
Conformation transition of 
Nucleic Acids



Helix to coil transition: melting 
study of nucleic acids

• Why are we interested in 
thermodynamic data from melting 
studies?
1. Thermodynamic data provided the fundamental basis for 
defining the nature of the inter- and intramolecular forces that 
stabilize single- and double-stranded DNA and RNA structures 
(data to fit the models for helix to coil transition);
2. To interpret data from other studies such as kinetic studies 
and conformation transitions;
3. Drug-DNA interactions;
4. Protein-DNA interactions;
5. Molecular biology (cloning or PCR);
6. Prediction of DNA conformation from the sequences;
7. More.
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R = 1.987 caldeg-1mol-1; unit for ΔHVH is kcal/mol
Mole of what? “cooperative unit”





Calculating ΔHVH from the concentration 
dependence of the melting temperature





Calculating ΔHVH from differential 
equilibrium melting curve





Calculating thermodynamic parameters (ΔG0, ΔH0, 
and ΔS0) from noncalorimetric melting curves

If we assume ΔHVH is independent from the temperature, 
ΔH0 can be calculated from the following van’t Hoff 
equation:

ln[K(Tm)/K(T)] = ΔH0/R(1/T – 1/Tm)
ΔG0 = -RTlnK
ΔG0 = ΔH0 – TΔS0

If ΔHVH was determined, ΔS0 = ΔH0/Tm,
ΔG0 = ΔH0 – TΔS0

Note: We assume the transition is a two-state transition 
(helix to coil).



Obtaining thermodynamic data from 
Differential Scanning Calorimetry (DSC)
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Advantages for DSC
• Model-free determination of ΔH0 and ΔS0;
• Direct measure of the heat capacity change 

ΔCp
0;

• We can compare the ΔHcal and ΔHVH, and 
determine the nature of the transition. If 
ΔHVH<ΔHcal, then the transition involves 
intermediate states; however, if ΔHVH = ΔHcal, it 
is a real two-state transition. The ratio of 
ΔHVH/ΔHcal also provide information for the 
melting cooperativity.



Thermodynamic of Single-stranded Stacking

Since the transition of single strand stacking occur over a very wide 
range, the enthalpy for their transition are always varied significantly. 
For example, the enthalpy for poly(A) range from -3 to -13 kcal mol-1.



Non-cooperative transition

• No Interaction between segments
a b ~hhhhhh~
s = [b]/[a] step by step

s = exp(-ΔH/RT + ΔS/R) ~chhhhh~
θ = fraction unstacked
= s/(1+s) ~cchhhh~

dlns/dT = ΔHu/RT2, ΔHu is for a segment









Thermodynamics of duplex 
formation



Cooperative transition of a long chain

For a two state transition (all or none):

• Nucleation:

~hhh~ ~hch~
σs = [~hch~]/[~hhh~]

• Growth:

~hhc~ ~hcc~
s = [~hcc~]/[~hhc~]

Equilibrium constants depend on the state of the nearest 
neighbors.



Thermodynamics: Matrix model

• Helical fraction θ is given by the following 
equation:
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σ governs the steepness 
of the transition.
For σ <<1, Δs = 4σ1/2

s = exp(-ΔG/RT)
d(lns) =ΔH/RT2

ΔT = 4σ1/2RT2/ΔH





The average length of an uninterrupted 
sequence in the “C” conformation is 

At θ = 0.5 (s=1)
Nc = Nh = 1/(σ1/2) = N0

This is the “cooperative unit” length. If σ =10-4, N0 = 200, 
i.e. 200 units undergo the transition in concert.
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• From experiments
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Calorimetry gives 
both enthalpy 
estimates, and 
determines N0 and 
σ in a direct way.





Prediction of oligomer stability: possible to 
predict melting by simple addition (Short 

oligomers).
• Nearest neighbor models: the independent nearest 

neighbor-hydrogen bonding or INN-HB model: the 
stability of a given base pair depends on the identity of 
adjacent base pair, and the stability of a helix depends 
on these nearest neighbor interactions and the base 
composition of the helix as reflected by the terminal base 
pairs (the predicted thermodynamic parameters are 
generally within about 10%).
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Bimolecular, self-complementary

Bimolecular nonself-complementary
([A]0 = [B]0 = CT/2)





ΔH0 = -50.31 kcal/mol

ΔS0 = -136.6 eu

Tm = 51.6 0C 

CT = 10-4 M strand

ΔH0 = -52.51 kcal/mol

ΔS0 = -143.7 eu

Tm = 45.6 0C

CT = 10-4 M strand



















Tm =ΣfMNTMN, where fMN is the fraction 
neighbor frequencies, and TMN is the 
stacking energies for pair M on N.





• For long DNA sequences with relatively random distribution of 
nearest neighbors, the following simple equations can be used 
to predict Tm from the fraction of GC content, FGC.

Tm (0C) = 193.67 – (3.09-FGC)(34.64-6.52log[Na+])
(0.3<FGC<0.7, and 0.02<[Na+]<0.4M)

or

Tm (0C) = 81.5 + 41FGC + 16.6log([Na+]/(1.0 + 0.7[Na+]) – 500/D – P

(D is the duplex length, and P is the percentage of mismatches)



Tm estimate may be used to obtain %GC for DNA solution



Factors to affect the stability of helix

• Salt concentration:

In solutions containing only Na+, increasing salt concentration up to about 1 
M continuously increases helix stability. At salt concentration above 1 M, 
addition of salts lowers the Tm of DNA;

• Solvent effects:

Addition of cosolvents to aqueous solutions of nucleic acids usually 
destablizes the stability of helix. Typically, the Tm of a double helix will be a 
linear function of cosolvent concentration. The consolvent concentration 
required for 50% denaturation correlate well with enhancement of base 
solubility.

• pH:
Usually, at lower and higher pH values, stability is decreased; however, 
there are some exceptions.





B to A transition

• A-DNA is a high-energy conformation of 
the double helix under physiological 
conditions;

• It can be stabilized by decreasing the 
water activity (adding alcohol to the 
solutions);

• It may biologically significant. 



B to A transition: CD studies
ΔεA
θ = 1.0

ΔεB
θ = 0

θ= (Δε – ΔεB)/(ΔεA – ΔεB). We can analyze these data by
a cooperative model, which like the one described for 
DNA melting.



B A



N0

N0 is about 10 to 30 bp for B to A transition



Note: since the length of oligos are smaller than N0, it is all or 
none transition. Sequence effect is obvious!
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Tm (A to C)

Tm (B to C)
B to A



B to Z transition

B to Z
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Z to C Poly(dGdC)
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