level of the liquid with a marking pen.
Discard TE buffer from the tip. Using the same tip draw the DNA solution
to this mark and transfer it to the reaction mixture. Pipette up and down sev-
eral times in order to remove the viscose DNA solution from the inside of
the pipette tip. Note: it is important to follow the procedure described
above in order to prevent DNA shearing during pipetting.

8. Start reactions with the addition of enzyme. Mix the enzyme with the
reaction mixture by pipetting up and down several times.

9. Centrifuge the tube for 5-10 seconds in order to remove air bubbles
and collect liquid at the bottom of the tube.
10. Transfer the tubes to a 37°C water bath and incubate for 1-2 hours.
11. Begin preparing the agarose gel as described in the protocol of step 2 in
experiment 2.

References

Amarger, V., Gauguier, D., Yerle, M., Apiou, E, Pinton, P., Giraudeau, F. et al. (1998)
Analysis of the human, pig, and rat genomes supports a universal telomeric origin of
minisatellite sequences. Genormics, 52,62-71.

Armour, J.A.L., Povey, S., Jeremiah, S., and Jeffreys, A.J. (1990) Systematic cloning of
human minisatellites from orders array charomic libraries. Genomics, 8, 501-12.

Benecke, M. (1997) DNA typing in forensic medicine and in criminal investigations: a
current survey. Naturwissenschaften, 84, 181-8.

Brooks, J.E. (1987) Properties and uses of restriction endonucleases. Methods Enzymol.,
152,113-29.

Jeffreys, AJ. and Pena, S.D J. (1993) Brief introduction to human fingerprinting. In
DNA Fingerprinting. State of the Science, S.D.J. Pena, R. Chakraborty, ].T. Epplen, and
A]. Jeftrey (eds), pp. 1-20. Birkhauser Verlag, Basel, Boston, and Berlin.

Jeffreys, A.J., Wilson, V., and Thein, S.L. (1985a) Individual-specific “fingerprints” of
human DNA. Nature,316,76-9.

Jeffreys, AJ., Brookfield, J.EY., and Semeonoff, R. (1985b) Positive identification
of an immigration test-case using human DNA fingerprinting. Nature,317,818-19.

Kirby, L.T. (1990) DNA Fingerprinting. An Introduction. Stockton Press, New York.

Nakamura, Y., Leppert, M., O’Connell, P, Wolff, R., Holm, T., Culver, M. et al. (1987)
Variable number of tandem repeat (VNTR) markers for human gene mapping.
Science,235,1616-22.

Roberts, R.J. and Macelis, D. (1991) Restriction enzymes and their isoschizomeres.
Nucleic Acids Res., 19 (Suppl.), 2077-109.

Rodriguez, R.L. and Tait, R.C. (1983) Recombinant DNA Techniques: An Introduction.
Addison-Wesley Publishing Co., Reading, MA.

Smith, H.O. and Wilcox, K.W. (1970) Restriction enzymes from Hemophilius influenzae.
Purification and general properties. 7. Mol. Biol., 51,379-91.

Vergnaud, D. and Denoeud, F. (2000) Minisatellites: mutability and genome architec-
ture. Genome Res., 10, 899-907.



Experiment 2: agarose gel electrophoresis

Introduction

The procedure describes the use of a large agarose gel in the separation of
human DNA fragments. DNA band separation in such gels is sufficient for
detecting a single copy gene in a human genome. These gels are well suited
for Southern blotting. In order to attain higher resolution, electrophoresis
will be run at a low voltage gradient of 1 Vem™. Thus, the electrophoresis
time will be longer than usual, but the resolution of DNA fragments will be
better, in particular for higher molecular weight DNA.

Background

Principle of electrophoresis

When a molecule is placed in an electric field it will migrate to the appropri-
ate electrode with a velocity or free electrophoretic mobility (M), which is
described by the equation:

_E ¢
~ d 6mRn

Q.1)

0

where Eis the potential difference between electrodes measured in volts, ¢ is
the net charge of the molecule, 4 is the distance between electrodes (cm),
is the viscosity of the solution, R is Stock’s radius of the molecule, and E/d is
the field strength.

