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In 1868 Frederich Miescher isolated a substance from the nucleus of pus cells. It was
considered to be characteristic of the nucleus, and he called it nuclein. A similar
substance was subsequently isolated from Salmon sperm heads. Nuclein was latter
shown to be a mixture of a basic protein and a phosphorus containing organic acid, now
called nucleic acid. Altman, 1889 two types of nucleic acids have been found namely
DNA or Deoxy ribonucleic acid and RNA or Ribonucleic acid. Albrecht Kossel
differentiated DNA & RNA in 1882. DNA is present in all living cells of mammals,
bacteria and some viruses, thus it is the major nucleic acid of nucleus and known to be
the genetic material. In many viruses, RNA not DNA is the carrier of hereditary
information. DNA is usually a double stranded structure.
The chemical structures of the nucleic acids were elucidated by the early 1950, largely
through the efforts of Alexender Todd. Nucleic acids are with few exceptions, linear
polymers of nucleotides whose phosphate bridge the 3’ and 5’ positions of successive
sugar residues. The phosphates of these polynucleotides, the phosphodieter groups, are
acidic so that, at physiological pH nucleic acids are polyanions.
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Base Pairing Of DNA
The fact that the total amount of purines will be equal to the
total amount of pyrimidines, was first enunciated by Chargaff in
1950
The nitrogen bases of the two opposite chains exhibit highly
specific base pairing. A purine in one chain always pairs with a
pyrimidine in the opposite chain
Among purines adenine (A) pairs only with the pyrimidine
thymine (T) and vice versa. Similarly guanine (G) pairs only with
cytosine (C) and vice versa.
There are two weak hydrogen bonds between A and T or T and A.
There are three weak hydrogen bonds between G and C or C and
G.
The total amount of purines is equal to the total amount of
pyrimidines (A+G)=(C+T).
The two polynucleotide chains of DNA molecule are not identical
to each other but complementary to each other.

H-bonding between bases
Also related to the conjugated double bond system.
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A History of DNA
 Discovery of the DNA double helix

A. Frederick Griffith – Discovers that a factor in diseased
bacteria can transform harmless bacteria into deadly
bacteria (1928)

B. Rosalind Franklin - X-ray photo of DNA.
(1952)
C. Watson and Crick - described the DNA
molecule from Franklin’s X-ray.
(1953)

According to this model
•2 helical chains each coiled around the same axis
•Both chains are right handed
•The two chains are related by dyad perpendicular to fibre axis
•Each chain consists of phosphate diester groups
•Residues on each chain every 3.4 A
•36° between each adjacent residues in the same chain
•Structure repeats itself after 10 residues
•Open structure with high water content
•- Bases tilt at low water content would compact it

Materials and reagents required for DNA extraction from E.coli
T
E-buffer: for preparing 500ml of TE buffer we have to take5ml of 1M tris pH 8, 1ml of
0.5M EDTA pH 8 and raise the final volume upto 500ml by adding 496 ml dH2O.
Another reagent we are in need of, is lysis buffer and to prepare 10ml of lysis buffer we
have to take 9.34 ml of 1M TE buffer, 600 µl of 10% SDS ,60 µl of proteinase k (of 20
mg ml-1) and
we also need absolute ethanol as well as 70% ethanol (70% ethanol means 70% of
ethanol and 30% of dH2O).

Isolation of DNA from Bacteria
Take 1 ml of the E. coli culture

Centrifuge at max speed for 1 min. to pellet the cells

Discard the supernatant

Add 600 μl of lysis solution and vortex to resuspend the pellet

Incubate for 1 hr at 37 °C

Add an equal volume of phenol/chloroform and mix well by inverting the
tube until the phases are completely mixed

Spin at max speed for 5 min at room temperature

Carefully transfer the upper aqueous phase to a new tube

Add equal volume of chloroform (Mix by inverting)

Spin at max speed for 5 minutes

Transfer aqueous layer to new tube

Add 2.5 or 3 volume of cold ethanol and mix gently

Incubate at -20 °C for 15 min or more

Centrifuge at max speed for 5 min at 4 °C

Discard the supernatant and rinse the DNA pellet with 1 ml 70% ethanol

Spin at max speed for 2 min. Carefully discard the supernatant
and air-dry the DNA pellet

Resuspend DNA in TE buffer

DNA EXTRACTION FROM WHOLE BLOOD
Phenol/chloroform method (Blin & Stafford, 1976) which is a two day protocol
Can be used for the extraction of DNA from the whole blood specimens of the subjects.
In addition to this, modified salting-out method (Nassiri et al. 2005) can also used to
extract DNA from few blood samples, especially from those samples which were less
than 3μl in quantity,. The genomic DNA can been isolated from nearly all the samples
collected for the study and stored at -20oC.
The phenol-chloroform proteinase K method can be employed in isolation of genomic
DNA with slight modification to suit the lab conditions (Sambrook, 2001).

