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Double helix is the term used to describe the shape of our hereditary molecule, DNA. This instantly recognizable structure consists of two strands of DNA twisted around one another and connected in the center by hydrogen bonding. The hydrogen bonds form between nucleotides the repeating unit of DNA and the language of the genetic code.The
double helix structure of DNA was uncovered in landmark research attributed to James Watson and Francis Crick in the 1950s. This finding is considered one of the most important advances in biology to date. The story of the discovery of the DNA double helix also has some controversies attached, with claims that the involved scientists failed to
recognize the contributions of others, namely Rosalind Franklin.Double helix structure of DNA Each strand of DNA is made of a series of repeating units called nucleotides. Hence, each strand of DNA is referred to as a polynucleotide. These nucleotides are formed of three components:a five-carbon sugar (deoxyribose)a phosphate groupa nitrogenous
baseThe 4th carbon of the deoxyribose sugar from one nucleotide forms a phosphodiester bond with the phosphate group of the adjacent base. This forms the basis of the sugar-phosphate backbone of the strand of the DNA.The nitrogenous bases are the language of the DNA. There are four nitrogenous bases in DNA: guanine (G), adenine (A), thymine
(T) and cytosine (C). They can be divided into two groups based on their structure. Guanine and adenine are purines, with a two-carbon nitrogen ring; and thymine and cytosine are pyrimidines, with a one-carbon nitrogen ring. The combination of these four letters in molecules of DNA is what we call the genetic code, and this code contains all the
instructions to build and run an entire organism!Each of these polynucleotide strands is paired with a complementary strand and wraps around one another to form the double helix structure. How was this complex structure uncovered?Structure of DNA nucleotide The discovery of the double helix structure of DNA is one of the most important and
well-known scientific breakthroughs. The discovery was credited to James Watson, a biologist, and Francis Crick, a physicist, in the 1950s. They later won the Nobel Prize for their research, along with Maurice Wilkins, who is often overlooked for his important role in the research that led to the breakthrough. In fact, his autobiography is titled The
Third Man of the Double Helix.Prior to the publication of their findings, much research had already been carried out, and some light shone, on the composition of DNA. For example, it was already known that DNA is composed of nucleotides and that the ratio of purines: pyrimidines in a molecule of DNA is equal (known as Chargaffs rule). Watson and
Crick derived their model by putting this evidence, as well as X-ray crystallography data collected by Rosalind Franklin, into a structure that satisfied the parameters of all of the previously collected evidence. They used a series of cardboard models, carefully constructing them until they formed a structure that made sense. Through this, they created
a model, which is broadly considered accurate decades later. You can read the original paper, complete with annotations, here.Once they completed their research, they purportedly had a eureka moment, and Crick ran to their local pub in Cambridge to announce that he and Watson had discovered the secret to life.The pub, called The Eagle, erected
a plaque inside and one outside to commemorate the occasion. The plaque was once modified by a member of the public, who added + Franklin in recognition of the important role played by Rosalind Franklin!A plaque to commemorate the discovery of the DNA double helix outside of a pub in Cambridge. The markings beneath the writing are
remnants of when it was modified to read + Rosalind Some of the important features of the Watson/Crick model of the DNA double helix include: A single molecule of DNA consists of two strands that twist around one another to form a helix. The helix turns approximately once every ten nucleotides. The direction of the helix is almost always right-
handed, i.e., if you imagine the two strands like a spiral staircase you are about to walk down, you would have to turn right to descend. The outside of the helix contains the DNA strands, and the core of the helix contains the nitrogenous bases. When the nucleotides from each strand undergo hydrogen bonding, they do so in a particular manner.
Adenines are always paired with thymines and cytosines and always paired with guanines. There are three hydrogen bonds between guanine and cytosine, and two hydrogen bonds between thymines and guanines. Thus, strands of DNA are said to be complementary to one another. The sequence of the nucleotides is variable between organisms, and is
what holds the genetic information and makes each organism unique. The sequence of the DNA is propagated between generations. Thus, the DNA sequence is essential for the continuation of life. The DNA strands run antiparallel to one another. This means that at the end of a particular molecule, one strand ends on a phosphate group (called the 5
because the phosphate group is attached to the fifth carbon), and the other strand ends on a hydroxyl group (called the 3 because the OH group is on the third carbon). The opposite is true for the other end of the molecule. The structure of DNA means that the backbone of the two strands is closer together on one side of the helix than the other.