Since under physiological conditions phosphate groups in the phospho-
sugar backbone of DNA (RNA) are ionized, these polyanions will migrate
to the positive electrode (anode) when placed in an electric field. Due to the
repetitive nature of the phosphosugar backbone, double-stranded DNA
molecules have a net charge to mass ratio that is approximately the same.
Consequently, DNA molecules have approximately the same free elec-
trophoretic mobility (M) irrespective of their size. Itis apparent from equa-
tion (1) that the effects of friction on the mobility of the molecules can be
accentuated by changing the viscosity (1) of the electrophoretic medium. If
the viscosity is very large, the mobility of the molecules subjected to elec-
trophoresis will depend largely on their shape and size. Equation (2.1) sim-
plifies to:

M, =EL 2.2)
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Specific support matrixes are used for increasing the viscosity of an elec-
trophoretic medium. These include agarose and polyacrylamide. Varying
the pore size using various agarose concentrations or different cross-linking
ratios of polyacrylamide alters the viscosity of these materials. The mobility
of DNA molecules is profoundly influenced by the size and shape of the
molecules, as well as by the size of the matrix pores. Using these gels, DNA
molecules are fractionated by their size and conformation in a relatively fast
and inexpensive way.

Principle of agarose gel electrophoresis of DNA

Agarose is a polysaccharide consisting of basic agarobiose repeat units of 1,
3-linked B-p-galactopyranose and 1, 4-linked 3, 6-anhydro-o-L-galactopy-
ranose. Units form long chains of approximately 400 repeats, reaching a
molecular weight of approximately 120,000 Da. Long polymer chains con-
tain small amounts of charged residues consisting largely of pyruvate and
sulfate that are responsible for agarose properties that are important in gel
electrophoresis. To these belongs the phenomenon of electroendosmosis
(Adamson, 1976; Hiemenz, 1977).

During electrophoresis only hydrated positive ions, which are normally
associated with the fixed anionic groups of agarose (pyruvate or sulfate
residues), can move towards the cathode. Water is therefore pulled with
these positive ions towards the negative electrode and negative molecules,
such as DNA migrating towards the positive electrode, are slowed down.
Thus, for maximum separation of DNA molecules by agarose gel elec-
trophoresis, agarose with the lowest possible electroendosmosis should
be used.

"The electrophoretic migration rate of DNA through agarose gel depends
on the following parameters: the size of the DINA molecules, the concentra-
tion of agarose, the voltage applied, the conformation of the DNA, and the
buffer used for electrophoresis.

On first approximation, DNA molecules travel through gel at a rate in-
versely proportional to the logarithm of their molecular weight or number
of base pairs. Therefore, a plot of mobility against the log of the size should
give a straight line for all DNA sizes. However, this is true for a narrow size
range. A better linear relationship between mobility and DNA size is ob-
tained in plots of DNA base pair number (DNA size) versus 1/mobility
(Hiemenz, 1977; Sealey and Southern, 1982).

The useful linear range of mobility depends on the gel concentration used
and voltage applied. A DNA fragment of a given size migrates at different
rates in gels containing different concentrations of agarose. A model for gel
structure predicts that the log of the mobility of different DNA molecules
(M) as a function of gel concentration (C) should resultin a straightline with
different slopes called retardation coefficients (K) and intercepts the



so-called free mobility (M), i.e. the mobility of DNA molecules at zero
concentration of agarose. This can be expressed mathematically by the fol-
lowing equation:

Log M=logM,-CK, (2.3)

Itis possible to resolve a wide range of DNA fragment sizes using gels of
different agarose concentrations provided that the voltage gradient applied
to the gel is chosen correctly. Normally the migration rate of DNA frag-
ments is directly proportional to the voltage applied. However, with in-
creased voltage large DNA molecules migrate ata rate proportionally faster
than small molecules. Consequently, the field strength applied to most gels
should be between 0.5 and 10Vem™. In general, higher resolution is
achieved at a low voltage gradient, particularly if higher molecular weight
DNA isused.

The amount of DNA in a sample will also affect its apparent mobility.
Overloaded bands will appear to move faster than bands with the correct
amount of DNA. For that reason, the amount of DNA loaded should be
similar when comparing the mobility of DNA fragments. The useful sepa-
ration ranges of various gel concentrations do overlap and different elec-
trophoretic conditions can shift their useful range (see Surzycki (2000) for
details).

Electrophoresis buffers

Several different buffers are used for agarose gel electrophoresis. These are
TAE (Tris-acetate EDTA) buffer, TBE (Tris-borate EDTA) buffer, and
TPA (Tris-phosphate EDTA) buffer.

TAE buffer is the most frequently used buffer for DNA electrophoresis.
"This buffer has a rather low buffering capacity, but permits the application
of high-voltage gradients resulting in shorter running times. The ratio
of voltage applied to current (mA) is approximately 1.0 for a wide variety of
gel sizes and buffer volumes when this buffer is used (Perbal, 1988). The
tracking dye, bromophenol blue, will travel in this buffer at a rate of
approximately 1cmh™ at 1-10Vem™ field strength. Thus, this marker
dye co-migrates with the smallest DNA molecules at each agarose
concentration.