Isolation of DNA from Blood
*Preparing Reagents
1M Tris Buffer
Tris Base = 121.4 g
Deionised water = 800 ml
The solution was vigorously stirred on a magnetic stirrer to dissolve the contents and
the pH of this solution was adjusted to 8.0 by adding 42 ml of conc. HCl. The volume
of this solution was made upto 1 litre with deionized water. The buffer was vigorously
stirred ; sterilized by autoclaving and stored at room temperature.
0.5 M Na2EDTA (pH=8)
Na2EDTA = 186.12 g
NaOH = 10 g
Deionized water = 800 ml
The solution was vigorously stirred on a magnetic stirrer to dissolve the contents and
the pH of this solution was adjusted to 8.0 by adding 10g of NaOH pellets. The volume
of this solution was made upto 1 litre with deionized water. The buffer was vigorously
stirred ; sterilized by autoclaving and stored at room temperature.

1X TE Buffer
1 M tris base = 10 ml
0.5M Na2EDTA = 2 ml
Deionized water = 800 ml
The volume of the solution was made up to 1L with deionized water. The buffer was
sterilized by autoclaving and buffer.
Lysis Buffer
1M Tris Base = 2 ml
0.5 M Na2EDTA = 0.4 ml
Sodium Dodecyl sulphate = 3 g
Deionized water = 80 ml
The volume of this solution was made upto 100 ml with a deionized water. Filtered
through a 0.35µ filter and stored at room temperature
Proteinase K
10 mg of Proteinase K was dissolved in 1ml of deionized water stored at -20°C in
aliquots of 1ml each.

Tris Saturated Phenol
500g of phenol was dissolved in 500 ml of 1MTris (pH 8.0) and 8-hydroxyquinoline was added to final concentration of 0.1% and stirred for 15 min. The
phases were allowed to separate and the upper aqueous phase was removed. Equal
amount of 100mM tris (pH=8.0) was added and stirred to emulsify. Phases were
allowed to separate and the upper aqueous phase was removed.
Phenol Chloroform Isomyl alcohol mixture
Phenol : Chloroform : Isoamyl alcohol (25:24:1) reagent was prepared by mixing 25
vol of Tris saturated phenol, 24 vol of chloroform and 1 vol of Isoamyl alcohol.
Store the solution at 4°C in a dark bottle.
3M sodium acetate (pH=5.2)
Sodium acetate = 408.1 g
Deionized water = 800 ml
Stir the solution and maintain the pH of the solution to 5.2 using glacial acetic acid
and make the final volume equal to 1L. Store the solution at 4°C.
DNA Storage Buffer
1M Tris = 1 ml
0.5M Na2EDTA 0.02 ml
Deionized water 80 ml
Mix the reagents and make up the volume equal to 100 ml. Store it at room
temperature.

50XTAE Buffer (pH=8.0)
Tris Base = 242 g
0.5 M Na2EDTA = 10 ml
Glacial acetic acid = 57.1 ml
Mix the reagents and make up the volume equal to 1L. Store it at room temperature
SE Solution
1.5 ml 5M NaCl
4 ml 0.5M EDTA
Final volume = 100 ml
1XTAE
50X TAE = 20 ml
Deionized water = 980 ml.
EtBr (10 mg/ml)
10 mg/ml EtBr was prepared by dissolving 0.1 g EtBr in 10 ml of deionized water. The
solution was stored in dark bottle at 4°C
DNA lysis solution.
15.5 ml 1MNH4Cl
1ml 1MKHCO3
20 µl 0.5M EDTA
Total Volume = 100ml

Take 1 ml of blood in centrifuge tube.

.

Add 3 ml of lysis solution

Keep it at -20◦C for 30 min.

Centrifuge at 8000 rpm for 10 minutes and discard the

.

supernatant

Resuspend pellet in 1 ml of SE solution. Add proteinase K(15µl) and
mix

Add 200µl of 10% SDS solution and incubate overnight at 37-55°C

Add equal volume of TE equilibrated Phenol and mix thoroughly
by inverting the tubes for 15 min.

Centrifuge at 5000 rpm for 10 min. Take the supernatant in fresh
tube.

Add equal volume of Phenol and CIA (1:1) into the tube. Shake by
inverting tubes for 10-15 min.

Centrifuge at 5000 rpm for 10 min.

