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A review of the components of 

DNA and RNA.

The nucleobases: 

DNA has A, G, T, C.

RNA has A, G, U, C.

Each base is attached to a sugar.

DNA (deoxyribonucleic acid) has deoxyribose.

RNA (ribonucleic acid) has ribose.

Purines

Pyrimidines

The base + sugar = nucleoside



pH dependence of absorption UV spectra of mononucleosides

pH 7, room temperature

How do the extinction coefficients of the nucleotides compare to those of 
amino acids?



pKa of bases
dN have pKa values 

larger than rN by 0.1-0.3 

units

adding a phosphate 

raises the pKa by 0.2 

to 0.6 units

In the environment of a folded RNA 
structure, the pKa of a nucleobase 
can differ dramatically from its 
normal value.



Nucleic acid backbone torsion angles

Is there a “Ramachandran 
plot” for DNA? For RNA?



Ferré-D'Amaré A R , Scott W G Cold Spring Harb Perspect 
Biol 2010;2:a003574

Ribose undergoes unique chemical reactions.

This is an intramolecular transesterification reaction.



NOW

IN CLASS EXERCISE: DRAW AN A:T ANTIPARALLEL WATSON CRICK BASE PAIR 

NAME ON PAPER
HAND IT IN TO ME



Phosphodiester 

backbone

links the 

nucleotides 

together.

In a double-strand 

(duplex), strands 

are anti-parallel

Base pairs are hydrogen bonded
5′

3′

3′
5′



WHAT CAUSES THE DUPLEX TO FORM A HELIX?



A-form B-form Z-form

RNA

DNA

DNA DNA

RNA

Right-handed Left-handed

Base pairs are dynamic – a nucleobase ‘flips out’ of a duplex.

The lifetime of a DNA base pair is on the order of 1-5 ms.

For an RNA base pair the lifetime is ~8-15 ms.

(depends on temperature and salt concentration)

What is the physical path of flipping out?



A form B formZ form



B-form

A-form

Z-form



Circular dichroism and biomolecule spectra

For a molecule to be optically active, the two operators must have an 

imaginary nonzero scalar product:

R0a = Im(<Ψ0|μ|Ψa>•<Ψa|m|Ψ0>)

R0a is the rotational strength, and it is a real and physically observable 

quantity. Experimentally, R0a is the integrated intensity of the CD band 

due to the 0→a transition. For a molecule to be optically active, its 

magnetic dipole moment must have a component parallel to the 

electronic dipole moment, and for that to be true, the absorbed light 

must induce a helical charge circulation. 



Proteins

Induced CD



Circular Dichroism Techniques: Biomolecular and Nanostructural Analyses‐ A Review
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