Where they are closer, the structure is called the major groove. Where they are further apart, the structure is called the minor groove.These sides are functionally important, as certain proteins preferentially bind to the major groove. These proteins are usually factors that need to interact with the nucleotides, such as transcription factors or DNA
replication enzymes. In contrast, other proteins that do not require sequence-specificity will interact with the minor groove.Structure of the DNA double helix For DNA to be passed on to the next generation, it has to be copied. To be faithfully replicated, the double helix needs to be unwound or unzipped, so that the cell machinery has access to the
nucleotide sequence. This unzipping is achieved by the enzyme helicase.The function of helicase is to remodel the structure of DNA by breaking the hydrogen bonds between the paired nucleotides. DNA helicase is also important during the repair of DNA damage and the process of transcription. Watson and Cricks model refers to the most common
structure of DNA, called B-DNA. Two more conformations of DNA are much rarer in nature: Z-DNA and A-DNA. Z-DNA is a left-handed helix with no strong differences that define major and minor grooves. A-DNA is much more similar in structure to B-DNA but is more compressed and compact. BibliographyWilkins, M. (2010).The third man of the
double helix: the autobiography of Maurice Wilkins. Oxford: Oxford University Press.Pray,L.(2008)Discovery of DNA structure and function: Watson and Crick.Nature Education1(1):100Watson, J. (2010). Double helix. Orion Publishing Co.Krebs, J. E., Goldstein, E. S., & Kilpatrick, S. T. (2018).Lewins Genes XII. Burlington, MA: Jones & Bartett
Learning. In biology, "double helix" is a term used to describe the structure of DNA. A DNA double helix consists of two spiral chains of deoxyribonucleic acid. The shape is similar to that of a spiral staircase. DNA is a nucleic acid composed of nitrogenous bases (adenine, cytosine, guanine, and thymine), a five-carbon sugar (deoxyribose),
andphosphate molecules. The nucleotide bases of DNA represent the stair steps of the staircase, and the deoxyribose and phosphate molecules form the sides of the staircase.Double helix is the biological term that describes the overall structure of DNA. Its double helix consists of two spiral chains of DNA. This double helix shape is often visualized as
a spiral staircase.The twisting of DNA is the result of both hydrophilic and hydrophobic interactions between the molecules that comprise DNA and water in a cell.Both the replication of DNA and the synthesis of proteins in our cells are dependent on the double-helix shape of DNA.Dr. James Watson, Dr. Francis Crick, Dr. Rosalind Franklin, and Dr.
Maurice Wilkins all played pivotal roles in elucidating the structure of DNA. DNA is coiled into chromosomes and tightly packed in the nucleus of our cells. The twisting aspect of DNA is a result of interactions between the molecules that make up DNA and water. The nitrogenous bases that comprise the steps of the twisted staircase are held together
by hydrogen bonds. Adenine is bonded with thymine (A-T) and guanine pairs with cytosine (G-C). These nitrogenous bases are hydrophobic, meaning that they lack an affinity for water. Since the cell cytoplasm and cytosol contain water-based liquids, the nitrogenous bases want to avoid contact with cell fluids. The sugar and phosphate molecules that
form the sugar-phosphate backbone of the molecule are hydrophilic, which means they are water-loving and have an affinity for water. DNA is arranged such that the phosphate and the sugar backbone are on the outside and in contact with fluid, while the nitrogenous bases are in the inner portion of the molecule. In order to further prevent the
nitrogenous bases from coming into contact with cell fluid, the molecule twists to reduce space between the nitrogenous bases and the phosphate and sugar strands. The fact that the two DNA strands that form the double helix are anti-parallel helps to twist the molecule as well. Anti-parallel means that the DNA strands run in opposite directions,
ensuring that the strands fit tightly together. This reduces the potential for fluid to seep between the bases. DNA is transcribed and translated to produce proteins.ttsz / iStock / Getty Images Plus The double-helix shape allows for DNA replication and protein synthesis to occur. In these processes, the twisted DNA unwinds and opens to allow a copy of
the DNA to be made. In DNA replication, the double helix unwinds and each separated strand is used to synthesize a new strand. As the new strands form, bases are paired together until two double-helix DNA molecules are formed from a single double-helix DNA molecule. DNA replication is required for the processes of mitosis and meiosis to occur.