TBE buffer has a very high buffering capacity. It can be used when DNA
of less than 12,000bp is electrophoresed, but gives superior results, as
compared to TAE buffer, in electrophoresis of DNA fragments of less
than 1,000 bp. The DNA mobility in this buffer is approximately two times
slower than in TAE buffer. This is due to the lower porosity of agarose gel
when agarose polymerizes in the presence of borate. The ionic strength of
TBE buffer is high, resultingina4: 1 ratio of voltage to current (mA) during
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electrophoresis for a wide variety of gel sizes and buffer volumes (Perbal,
1988). In general, DNA bands are sharper when TBE buffer is used, but the
time of electrophoresis is considerably longer.

TPA buffer has high buffering capacity, comparable to that of TBE
buffer. However, the DNA mobility in this buffer is similar to thatin TAE
buffer due to a similar pore size formed during agarose polymerization. The
buffer has a high ionic strength resulting in a voltage to current (mA) ratio
similar to that obtained in TBE buffer.

Gel size

Agarose gel electrophoresis is commonly carried out using submerged hor-
izontal slab gels (submarine gels). The best separation between DNA bands
in such a system is achieved in gels that are approximately 20 cm long, 15 cm
wide, and approximately 4mm thick. To obtain maximum resolution of
many bands electrophoresis should be continued until the tracking dye (for
example bromophenol blue) has moved 70-80 percent of the length of
the gel.

The size of the sample well can also affect the resolution of DNA bands.
The optimal length of the sample well for a large gel is between 0.5 and 1 cm
and the optimal width of the well is 1-2.0mm. The sample well bottom
should be 0.5-1.0mm above the gel bottom. Most of the commercially
available submarine electrophoresis gel boxes fulfill the above
requirements.

Sample concentration

The amount of DNA loaded into one well can vary considerably without
affecting the mobility of the DNA. For standard large gels, the DNA load
canvary from 1 to 10ng of DNA per band. The total amount of DNA loaded
per well should not exceed 10ug. In general, decreasing amounts of DNA
should be used with increasing voltage.

Sample loading solutions

DNA samples are prepared for electrophoresis by the addition of loading
dye solution. The composition of loading dye solution plays an essential role
in obtaining sharp DNA bands. This solution serves three vital functions: it
is used to terminate enzymatic reactions before electrophoresis (stop solu-
tion), it provides density for loading the sample into the well, and it provides
away of monitoring the progress of electrophoresis.

Most loading dye solutions contain EDTA in order to stop enzymatic
reactions. However, this is frequently not sufficient for fully dissociating
DNA-protein complexes, the presence of which will affect not only the



mobility of DNA fragments, but can also cause an excessive smearing and
widening of the bands. In order to remove these complexes, loading dye
solutions should contain a protein-denaturing agent. Urea, at a concen-
tration of 5M, is the best protein-denaturing agent because it does not
interact with agarose or affect DNA mobility.

Glycerol or sucrose, at concentrations of 5—-10 percent, is used to provide
the sample density for loading. However, using these low molecular weight
compoundsresults in U-shaped DNA bands due to sample streaming up the
side of the well before beginning electrophoresis (Sealey and Southern,
1982). This effect is particularly pronounced when electrophoresis is
carried out at low field strength. To increase the sharpness of the bands and
prevent their U-shape appearance, Ficoll 400 should be added at a concen-
tration of 15-20 percent.

Gel staining

In order to visualize DNA, agarose gels are usually stained with ethidium
bromide. This is the most rapid, sensitive, and reproducible method cur-
rently available for staining single- and double-stranded DNA (Sharp etal.,
1973). Ethidium bromide binds to double-stranded nucleic acid by interca-
lation between stacked base pairs. The mobility of linear DNA in gel elec-
trophoresis is reduced by approximately 15 percent. Ultraviolet (UV)
irradiation of ethidium bromide at 302 and 366nm is absorbed and re-
emitted as fluorescence at 590nm. Similarly, energy absorbed by DNA
irradiated at 260 nm is transmitted to intercalated dye and re-emitted as
fluorescence at 590 nm. The intensity of fluorescence of dye bound to DNA
is much greater than that of free dye suspended in agarose. This results in
very low background and a high intensity of fluorescence from DNA bands.
The best staining results are obtained by incorporating ethidium bromide
into the gel at a concentration of 0.5 ugml™'. This permits direct observa-
tion of the progress of electrophoresis and limits the amount of ethidium
bromide-contaminated liquid waste. The most sensitive photographs of
ethidium bromide-stained DNA are obtained when DNA is illuminated
with UV light at 254-260 nm rather than by ethidium bromide direct illu-

mination at 300 nm.

