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Denaturation and Renaturation of DNA
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1. Denaturation: The process of formation of single 2. Renaturation: The process of formation of double
stranded DNA from double stranded helical stranded DNA (‘reanneal[na) from single
DNA bﬂ hea:l:ing oY bj dena{:ura.{:ina agen’cs stranded DNA upon coolinj is called
is colled denaturation of DNA. renaturation of DNA.
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Absorption of UV light

Nucleic acids absork ultraviolet (UV) light.
This is because of the conjugated double bonds and the

rinﬁ structure of purines and Pjrimidines.

The more ordered the structure, the less light is absorbed.

So, free nucleotides absorb more Lish’c than sinﬁle-stmncleol
DNA or RNA, and they absorb more light than double-
stranded DNA.

Maximum absorption is at 260 nm (A,,,) and minimum
absorption is at 230 nm.

Absorption is clirectlj proportional to the concentration of
the molecule. Value: 0.02 units per ug DNA per ml.

Example: Three solutions of DNA and free bases at 50 /ug/ml

have these A,,, values:
o Double-stranded DNA Ao = 1.00
0 Sinﬂle-stranded DNA Ay, = 1.37
o Free bases Ay = 1.60

Therefore, double-stranded DNA is hypochromic and

the bases are bﬁpemhromic.

Absorbance (A.gg)

HYPERCHROMIC EFFECT
Increase in absorbance at 260 nm (A.,) Increase in Ay,
when DNA is denatured. ' (Hyperchromic effect)
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_Denaturation of DNA Molecules
In nature, DN-A usually exists in an ordered, twisted form MNMW

called the native form.
Native DNA (ordered)

The two strands of DNA are held together by hydrogen bonds

between the base pairs. Hea:t 5 g
When we heat DNA or add acid /alkali, these bonds break.

The strands separate. This process is called melting. AC‘dM[kﬁ“ a7 .
The change from native to denatured state is called denaturation. ( denaturejpabﬁ;)
We can study denaturation by measuring how much UV light UV light

DNA absorbs at 260 nm. 260 nm ~—> —> More light

absorbed

Increase in

temperature A 260
increases

When temperature increases, DNA absorbs more UV Uﬂht. _
So, the absorbance at 260 nm (Aj) goes up.

At a certain high temperature, the two strands are completely Hiah

separated. At this point, the absorbance is maximum. This tempfmtm Complete

value is called Asgeo max and shows complete denaturation. > N ;iparatlon)
260 max

The temperature at which half of the DNA is denatured
(50% strands separated) is called the melting temperature (Tm). Azeo /_:0%
It is a useful value to sfu.dg meiting. -r denatured

Tm  Temperature

DNA with more GC base pairs has a. hisher Tm than DNA with GC bai T oai
more. AT base pairs. pr AT pair So, GC-rich DNA
This is because G-C pairs are held by 3 hgdrogen bonds @ _©j L@':@J needs more heat

to denature.

©

(stronﬂer), while A-T pairs have 2 hﬂdr03en bonds (weaker). 3 hydrogen bonds 2 hydrogen bonds




How can we achieve Denaturation

~% There are several ways (called denaturants) to make DNA strands separate.

—» Different agents (heat, chemicals, extreme pH) act in different ways

but all weaken the forces that hold the DNA helix tosether.

A. Denaturation b}j Tempero.ture B. Denaturation b3 Chemical Agents

0 Heatins DNA to hish temperature
(~90°C) gives enough energy to break

hgdrosen bonds and base-stacking

interactions.

o This change from double -stranded
DNA to single strands ha.ppens quicklg

over a small temperature range.

o Chemicals like urea or formamide
make this happen even at lower
temperature (faster).

* This separation of the double helix
is called “melting".

Certain chemicals like urea and

formamide disrupt had.rosen bonds
between base pairs.

These chemicals pull out bases
and mix with water, weakening
base pairing g

Urea weakens hydrogen bonds,

so less heat is needed.