Take equal volume of CIA and add to the supernatant. Centrifuge
at 5000 rpm for 10 min.

To the supernatant add 100 µl of chilled Sodium acetate 250µl of
chilled Ethanol

Centrifuge at 13000 rpm for 15 min.

Wash DNA pellet 2-3 times with 70% ethanol and air dry the pellet.

Add DNA storage buffer to the pellet

.

-

Preparing Reagents
CTAB buffer 100ml
2.0 g CTAB (Hexadecyl trimethyl-ammonium bromide)
10.0 ml 1 M Tris pH 8.0
4.0 ml 0.5 M EDTA pH 8.0 (EthylenediaminetetraAcetic acid Di-sodium salt)
28.0 ml 5 M NaCl
40.0 ml H2O
1g
PVP 40 (polyvinyl pyrrolidone (vinylpyrrolidine homopolymer) Mw 40,000)
Adjust all to pH 5.0 with HCl and make up to 100 ml with H2O.
1 M Tris pH 8.0
Dissolve 121.1 g of Tris base in 800 ml of H2O. Adjust pH to 8.0 by adding 42 ml of
concentrated HCl. Allow the solution to cool to room temperature before making the
final adjustments to the pH. Adjust the volume to 1 L with H2O. Sterilize using an
autoclave.

5x TBE buffer
54 g Tris base
27.5 g boric acid
20 ml of 0.5M EDTA (pH 8.0)
Make up to 1L with water.
To make a 0.5x working solution, do a 1:10 dilution of the concentrated stock.
1% Agarose gel
1 g Agarose dissolved in 100 ml TBE

Grind 200 mg of plant tissue to a fine paste in approximately 500 μl of
CTAB buffer.

Transfer CTAB/plant extract mixture to a microfuge tube

Incubate the CTAB/plant extract mixture for about 15 min at
55o C in a recirculating water bath.

After incubation, spin the CTAB/plant extract mixture at 12000 g for
5 min to spin down cell debris. Transfer the supernatant to clean
microfuge tubes.

To each tube add 250 μl of Chloroform : Iso Amyl Alcohol (24:1) and
mix the solution
by inversion. After mixing, spin the tubes at 13000 rpm for 1 min.

Transfer the upper aqueous phase only (contains the DNA) to a clean
microfuge tube.

To each tube add 50 μl of 7.5 M Ammonium acetate
followed by 500 μl of ice cold absolute ethanol.

Invert the tubes slowly several times to precipitate the DNA.
Generally the DNA can be seen to precipitate out of solution.
Alternatively the tubes can be placed for 1 hr at - 20o C after the
addition of ethanol to precipitate the DNA.

Following precipitation, the DNA can be pipetted off by slowly
rotating/spinning a tip in the cold solution. The precipitated DNA sticks
to the pipette and is visible as a clear thick precipitate. To wash the DNA,
transfer the precipitate into a microfuge tube containing 500 μl of ice
cold 70 % ethanol and slowly invert the tube.
Repeat.

After the wash, spin the DNA into a pellet by centrifuging at 13000 rpm
for 1 min. Remove all the supernatant and allow the DNA pellet to dry
(approximately 15 min).
Do not allow the DNA to over dry or it will be hard to re-dissolve.

Resuspend the DNA in sterile DNase free water (approximately 50-400
μl H2O; the amount of water needed to dissolve the DNA can vary,
depending on how much is isolated). RNaseA (10 μg/ml) can be added to
the water prior to dissolving the DNA to remove any RNA in the
preparation (10 μl RNaseA in 10ml H2O).

After resuspension, the DNA is incubated at 65o C
for 20 min to destroy any DNases that may be present and store
at 4o C

*Qualitative Analysis
Qualitative analysis of genomic DNA extracted by Phenol chloroform was checked by
electrophoretic method using 0.8% agarose gel.2µl of each DNA sample was mixed
with 1µl of 1x DNA loading dye (1x loading dye consisted of 4.16mg of bromophenol
blue, 4.16g of xylene cyanol and 0.66g of sucrose in 1ml of water ) and was loaded in
the gel. The voltage was kept constant at 20V until DNA left the wells and moved into
the gel, for rest of the run voltage was raised to 50V.When the dye travelled nearly
2/3rd of the gel, run was stopped. Gel was visualized by a Gel doc system
(Alphaimager TM 2200, Alpha Innotech Corporation) under UV light and image was
captured (Fig.1.).
Quantitative Analysis
The purity of DNA was estimated by making appropriate dilutions to determine the
optical density (OD) at 260nm and 280nm by double beam spectrophotometer
(Spectron 2206) and the concentration was determined using equation:
DNA (µg/ml) = A260 x 50x dilution factor
The ratio of A260/A280 was calculated and the DNA sample for which the ratio was 1.71.9 were considered for future use. The DNA was aliquoted and stored at 40C for a
short time but the aliquots were kept at -200C for long duration storage.