Photographing gels

Photographs of the gels provide not only a permanent record of the experi-
ment, but also permit analysis of the data and visualization of DNA bands
notvisible to the unaided eye. Polaroid cameras, equipped with appropriate
filters, are usually used for this purpose. The most commonly used fast
Polaroid film type 667 (ASA 3000) can record a DNA band containing
2-4ng whenloaded into a well of 1 cm.
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A more sensitive method of recording gel results is the use of a computer
imaging system equipped with a charge-couple device digital camera. The
sensitivity of the computer imaging system is approximately ten times
greater than the sensitivity of photography. This permits visualization and
recording of as little as 0.1 ng of DNA per band.

Safety precautions

Ethidium bromide is a mutagen and suspected carcinogen. Contact with
skin should be avoided. Wear gloves when handling ethidium bromide solu-
tion and gels containing ethidium bromide.

For safety purposes, the electrophoresis apparatus should always be
placed on the laboratory bench with the positive electrode (red) facing away
from the investigator, thatis away from the edge of the bench. To avoid elec-
tric shock always disconnect the red (positive) lead first.

UV light can damage the retina of the eye and cause severe sunburn.
Always use safety glasses and a protective face shield to view the gel. Work
in gloves and wear a long-sleeved shirt or laboratory coat when operating
UV illuminators.

Protocol

1. Stop restriction reactions by the addition of 5 ul of stop solution. Mix
well by pipetting up and down several times. Centrifuge for 5-10 seconds to
collect liquid at the bottom of the tube. The reaction is now ready to be
loaded onto an agarose gel as described in experiment 2. Note: restriction
digestion can also be stopped by the addition of 1 ul of 0.5 M EDTA. The
reaction can be stored at —20°C for an indefinite time and used for gel
electrophoresis when needed.

2. Seal the opened ends of the gel-casting tray with tape. Regular labeling
tape or electrical insulation tape can be used. Check that the teeth of the
comb are approximately 0.5 mm above the gel bottom. To adjust this height,
it is most convenient to place a plastic charge card (e.g. MasterCard) under
the comb and adjust the comb height to a position where the card is easily
removed from under the comb.

3. Prepare 1,500 ml of one times TAE buffer by adding 30 ml of a 50 times
TAE buffer stock solution to a final volume of 1,500 ml of deionized water.

4. Place 150ml of the buffer into a 500 ml flask and add the appropriate
amount of agarose. Weigh 1.5 g of agarose for a 1 percent agarose gel. Melt
the agarose by heating the solution in a microwave oven at full power for ap-
proximately 3 minutes. Carefully swirl the agarose solution to ensure that
the agarose is dissolved, thatisno agarose particles are visible. If evaporation
occurs during melting, adjust the volume to 150 ml with deionized water.

5. Cool the agarose solution to approximately 60°C and add 5 pl of ethid-



ium bromide stock solution. Slowly pour the agarose into the gel-casting
tray. Remove any air bubbles by trapping them in a 10 ml pipette.

6. Position the comb approximately 1.5 cm from the edge of the gel. Let
the agarose solidify for approximately 30-60 minutes. After the agarose has
solidified, remove the comb with a gentle back and forth motion, taking care
not to tear the gel.

7. Remove the tape from the ends of the gel-casting tray and place the tray
on the central supporting platform of the gel box. For safety purposes, the
electrophoresis apparatus should be always placed on the laboratory bench
with the positive electrode (red) facing away from the investigator, that is
away from the edge of the bench.

8. Add electrophoresis buffer to the buffer chamber until it reaches a level
of 0.5-1 cm above the surface of the gel.

9. Load the samples into the wells using a yellow tip. Place the tip under
the surface of the electrophoresis buffer just above the well. Expel the sam-
ple slowly, allowing it to sink to the bottom of the well. Take care not to spill
the sample into a neighboring well. During sample loading, it is very
important to avoid placing the end of the tip into the sample well or touch-
ing the edge of the well with the tip. This can damage the well, resulting
in uneven or smeared bands. Note: samples must be loaded in sequential
sample wells. When loading fewer samples than the number of wells it is
preferable to leave the wells nearest the edge of the gel empty.

10. First load 8l of the 1kb ladder standard DNA. Next load the entire
sample (35 ul) using a P200 Pipetman. Load the samples in the following
order: 1H,2H, 3H, and 4H.

11. Place the lid on the gel box and connect the electrodes. DNA will trav-
el towards the positive (red) electrode positioned away from the edge of the
laboratory bench. Turn on the power supply. Adjust the voltage to approxi-
mately 1 Vem™. For example, if the distance between electrodes (not the gel
length) is 40 cm the voltage should be set to 40V in order to obtain a field
strength of 1 Vem™.