In protein synthesis, the DNA molecule is transcribed to produce an RNA version of the DNA code known as messenger RNA (mRNA). The messenger RNA molecule is then translated to produce proteins. In order for DNA transcription to take place, the DNA double helix must unwind and allow an enzyme called RNA polymerase to transcribe the
DNA. RNA is also a nucleic acid but contains the base uracil instead of thymine. In transcription, guanine pairs with cytosine and adenine pairs with uracil to form the RNA transcript. After transcription, the DNA closes and twists back to its original state. Dr. Francis Crick and Dr. James Watson at a Molecular Biology Symposium.Ted Spiegel/
Contributor/ Getty Images Credit for the discovery of the double-helical structure of DNA has been given to James Watson and Francis Crick, awarded a Nobel Prize for their work. Determining the structure of DNA was based in part on the work of many other scientists, including Rosalind Franklin. Franklin and Maurice Wilkins used X-ray diffraction
to ascertain clues about the structure of DNA. The X-ray diffraction photo of DNA taken by Franklin, named "photograph 51," showed that DNA crystals form an X shape on X-ray film. Molecules with a helical shape have this type of X-shape pattern. Using evidence from Franklin's X-ray diffraction study, Watson and Crick revised their earlier
proposed triple-helix DNA model to a double-helix model for DNA. Evidence discovered by biochemist Erwin Chargoff helped Watson and Crick discover base-pairing in DNA. Chargoff demonstrated that the concentrations of adenine in DNA are equal to that of thymine, and concentrations of cytosine are equal to guanine. With this information,
Watson and Crick were able to determine that the bonding of adenine to thymine (A-T) and cytosine to guanine (C-G) form the steps of the twisted-staircase shape of DNA. The sugar-phosphate backbone forms the sides of the staircase. The Discovery of the Molecular Structure of DNAThe Double Helix. Nobelprize.org,
www.nobelprize.org/educational/medicine/dna_double helix/readmore.html.Structure formed by double-stranded molecules"Double helix" redirects here. For other uses, see Double helix (disambiguation).Two complementary regions of nucleic acid molecules will bind and form a double helical structure held together by base pairs.In molecular
biology, the term double helix[1] refers to the structure formed by double-stranded molecules of nucleic acids such as DNA. The double helical structure of a nucleic acid complex arises as a consequence of its secondary structure, and is a fundamental component in determining its tertiary structure. The structure was discovered byRosalind Franklin
and her student Raymond Gosling, Maurice Wilkins, James Watson, and Francis Crick,[2] while the term "double helix" entered popular culture with the 1968 publication of Watson's The Double Helix: A Personal Account of the Discovery of the Structure of DNA.The DNA double helix biopolymer of nucleic acid is held together by nucleotides which
base pair together.[3] In B-DNA, the most common double helical structure found in nature, the double helix is right-handed with about 1010.5 base pairs per turn.[4] The double helix structure of DNA contains a major groove and minor groove. In B-DNA the major groove is wider than the minor groove.[3] Given the difference in widths of the major
groove and minor groove, many proteins which bind to B-DNA do so through the wider major groove.[5]Further information: History of molecular biologyThe double-helix model of DNA structure was first published in the journal Nature by James Watson and Francis Crick in 1953,[6] (X,Y,Z coordinates in 1954[7]) based on the work of Rosalind
Franklin and her student Raymond Gosling, who took the crucial X-ray diffraction image of DNA labeled as "Photo 51",[8][9] and Maurice Wilkins, Alexander Stokes, and Herbert Wilson,[10] and base-pairing chemical and biochemical information by Erwin Chargaff.[11]1[12][131[14][15][16] Before this, Linus Paulingwho had already accurately
characterised the conformation of protein secondary structure motifsand his collaborator Robert Corey had posited, erroneously, that DNA would adopt a triple-stranded conformation.[17]The realization that the structure of DNA is that of a double-helix elucidated the mechanism of base pairing by which genetic information is stored and copied in
living organisms and is widely considered one of the most important scientific discoveries of the 20th century. Crick, Wilkins, and Watson each received one-third of the 1962 Nobel Prize in Physiology or Medicine for their contributions to the discovery.[18]Main article: Nucleic acid thermodynamicsHybridization is the process of complementary base
pairs binding to form a double helix. Melting is the process by which the interactions between the strands of the double helix are broken, separating the two nucleic acid strands. These bonds are weak, easily separated by gentle heating, enzymes, or mechanical force. Melting occurs preferentially at certain points in the nucleic acid.[19] T and A rich
regions are more easily melted than C and G rich regions. Some base steps (pairs) are also susceptible to DNA melting, such as T A and T G.[20] These mechanical features are reflected by the use of sequences such as TATA at the start of many genes to assist RNA polymerase in melting the DNA for transcription.Strand separation by gentle heating,
as used in polymerase chain reaction (PCR), is simple, providing the molecules have fewer than about 10,000 base pairs (10 kilobase pairs, or 10 kbp). The intertwining of the DNA strands makes long segments difficult to separate.[21] The cell avoids this problem by allowing its DNA-melting enzymes (helicases) to work concurrently with
topoisomerases, which can chemically cleave the phosphate backbone of one of the strands so that it can swivel around the other.[22] Helicases unwind the strands to facilitate the advance of sequence-reading enzymes such as DNA polymerase.[23]Base pair geometriesThe geometry of a base, or base pair step can be characterized by 6 coordinates:
shift, slide, rise, tilt, roll, and twist. These values precisely define the location and orientation in space of every base or base pair in a nucleic acid molecule relative to its predecessor along the axis of the helix. Together, they characterize the helical structure of the molecule. In regions of DNA or RNA where the normal structure is disrupted, the
change in these values can be used to describe such disruption.For each base pair, considered relative to its predecessor, there are the following base pair geometries to consider:[24][25][26]ShearStretchStaggerBucklePropeller: rotation of one base with respect to the other in the same base pair.OpeningShift: displacement along an axis in the base-
pair plane perpendicular to the first, directed from the minor to the major groove.Slide: displacement along an axis in the plane of the base pair directed from one strand to the other.Rise: displacement along the helix axis.Tilt: rotation around the shift axis.Roll: rotation around the slide axis.Twist: rotation around the rise axis.x-displacementy-
displacementinclinationtippitch: the height per complete turn of the helix.Rise and twist determine the handedness and pitch of the helix. The other coordinates, by contrast, can be zero. Slide and shift are typically small in B-DNA, but are substantial in A- and Z-DNA. Roll and tilt make successive base pairs less parallel, and are typically small."Tilt"
has often been used differently in the scientific literature, referring to the deviation of the first, inter-strand base-pair axis from perpendicularity to the helix axis. This corresponds to slide between a succession of base pairs, and in helix-based coordinates is properly termed "inclination".At least three DNA conformations are believed to be found in
nature, A-DNA, B-DNA, and Z-DNA. The B form described by James Watson and Francis Crick is believed to predominate in cells.[27] It is 23.7 wide and extends 34 per 10 bp of sequence. The double helix has a right-hand twist that makes one complete turn about its axis every 10.410.5 base pairs in solution. This frequency of twist (termed the helical
pitch) depends largely on stacking forces that each base exerts on its neighbours in the chain.A-DNA and Z-DNA differ significantly in their geometry and dimensions to B-DNA, although still form helical structures. It was long thought that the A form only occurs in dehydrated samples of DNA in the laboratory, such as those used in crystallographic
experiments, and in hybrid pairings of DNA and RNA strands, but DNA dehydration does occur in vivo, and A-DNA is now known to have biological functions. Segments of DNA that cells have methylated for regulatory purposes may adopt the Z geometry, in which the strands turn about the helical axis the opposite way to A-DNA and B-DNA. There is
also evidence of protein-DNA complexes forming Z-DNA structures.See also: Nucleic acid tertiary structureOther conformations are possible; A-DNA, B-DNA, C-DNA, E-DNA,[28] L-DNA (the enantiomeric form of D-DNA),[29] P-DNA,[30] S-DNA, Z-DNA, etc. have been described so far.[31] In fact, only the letters F, Q, U, V, and Y are now[update]
available to describe any new DNA structure that may appear in the future.[32][33] However, most of these forms have been created synthetically and have not been observed in naturally occurring biological systems.[citation needed] There are also triple-stranded DNA forms and quadruplex forms such as the G-quadruplex and the i-motif.The
structures of A-, B-, and Z-DNA.The helix axis of A-, B-, and Z-DNA.Structural features of the three major forms of DNA[34][35][36]Geometry attributeA-DNAB-DNAZ-DNAHelix senseright-handedright-handedleft-handedRepeating unitl bpl bp2 bpRotation/bp32.734.360/2bp/turn1110.512Inclination of bp to axis+191.29Rise/bp along axis2.3
(0.23nm)3.32 (0.332nm)3.8 (0.38nm)Pitch/turn of helix28.2 (2.82nm)33.2 (3.32nm)45.6 (4.56nm)Mean propeller twist+18+160Glycosyl angleantiantiC: anti, G: synSugar puckerC3'-endoC2'-endoC: C2'-endo,G: C2'-exoDiameter23 (2.3nm)20 (2.0nm)18 (1.8nm)Major and minor grooves of DNA. Minor groove is a binding site for the dye Hoechst
33258.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.[37] As the strands are not directly opposite each other, the grooves are unequally sized. One groove, the major groove, is 22 wide
and the other, the minor groove, is 12 wide.[38] 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.[5] 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.[39]Alternative non-helical models were briefly considered in the late 1970s as a potential solution to problems in DNA
replication in plasmids and chromatin. However, the models were set aside in favor of the double-helical model due to subsequent experimental advances such as X-ray crystallography of DNA duplexes and later the nucleosome core particle, and the discovery of topoisomerases. Also, the non-double-helical models are not currently accepted by the
mainstream scientific community.[40][41]DNA is a relatively rigid polymer, typically modelled as a worm-like chain. It has three significant degrees of freedom; bending, twisting, and compression, each of which cause certain limits on what is possible with DNA within a cell. Twisting-torsional stiffness is important for the circularisation of DNA and
the orientation of DNA bound proteins relative to each other and bending-axial stiffness is important for DNA wrapping and circularisation and protein interactions. Compression-extension is relatively unimportant in the absence of high tension.Main article: Persistence lengthThis section does not cite any sources. Please help improve this section by
adding citations to reliable sources. Unsourced material may be challenged and removed. (November 2010) (Learn how and when to remove this message)Example sequences and their persistence lengths (B DNA)[citation needed]SequencePersistence length/ base pairsRandom15410(CA)repeat13310(CAG)repeat12410(TATA)repeat13710DNA in
solution does not take a rigid structure but is continually changing conformation due to thermal vibration and collisions with water molecules, which makes classical measures of rigidity impossible to apply. Hence, the bending stiffness of DNA is measured by the persistence length, defined as:Bending flexibility of a polymer is conventionally