DNA can be 'Fullg denatured bﬂ
~95% formamide at room temperature

( even without heating).
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C. Effect of pH on DNA

At very low pH (pH 2-3), the solution

becomes acidic (more H* ).

\
* The amino group (~NH,) in the base reacts

with extra H* ions.
e It changes from —NH, to —NHj"
(positively charged).

e This cho.nge alters the shape and charge.
of the base, so it can't form correct
hﬂd.rogen bonds with its partner.

e If enough bases are altered, the DNA
double helix falls apart (denatures).

C At very high pH (~12), the solution is alkaline\

e There are many OH™ ions and very few H* ions.

* OH" ions pull H* from —-OH group - changes

e This also breaks hgdrogen bonds = strands

(basic).

the group from —OH (neutral) to —O7 (negative).

separate (denature). y




.Dena.tu.ra.tion inVOI.VQS Changes. [ What happens during denaturation? B

-> Denaturation means changing the firm, double-stranded (helical)
DNA into a loose, single-stranded form.

=>» The two strands se.Par'a.te. because the hgdrogen bonds between
the bases are weak. These bonds are weaker than the bonds
that hold the base to the sugar—Pho:-‘.phate. backbone .

Denaturation involves the 'Following cha.nses:

@ Increase in absorption of ultraviolet (UV) iisht:
All bases in nucleic acids absorb UV light.
They show maximum absorption at 260 nm.
When DNA is denatured, the absorption of UV
light increases a lot. This is called hyperchromicity.

@ Decrease in 5pec.i-Fic optica[ rotation: Native DNA rotates

Plane—po[a.rize.d light in a str'ons positive direction.
When DNA is denatured, this rotation decreases greatly.

(Same as in proteins)

@ Decrease in viscosity: Native DNA solutions are thick (high viscosity)
because DNA is long, rigid and double stranded.
When DNA is denatured, the strands separate and the structure
becomes loose and flexible. This causes a big decrease in viscosity.

In short: Heat/Chemical

e It increases UV absorption (at 260 nm).
e Tt decreases optical rotation.

S'I:rong rotation

° Dena‘tm:ation = Double - stranded DNA = Sinsle.-stranded DNA [’*

Heat
or
Chemical
—_—
Sinal.e.
stranded stranded
- DNA DNA
¥ 0 _.
uv iiﬂh‘t '
260 nm Native DNA Denatured DNA
([ess I.iah‘t (more liﬂh‘t
absorbed ) absorbed. )
Polarized Heat
> light > —_—  -------- —
Very little
Native DNA rotation

Denatured DNA

Heat

Ptla.t[ve. D_NA. - Denatured DNA
(Hlﬂh viscosity —thick) ( Low viscosity — thin)

the hgdroae.n bonds between the

hacee hreak Aurina denatiratine

All these c.ha.naes happen bmusew



DN A Renaturation

Denatured DNA will renature to re-form the duplex structure if the
denatu.rtns conditions are removed (that is, if the solution is cooled,

the pH is returned +to ne_utra.litﬂ, or the denaturants are diluted out).

e Renaturation requires re -association of the DNA strands into «a

double helix, a process termed reannealing.

Strands come
Zipperin Renatured
- . . : Denatured closer and skl
For this to occur Native DNA ""l‘)“N‘; start pairing (reannealing) DNA
slow fast

@ The two strands must line up with each other

so that their compleme.nta.r-‘tj bases

can match aaain ('f:lfu's is called the i can

. closer and
nucleation proce.ss) . chart. pairing
—

(2) The strands can twist around each other to form the
double helix ajain.

¢ Renaturation is dependent on DNA concentration and time.
Many of the realignments are imperfect, and thus the strands 7
must dissociate again to allow for proper pairings to be formed. _@_ In simple words: Warm
N\

temperature helps DNA

® The process occurs more quickly if the temperature is warm enough.
Warm temperature helps the large DNA molecules move (diffuse)
faster in solution, so thej can find each other and pair.
But if the temperature is too high, the strands may separate again

instead of Joininﬂ, L‘tosether-

strands meet and join
faster, but not too warm,

otherwise theg won't sto.ﬂ




NUCLEIC ACIDS
Cot CURVES

DNA is made of two strands.
If you heat DNA, the two strands separate (this is called denaturation).