12. Continue electrophoresis until the tracking dye moves at least two-
thirds of the gel length. It will take the tracking dye approximately 17 hours

to reach this position on a gel 20 cm long.

Next day

1. Turn the power supply offand disconnect the positive (red) lead from the
power supply. Remove the gel from the electrophoresis chamber. To avoid
electric shock always disconnect the red (positive) lead first.

2. Wrap the gel-casting tray with saran wrap and store in a 4°Crefrigerator.
Gels can be stored this way for two to four days.
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SECOND LABORATORY PERIOD

Experiment 3: Southern blotting

Introduction

You will continue multi-locus analysis of your DNA by transferring DNA
from the gel prepared in experiment 2 to the nylon membrane. This process
is called Southern blotting. The DNA fragments are transferred to the
membrane at the same positions as they are on the gel. The blotting tech-
nique that we will be using relies on a flow by capillary action of a neutral
transfer solution from a reservoir through the gel to amembrane overlaid by
a stack of dry paper towels. Prior to transfer, DNA fragments will be dena-
tured 7z situ to single-stranded DNA that can be bound to the membrane
and hybridized to probe. DNA fragments will be immobilized to the mem-
brane by UV lightirradiation.

Background

Southern (1975) introduced immobilizing target DNA to a membrane for
hybridization studies. The technique permits hybridization of various
probes to immobilized target DNA under controlled conditions. The
Southern blot method, originally described by Southern (1975), combines
the high resolving power of agarose gel electrophoresis in the separation of
DNA fragments with the specificity of DNA-DNA hybridization reactions.
The basic principle of the technique is that DNA fragments, which are sep-
arated by agarose gel electrophoresis, are transferred and immobilized to a
solid support, such as a nylon membrane. Once immobilized, the DNA is
available for hybridization with labeled DNA or RNA probes. This tech-
niqueis applicable to the analysis of small, cloned DNA fragments, as well as
to the analysis of genomic DNA. DNA transfer to solid supportis generally
accomplished by capillary methods, but electroblotting, positive pressure,
and vacuum transfer procedures can also be used (Peferoen et al., 1982;
Smith etal., 1984). These other methods are in general faster than capillary
transfer, butare less efficient and require expensive equipment.

There are two capillary transfer methods: upward capillary transfer and
downward capillary transfer. Upward capillary or “standard” transfer re-
sults in very efficient transfer of DNA or RNA of all sizes but requires
overnight exposure. Downward capillary transfer is just as efficient as up-
ward transfer and requires a much shorter transfer time (3—4 hours). Capil-
lary transfer can be carried out with neutral or alkaline transfer solutions
(Chomezynski, 1992).

Alkaline transfer of DNA is only possible with a positively charged nylon
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membrane. Capillary alkaline transfer is faster because the neutralization
step is omitted from the procedure and the time required for transfer is
shorter. An alkaline transfer solution can cause some depurination of the
DNA and frequently results in weaker hybridization signals than the neutral
transfer. Alkaline blotting is not recommended for genomic DNA transfers
or when reprobing of the membrane with another probe is planned.

Safety precautions

The agarose gel contains ethidium bromide, which is a mutagen and sus-
pected carcinogen. Students should wear gloves when handling these gels.
Powder free gloves only should be used because the procedure described
uses chemiluminescent for the detection of hybridization. The presence of
talcum powder will result in the formation of a “spotted” background. Dis-
card the used gel into the designated container.

When viewing and photographing the gel with a UV transilluminator,
gloves, UV-protective glasses, and a facemask should be used all times.

Technical tips

Different types of support membranes can be used for DNA fingerprinting
experiments. However, the use of chemiluminescent detection requires a
positively charged nylon membrane. These membranes have a very low
background with chemiluminescent detection. Some producers have devel-
oped a chemically optimized, positively charged nylon membrane for
chemiluminescent detection. Evaluation of all types of commercially avail-
able positively charged nylon membranes showed that the best membrane
for chemiluminescent detection is a Magna Graph membrane, which is
manufactured by Osmonics/MSI Co. (Surzycki, 2000).

The best signal to noise ratio for a Magna Graph membrane is achieved
when DNA is cross-linked to a membrane by UV lightirradiation.

Protocol

1. Transfer the gel to a glass Pyrex dish and trim away any unused areas of
the gel with a scalpel. Cut off the gel below the bromophenol blue dye. This
partofthe gel does not contain DNA fragments. Cut the lower corner of the
gel at the bottom of the lane with size standards. This will provide a mark
with which to orient the hybridized bands on the membrane with the bands
in the gel. Note: because the gelis thinner in the well area, the transfer solu-
tion may pass preferentially through this part of the gel causing uneven
DNA transfer. Remove this part of the gel.

