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Type of Nitrogenous base Type of Nitrogenous base 









In solution, the straightchain (aldehyde)
and ring (β-D-furanose) forms of free
ribose are in equilibriumribose are in equilibrium.

In RNA, exists solely as β-D-ribofuranose.

In DNA, exists solely as 2’-β-D-
deoxyribofuranose.

Envelope: only a single atom is displaced
Twists: Two atoms is displaced Twists: Two atoms is displaced 





(a) Minor bases of DNA
• 5-Methylcytidine occurs in the DNA of animals and higher plants, 
• N6-methyladenosine in bacterial DNA, 

h d h l idi  i  h   f b i  i f d i h i  b i h  • 5-hydroxymethylcytidine in the DNA of bacteria infected with certain bacteriophages. 
• N2-methylguanine is present in a wide variety of RNAs

(b) S  i  b  f tRNA(b) Some minor bases of tRNAs
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Cells also contain nucleotides with
phosphate groups in positions other than
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Nucleic Acid Structure



The discovery of the The discovery of the structure of DNA structure of DNA by Watson and Crick in by Watson and Crick in 19531953

The Fundamental Structure of DNA Is a Double Helix (The Fundamental Structure of DNA Is a Double Helix (antiparallelantiparallel))The Fundamental Structure of DNA Is a Double Helix (The Fundamental Structure of DNA Is a Double Helix (antiparallelantiparallel))





• Right handed double helix

• The furanose ring of each
deoxyribose is in the C‐2'
endo conformation

• Major groove

• Minor groove• Minor groove

• Stacking force

• Hydrogen bond





DNA Can Occur in Different Three-Dimensional Forms





Because of steric constraints, purines in purine nucleotides are restricted to two, p p
stable conformations with respect to deoxyribose, called syn and anti.

Pyrimidines are generally restricted to the anti conformation because of steric
interference between the sugar and the carbonyl oxygen at C-2 of the pyrimidine.







DNA Can Occur in Different Three-Dimensional Forms

Many significant deviations from the Watson-Crick DNA structure are 
found in cellular DNA.

The conformation of a nucleotide in DNA is 
affected by rotation about seven different bonds



In many solutions
that are relatively
devoid of water.

Under physiological 
conditions

sequences in which 
pyrimidines alternate with devoid of water.
urines, especially 
alternating C and G or 5‐
methyl‐C and G residues.







Certain DNA Sequences Adopt Unusual StructuresCertain DNA Sequences Adopt Unusual Structures

Palindrome  (Inverted repeats)
Hairpin
Cruciform

iMirror repeat
Triplex DNAs
Hoogsteen pairing
G t t lG tetraplex



Mirror repeats do not have complementary sequences within the same strand 
and cannot form hairpin or cruciform structures. Sequences of these types are 
found in virtually every large DNA molecule and can encompass a few base pairs found in virtually every large DNA molecule and can encompass a few base pairs 
or thousands.



When only a single DNA (or RNA) strand is involved, the structure is 
called a hairpin.



Wh  b th t d  f  d l  DNA  i l d  it i  ll d  When both strands of a duplex DNA are involved, it is called a 
cruciform



non-Watson-Crick pairing is called 
Hoogsteen pairingHoogsteen pairing



Hoogsteen pairingHoogsteen pairing

The N-7, O6, and N6 of purines, the atoms that participate in the hydrogen bonding 
f t i l  DNA   ft  f d t   Hoogsteen positionsof triplex DNA, are often referred to as Hoogsteen positions



Triplex DNA



Four DNA strands can also pair to form a tetraplex (quadruplex), but
this occurs readily only for DNA sequences with a very high proportion
of guanosine residues.



Many RNAs Have More Complex Three-Dimensional 
Structures











Nucleic Acid Chemistryy



Double-Helical DNA and RNA Can Be Denatured

Denaturation

RenaturationRenaturation

If the two strands are completelyIf the two strands are completely
separated, renaturation occurs in two
steps.
In the first, relatively slow step, the twoIn the first, relatively slow step, the two
strands “find” each other by random
collisions and form a short segment of
complementary double helix.p y
The second step is much faster: the
remaining unpaired bases successively
come into register as base pairs, and theg p
two strands “zipper” themselves together
to form the double
helix.