quantified in terms of its persistence length, Lp, a length scale below which the polymer behaves more or less like a rigid rod. Specifically, Lp is defined as length of the polymer segment over which the time-averaged orientation of the polymer becomes uncorrelated...[42]This value may be directly measured using an atomic force microscope to
directly image DNA molecules of various lengths. In an aqueous solution, the average persistence length has been found to be of around 50nm (or 150 base pairs).[43] More broadly, it has been observed to be between 45 and 60nm[44] or 132176 base pairs (the diameter of DNA is 2nm)[45] This can vary significantly due to variations in temperature,
aqueous solution conditions and DNA length.[44] This makes DNA a moderately stiff molecule.[43]The persistence length of a section of DNA is somewhat dependent on its sequence, and this can cause significant variation. The variation is largely due to base stacking energies and the residues which extend into the minor and major grooves.Stacking
stability of base steps (B DNA)[46]StepStacking G /kcal mol1T A-0.19T G or C A-0.55C G-0.91AGor C T-1.0AAor TT-1.11AT-1.34GAor T C-1.43C C or G G-1.44A C or G T-1.81G C-2.17At length-scales larger than the persistence length, the entropic flexibility of DNA is remarkably consistent with standard polymer physics models, such as the
Kratky-Porod worm-like chain model.[47] Consistent with the worm-like chain model is the observation that bending DNA is also described by Hooke's law at very small (sub-piconewton) forces. For DNA segments less than the persistence length, the bending force is approximately constant and behaviour deviates from the worm-like chain
predictions.This effect results in unusual ease in circularising small DNA molecules and a higher probability of finding highly bent sections of DNA.[48]DNA molecules often have a preferred direction to bend, i.e., anisotropic bending. This is, again, due to the properties of the bases which make up the DNA sequence - a random sequence will have no
preferred bend direction, i.e., isotropic bending.Preferred DNA bend direction is determined by the stability of stacking each base on top of the next. If unstable base stacking steps are always found on one side of the DNA helix then the DNA will preferentially bend away from that direction. As bend angle increases then steric hindrances and ability
to roll the residues relative to each other also play a role, especially in the minor groove. A and T residues will be preferentially be found in the minor grooves on the inside of bends. This effect is particularly seen in DNA-protein binding where tight DNA bending is induced, such as in nucleosome particles. See base step distortions above.DNA
molecules with exceptional bending preference can become intrinsically bent. This was first observed in trypanosomatid kinetoplast DNA. Typical sequences which cause this contain stretches of 4-6 T and A residues separated by G and C rich sections which keep the A and T residues in phase with the minor groove on one side of the molecule. For
example:GATTCCCAAAAATGTCAAAAAATAGGCAAAAAATGCCAAAAAATCCCAAACTe intrinsically bent structure is induced by the 'propeller twist' of base pairs relative to each other allowing unusual bifurcated Hydrogen-bonds between base steps. At higher temperatures this structure is denatured, and so the intrinsic bend is lost.All DNA which
bends anisotropically has, on average, a longer persistence length and greater axial stiffness. This increased rigidity is required to prevent random bending which would make the molecule act isotropically.DNA circularization depends on both the axial (bending) stiffness and torsional (rotational) stiffness of the molecule. For a DNA molecule to
successfully circularize it must be long enough to easily bend into the full circle and must have the correct number of bases so the ends are in the correct rotation to allow bonding to occur. The optimum length for circularization of DNA is around 400 base pairs (136nm)[citation needed], with an integral number of turns of the DNA helix, i.e.,
multiples of 10.4 base pairs. Having a non integral number of turns presents a significant energy barrier for circularization, for example a 10.4 x 30 = 312 base pair molecule will circularize hundreds of times faster than 10.4 x 30.5 317 base pair molecule.[49]The bending of short circularized DNA segments is non-uniform. Rather, for circularized
DNA segments less than the persistence length, DNA bending is localised to 1-2 kinks that form preferentially in AT-rich segments. If a nick is present, bending will be localised to the nick site.[48]Longer stretches of DNA are entropically elastic under tension. When DNA is in solution, it undergoes continuous structural variations due to the energy
available in the thermal bath of the solvent. This is due to the thermal vibration of the molecule combined with continual collisions with water molecules. For entropic reasons, more compact relaxed states are thermally accessible than stretched out states, and so DNA molecules are almost universally found in a tangled relaxed layouts. For this
reason, one molecule of DNA will stretch under a force, straightening it out. Using optical tweezers, the entropic stretching behavior of DNA has been studied and analyzed from a polymer physics perspective, and it has been found that DNA behaves largely like the Kratky-Porod worm-like chain model under physiologically accessible energy
scales.Under sufficient tension and positive torque, DNA is thought to undergo a phase transition with the bases splaying outwards and the phosphates moving to the middle. This proposed structure for overstretched DNA has been called P-form DNA, in honor of Linus Pauling who originally presented it as a possible structure of DNA.[30]Evidence
from mechanical stretching of DNA in the absence of imposed torque points to a transition or transitions leading to further structures which are generally referred to as S-form DNA. These structures have not yet been definitively characterised due to the difficulty of carrying out atomic-resolution imaging in solution while under applied force