2. Transfer the gel toa UV transilluminator. Place an acetate sheet on top
of the gel and draw an outline of the gel with a felt marker pen. Mark the



positions of the wells and the position of the cut corner. Itis very important
that your drawing be as precise as possible. Label the contents of each
well on the acetate sheet and mark the bottom left corner of the gel (under
well number 1). This will help you locate the positions of the hybridization
signals in your Southern blots. Turn on the transilluminator and mark the
positions of standard DNA bands on the acetate sheet.

3. Photograph the gel. Use a setting of 1 second at F8 when using a
Polaroid 667 film pack. One can also use a computer-imaging system for
recording the results.

4. 'Transfer the gel back to the Pyrex dish and add enough 0.25N HCl to
allow the gel to move freely in the solution. This will take approximately
150-200 ml of solution for a standard gel size.

5. Place the dish on an orbital shaker and incubate for 10 minutes rotating
at 10-20r.p.m. Note: this procedure breaks large DNA molecules by
depurination, thereby facilitating their efficient transfer onto the mem-
brane. It is important not to let the hydrolysis reaction proceed too far,
otherwise the DNA is cleaved into fragments that are too short to bind
efficiently to the membrane (less then 200 bp).

6. Decant the acid carefully holding the gel with the palm of your gloved
hand.

7. Rinse the gel for 10-20 seconds in 200 ml of distilled water. Discard the
water and proceed immediately to the next step.

8. Add 200 ml of denaturation solution to the dish and gently agitate it for
20 minutes on a rotary shaker.

9. Decant the denaturation solution as described above and repeat step 8
one more time.

10. Add 200ml of water and rinse the gel for 10-20 seconds in order to
remove most of the denaturation solution trapped on the surface of the gel.
Decant the water, holding the gel with the palm of your gloved hand. Be very
careful during this procedure because the denaturation solution contains
NaOH making the gel very slippery.

11. Add 100-200 ml of neutralization solution to the dish and treat the gel
for 20 minutes with gentle agitation.

12. Discard the neutralization solution and repeat step 11 one more
time.

13. While the gel is being treated, prepare the nylon membrane for trans-
fer. Cut the nylon membrane to the size of the gel. Use the outline of the gel
drawn on the acetate sheetasa guide. Use gloves and only touch the edges of
the nylon membrane. Place the membrane in a separate Pyrex dish filled
with distilled water. Leave the membrane in water for 1-2 minutes. Decant
the water and immerse the membrane in ten times SSC. Cut three sheets of
Whatman 3 MM paper to the size of the nylon membrane.

14. Preparealong strip of Whatman 3 MM paper to use asa wick. The wick
should be approximately 30 cm long and 10 cm wide.
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Figure 2.3 Preparation of a Southern blot.

15. Assemble the blot sandwich. Refer to Fig. 2.3 for illustration of the as-
sembly. Add 400-600ml of ten times SSC to a large Pyrex dish. Place a glass
platform across the center of the dish and cover it with the wick. Make sure
that both ends of the wick are immersed in SSC solution. Wet the wick with
10-20 ml of ten times SSC and remove trapped air bubbles by rollinga 10 ml
glass pipette over it. Carefully lift the gel from the Pyrex dish and place itin



the center of the wick with the sample wells down. Smooth the gel and re-
move trapped air bubbles by gently rolling a glass pipette over the surface.
Note: the gel is now upside-down with the well openings facing the wick.
"This is necessary in order to obtain the best results during transfer (sharper
resolution due to less diffusion during the transfer) and to maintain the left-
to-right sample orientation on the membrane.

16. Cover the entire dish, including the surface of the gel, with saran wrap.
With a razor blade “cut away” the saran wrap covering the gel itself and dis-
card it. This will leave an opening over the gel while the remaining area of
the wick will be covered by saran wrap.

17. Place the nylon membrane on top of the gel. Add 5 ml of ten times SSC
to the top of the membrane and remove air bubbles by rolling a pipette over
it. Cut the left bottom corner of the membrane to coincide with the cut
made in the gel.

18. Place three sheets of dry Whatman 3 MM paper, prepared instep 13, on
the top of the membrane. Place several inches of paper towels on top of the
3 MM paper. Because the wick area is protected by saran wrap, itis not nec-
essary to cut the paper towels to the size of the gel. Place a glass plate on top
of the paper towel stack and weigh it down with a 11 Erlenmeyer flask filled
with 500 ml of water. Allow a minimum of 17 hours for the transfer. Note: to
prevent the gel from collapsing, the weight placed on the top of the stack
should never exceed 500 g (i.e. approximately 500 ml of water).

