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Introduction

Replicative DNA polymerases are enzymes located in the nuclei of cells. They have a role in the
control of DNA synthesis in all cells, and problems with their function and control affect cell
growth. One of these polymerases, DNA polymerase alpha ("pol a"), is a possible point of
control for cell growth because it initiates DNA synthesis. The ability to selectively turn on or
shut off this polymerase in cells could provide answers to problems ranging from cancer’s
unregulated growth to regeneration of tissues. However, control mechanisms for DNA pol a are
not fully understood at this time. The central theme to be addressed is to learn more about the
growth-related transcriptional control of DNA pol a. This project is the preliminary step looking
into DNA pol a in embryonic chicken brain. Our approach is to quantify the amount of mRNA
for the DNA pol a catalytic subunit in embryonic chicken brain cells at different developmental

stages.

Background and Literature Review

DNA is the biological structure that encodes the genetic information of organisms and is
contained in the nucleus of a cell. RNA is very similar to DNA as they are both nucleic acids,
however it is found in both the nucleus and cytoplasm of cells. A single nucleic acid is made of

a sugar phosphate backbone and a base (Figure 1).
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Figure 1. Sugar-phosphate base structure of a nucleic acid.

Individual nucleic acids have a polarity, which is labeled according to the carbon atom of the

sugar from 1'to 5' (Figure 2).

#5'

\

CH ;0OH

‘ 5 OH
N

\

CH—CH

#3— I l\#z'

OH H

Figure 2. Nucleic acid sugar with numbered ring.

With RNA, the sugar is ribose and has a hydroxide group on the 2' carbon, while with DNA, it is

deoxyribose on the 2' carbon (Figure 3).
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Figure 3. Pentose sugars in DNA and RNA.

There are five bases: adenine, cytosine, guanine, thymine, and uracil, and they are commonly
abbreviated A, C, G, T, and U. Adenine, cytosine, and guanine are found in both RNA and
DNA. Thymine is only found in DNA and uracil is only found in RNA; they are structurally
similar and are homologous. Cytosine pairs, or forms bonds, with guanine, while adenine pairs
with thymine or uracil. Individual nucleic acid chains are formed by linking sugar phosphate

backbones, as can be seen in Figure 4. This form of DNA is called single-stranded DNA.
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Figure 4. Single-stranded DNA.

These chains have a directionality to them; the end with the phosphate is labeled the 5' end and
the end with the hydroxide group is labeled the 3' end. Two single-stranded chains of nucleic
acids can associate together and are linked through hydrogen bonding of the C-G and A-T/U
base pairs. However, the two strands do not point in the same direction, they point in opposite

directions (see Figure 5).
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Figure 7. DNA replication and priming.
Pol a was discovered in 1975 and is distinct from other polymerases because of its ability to
create primers of RNA to start DNA replication, and also the ability to extend the primers with
DNA (Hubscher, Maga & Spadari, 2002, 134). Because of these functions it is the "only enzyme
that can initiate DNA chains de novo, " or by itself (Foiani, Lucchini & Plevani, 1997, 424). Pol
a creates primers of approximately 10 nucleotides and extends them with DNA for about 20-30
nucleotides, but it is not the polymerase that copies most of the DNA nor is it involved in DNA

repair (Hubscher et al., 2002, 141 and Kornberg & Baker, 2005, 201).

Pol a is made up of 4 polypeptide chains: a large catalytic subunit that extends DNA, a B-subunit
that provides support and possibly control, a small primase subunit that extends RNA, and a
large priming subunit that provides support, as shown in Figure 8 (Johansson & MacNeill, 2010,
344). The catalytic subunit, which is the subunit in question, forms into a 3-dimensional

conformation that resembles a right hand; the fingers position the template DNA and the









The sequence for the DNA pol a catalytic subunit will be the same in mRNA and DNA, except
for substituting Us for Ts in RNA. The sequence of DNA that codes for the DNA pol a catalytic
subunit must be isolated from the embryonic chicken genome (the entire DNA sequence). To do
this an expressed sequence tag (EST) will be used. An EST is a short section (approximately
600 base pairs) of single-stranded DNA that will associate with its complementary section of
single-stranded DNA. Since it should only pair with its complementary segment, an EST will be
unique and can be used to isolate a single section of DNA. Thus, there are six basic steps in this
project: primer pair design, polymerase chain reaction, agarose electrophoresis, cloning,

sequencing, and reverse polymerase chain reaction.

