
Base pairing: Two base pairs are produced by four
nucleotide monomers, nucleobases are in blue. Guanine
(G) is paired with cytosine (C) via three hydrogen bonds, in
red. Adenine (A) is paired with uracil (U) via two hydrogen
bonds, in red.

Purine nucleobases are fused-ring
molecules.

Nucleobase
Nucleobases, also known as nitrogenous bases
or often simply bases, are nitrogen-containing
biological compounds that form nucleosides,
which, in turn, are components of nucleotides,
with all of these monomers constituting the basic
building blocks of nucleic acids. The ability of
nucleobases to form base pairs and to stack one
upon another leads directly to long-chain helical
structures such as ribonucleic acid (RNA) and
deoxyribonucleic acid (DNA).

Five nucleobases—adenine (A), cytosine (C),
guanine (G), thymine (T), and uracil (U)—are
called primary or canonical. They function as the
fundamental units of the genetic code, with the
bases A, G, C, and T being found in DNA while
A, G, C, and U are found in RNA. Thymine and
uracil are distinguished by merely the presence or
absence of a methyl group on the fifth carbon
(C5) of these heterocyclic six-membered rings.[1]

Adenine and guanine have a fused-ring skeletal
structure derived of purine, hence they are called
purine bases. The purine nitrogenous bases are
characterized by their single amino group (NH2), at the C6 carbon
in adenine and C2 in guanine.[2] Similarly, the simple-ring structure
of cytosine, uracil, and thymine is derived of pyrimidine, so those
three bases are called the pyrimidine bases. Each of the base pairs
in a typical double-helix DNA comprises a purine and a pyrimidine:
either an A paired with a T or a C paired with a G. These purine-
pyrimidine pairs, which are called base complements, connect the
two strands of the helix and are often compared to the rungs of a
ladder. The pairing of purines and pyrimidines may result, in part,
from dimensional constraints, as this combination enables a
geometry of constant width for the DNA spiral helix. The A-T and
C-G pairings function to form double or triple hydrogen bonds
between the amine and carbonyl groups on the complementary
bases.

Nucleobases such as adenine, guanine, xanthine, hypoxanthine, purine, 2,6-diaminopurine, and 6,8-
diaminopurine may have formed in outer space as well as on earth.[3][4][5]

The origin of the term base reflects these compounds' chemical properties in acid–base reactions, but those
properties are not especially important for understanding most of the biological functions of nucleobases.
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At the sides of nucleic acid structure, phosphate molecules
successively connect the two sugar-rings of two adjacent nucleotide
monomers, thereby creating a long chain biomolecule. These chain-
joins of phosphates with sugars (ribose or deoxyribose) create the
"backbone" strands for a single- or double helix biomolecule. In the
double helix of DNA, the two strands are oriented chemically in
opposite directions, which permits base pairing by providing
complementarity between the two bases, and which is essential for
replication of or transcription of the encoded information found in
DNA.

DNA and RNA also contain other (non-primary) bases that have been modified after the nucleic acid chain
has been formed. In DNA, the most common modified base is 5-methylcytosine (m5C). In RNA, there are
many modified bases, including those contained in the nucleosides pseudouridine (Ψ), dihydrouridine (D),
inosine (I), and 7-methylguanosine (m7G).[6][7]

Hypoxanthine and xanthine are two of the many bases created through mutagen presence, both of them
through deamination (replacement of the amine-group with a carbonyl-group). Hypoxanthine is produced from
adenine, xanthine from guanine,[8] and uracil results from deamination of cytosine.

These are examples of modified adenosine or guanosine.
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Chemical structure of DNA, showing four nucleobase pairs
produced by eight nucleotides: adenine (A) is joined to
thymine (T), and guanine (G) is joined to cytosine (C).
+ This structure also shows the directionality of each of the
two phosphate-deoxyribose backbones, or strands. The 5'
to 3' (read "5 prime to 3 prime") directions are: down the
strand on the left, and up the strand on the right. The
strands twist around each other to form a double helix
structure.
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These are examples of modified cytosine, thymine or uridine.
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A vast number of nucleobase analogues exist. The most common applications are used as fluorescent probes,
either directly or indirectly, such as aminoallyl nucleotide, which are used to label cRNA or cDNA in
microarrays. Several groups are working on alternative "extra" base pairs to extend the genetic code, such as
isoguanine and isocytosine or the fluorescent 2-amino-6-(2-thienyl)purine and pyrrole-2-carbaldehyde.[9][10]

In medicine, several nucleoside analogues are used as anticancer and antiviral agents. The viral polymerase
incorporates these compounds with non-canonical bases. These compounds are activated in the cells by being
converted into nucleotides; they are administered as nucleosides as charged nucleotides cannot easily cross cell
membranes.[11] At least one set of new base pairs has been announced as of May 2014.[12]

In order to understand how life arose knowledge is required of chemical pathways that permit formation of the
key building blocks of life under plausible prebiotic conditions. According to the RNA world hypothesis free-
floating ribonucleotides were present in the primitive soup. These were the fundamental molecules that
combined in series to form RNA. Molecules as complex as RNA must have arisen form small molecules
whose reactivity was governed by physico-chemical processes. RNA is composed of purine and pyrimidine
nucleotides, both of which are necessary for reliable information transfer, and thus Darwinian evolution. Nam
et al.[13] demonstrated the direct condensation of nucleobases with ribose to give ribonucleosides in aqueous
microdroplets, a key step leading to RNA formation. Similar results were obtained by Becker et al. [14]
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Base pairing in DNA Double Helix (shows specific hydrogen bonds) (https://web.archive.org/w
eb/20060621234655/http://www.elmhurst.edu/~chm/vchembook/582dnadoublehelix.html)
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