AGAROSE GEL ELECTROPHORESIS
•The clean and dry gel trays were set in the gel casting unit on a
horizontal section of the bench.
•Sufficient electrophoresis buffer (1x TAE) was prepared to cast the
gel and to fill the electrophoresis tank.
•0.8g agarose was dissolved in 100ml of 1x TAE buffer and heated in
an oven until a clear transparent solution formed.
•After heating, the solution was allowed to cool to 50-60 0C and then
few microliters (2-5µl) of ethidium bromide was added as visualizing
agent.
•The warm agarose was poured into the gel trays. An appropriate
comb was positioned for forming the sample wells in the gel when
agarose was added to the trays.
•The gel was allowed to set completely (30-40 min), and then shifted
to electrophoresis tank filled with TAE and comb was carefully
removed.
•Sample was mixed with 2-3µl of 6X loading buffer.

•Sample was slowly and carefully loaded into the submerged gel wells by using
disposable loading tips.
•Voltage of 1-5V/cm was applied and the sample in the gel was allowed to run until the
bromophenol blue and xylene cyanol migrated an appropriate distance through the gel.
Pattern of separation was visualized by a Gel doc system under UV light and picture
was captured by using CCD camera system. Samples containing high molecular
weight DNA with no fragmentation /shearing and without any apparent contamination
or streaking were selected for further analysis.
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Fig.1: Representative gel picture showing the integrity of genomic DNA on
0.8% Agarose. Lane 1-8 represents intact genomic DNA extracted from samples.

Complexity of DNA
Renaturation is a two-step process. In the first step called nucleation, content is made
between two complimentary regions of DNA. Nucleation is followed by a relatively
rapid zippering up of adjoining base residues into a duplex structure. Thus, nucleation is
the rate limiting step and it is this step that must be examined to determine the time
course of renaturation because nucleation involves interaction between two molecules.
It should occur at a rate proportional to the square of the concentration of a single strand
that is a second order reaction. If ‘C’ is the concentration of single stranded DNA at
time‘ t’ then the second order rate equation for loss of single stranded DNA is:
dC/dt = k2 C2

where k2 is the second order rate constant given a starting concentration ‘CO’ of

completely denatured DNA the amount of single stranded DNA left after re naturation
for time ‘t’ is given by
C/CO = 1/ 1 + k2 COt
At time ’t ½ ‘, when half of the DNA is denatured,
C/CO = 0.5 and t = t ½ , from which follows that
CO t ½ = 1/k2
As a result C/CO is plotted as a function of CO t. the resulting curve is
referred to as a “Cot” curve.
For a given nucleotide complexity ‘N’ (number of base pairs in each unique sequence
e.g., the repeating sequence (AGCT)n has a complexity of 4) , the renaturation rate is
also a function of the length ‘L’ of the nucleic acid i.e., the actual number of bases per
single stranded nucleic acid molecule present in a renaturation reaction. It can be
shown that:
k2= L / N

At the annealing temperature allows the DNA base to explore various configurations
until complementary region of pairing are formed between otherwise separated strands.
A schematic representation of the imperfectly base paired structures assumed by DNA
that has been heat denatured and then rapidly cooled. Both intermolecular and
intramolecular aggregation may occur.
Renaturation Rate Measures Sequence complexity or cot curve analysis indicates
DNA complexity.
The renaturation rate of DNA has been used extensively to compare the
base sequence complexity of DNA, from different sources. Moreover, Doty and their
coworkers discovery of the phenomenon of renaturation met with considerable interest
for as given weight concentration of DNA, the more homogenous in sequence a DNA
sample, the more rapidly it will renature. Thus a 0.01% solution of denatured T4
bacteria phage DNA renatures much more rapidly than does a 0.01% solution of E –
coli DNA. In turn bacterial DNA renatures much more rapidly than mammalian DNA.

Therefore:
Cot ½ = N / L, and at cot ½ should be proportional to N / L, when
length of different samples is taken uniform, then cot ½ is direct measure of N
(complexity) means more complex DNAs take more time to renature.
Most prokaryotic DNAs yield simple mono-phasic cot curves with one inflation
point. However for the total DNA from a complex eukaryotic organism such as human
the curves are more complex containing more than one inflation point.
A precise interpretation of the cot curve for human DNA is not possible,
but the following explanation is considered most likely. About 2% of the DNA (the fold
back portion) renature very rapidly.

Complexity of DNA
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