although many computer simulation studies have been made (for example,[50][51]).Proposed S-DNA structures include those which preserve base-pair stacking and hydrogen bonding (GC-rich), while releasing extension by tilting, as well as structures in which partial melting of the base-stack takes place, while base-base association is nonetheless
overall preserved (AT-rich).Periodic fracture of the base-pair stack with a break occurring once per three bp (therefore one out of every three bp-bp steps) has been proposed as a regular structure which preserves planarity of the base-stacking and releases the appropriate amount of extension,[52] with the term "-DNA" introduced as a mnemonic,
with the three right-facing points of the Sigma character serving as a reminder of the three grouped base pairs. The form has been shown to have a sequence preference for GNC motifs which are believed under the GNC hypothesis to be of evolutionary importance.[53]Main article: DNA supercoilSupercoiled structure of circular DNA molecules with
low writhe. The helical aspect of the DNA duplex is omitted for clarity.The B form of the DNA helix twists 360 per 10.4-10.5 bp in the absence of torsional strain. But many molecular biological processes can induce torsional strain. A DNA segment with excess or insufficient helical twisting is referred to, respectively, as positively or negatively
supercoiled. DNA in vivo is typically negatively supercoiled, which facilitates the unwinding (melting) of the double-helix required for RNA transcription.Within the cell most DNA is topologically restricted. DNA is typically found in closed loops (such as plasmids in prokaryotes) which are topologically closed, or as very long molecules whose diffusion
coefficients produce effectively topologically closed domains. Linear sections of DNA are also commonly bound to proteins or physical structures (such as membranes) to form closed topological loops.Francis Crick was one of the first to propose the importance of linking numbers when considering DNA supercoils. In a paper published in 1976, Crick
outlined the problem as follows:In considering supercoils formed by closed double-stranded molecules of DNA certain mathematical concepts, such as the linking number and the twist, are needed. The meaning of these for a closed ribbon is explained and also that of the writhing number of a closed curve. Some simple examples are given, some of
which may be relevant to the structure of chromatin.[54]Analysis of DNA topology uses three values:L = linking number - the number of times one DNA strand wraps around the other. It is an integer for a closed loop and constant for a closed topological domain.T = twist - total number of turns in the double stranded DNA helix. This will normally tend
to approach the number of turns that a topologically open double stranded DNA helix makes free in solution: number of bases/10.5, assuming there are no intercalating agents (e.g., ethidium bromide) or other elements modifying the stiffness of the DNA.W = writhe - number of turns of the double stranded DNA helix around the superhelical axisL. = T
+ Wand L =T + WAny change of T in a closed topological domain must be balanced by a change in W, and vice versa. This results in higher order structure of DNA. A circular DNA molecule with a writhe of 0 will be circular. If the twist of this molecule is subsequently increased or decreased by supercoiling then the writhe will be appropriately
altered, making the molecule undergo plectonemic or toroidal superhelical coiling.When the ends of a piece of double stranded helical DNA are joined so that it forms a circle the strands are topologically knotted. This means the single strands cannot be separated by any process that does not involve breaking a strand (such as heating). The task of
un-knotting topologically linked strands of DNA falls to enzymes termed topoisomerases. These enzymes are dedicated to un-knotting circular DNA by cleaving one or both strands so that another double or single stranded segment can pass through. This un-knotting is required for the replication of circular DNA and various types of recombination in
linear DNA which have similar topological constraints.For many years, the origin of residual supercoiling in eukaryotic genomes remained unclear. This topological puzzle was referred to by some as the "linking number paradox".[55] However, when experimentally determined structures of the nucleosome displayed an over-twisted left-handed wrap
of DNA around the histone octamer,[56][57] this paradox was considered to be solved by the scientific community.Wikimedia Commons has media related to DNA helix-structures.Comparison of nucleic acid simulation softwareDNA nanotechnologyG-quadruplexMolecular models of DNAMolecular structure of Nucleic Acids (publication)Non-B
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Molecular Biology. 319 (5): 10971113. doi:10.1016/S0022-2836(02)00386-8. PMID12079350.Retrieved from " helix is the term used to describe the shape of our hereditary molecule, DNA. This instantly recognizable structure consists of two strands of DNA twisted around one another and connected in the center by hydrogen bonding. The hydrogen
bonds form between nucleotides the repeating unit of DNA and the language of the genetic code.The double helix structure of DNA was uncovered in landmark research attributed to James Watson and Francis Crick in the 1950s. This finding is considered one of the most important advances in biology to date. The story of the discovery of the DNA
double helix also has some controversies attached, with claims that the involved scientists failed to recognize the contributions of others, namely Rosalind Franklin.Double helix structure of DNA Each strand of DNA is made of a series of repeating units called nucleotides. Hence, each strand of DNA is referred to as a polynucleotide. These nucleotides