Next day

1. Disassemble the blot. Remove the weight, glass plate, and paper towels.
Using forceps remove the membrane and place it “DNA side” up (the side
that was in contact with the gel) on a clean sheet of Whatman 3 MM paper.
Mark the DNA side with pencil on the corner of the membrane.

2. Place the membrane on a sheet of dry Whatman 3 MM paper. Do not
allow the membrane to dry atany time. Place the membrane intoa UV oven.
3. UVirradiate the damp membrane to cross-link DNA to the membrane
using the automatic setting of the UV oven. Irradiate both sides of the
membrane. Alternatively, you can wrap the membrane in aluminum foil and
bake itin an oven at 80°C for 1 hour. The baking step immobilizes DNA on
the membrane.

4. Place the membrane into a plastic bag and store itat room temperature.
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THIRD LABORATORY PERIOD

In this laboratory period you will carry out two procedures. First, you will
prepare probe for hybridization using a PCR. Second, you will hybridize
the probe to membrane containing Haelll-restricted DNA prepared
previously.

Experiment 4: preparation of probe
and hybridization

Introduction

The hybridization probe will be labeled with digoxigenin (DIG) using
dUTP-DIG as labeled substrate. In this substrate dUTP is linked via a
spacer arm to the steroid hapten DIG. In this reaction, the ratio of dUTP-
DIG to dT'TP will be 1:2, assuring high density labeling of the probe. You
will amplify tandem repeats present in the RF form of bacteriophage M13
genome using specific primers that span the tandem repeat region. An
amplified tandem repeat with core sequence GAGGGTGGNGGNTCT
is complementary to a large number of hypervariable mini-satellites present
in the human genome.

Hybridization will be carried out using a hybridization oven in specially
designed hybridization roller bottles. The hybridization procedure de-
scribed uses low stringency conditions for hybridization and washing.
These conditions of hybridization make it possible to hybridize probe to a
family of hypervariable mini-satellites that are closely related to the core
sequence.

Background
DNA probe preparation

Preparation of probes for hybridization involves iz vitro incorporation of
reporter molecules into nucleic acids. These reporters can be incorporated
at one or both ends of nucleic acid molecules, giving specific, low-density
labeled probes. High-density labeling is usually achieved by incorporating
the reporters uniformly throughout the entire length of nucleic acid mole-
cules. For hybridization work, internally labeled probes are preferred since
they provide the strongest hybridization signal.

Two types of reporter molecules are presently in use, radioactive re-
porters and non-radioactive reporters.

Radioactive reporters are usually tagged with 2P or **Sisotopes and can
be directly detected using X-ray film in a process called autoradiography.
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Non-radioactive reporters can be fluorescent tags, permitting their
direct detection or specific ligands such as biotin, haptens, and hapten-
like molecules, the detection of which is indirect.

"Two methods are used for detecting non-radioactive reporters: directand
indirect. The direct method uses reporter enzyme conjugation to the probe.
Probes obtained by these methods have lower levels of background, thus al-
lowing longer exposure time and, consequently, better sensitivity. However,
the presence of enzyme (conjugated to the probe) during hybridization
requires modification of the standard hybridization protocol in order to
protect the enzyme from inactivation. We will use this method for single-
locus analysis.

Indirect detection is carried out using enzymatic reactions catalyzed by
either horseradish peroxidase or alkaline phosphatase. These enzymes can
be conjugated directly to a secondary molecule that has a very high affinity
for a specific ligand (for example biotin—avidin complexes) or they can be
conjugated to antibody againsta hapten tag. Since enzymes are only used for
the detection of labeled hybrids and are not present during hybridization,
standard hybridization protocols can be used. This method will be used in
multi-locus analysis.

"Two types of substrates are used for detecting enzyme activity at the site of
hybridization: colorimetric substrate and chemiluminescent substrate.

Colorimetric detection uses a soluble, colorless substrate that is con-
verted into an insoluble, colored product precipitated directly on the mem-
brane. We will use this method for determining the concentration of DIG
label in our probe.

Chemiluminescent detection uses a chemiluminescentsubstrate thatis
converted by enzyme into a light-emitting substance easily detected by
standard photographic film. The sensitivity of the chemiluminescent
method is much greater than the colorimetric method and even exceeds the
sensitivity of radioactive labeling (Holtke et al., 1990; Kessler et al., 1990).
The chemiluminescent substrates now in use allow the detection of 0.03 pg
or less DNA on the membrane in approximately 1-2 hours. The same
amount of DNA would require 17-20 hours of exposure to detect a *’P-
labeled probe. We will use this substrate for detecting hybridization in
multi-locus analysis.