If you cool it back in the right conditions, the matching strands come back together (renaturation).

Cot curve is just a graph that tells us:

How quickly different parts of the DNA find their partners and stick back together.




Nucleic Acid Cot Cunves (CL-J: Anafgsr’s)

A Cot Cuweve 5 Q@ 3)ta.f3h used to 4t the ﬁampfexff:f and Ee:fum

Oﬂga.nfzaﬁon 0§ DNA  based on the e at which .Ea'n(?(e, - Shranded
DNA xeassociates (nenatunes) aﬁi‘m &unﬁ odenatived. .
?
@ What _does Cot _mean: Double helix DNA
Cot = Goxt XDODOX
Where ot
€, : Initial concentration og Singfevsf}mnded DNA
t : Time allowed fm: neassociation N
Thas, Cot nepnesents the concanbuation of DNA X seasociatin ine. NN
Sr'njie-ﬁﬁandzd DNA

The basic principle is :
The mone ﬂompiex a DNA Sequence s,
the slower (£ reassociales .




@ mencflpl& chf Cot a.migsies

DNA s jﬂ‘nat : Reassociation
Double - stranded DNA Heat anjla-sbmndfd DNA /f\\;f ;/\\//_*

Then the fanpenafmﬂ s lowered 8o cam’o!ewdhng sbands can
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s T OO0
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1. DNA concentration Highy repetitive DNA finds s
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2. Sefimc‘.f. mmphxi:]' hexeas u,nt'iu,e. ‘geﬂmc_ﬂ& A
2. Presence o§ .."T..E.F&ﬂfl've. Bequences uch ionﬂm.
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COMPONENTS OF A GENOME :

Component Reassociation nate Cot value
A. Higkly hepetitive Veny aﬁa,ét Low Cot
DNA ( neassociates quick!y) (Ie# side)
B. Mode&aieﬁy Intermediate Tntenmediate Cot
hepeiitive DNA (MM«&O‘CiGJt% at ( muiddle negion)
modenate mte)
C. Unigue o Ve)zg slow High Cot
Aingﬂe-copy DNA | (takes l’,ong time (fu:ght side)

to heaAéociai&)




SHAPE OF CoT CURVE :

Ra_Pa. "Lnr*.aha.mrng

DNA Modenatel .
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AS CoT INCREASES (—), MORE DNA REASSOCIATES,
S0 THE FRACTION REMAINING SINGLE-STRANDED DECREASES.

- R;ﬂhi side {f.[u.'ﬁh Cot:

The curve has two (sometimes three) stages:

A. Rapidly renaturing DMNA (low Cyt, left side of the curve)

= These are repetitive sequences — they appear many times in the genome.

= Because there are many identical copies, they find a partner very fast.

= Example: Satellite DMNA, rRMNA gene repeats.

B. Slowly renaturing DMNA (high Cot, right side of the curwve)
e These are single-copy sequences — each piece is unique.
= They have only one correct partner, so finding it takes much longer.

= Example: Most protein-coding genes.

WHAT THE SHAFPE
MEANS 7
o Left side (howr Cot):
fr.:f:eﬂﬂvﬁ. DAL
o Middle .r-r_e.g.r:a‘n
Grrodicoal d)r..c-Fl —_—
Lﬂqm-

IMPORTAMNCE :

Cot a.n.a_f;g.ﬁ..r..a ha%p-si:o
e‘&t;wmtaﬂa.mph-x:.tar

-QE genore arnd the

VS I'.-I'.ﬂ-l.-l'.}l..-:.-ll. DA .




* Bacteriophage T4 has a relatively small DNA genome containing about 2 x 10° nucleotide pairs.

