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Chapter 1 

Structure of Nucleic Acids 
DNA 
The structure of part of a DNA double helix 

Deoxyribonucleic acid ) (DNA) is a nucleic acid that contains the genetic instructions used in the development and 

functioning of all known living organismswith the exception of some viruses. The main role of DNA molecules is the long-term 

storage ofinformation. DNA is often compared to a set of blueprints, like a recipe or a code, since it contains the instructions 

needed to construct other components of cells, such as proteins and RNA molecules. The DNA segments that carry this 

genetic information are called genes, but other DNA sequences have structural purposes, or are involved in regulating the use 

of this genetic information. 

DNA consists of two long polymers of simple units called nucleotides, with backbones made of sugarsand phosphate groups 

joined by ester bonds. These two strands run in opposite directions to each other and are therefore anti-parallel. Attached to 

each sugar is one of four types of molecules called bases. It is the sequence of these four bases along the backbone that 

encodes information. This information is read using the genetic code, which specifies the sequence of the amino acids within 

proteins. The code is read by copying stretches of DNA into the related nucleic acid RNA, in a process called transcription. 

Within cells, DNA is organized into long structures called chromosomes. These chromosomes are duplicated before 

cells divide, in a process called DNA replication. Eukaryotic organisms (animals,plants, fungi, and protists) store most of their 

DNA inside the cell nucleus and some of their DNA inorganelles, such as mitochondria or chloroplasts. In 

contrast, prokaryotes (bacteria and archaea) store their DNA only in the cytoplasm. Within the 

chromosomes, chromatin proteins such as histonescompact and organize DNA. These compact structures guide the 

interactions between DNA and other proteins, helping control which parts of the DNA are transcribed. 

Properties 

DNA is a long polymer made from repeating units called nucleotides. The DNA chain is 22 to 26 Ångströms wide (2.2 to 

2.6 nanometres), and one nucleotide unit is 3.3 Å (0.33 nm) long. Although each individual repeating unit is very small, DNA 

polymers can be very large molecules containing millions of nucleotides. For instance, the largest human chromosome, 

chromosome number 1, is approximately 220 million base pairs long.  

In living organisms, DNA does not usually exist as a single molecule, but instead as a pair of molecules that are held tightly 

together.[7][8] These two long strands entwine like vines, in the shape of a double helix. The nucleotide repeats contain both 

the segment of the backbone of the molecule, which holds the chain together, and a base, which interacts with the other DNA 

strand in the helix. A base linked to a sugar is called anucleoside and a base linked to a sugar and one or more phosphate 

groups is called a nucleotide. If multiple nucleotides are linked together, as in DNA, this polymer is called a polynucleotide.  
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The backbone of the DNA strand is made from alternating phosphate andsugar residues. The sugar in DNA is 2-deoxyribose, 

which is a pentose(five-carbon) sugar. The sugars are joined together by phosphate groups that form phosphodiester 

bonds between the third and fifth carbon atoms of adjacent sugar rings. These asymmetric bonds mean a strand of DNA has 

a direction. In a double helix the direction of the nucleotides in one strand is opposite to their direction in the other strand: the 

strands are antiparallel. The asymmetric ends of DNA strands are called the 5′ (five prime) and 3′(three prime) ends, with the 

5' end having a terminal phosphate group and the 3' end a terminal hydroxyl group. One major difference between DNA and 

RNA is the sugar, with the 2-deoxyribose in DNA being replaced by the alternative pentose sugar ribose in RNA. is stabilized 

by hydrogen bonds between the bases attached to the two strands. The four bases found in DNA are adenine (abbreviated 

A), cytosine (C), guanine (G) andthymine (T). These four bases are attached to the sugar/phosphate to form the complete 

nucleotide, as shown for adenosine monophosphate. 

These bases are classified into two types; adenine and guanine are fused five- and six-membered heterocyclic 

compounds called purines, while cytosine and thymine are six-membered rings called pyrimidines.] A fifth pyrimidine base, 

called uracil (U), usually takes the place of thymine in RNA and differs from thymine by lacking a methyl group on its ring. 

