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THE MOLECULAR ASSAYS

At the Beginning: This type of the tests used
for detection of only fastidious or uncultivated
M.O.

But Now: It become one of the most important

diagnostic  tools  for  detection and

characterization of M.Os.




POLYMERASE CHAIN REACTION (PCR)

It Is a molecular technology aim to amplify a single
or few copies of the DNA to thousands or millions
of copies.

Developed In 1983 by Kary Mullis, In 1993, Mullis
was awarded the Nobel prize in Chemistry.

PCR Is now a common and often indispensable
technique used In medical and biological research
labs for a variety of applications.

These include diagnosis of infectious diseases, DNA
sequencing and DNA-based phylogeny.



THE DIFFERENCES BETWEEN
DNA & RNA




NUCLEIC ACIDS

Cytosine .

R..\
__—Nucleobases

Guanine
0

N NH
&N \ N/}\NH2
H
Adenine |§|

HoN

Base pair

=N
N
Qﬁ \ N)

Uracil .
o}
Cr
helix of
N- o sugar-phosphates
Nucleobases
of RNA

RNA

Ribonucleic acid

Deoxyribonucleic acid

DNA & RNA

Cytosine .
NH,
h
N/J\o
H
Guanine .
0

\ NH
&N \ N/)\NHZ
H
Adeni
enine - El
oW
&N \ %
H

Thymine .

o
Hac\ﬁl\NH
LK

N (e}
H

Nucleobases
of DNA




DNA AND RNA BREAKS (NUCLEOTIDES)
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DNA EXTRACTION

What is DNA Extraction?
It Is the removal of deoxyribonucleic acid

(DNA) from the cells in which it normally
resides.

What is it used for?
It Is often an early step in many diagnostic
processes (PCR, LAMP, ..... etc).



The first 1solation of DNA was done In
1869 by Friedrich Miescher.

Miescher isolated various phosphate-
rich chemicals, which he
called nuclein (now nucleic acids),
from the nuclel of white blood cells In
1869.

The significance of the discovery, first
published in 1871.

Later, Friedrich Miescher raised the
Idea that the nucleic acids could be
Involved in heredity.




DNA EXTRACTION




DNA EXTRACTION
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DNA EXTRACTION

Puregene DNA Procedure \Q\
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WHAT 1S PCR?

The polymerase chain reaction (PCR) is a fast and
Inexpensive technique used to "amplify" - copy -

small segments of DNA.
Sometimes called ""molecular photocopying,"

Because we usually need a significant amounts of a
sample of DNA are necessary for molecular and

genetic analyses, studies of DNA.



POLYMERASE CHAIN REACTION
(PCR)

Key components
DNA

Primers (Reverse
and forward)

dNTPs
7aqg polymerase

(enzyme of Thermus
aguaticus 1967)

Buffer




Template DNA:

An adequate amount of template DNA is between 0.1
and 1 ng of genomic DNA for a total reaction mixture of
100 pl.

Larger template DNA amounts usually increase the yield
of non-specific PCR products.

Tag DNA polymerase:

The DNA polymerase, known as 'Taq polymerase
Isolated from Thermus aquaticus bacterium.

The enzyme can withstand the high temperatures
needed for DNA-strand separation, and can be left In
the reaction tube.

Higher Taq DNA polymerase concentrations than
needed may cause synthesis of non-specific products.




dNTPs:

The concentration of each dNTP (dATP, dCTP, dGTP,
dTTP) In the reaction mixture is usually 200 pM.

These concentrations must be checked as being equal,
because Inaccuracies will Increase the degree of
misincorporation.

Primer: It 1s a strand of nucleic acid that serves as a
starting point for DNA replication.

They are required because the enzymes that catalyze
replication, DNA polymerases, can only add new
nucleotides to an existing strand of DNA




The polymerase starts replication at the 3'-end of the
primer, and copies the opposite strand

5-TCGAATATGCCGGATTC ‘ =
3-AGCTTATACGGCCTAAGTTAGCTAGCTTGCA

Leading strand

Lagging strand




Primers:

(1) PCR primers should be 10-24 nucleotides In
length.

(2) The GC content should be 40%-60%b.

(3)The primer should not be self-complementary or
complementary to any other primer in the reaction
mixture, to prevent primer-dimer and hairpin
formation.

(4) Melting temperatures of primer pairs should not
differ by more than 5°C, so that the GC content and
length must be chosen accordingly.