Escherichia coli (E. coli) has a much larger and more complex DNA genome

, . , containing about 4.64 x 10° nucleotide pairs.
Cet Curve: Baderlophage T4 vs. Escherichia coli Because E. coli DNA is more complex, it carries more genetic information.
A * For the same amount of DNA (in grams), the sequences in E. coli are more
100 heterogencous (more different from each other) than the sequences in T4 DNA.
Escherichia coli (E. col)| + Therefore, it takes E. coli DNA strands longer to find their complementary
~ 464 x10° bp partners and reanneal (pair again) compared to T4 DNA.
More complex + This whole situation can be studied and measured quantitatively.
75 - (morc diverse se (uences)
Bacteriophage T4 . Diagrammatic Representation
~2x10% bp Bacteriophage T4 Escherichia coli (E. coli)
Fraction of Less complex AN — TN
single-stranded (less diverse sequences) Y DNA size ( ) ~ DNA size
DNA remﬁ:,ﬁnilr\g50 ____________ - N ~2x10° o Eanome 5|ze_ — . 464 x 10°
(%) | | nucleotide pairs ., — ‘nucleotide pairs
! ! Complexity / ‘ \ g
! | «—
| Information |
25 1 i | " ’
| ! Less complex s More complex
| | (less diverse — | equenee (more diverse
| | sequences) neterageneity sequences)
| | -
0 . } ; . - = — Reannealin
1073 1072 107! 1 10 102 10° 10t Reanneals (pairs) — time |- Reanneals (pairs)
| | I fast I
Coty, (T4)  Cit (mole-second/L) (ot , (E. col) aster slover
7 i e T B L e e e e A\

In short: E. coli DNA is bigger, more complex, and more diverse than T4 DNA.
So, for the same amount of DNA, E. coli takes longer to reanneal.



Cot,/> value

An important parameter is Coty/».
Cot,/> = Cot value at which 50% of the DNA
has reassociated

It is useful for comparing the sequence
complexity of DNA.

Generally:
Low Coti/> - repetitive DNA
High Cot,/> & unique/complex DNA

Relationship
between
Cot value and genome complexity

DNA type Copy number | Reassociation | Cot value
Highly .

- L
repetitive Very high Very fast ow
Mode.rfa\tely Intermediate | Intermediate | Intermediate
repetitive
Unigue DNA Low Slow High




Applications of Cot curve analysis

=
S
|

——u_,kHigth' Repetitive

[

Middle
_‘M..HRE petitive
\
- Single
Y Copy

o
|

I | | I
0.1 1 10 100

Log Cot

% Single-stranded DNA
[}
L
|

Cot curve
Understanding genome size and complexity
Understanding complexity of sequences

Understanding relative proportion of single copy and repetitive sequences

Cot analysis has been particularly useful for
understanding eukaryotic genomes.

It helped demonstrate that many eukaryotic
genomes contain substantial amounts of:

* Repetitive DNA

* Moderately repetitive DNA

* Unique DNA

It can also help compare genome organization
between organisms.

* So, Cot analysis tells us

how "repetitive" or "unique" a genome is by
observing how quickly its DNA strands find and
reassociate with their complementary
sequences.




SEPARATION OF REPETITIVE DNA AND UNIQUE DNA
(Using Hydroxyapatite Column after Cot Analysis)

We want to .Sef:ma.te. ?re]oe,titive DNA (fa.st-nenatuninj) -frrom. tmic}u,e DNA (.slmu-rrmwﬁminﬂ)

el i e T T — — P —

The k 1
The key_property | YOO = Double-stranded. DNA |
. Hﬂdnoxﬂapa»ﬁt& (a calcium phosphate mineral) (sticks to column)

1 |

i !

sticks to double-stranded DNA. | | i
 Single-stranded DNA does mot stick | o~ = Single-stranded DNA |
_‘ | (lows theough) !

and, Jwt Hows ﬂvcmﬁh- \

* Whﬂ this wonks
The timinﬂ s Empo-'ntami::
o I-; you let rematuration go on too _Lcm.g, even u.rmr.}ue. sequences weld
find‘. their Pmthens and you wen't be able to sepma.te. them .