Uracil is not usually found in DNA, occurring only as a breakdown product of cytosine. In addition to RNA and DNA, a large 

number of artificial nucleic acid analogues have also been created to study the proprieties of nucleic acids, or for use in 

biotechnology.  
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Grooves 

Twin helical strands form the DNA backbone. Another double helix may be found by tracing the spaces, or grooves, between 

the strands. These voids are adjacent to the base pairs and may provide a binding site. As the strands are not directly 

opposite each other, the grooves are unequally sized. One groove, the major groove, is 22 Å wide and the other, the minor 

groove, is 12 Å wide.[13] The narrowness of the minor groove means that the edges of the bases are more accessible in the 

major groove. As a result, proteins like transcription factors that can bind to specific sequences in double-stranded DNA 

usually make contacts to the sides of the bases exposed in the major groove.[14] This situation varies in unusual conformations 

of DNA within the cell (see below), but the major and minor grooves are always named to reflect the differences in size that 

would be seen if the DNA is twisted back into the ordinary B form. 

Base pairing 

Each type of base on one strand forms a bond with just one type of base on the other strand. This is called 

complementary base pairing. Here, purines form hydrogen bonds to pyrimidines, with A bonding only to T, and C bonding only 

to G. This arrangement of two nucleotides binding together across the double helix is called a base pair. As hydrogen bonds 

are not covalent, they can be broken and rejoined relatively easily. The two strands of DNA in a double helix can therefore be 

pulled apart like a zipper, either by a mechanical force or high temperature.[15] As a result of this complementarity, all the 

information in the double-stranded sequence of a DNA helix is duplicated on each strand, which is vital in DNA replication. 

Indeed, this reversible and specific interaction between complementary base pairs is critical for all the functions of DNA in 

living organisms.  

 

 

The two types of base pairs form different numbers of hydrogen bonds, AT forming two hydrogen bonds, and GC forming 

three hydrogen bonds . DNA with high GC-content is more stable than DNA with low GC-content, but contrary to popular 

belief, this is not due to the extra hydrogen bond of a GC base pair but rather the contribution of stacking interactions 

(hydrogen bonding merely provides specificity of the pairing, not stability). As a result, it is both the percentage of GC base 

pairs and the overall length of a DNA double helix that determine the strength of the association between the two strands of 

DNA. Long DNA helices with a high GC content have stronger-interacting strands, while short helices with high AT content 

have weaker-interacting strands. In biology, parts of the DNA double helix that need to separate easily, such as the 

TATAAT Pribnow box in some promoters, tend to have a high AT content, making the strands easier to pull apart. In the 
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laboratory, the strength of this interaction can be measured by finding the temperature required to break the hydrogen bonds, 

their melting temperature (also called Tm value). When all the base pairs in a DNA double helix melt, the strands separate and 

exist in solution as two entirely independent molecules. These single-stranded DNA molecules (ssDNA) have no single 

common shape, but some conformations are more stable than others.[19] 

Sense and antisense 

A DNA sequence is called "sense" if its sequence is the same as that of a messenger RNA copy that is translated into 

protein.[20] The sequence on the opposite strand is called the "antisense" sequence. Both sense and antisense sequences can 

exist on different parts of the same strand of DNA (i.e. both strands contain both sense and antisense sequences). In both 

prokaryotes and eukaryotes, antisense RNA sequences are produced, but the functions of these RNAs are not entirely 

clear. One proposal is that antisense RNAs are involved in regulating gene expression through RNA-RNA base pairing.  

A few DNA sequences in prokaryotes and eukaryotes, and more in plasmids and viruses, blur the distinction between sense 

and antisense strands by having overlapping genes.[23] In these cases, some DNA sequences do double duty, encoding one 

protein when read along one strand, and a second protein when read in the opposite direction along the other strand. 

In bacteria, this overlap may be involved in the regulation of gene transcription, while in viruses, overlapping genes increase 

the amount of information that can be encoded within the small viral genome.  

Supercoiling 

DNA can be twisted like a rope in a process called DNA supercoiling. With DNA in its "relaxed" state, a strand usually circles 

the axis of the double helix once every 10.4 base pairs, but if the DNA is twisted the strands become more tightly or more 

loosely wound. If the DNA is twisted in the direction of the helix, this is positive supercoiling, and the bases are held more 

tightly together. If they are twisted in the opposite direction, this is negative supercoiling, and the bases come apart more 

easily. In nature, most DNA has slight negative supercoiling that is introduced by enzymes called topoisomerases. These 

enzymes are also needed to relieve the twisting stresses introduced into DNA strands during processes such 

as transcription and DNA replication. 