First, to create an EST even smaller sections (approximately 20 base pairs) of DNA must be
designed to function like bookends around the EST. These bookends, called primer pairs, are

unique to the ends of the EST (see Figure 10).

Genomic DNA (tens of thousands of base pairs long)

A

v

EST (~650 base pairs)

Primer pair (20 base pairs each)

Figure 10. Comparative size and location of genomic DNA, an EST, and a primer pair.

Genomes of several species are compared to find areas of consensus, which suggest a conserved
section of DNA that would be suitable a primer. Websites such as BLAST (basic local
alignment search tool) are used to find consensus among many sequences. Primers should be
long enough "so that their sequence is virtually unique in the genome" and will not match the

genomic sequence in more than one place (Arnheim & Erlich, 1992, p. 135). Primers and ESTs
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should also be checked so they do not fold upon themselves to create hairpins (folding and
pairing), associate with themselves to create homodimers (associating with another primer), or
associate with the other primer to create heterod rs. If any of these were to occur,thepr
would not be able to associate with the template DNA as it is supposed to. Also, primers with
higher G and C pair content will bind more strongly to the template, which increases the
temperature at which the primer and template will dissociate, which is important for polymerase

chain reaction.

Second, polymerase chain reaction (PCR) is a laboratory technique used to create a large amount
of a specific section of DNA very quickly with a simple reaction (Amheim & Erlich, 1992, p.
132). As the name suggests, PCR is a chain of reactions, or cycles, repeated over and over.

Each cycle consists of denaturing the DNA, which separates the two intertwined DNA strands,
followed by an annealing step, which allows the primer to associate with the DNA, and an

extension step, when the DNA is replicated (Figure 11).

/7
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Figure 11. Schematic representation of PCR cycles.

For PCR to be successful it requires DNA containing the specific section, primers to isolate the
section, an enzyme to copy the DNA, nucleotides to use as building blocks, and appropriate
buffers and salts. The DNA can be purified or lysed (split open) cells can be used, which makes

this technique very flexible. The enzyme used to replicate the DNA is a "heat-resistant DNA
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polymerase from Thermus aquaticus (Taq)", commonly called Taq, which can withstand the
high temperatures required for denaturing the DNA (Arnheim & Erlich, 1992, p. 133). The
beauty of PCR is that each cycle creates new templates, causing exponential copying of the EST

(the PCR product), as shown in Figure 12.
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Figure 12. Creation of new templates and exponential copying of product (the EST).

Third, agarose gels are used to conduct electrophoresis, a process by which DNA and RNA are
separated based on the number of base pairs (i.e. size) using electricity. The sugar-phosphate

backbone in DNA and RNA is negatively charged, so when an electric current is applied to the
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Fourth, the EST can be cloned using a pGEM vector, a small piece of DNA into which foreign
DNA can be incorporated, and highly competent Escherichia coli (E. coli) cells, which take up
DNA easily. The EST, which was amplified by PCR, can be incorporated into the pGEM vector,
which can then be added to a culture of the E. coli cells. The cells take up the vector and
replicate it very efficiently, creating many more copies of the vector and the EST. Then
restriction endonucleases, enzymes that cut DNA 1in specific places, can be used to isolate the
section of DNA after lysing the cells. This is a much faster more efficient way to create the

number of copies of the EST necessary for sequencing than doing multiple runs of PCR.

