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Polymerase Chain Reaction

(PCR)

PCR is a means to amplify a particular piece of DNA
B Amplify= making numerous copies of a segment of DVA

PCR can make billions of copies of a target sequence of DNA in
a few hours

PCR was invented in the 1984 as a way to make numerous

copies of DNA fragments in the laboratory

Its applications are vast and PCR is now an integral part of
Molecular Biology



DNA Replication vs. PCR

B PCRis a laboratory version of DNA Replication in cells

B The laboratory version is commonly called\"in vitro) since
itroccursrinranteststubes while' in vivo /signifies occurring
in a living cell.
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DNA Replication in Cells (in vivo)

DNA replication is the copying of
A P Pying

It typically takes a cell just a few
hours to copy all of its DNA

DNA replication is semi-conservative
(i.e. one strand of the DNA is used
as the template for the growth of a
new DNA strand)

This process occurs with very few
errors {on average there is one error
per 1 billion nucleotides copied)

More than a dozen enzymes and
proteins participate in DNA
replication
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B Key enzymes involved in
DNA Replication

B DNA Polymerase
B DNA Ligase

B Primase

B Helicase

B Topoisomerase

B _Single strand binding

protein
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DNA Replication enzymes:
DNA Polymerase

B catalyzes the elongation of DNA by adding deoxynucleoside
triphosphates to the 3" end of the growing strand

B A deoxynucleotide triphosphate is a 1 sugar + 1 base +
3 phosphates

B When a deoxynucleoside triphosphate joins the DNA
strand, two phosphates are removed.

B DNA polymerase can only add nucleotides to 3" end of growing
strand
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Complementary Base-Pairing in DNA

B DNA is a double helix, made up of nucleotides, with a sugar-
phosphate backbone on the outside of the helix.

B The two strands of DNA are held together by pairs of
nitrogenous bases that are attached to each other via
hydrogen bonds.

B Adenine will only pair with thymine (2 H-bonds)
B Guanine will only pair with cytosine (3 H-bonds)

B During replication, once the DNA strands are separated, DNA
polymerase uses each strand as a template to synthesize new
strands of DNA with the precise, complementary order of
nucleotides.



DNA Replication enzymes:
DNA Ligase

B The two strands of DNA in a double helix are antiparallel (i.e. they
are oriented in opposite directions with one strand oriented from
5 to 3" and the other strand oriented from 3’ to 5’

B 5 and 3’ refer to the numbers assigned to the carbons in
the 5 carbon sugar

B Given the antiparallel nature of DNA and the fact that DNA
ploymerases can only add nucleotides to the 3" end, one strand
(referred to as the leading strand) of DNA is synthesized
continuously and the other strand (referred to as the lagging
strand) in synthesized in fragments (called Okazaki fragments)
that are joined together by DA ligase.
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DNA Replication enzymes: Primase

B DNA Polymerase cannot initiate the synthesis of DNA

B Remember that DNA polymerase can only add
nucleotides to 3’ end of an already existing strand of

DNA

B In humans, primase is the enzyme that can start an RNA chain
from scratch and it creates a primer {a short stretch RNA with
an available 3’ end) that DNA polymerase can add nucleotides
to the strand during replication

B RNA primer is subsequently replaced with DVA



DNA Replication enzymes:

Helicase, Topoisomerase and Single-strand binding protein

B Helicase untwists the two parallel DNA strands

B Topoisomerase relieves the stress of this twisting

B Single-strand binding protein binds to and
stabilizes the unpaired DNA strands
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PCR: the in vitro version of DNA Replication

The following components are needed to perform PCR in the laboratory:

1)

2)
3)
4)
5)

6)
7

DNA of interest that contains the target sequence we
want to copy

A heat-stable DNA Polymerase (like Tag Polymerase)
All four deoxynucleotide triphosphates (dNTP)

Buffers

Two short, single-stranded DNA molecules that serve as
primers

Thin walled tubes

Thermal cycler (a device that can change temperatures
dramatically in a very short period of time)



Old method
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Old versus New method
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PCR

The DNA, DNA polymerase,

buffer, deoxynucleoside
triphosphates, and primers
are placed in a thin-walled
tube and then these tubes
are placed in the PCR
thermal cycler

PCR Thermocycler
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The three main steps of PCR

B The basis of PCR is temperature changes and the effect that these
temperature changes have on the DNA.

B In aPCR reaction, the following series of steps is repeated 20-40 times

(note: 25 cycles usually takes about 2 hours and amplifies the DNA fragment of
interest 100,000 fold)

Step 1: Denature DNA

At 95°C, the DNA is denatured (i.e. the two strands are separated)
Step 2: Primers Anneal

At 40°C- 65°C, the primers anneal (or bind to) their complementary sequences on
the single strands of DNA

Step 3: DNA polymerase Extends the DNA chain

At 72°C, DNA Polymerase extends the DNA chain by adding deoxynucleotides to
the 3" ends of the primers.
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Heat-stable DNA Polymerase

B Given that PCR involves very high temperatures, it is imperative
that a heat-stable DNA polymerase be used in the reaction.

B Most DNA polymerases would denature (and thus not
function properly) at the high temperatures of PCR.

B Initially PCR used the Klenow fragment of £. colf DNA
polymerase - inactivated by high temperatures

B Taq DNA polymerase was purified from the hot springs bacterium
Thermus aquaticusin 1976



DNA polymerase

B Taq has maximal enzymatic activity at 75 °C to 80 °C, and
substantially reduced activities at lower temperatures.

B K, = 150 nucleotides/sec/enzyme (at Topt)
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975°C EE)  5min



Pfu DNA polymerase

B Pfu DNA polymerase is an enzyme found in the hyperthermophilic
archaeon Pyrococcus furiosus

B Characterized by having superior thermostability and proofreading
properties compared to Tag DNA polymerase.

B Unlike 7Tag DNA polymerase, Pfu DNA polymerase possesses 3 to 5°
exonuclease proofreading activity, meaning that as the DNA is
assembled from the 5" end to 3’ end, the exonuclease activity
immediately removes nucleotides misincorporated at the 3" end of
the growing DNA strand.

B Consequently, Pfu DNA polymerase-generated PCR fragments will
have fewer errors than Tag-generated PCR inserts