- & Bg M"lﬂ- E“i’ﬁ.: o-rd.ﬂ repetitive DNA ha&rw

n-e,fJe.ﬂtive, DNA
reanneals .
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* Tl"te. oCcCess

(D Staxt with fragmented gemomic DNA
(.Sl‘utm't .PJZE.C.E.S So ‘Hu!ﬂ con't ne.-fcnm ’.o-o-Ps
wt:ﬂ'u:n 'Hm Sasme .Sffrmmd)

(@ Heat the DNA to make it single-stranded
(denatwration). Now all DNA — mepetitive and
wﬁ.gue. — is Sepmted..

(®) Cool the DNA for a short time (low Cot value).
e Repetitive sequences: many coples — t}uvﬂ fmd

Pantnm q_uiau.ﬁ — become double - stranded. .
° le:c;u.e sequences: onl:.j one copy — stell
Seanddnﬂ —  remain sinﬂk-sﬁmndad.

(@) Pass the sample through the hydroxyapatite column:
e Double -stranded DNA (rre,f::e.{‘.ﬂb:ve. :fn'a.c.tt.m)

* Single - stranded DNA (unique fraction) passes
ﬂku.ﬁh. amd 4s collected.

(5) Elute (wash off) the double-stranded DNA later
b-d t}uanafnﬂ Saltmtemfmm—nmam
have the repetitive -f-wa,c.ﬂm sepa.mted.

(Heat)

Al .sfm.ﬂ

Steps shown in a column

(D Denatire (2 Cool for

shont time

(low Cit)

. -
K:/

DNA

le -

Repe.ﬁﬁve
stranded double - stranded

(fast)

Unique =

.51'::13 le - stranded

(stow)

—_

@ Load on (%) Wash @ Elute

L N N LR

[

e TP wr P oa " pant

2P a T& g i:;_';‘_" .

L o =naw
i

)
v
Flow - through
o o4
:; (collect) E
w7 = Un«fcirue DNH Y&
—/ (sinjlzrsbtmmded) u
Elwted —;mcﬁ.ou
= Repe.ﬂf‘ive DNA

(double - stranded)



DIFFERENCES BETWEEN DENATURATION AND RENATURATION OF DNA

DENATURATION

1 Denaturation is the process of formation of
single stranded DNA from double stranded
helical DNA.

2 | ltis effected by heating.

3 | Itinvolves breakage of hydrogen bonds
between complementary base pairs.

4 | Theincrease in absorbance (A,,) upon
denaturation is called as hyperchromic effect.

5 | The rate of increase in absorbance is directly
proportional to the rate of denaturation.

6 | Upon denaturation, viscosity decreases.

RENATURATION (ANNEALING)

Renaturation is the process of formation of
double stranded DNA from single stranded
DNA strands.

It is effected by cooling.

It involves reannealling or formation of hydrogen
bonds between complementary base pairs.

There is a decrease in absorbance (A,,) upon
renaturation.

The rate of renaturation is directly proportional to
the concentration of complementary sequences.

Upon renaturation, viscosity increases.

Denaturation = Heat — Break H-bonds — ssDNA — 1A, = | Viscosity | Renaturation = Cool - Form H-bonds = dsDNA = |A,, = 1Viscosity

Sugar—phosphate
backbone

Base pairs
(A-T, G=C)

------------ Hydrogen bonds
between bases

DENATURATION (Heating)

$§

Single stranded
DNA strands

Heat

(T temperature)

Double stranded
DNA

I;ENATURATION (Cooling)

Cool R
@ temperature)'

Single stranded
DNA strands

Double stranded
DNA

=~ ---- Hydrogen bond S A=T —iG=IC

IMPORTANT CONSEQUENCES
Q Denaturation causes strand separation, loss of
biological activity (e.g., loss of ability to replicate).
@ Renaturation restores double helix and biological activity.

@ Hyperchromic effect is widely used to monitor DNA
denaturation and renaturation.

0 Hydrogen bonds are the key forces broken during
denaturation and reformed during renaturation.



	Slide 1: Course: Fundamentals of Biochemistry Unit: 2
	Slide 2
	Slide 3: Denaturation and Renaturation of DNA 
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