Fifth, the cloned and amplified section of DNA can be sequenced with a modified Maxam &
Gilbert method using an infrared-sensitive dye as a tag. In this method, the EST is cut after As,
Cs, Ts, and Gs in the DNA sequence and marked with the tag. The sequence can be assembled
by an instrument that detects the tags from all the different fragments. The sequence could then
be checked by using the dideoxy sequencing method, in which the EST is primed and replicated
in the presence of a tagged nucleotide with a dideoxyribose sugar. The dideoxynucleotide serves
as a chain terminator, creating many shorter fragments that are tagged as ending with A, C, T, or

G and can be run on an agarose gel to determine the sequence.

And finally, after the EST has been confirmed, real time reverse transcriptase PCR can be used
to see if the EST reveals differences in DNA pol a catalytic subunit mRNA levels. In this
technique lysed cells are run through PCR with Taq enzyme and a reverse transcriptase enzyme,
which can create DNA from an RNA template. Thus, the mRNA of the pol a catalytic subunit
can act as a template for PCR to amplify the EST section within it. Once the PCR products are
run on an agarose gel the concentration of the EST can be quantified and the relative amounts of

the pol a catalytic subunit mRNA can be deduced. If there is a difference in the levels of the
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mRNA across different developmental stages, then the exact stage at which the DNA pol o gene
is turned on or off can be found. Then, the search for how it is controlled can begin examining

embryonic chicken brains from that stage.

Materials and Methods

Primer Pair Design

The National Center for Biotechnology Information website was used to locate the DNA pol a
catalytic subunit gene in several organisms: dog (Canis lupus familiaris; NCBI XM _537985),
frog (Xenopus laevis; NCBI AF202992), chicken (Gallus gallus; NCBI XM 426792, and turkey
(Meleagris gallopavo; NCBI XM _003203031.1). The gene sequences for these organisms, in
FASTA format, were put through the Clustal W website sequence aligner to find consensus
sequences for potential use as primer pairs. These potential primer pairs were then evaluated
using the Integrated DNA Technologies Oligo Analyzer website. Each was evaluated for its
percent GC content, melting temperatures, hairpin formation, homodimer formation, and each
pair was evaluated for heterodimer formation. Primers were ordered from Integrated DNA

Technologies and constituted with Nuclease-Free Water (Ambion) to a concentration of SOpM.

RGK Primer Pair 1 ~300 Base Gap

Left Primer

5" GATGATGAGGACTTTGATGA 3'

% GC =40.0%

Melting temperature = 49.4°C

Hairpins = 7 with maximum base pairing of 2

Homodimers = 7 with maximum base pairing of 2
Right Primer

5'TTTTATTGGCTGGATGCTTA 3

% GC =35.0%

Melting temperature = 49.7°C

Hairpins = 1with maximum base pairing of 2

Homodimers = 9 with maximum base pairing of 2
Heterodimers for pair = 8 with maximum base pairing of 2

15



RGK Primer Pair 2 ~600 Base Gap

Left Primer

5' CAGGATGATGACTGGATTGT 3'

% GC = 45.0%

Melting temperature = 52.0°C

Hairpins = 3 with maximum base pairing of 2

Homodimers = 10 with maximum base pairing of 3
Right Primer

5' GATGAACCTATGGAAGCAGA 3'

% GC = 45.0%

Melting temperature = 51.7°C

Hairpins = 3 with maximum base pairing of 2

Homodimers = 9 with maximum base pairing of 2
Heterodimers for pair = 15 with maximum base pairing of 3

RGK Primer Pair 3 ~600 Base Gap

Left Primer
5' AGGACAATGATGGGTGGACG 3
% GC = 55%

Melting temperature = 57.2°C

Hairpins = 2 with maximum base pairing of 2

Homodimers = 8 with maximum base pairing of 2
Right Primer

5' AAGGGAGAGAGATTTTGATG 3'

% GC = 40.0%

Melting temperature = 49.4°C

Hairpins = 3 with maximum base pairing of 2

Homodimers = 6 with maximum base pairing of 2
Heterodimers for pair = 7 with maximum base pairing of 3

Isolation of DNA
Originally, Chicken Genc ¢ DNA (Novagen, 249ug/mL) was used for PCRs, but this product

was discontinued by the company for an unknown reason. Next, Control Genomic DNA:
Chicken Female (Biochain, 0.38ug/ul.) was ordered but arrived too degraded to yield results.