are formed of three components:a five-carbon sugar (deoxyribose)a phosphate groupa nitrogenous baseThe 4th carbon of the deoxyribose sugar from one nucleotide forms a phosphodiester bond with the phosphate group of the adjacent base. This forms the basis of the sugar-phosphate backbone of the strand of the DNA.The nitrogenous bases are
the language of the DNA. There are four nitrogenous bases in DNA: guanine (G), adenine (A), thymine (T) and cytosine (C). They can be divided into two groups based on their structure. Guanine and adenine are purines, with a two-carbon nitrogen ring; and thymine and cytosine are pyrimidines, with a one-carbon nitrogen ring. The combination of
these four letters in molecules of DNA is what we call the genetic code, and this code contains all the instructions to build and run an entire organism!Each of these polynucleotide strands is paired with a complementary strand and wraps around one another to form the double helix structure. How was this complex structure uncovered?Structure of
DNA nucleotide The discovery of the double helix structure of DNA is one of the most important and well-known scientific breakthroughs. The discovery was credited to James Watson, a biologist, and Francis Crick, a physicist, in the 1950s. They later won the Nobel Prize for their research, along with Maurice Wilkins, who is often overlooked for his
important role in the research that led to the breakthrough. In fact, his autobiography is titled The Third Man of the Double Helix.Prior to the publication of their findings, much research had already been carried out, and some light shone, on the composition of DNA. For example, it was already known that DNA is composed of nucleotides and that the
ratio of purines: pyrimidines in a molecule of DNA is equal (known as Chargaffs rule). Watson and Crick derived their model by putting this evidence, as well as X-ray crystallography data collected by Rosalind Franklin, into a structure that satisfied the parameters of all of the previously collected evidence. They used a series of cardboard models,
carefully constructing them until they formed a structure that made sense. Through this, they created a model, which is broadly considered accurate decades later. You can read the original paper, complete with annotations, here.Once they completed their research, they purportedly had a eureka moment, and Crick ran to their local pub in
Cambridge to announce that he and Watson had discovered the secret to life.The pub, called The Eagle, erected a plaque inside and one outside to commemorate the occasion. The plaque was once modified by a member of the public, who added + Franklin in recognition of the important role played by Rosalind Franklin!A plaque to commemorate the
discovery of the DNA double helix outside of a pub in Cambridge. The markings beneath the writing are remnants of when it was modified to read + Rosalind Some of the important features of the Watson/Crick model of the DNA double helix include: A single molecule of DNA consists of two strands that twist around one another to form a helix. The
helix turns approximately once every ten nucleotides. The direction of the helix is almost always right-handed, i.e., if you imagine the two strands like a spiral staircase you are about to walk down, you would have to turn right to descend. The outside of the helix contains the DNA strands, and the core of the helix contains the nitrogenous bases. When
the nucleotides from each strand undergo hydrogen bonding, they do so in a particular manner. Adenines are always paired with thymines and cytosines and always paired with guanines. There are three hydrogen bonds between guanine and cytosine, and two hydrogen bonds between thymines and guanines. Thus, strands of DNA are said to be
complementary to one another. The sequence of the nucleotides is variable between organisms, and is what holds the genetic information and makes each organism unique. The sequence of the DNA is propagated between generations. Thus, the DNA sequence is essential for the continuation of life. The DNA strands run antiparallel to one another.
This means that at the end of a particular molecule, one strand ends on a phosphate group (called the 5 because the phosphate group is attached to the fifth carbon), and the other strand ends on a hydroxyl group (called the 3 because the OH group is on the third carbon). The opposite is true for the other end of the molecule. The structure of DNA
means that the backbone of the two strands is closer together on one side of the helix than the other. Where they are closer, the structure is called the major groove. Where they are further apart, the structure is called the minor groove.These sides are functionally important, as certain proteins preferentially bind to the major groove. These proteins
are usually factors that need to interact with the nucleotides, such as transcription factors or DNA replication enzymes. In contrast, other proteins that do not require sequence-specificity will interact with the minor groove.Structure of the DNA double helix For DNA to be passed on to the next generation, it has to be copied. To be faithfully
replicated, the double helix needs to be unwound or unzipped, so that the cell machinery has access to the nucleotide sequence. This unzipping is achieved by the enzyme helicase.The function of helicase is to remodel the structure of DNA by breaking the hydrogen bonds between the paired nucleotides. DNA helicase is also important during the
repair of DNA damage and the process of transcription. Watson and Cricks model refers to the most common structure of DNA, called B-DNA. Two more conformations of DNA are much rarer in nature: Z-DNA and A-DNA. Z-DNA is a left-handed helix with no strong differences that define major and minor grooves. A-DNA is much more similar in
structure to B-DNA but is more compressed and compact. BibliographyWilkins, M. (2010).The third man of the double helix: the autobiography of Maurice Wilkins. Oxford: Oxford University Press.Pray,L.(2008)Discovery of DNA structure and function: Watson and Crick.Nature Education1(1):100Watson, J. (2010). Double helix. Orion Publishing