The transition from double-stranded DNA to the single-stranded, denatured form 
 th  b  d t t d b  it i  th  b ti  f UV li htcan thus be detected by monitoring the absorption of UV light.





Stability

RNA duplexes > RNA-DNA hybrid > DNA duplexes

The physical basis for these differences in thermal stability is 
not known.



Nucleotides and Nucleic Acids Undergo Nucleotides and Nucleic Acids Undergo 
Nonenzymatic Transformations



Mutation

A permanent change of the nucleotide sequence of the genome of 
an organisman organism.

Deamination (1/10^7 C→ U / 24 hours)Deamination (1/10 7 C → U / 24 hours)

For example, under typical
cellular conditions, deamination
of cytosine (in DNA) to uracil
occurs in about one of every 10^7
cytidine residues in 24 hours.
Thi d t b tThis corresponds to about 100
spontaneous events per day, on
average, in a mammalian cell.
Deamination of adenine andDeamination of adenine and
guanine occurs at about 1/100th
this rate.



Non-enzymatic reactions of nucleotides

O = oxanine
X = Xanthine
I = Inosine
(Hypoxanthine)



Non-enzymatic reactions of nucleotides

This occurs at a higher rate for purines
than for pyrimidinesthan for pyrimidines.
As many as one in 10^5 purines (10,000
per mammalian cell) are lost from DNA
every 24 hours under typical cellularevery 24 hours under typical cellular
conditions.



Transformation by UV light UV light induces the condensation of 

two ethylene groups to form a cyclobutaney g p y

ring. 

In the cell, the same reaction between 

adjacent pyrimidine bases in nucleic acids 

forms cyclobutane pyrimidine dimers. 

This happens most frequently between 

adjacent thymidine residues on the same 

DNA strand. 

A second type of pyrimidine dimer, 

called a 6-4 photoproduct, is alsoformed

during UV irradiation. 

Ionizing radiation (x rays and gamma 

rays) can cause ring opening and 

fragmentation of bases as well as breaks in 

the covalent backbone of nucleic acids.





Chemical agents that cause DNA damage

DNA also may be damaged by reactive chemicals introduced into the environmentDNA also may be damaged by reactive chemicals introduced into the environment

as products of industrial activity. Such products may not be injurious but may be

metabolized by cells into forms that aremetabolized by cells into forms that are.

Two prominent classes of such agents are (1) deaminating agents, particularly

nitrous acid (HNO2) or compounds that can be metabolized to nitrous acid ornitrous acid (HNO2) or compounds that can be metabolized to nitrous acid or

nitrites, and (2) alkylating agents.



Nitrous acid and Bisulfites

Are used as preservatives in processed foods to prevent the growth of toxicp p p g

bacteria. They do not appear to increase cancer risks significantly when used in

this way, perhaps because they are used in small amounts and make only a

minor contribution to the overall levels of DNA damage.



Alkylating agents can alter certain bases of DNA

Dimethylsulfate can methylate a

guanine to yield O6-methylguanine, which

cannot base-pair with cytosine.



Some Bases of DNA Are MethylatedSome Bases of DNA Are Methylated.

Certain nucleotide bases in DNA molecules are enzymaticallyCertain nucleotide bases in DNA molecules are enzymatically

methylated.

E. coli has two prominent methylation systems.E. coli has two prominent methylation systems.

One serves as part of a defense mechanism that helps the cell

to distinguish its DNA from foreign DNA by marking its owng g y g

DNA with methyl groups and destroying (foreign) DNA without

the methyl groups.

The other system methylates adenosine residues within the

sequence (5)GATC(3) to N6-methyladenosine. This is mediated

by the Dam (DNA adenine methylation) methylase, a component

of a system that repairs mismatched base pairs formed

occasionally during DNA replication



The Sequences of Long DNA Strands Can 
Be Determinede ete ed