(5) The melting and annealing temperatures of a
primer are estimated as follows:

If the primer Is shorter than 25 nucleotides, the
approximate melting temperature is calculated with
the formula: Tm=4(G+C)+2(A+T).

(6) The annealing temperature should be about 5°C
lower than the melting temperature.



MgCl2 concentration: Because Mg2+ ions form
complexes with dNTPs, primers and DNA
templates, the optimal concentration of MgCI2 has
to be selected for each experiment.

Too few Mg2+ ions result in a low yield of PCR
product, and too many will increase the yield of
non-specific products.

The recommended range of MgCI2 concentration
s 1 to 3 mM,under the standard reaction

conditions specified.




POLYMERASE CHAIN REACTION (PCR)

Laboratory requirements
Thermal cycler (PCR machine)

Denaturation at 94°C.
Annulling at 50:60°C.
Extension at72°C.




PCR THREE STEPS

Separating the Target (DNA-
Denaturation):

During the first step of PCR, the DNA Is heated to
more than 90 degrees Celsius (194 degrees
Fahrenheit) to separate the double-stranded DNA
Into two separate strands.

The high temperature breaks the relatively weak
bonds between the nucleotides that form the DNA
code.



PCR Three steps

2. Binding Primers to the DNA Seqguence -—
Annealing:

PCR does not copy the all of the DNA In the
sample.

It copies only a very specific sequence of genetic
code, targeted by the PCR primers.

The primers bind to the beginning of the sequence
that will be copied, marking off the sequence for
step three.

During step two, the tube 1Is cooled and
primer binding occurs between 40 and 60 degrees
Celsius (104 - 140 degrees Fahrenheit).




PCR THREE STEPS

3. Making a Copy — Extension:

In the third phase of the reaction, called extension,
the temperature is increased to approximately 72
degrees Celsius (161.5 degrees Fahrenheit).

Beginning at the regions marked by the primers,
nucleotides In the solution are added to the
annealed primers by the DNA polymerase to create
a new strand of DNA complementary to each of the
single template strands.

After completing the extension, two identical copies
of the original DNA have been made.




o Usually, the extension step Is performed at 72°C and
a 1-min extension Is sufficient to synthesise PCR
fragments as long as 2 kb (kb = kilobase = 1000 bp).
When larger DNA fragments are amplified, time is
usually extended by 1 min per 1000 bp.
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PCR is a dance with 3 steps
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GEL ELECTROPHORESIS

This phenomenon is called Sieving

Nucleic acid and Proteins’ molecules are
separated by applying an electric field to
move the negatively charged molecules
through a matrix of agarose or other
substances.

Shorter molecules move faster and migrate farther than
longer ones because shorter molecules migrate more eastly
through the pores of the gel.



"Electrophoresis‘

Refers to the E/ectromotive force (EMF) that
IS used to move the molecules through the gel
matrix.




Electrophoresis Is a technique used for sorting
of macromolecules molecules based on size and
charge.

The gel I1s placed In an electrophoresis
chamber, which Is then connected to a power
source.

The electric field consists of a negative charge
at one end which pushes the molecules
through the gel and a positive charge at the
other end that pulls the molecules through the

gel.



Electrophoeresis

Depending on the size of the PCR bands produced
and the discrimination needed, band visualization
can be accomplished through either a regular,
horizontal agarose gel or a vertical acrylamide

sequencing gel.




Method For Electrophoresis

l Prepare agarose gel
Melt, cool and add Ethidium Bromide. Mix thoroughly.

4
{ Pour into casting tray with comb and allow to solidify J
Il

{ Add running buffer, load samples and marker J
11

[ Run gel at constant voltage until band separation occurs J
Il

| View DNA on UV light box and show results J




Power supply

sample
wells

direction
of movement

buffer

solution Electrophoresis tank




Agarose gel electrophoeresis

Venfication of PCR product on
agarose or separide gel

ladder PCR fragments




POLYACRYLAMIDE (PAGE)

oIn contrast to agarose, polyacrylamide
gels are used extensively for separating
and characterizing mixtures of proteins.

o Traditional DNA sequencing techniques
used polyacrylamide gels to separate
DNA fragments differing by a single base-
pair in length so the sequence could be
read.

oIn the case of DNA, polyacrylamide is
used for separating fragments of le'
than about 500 bp.
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