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DNA Replication in

VIVO

* Replication beginswith RNA primers (1 to 60
bases) synthesized by RNA polymerase

* After Primers are manufactured, DNA
Polymer ase replaces RNA polymerase and
continues to replicate the template strand

DA polymerase
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4 Polymerase Chain Reaction is the amplification
of aregion of DNA by thermocycling and the use
of aspecial heat stable DNA Polymerase (Taq)
and synthetic primers.

+ Tag wasfirst isolated from the deep-sea hot vent
dwelling archea Thermus aquaticus.

Inventors and Patents

4+ Kaerri Mullis and colleagues at the Cetus Corp.

4+ Khoranaand colleagues described the principle about a decade earlier, however,
its use at the time was limited until the thermostable Taq polymerase was
discovered.

+ U.S. patent #s 4,683,202; 4,683,195; 4,965,188.
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Materials and Associated
Techniques

4+ PCR materials
#Taq polymerase
4 DNA template
4 Primers
4 dNTPs
4 Theromcycler
AMG*.
4 Associated Techniques
4Gl electrophoresis.
/ DNA sequencing.
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Taqg Polymerase

Active Site
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Primer Design Considerations

4+ Taqrequiresa3’ hydroxyl to begin strand elongation.
g oY
—

o Primers

3 5
4+ Tag DNA polymerase “reads’ the templateinthe3'P 5’ direction,
thus it synthesizes the new strand inthe5’P 3’ direction.
4+ The G/C content of the primers dictates the annealing temp.

4 Potential secondary structures (Hair pins or dimers) must be
minimized

Hair Pin
Loop
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PCR Reaction Conditions

+ Themocycling.
/4 Hot start 95° C denatures the DNA template.

# Annealing between 50° C and 65° C allows the
primersto stick to their complementary sequence.

# Elongation, 65° C to 75° C, allows polymer
elongation.

/ Repeat 20 to 30 times
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PCR Animation: Step 1
Denaturation

Cycle 1
5Step 1. Denature the template DNA

Raise temperature 1o 92-94°C

5" -CTAGAARTATGAARARCCTATAGGTACGATOOCCATTCTATGTCTGATCCCGRTACTACCTACAGAR-3"
FECEREREEE TR e e e e e e e e e e e e e e e e e e e e e e
3 -GATCTTATACTTTGGATATCCATGCCACCGGTARGATACAGALTAGGGCCATOATGEATGTCTT -5
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PCR Animation: Step 2
Primer Annealing

Cycle 1

5'-CTAGRATATGAARCCTATAGGTACGGTGGCCATTCTATGTCTGATCCCGGTACTACCTACAGAR-3'

3 -GATCTTATACTTTGGATATCCATGCCACCGGTARGATACAGAL TAGGGCCATOATGGATGTCTT -5
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PCR Animation: Step 3
Elongation (polymerization)

Cycle 1

5'-CTAGAARTATGAARCCTATAGGTACGETGGCCATTCTATGTCTGATCCCGETACTACCTACAGAR-3"
FHEVTETEETT
3'-GGGCCATGATGG-5

5'-ATGARARCCTATAG-3"
FTEVEETEETTT
3'-GATCTTATACTTTGGATATCCATGCCACCGGTARGATACAGAL TAGGGCCATOATGGATGTCTT -5
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Schematic of the PCR reaction

PCR : Polymerasc Chain Reaction
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Amplification

Theoretica yield is 2",
wheren = # of cycles

ih eveke
— uanied pene s
e hoh Exponeatial amplification
{/.f " — ,._-"'1 e
—
S =
———— | 2 ke S L
femphic B Y, S
\\ i < —_—
| S— < =<l
I i o — =
{opes 1FECH § o= 11 mopee ! = hihos apes
daly ¥ nincx |

VCU EGRC 325 Bioengineering

Anthony Guiseppi- Elie; 804 827 7016 guiseppi@vcu.edu

LIYHicol iy i uic LIS JUITHILCO L c

© 1999 — 2002 Guiseppi and VCU

© 1999 — 2002 Guiseppi and VCU

© 1999-2002 Guiseppi and VCU 7



LU uoJ DIUTT YT iccl 1y LIYHicol iy i uic LIS JUITHILCO L c

How do we detect PCR product?

With Gel Electrophoresis!