Finally, chickern ...NA was extracted from chicken liver using a DNeasy Blood an¢ ..s3sue kit

(Qiagen).
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Polymerase Chain Reaction (PCR)
A Veriti 96 Well Thermo Cycler (Applied Biosystems) was used to run PCRs. For the gen

schematic used for PCR reactions see Figure 14.

| |

95°C : 95°C :

1:00 |L 1:00 72°C : 72°C

: Zones 0: 30 _Jl 500
! 0:30 !
| I
| I
! ' 4°C
: Repeat 35x : .
| |

Figure 14. General PCR Schematic. Denaturing occurs at 95°C, followed by annealing at a variety of temperatures (marked
"Zones"), and finally extension at 72°C.

. The area marked "Zones" allows a gradient of temperatures so that primers may be tested around

their melting temperature to determine what temperature is optimal for amplifying the EST.

PCR Mixes
Each PCR tube contained 10uL of mix, which consists of:

1puL of left primer

1pL of right primer

1uL of ANTPs (Quanta Biosciences 10mM dNTP mix)

1L buffer

1pL Taq enzyme (from Dr. James Jurgenson)

5uL of chicken genomic DNA (diluted with Ambion Nuclease-Free Water)

Several different buffers were used: a set of low, medium, and high magnesium buffers with
concentrations of 1mM, 2.5mM, and 4mM respectively, and a DMSO buffer obtained from Dr.
Jurgenson with a magnesium concentration of 3.5mM. The concentration of the chicken

genomic DNA was also varied: 10ng/pL, Sng/pL, and 1ng/pL.
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Agarose Electrophoresis

Electrophoresis was done with the Biokeystone Co. Liberty 1 High-Speed Gel System and a

0.7% agarose gel using the following recipe:

0.7g agarose (MP Biomedicals Inc. Agarose electrophoresis grade)

2mL of 50x TAE buffer (24g Tris, 3.7g EDTA, 5.7mL glacial acetic acid, H,O to 7mL)
SuL of 10mg/mL ethidium bromide

H;0 to 100mL

The agarose gel chamber was filled with 350mL of distilled water and each buffer chamber with
80mL of 1x TAE (diluted from the 50x stock). Each agarose gel was run at 220V for 15
minutes. A Promega BenchTop 1Kb DNA Ladder was used to judge the size of DNA fragments
produced by PCR. The magnesium buffers contained xylene cyanol (XC), a coloring agent, and
5uL of the PCR product was used per lane in the gel (gels had 13, 19, or 26 lanes each). For the
DMSO buffer, XC was used to dilute the DNA/H,0O mixture instead of the Ambion Nuclease-
Free Water to obtain a concentration of 1uL. XC per PCR tube and 5SulL. of the PCR product was

used per lane in the gel.

Agarose gels were photographed using a UVP Benchtop UV Transilluinator with Bio Doc-It

Imaging Syster _ Dr. Nalin Goonesekere's lab.

Results and Discussion

In September 2012, PCR mixes were run using all three primer pairs, three magnesium
concentrations, and three DNA concentrations over a temperature gradient to determine the best
conditions for amplifying the EST. Comparing all of the results for primer pair 1, it was most
successful at 48°C at high and medium magnesium concentrations for all concentrations of DNA

(see PCR 1). However, as the PCR image shows, this primer pair created multiple bands ranging
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this paper. This is the first step toward being able to measure the levels of mRNA for DNA pol a
catalytic subunit in embryonic chicken brains, which could lead to learning more about the

control of the DNA pol a gene and how to control the growth of cells.
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