  

RNA 

Ribonucleic acid (RNA) is a biologically important type of molecule that consists of a long chain ofnucleotide units. Each 

nucleotide consists of a nitrogenous base, a ribose sugar, and a phosphate. RNA is very similar to DNA, but differs in a few 

important structural details: in the cell, RNA is usually single-stranded, while DNA is usually double-stranded; RNA 

nucleotides contain ribose while DNA contains deoxyribose (a type of ribose that lacks one oxygen atom); and RNA has the 

base uracilrather than thymine that is present in DNA. RNA is transcribed from DNA by enzymes called RNA 

polymerases and is generally further processed by other enzymes. RNA is central to protein synthesis. Here, a type of RNA 

called messenger RNA carries information from DNA to structures called ribosomes. These ribosomes are made from 

proteins and ribosomal RNAs, which come together to form a molecular machine that can read messenger RNAs 
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and translate the information they carry into proteins. There are many RNAs with other roles – in 

particular regulating which genesare expressed, but also as the genomes of most viruses. 

Comparison with DNA 

RNA and DNA are both nucleic acids, but differ in three main ways. First, unlike DNA which is double-stranded, RNA is a 

single-stranded molecule in most of its biological roles and has a much shorter chain of nucleotides. Second, while DNA 

contains deoxyribose, RNA contains ribose(there is no hydroxyl group attached to the pentose ring in the 2' position in DNA). 

These hydroxyl groups make RNA less stable than DNA because it is more prone to hydrolysis. Third, the complementary 

base to adenine is not thymine, as it is in DNA, but rather uracil, which is anunmethylated form of thymine.[1] 

Like DNA, most biologically active RNAs, including mRNA, tRNA, rRNA, snRNAs and other non-coding RNAs, contain self-

complementary sequences that allow parts of the RNA to fold and pair with itself to form double helices. Structural analysis of 

these RNAs has revealed that they are highly structured. Unlike DNA, their structures do not consist of long double helices but 

rather collections of short helices packed together into structures akin to proteins. In this fashion, RNAs can achieve 

chemical catalysis, like enzymes.[2] For instance, determination of the structure of the ribosome—an enzyme that catalyzes 

peptide bond formation—revealed that its active site is composed entirely of RNA.  

Structure 

Each nucleotide in RNA contains a ribose sugar, with carbons numbered 1' through 5'. A base is attached to the 1' position, 

generally adenine (A), cytosine (C), guanine (G) or uracil (U). Adenine and guanine are purines, cytosine and uracil 

are pyrimidines. A phosphate group is attached to the 3' position of one ribose and the 5' position of the next. The phosphate 

groups have a negative charge each at physiological pH, making RNA a charged molecule (polyanion). The bases may 

form hydrogen bonds between cytosine and guanine, between adenine and uracil and between guanine and uracil. However 

other interactions are possible, such as a group of adenine bases binding to each other in a bulge, or the GNRA tetraloop that 

has a guanine–adenine base-pair.  

 

An important structural feature of RNA that distinguishes it from DNA is the presence of ahydroxyl group at the 2' position of 

the ribose sugar. The presence of this functional group causes the helix to adopt the A-form geometry rather than the B-form 
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most commonly observed in DNA. This results in a very deep and narrow major groove and a shallow and wide minor 

groove. A second consequence of the presence of the 2'-hydroxyl group is that in conformationally flexible regions of an RNA 

molecule (that is, not involved in formation of a double helix), it can chemically attack the adjacent phosphodiester bond to 

cleave the backbone.  

RNA is transcribed with only four bases (adenine, cytosine, guanine and uracil),[9] but there are numerous modified bases and 

sugars in mature RNAs.Pseudouridine (Ψ), in which the linkage between uracil and ribose is changed from a C–N bond to a 

C–C bond, and ribothymidine (T), are found in various places (most notably in the TΨC loop of tRNA). Another notable 

modified base is hypoxanthine, a deaminated adenine base whose nucleoside is called inosine (I). Inosine plays a key role in 

the wobble hypothesis of the genetic code.[11] There are nearly 100 other naturally occurring modified nucleosides,[12] of which 

pseudouridine and nucleosides with 2'-O-methylribose are the most common. The specific roles of many of these 

modifications in RNA are not fully understood. However, it is notable that in ribosomal RNA, many of the post-transcriptional 

modifications occur in highly functional regions, such as the peptidyl transferase center and the subunit interface, implying that 

they are important for normal function.  

The functional form of single stranded RNA molecules, just like proteins, frequently requires a specific tertiary structure. The 

scaffold for this structure is provided by secondary structural elements which are hydrogen bonds within the molecule. This 

leads to several recognizable "domains" of secondary structure like hairpin loops, bulges and internal loops.[15] Since RNA is 

charged, metal ions such as Mg2+ are needed to stabilise many secondary and tertiary structures.  