Verification of PCR product on
agarose or separide gel
DNA Phemid Phsmid

Markers (uncut) {lineatised) 3kb

e iy
(wellz)
1kb

S0

300

ladder PCR fragments
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Applications of Standard PCR

<+ Amplification with modification. (Gene
Cloning)

# Addition of genetic alterations
* Restriction sites
¢ Single base mutations.

# Addition of fluorescent nucleotides.

+ Genetic Diagnostics (coupled with sequencing)
/ Disease Screening.
/4 Genetic variation quantification.
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Variations of PCR

4+ Reverse Transcription PCR
<Amplification of RNA.
ZMicroarrays.

4+Rea Time PCR
#Dual Labeled Probe.
Zlmaging System.
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Reverse Transcription

4+ This technique takes advantage of the Poly-A-tail of
MRNA. Using an Oligo dT primer all cellular mRNA can
be amplified. This processisexploited for generating
|abels for hybridization to DNA microarrays.

MRNA

[| AAAAAAAAAAAAAA
' TTTTTTTTTTTTTT
.‘ OligodT

<«

Reverse Transcriptase
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RT PCR Schematic

First Strand Synthess:

Random primar
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-
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Elements of Experimental Design

Oligo
cDNA
Protein \ Scanner

Buffer
Contact/Non

Substrate
Chemistry Temperature
Blocking/Non lonic Strength

Post Hyb.
Wash

Frapara oliNA Froba Frapars Mloroarray

Enzymatic/Non
Direct
Indirect

Mechanical
Columns
Purchase
Courtesy of NIH
Convention: Probe on microarray, target from sample.  after bavid 1. Burke, PE Lie Sciences
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PCR and Gene Sequencing
for Diagnostic Purposes

4+You areinvestigating whether one of
your lab rats hasa mutation in the p53
genethat may bethe cause of cancer.

4+You design primersand do PCR on the
p53 allele from a biopsy preparation
using fluor oescently labeled dNT Ps

4+You extract your fragment from the
agar ose gel and sequenceiit.
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Using a Graduate student to
scan the gel patterns by hand
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Sequonc: C A TAGOCTOGTTTCOTGTGTGOGAAA

Qligonuclentids langth
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Trouble shooting

4+ ExtraBands.

#Non specific annealing.
» Temperature is not optimized
 Sequence has a high degree of similarity.
» Cycle number isto high.

4 Low product or no product.
ZPrimers are not annealing.
#Low Mg

4+ Infidelity in base incorporation
#dNTPsarenotina1:1:1:1 ratio.
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Thermal Cycle Summary

4+ Heat DNA to 95°C to mdlt double strands

4 Cool to ~60°C to alow primers to annedl to the
template

4 At this point primers hybridize to their complementary sequence on
DNA. DNA does not re-hybridize, why?

4 Heat to ~70 °C to dlow Taq to synthesize anew DNA
strand

/4 This causes extension of the primer sequence to match the DNA
sequence or region of interest.

4+ Repeat until desired amplification is obtained.
4+ The concentration increases 2"for n cycles
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Importance of PCR

4+ Can amplify specific sequencesisolated from a
single cell or vira particle.

+# Search for mutations associated with specific
genetically based diseases e.g. cystic fibrosis (CF).
#HIV detection before AIDS symptoms appear.
4 Cloning of cDNA based on partial amino acid
sequences of proteins.
4 Site directed DNA base changes and mutations.

Zlnvestigate how single base changes can affect protein
function.

<4 Addition of restriction sites into genes.

#Applicationsin molecular cloning, pathway engineering
etc.
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Principles of PCR Summary

Polymerase Chain Reaction (PCR) is a synthesis method used to
directly amplify specific DNA sequences or regions of interest
when, at least, the ends of that sequence are known.

Process uses:

4+ A large excess of two 2 synthetic DNA oligonucleotides (~20-
mers), called primers. These are complementary to the 3 end
of the DNA segment or region of interest.

4+ A temperature-resistant polymerase enzyme that is isolated
from the bacterium Thermus aquaticus (found in hot springs)
called Taq polymerase

4+ A large excess of deoxynucleotides (ANTPs)

+ Temperature cycling enables

« Denatur ation of the template (90 - 95 °C) to alow accessfor the primers.

# Annealing (60 - 65 °C) of the synthetic primersto their complementary
regions of the template DNA

# Elongation (68-72 °C) synthesis of the new DNA strand
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