Preparation of uniformly labeled probes, independent of the nature of
the reporter, is carried out using four basic procedures: nick translation,
random priming, RNA probe synthesis, and PCR.

Nick translation

In thismethod, labeled DNA is synthesized using Escherichia coli DNA poly-
merase. Single-stranded nicks are introduced at random in the double-
stranded DNA template with the DNA exonuclease DNase 1. DNA



polymerase I initiates DNA synthesis at the 3’-end of the nick, whereas at
the 5’-end of the nick the 5" to 3" exonuclease activity of this enzyme excises
nucleotides. The position of the nick is “translated” downstream, with la-
beled nucleotides replacing non-labeled nucleotides between the original
site of the nick and the new position of the nick. The resulting probe is la-
beled on both strands with labeled (newly synthesized) DNA interspersed
with unlabeled (original template) DNA. The method works best with lin-
ear DNA fragments thatare larger than 500 bp. The specific activity of these
probes is somewhat lower, as compared to other methods, but nick-translated
probes generally give very strong hybridization signals (Davis et al., 1994).

Random priming

In this method DNA polymerase synthesizes a newly labeled DNA by
template-dependent extensions of random hexamer primers (Feinberg and
Vogelstein, 1983). Polymerases lacking 5" to 3” exonuclease activity, such as
the Klenow fragment of E. co/if DNA polymerase I, are used in this reaction.
The template strand remains unlabeled whereas the newly synthesized
strand is completely labeled. The enzyme can initiate and synthesize sev-
eral new strands from every template, resulting in net synthesis of large
amounts of labeled product, many times exceeding the amount of template
input. The specific activity of probe produced by random priming is very
high. The method is relatively insensitive to the purity of the DNA template
oritssize and creates probes of 100—600 bp long. Random priming is partic-
ularly well suited for the preparation of non-radioactive probes of very high
specific activity.

PCR probes

Two alternative techniques are used for preparing probes using PCR. In the
first procedure, uniformly labeled probes are generated by incorporation of
atagged nucleotide during PCR (Kessler, 1992; McCreery and Helentijaris,
1994; Yamaguchi at al., 1994). In the second approach, a large number of
specific DNA target molecules are synthesized by PCR, which are subse-
quently used as a template for preparing random-primer or nick-translated
probes (Rost, 1995). PCR labeling can be done using either a genomic tem-
plate without cloning the DNA fragment in question or from a DNA frag-
ment cloned into plasmid. Specific primers are required for the former but
not for the latter PCR procedure. The advantages of generating DNA
probes by PCR are numerous. First, large amounts of probe with high label
density can be synthesized from very little DNA. Second, probes can be pre-
pared using either purified or partially purified DNA as the source of the
template. Third, preparation of the probe is highly flexible and does not de-
pend on restriction enzyme site location. Fourth, it is possible to prepare
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specific, single-stranded probes using a single primer. The main disadvan-
tage is the difficulty in amplifying most sequences larger than 3,000bp in
length. We will prepare multi-locus probe using the PCR method.

DNA hybridization

The hybridization reaction is the formation of partial or complete double-
stranded nucleic acid molecules by sequence-specific interaction of two
complementary single-stranded nucleic acids. The hybridization reaction,
using labeled probes, is the only practical way of detecting the presence of
specific nucleic acid sequences in a complex nucleic acid mixture. The most
frequently used hybridization technique is the membrane hybridization
technique. Hybrid formation between complementary strands is commonly
called a re-association, renaturation, or re-annealing reaction. The reverse
reaction is called strand separation, dissociation, or melting of the DNA.

Kinetics of the bybridization reaction

The hybridization reaction proceeds in two steps: the nucleation reaction
and “zippering” reaction. Nucleation is the formation of short hybrids
of a few bases long between reacting strands. The nucleation reaction,
with some approximation, is a diffusion-limited reaction defined by the
Smoluchowski and Deby equation. Therefore, the reaction rate depends
on the solvent viscosity, temperature, and ionic strength of the medium
(Wetmur and Davidson, 1968; Chang etal., 1974).

Many nucleation events will take place until by chance the correct base
pair is formed. A rapid zippering process follows this. The zippering reac-
tion is an extension of the hybrid from the nucleation site throughout the
entire molecule. This reaction is very fast and largely independent of the
factors mentioned above. Thus, the limiting step in a hybridization reaction
is the nucleation reaction and not the zippering process. The overall
hybridization rate is dependent on a nucleation rate constant (k,), the
probe length, and target complexity as described by the equation

ky

k2=E

2.4

where £, is the nucleation rate constant and L is the probe length in bases.
The nucleatio