Co.Krebs, J. E., Goldstein, E. S., & Kilpatrick, S. T. (2018).Lewins Genes XII. Burlington, MA: Jones & Bartett Learning.Learning Objectives Identify the sugar, phosphate, nitrogenous base, 5' and 3' carbons in a nucleotide and the key difference between DNA and RNA. Explain the structure of the double helix, including the role of hydrogen bonds and
covalent (phosphodiester) bonds. Explain why the abundance of A is roughly equal to T and G is roughly equal to C in DNA. Using the rules of base pairing, predict the complementary (or anti-parallel) strand of DNA for a given sequence.Nucleic acids are the most important macromolecules for the continuity of life. They carry the genetic blueprint of
a cell and carry instructions for the functioning of the cell. The two main types of nucleic acids are deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). DNA is the genetic material found in all living organisms, ranging from single-celled bacteria to multicellular mammals. DNA is found in the nucleus of eukaryotes and in the organelles,
chloroplasts, and mitochondria. In prokaryotes, the DNA is not enclosed in a membranous envelope. The entire genetic content of a cell is known as its genome, and the study of genomes is genomics. In eukaryotic cells but not in prokaryotes, DNA forms a complex with histone proteins to form chromatin, the substance of eukaryotic chromosomes. A
chromosome may contain tens of thousands of genes. Many genes contain the information to make protein products; other genes code for RNA products. DNA controls all of the cellular activities by turning the genes on or off. The other type of nucleic acid, RNA, is mostly involved in protein synthesis. The DNA molecules never leave the nucleus but
instead use an intermediary to communicate with the rest of the cell. This intermediary is the messenger RNA (mRNA). Other types of RNAlike rRNA, tRNA, and microRNAare involved in protein synthesis and its regulation. DNA and RNA are made up of monomers known as nucleotides. The nucleotides combine with each other to form a
polynucleotide, DNA or RNA. Each nucleotide is made up of three components: a nitrogenous base, a pentose (five-carbon) sugar, and a phosphate group (Figure \(\PageIndex{1}\)). Each nitrogenous base in a nucleotide is attached to a sugar molecule, which is attached to one or more phosphate groups. Figure \(\PageIndex{1}\): A nucleotide is
made up of three components: a nitrogenous base, a pentose sugar, and one or more phosphate groups. Carbon residues in the pentose are numbered 1 through 5 (the prime distinguishes these residues from those in the base, which are numbered without using a prime notation). The base is attached to the 1 position of the ribose, and the phosphate
is attached to the 5 position. The pentose sugar is deoxyribose in DNA and ribose in RNA. Deoxyribose has an H instead of an OH at the 2 position as in ribose. Bases can be divided into two categories: purines and pyrimidines. Purines have a double ring structure, and pyrimidines have a single ring. (Copyright OpenStax) The nitrogenous bases,
important components of nucleotides, are organic molecules and are so named because they contain carbon and nitrogen. They are bases because they contain an amino group that has the potential of binding an extra hydrogen, and thus, decreasing the hydrogen ion concentration in the environment, making it more basic. Each nucleotide in DNA
contains one of four possible nitrogenous bases: adenine (A), guanine (G) cytosine (C), and thymine (T). Adenine and guanine are classified as purines. The primary structure of a purine is two carbon-nitrogen rings. Cytosine, thymine, and uracil are classified as pyrimidines which have a single carbon-nitrogen ring as their primary structure (Figure \
(\Pagelndex{1}\)). Each of these basic carbon-nitrogen rings has different functional groups attached to it. In molecular biology shorthand, the nitrogenous bases are simply known by their symbols A, T, G, C, and U. DNA contains A, T, G, and C whereas RNA contains A, U, G, and C. The pentose sugar in DNA is deoxyribose, and in RNA, the sugar is
ribose (Figure \(\PageIndex{1}\)). The difference between the sugars is the presence of the hydroxyl group on the second carbon of the ribose and hydrogen on the second carbon of the deoxyribose (so deoxyribose is "missing" an -OH group). The carbon atoms of the sugar molecule are numbered as 1, 2, 3, 4, and 5 (1 is read as one prime). Figure \
(\PageIndex{2}\): Animation highlighting carbons 1' through 5' on dexoyribose. (SWLeacock) The phosphate residue is attached to the hydroxyl group of the 5 carbon of one sugar and the hydroxyl group of the 3 carbon of the sugar of the next nucleotide, which forms a 53 phosphodiester linkage. The phosphodiester linkage is not formed by simple
dehydration reaction like the other linkages connecting monomers in macromolecules: its formation involves the removal of two phosphate groups. A polynucleotide may have thousands of such phosphodiester linkages. When Watson and Crick set out in the 1940s to determine the structure of DNA, it was already known that DNA is made up of a
series four different types of molecules, called bases or nucleotides: adenine (A), cytosine (C), thymine (T), guanine (G). Watson and Crick also knew of Chargaffs Rules, which were a set of observations about the relative amount of each nucleotide that was present in almost any extract of DNA. Chargaff had observed that for any given species, the
abundance of A was the same as T, and G was the same as C. This was essential to Watson & Cricks model. Ungraded Practice \(\PageIndex{1}\) Using proportional metal models of the individual nucleotides, Watson and Crick deduced a structure for DNA that was consistent with Chargaffs Rules and with x-ray crystallography data that was obtained
(with some controversy) from another researcher named Rosalind Franklin. In Watson and Cricks famous double helix, each of the two strands contains DNA bases connected through covalent (phosphodiester) bonds to a sugar-phosphate backbone. Because one side of each sugar molecule is always connected to the opposite side of the next sugar
molecule, each strand of DNA has polarity: these are called the 5 (5-prime) end and the 3 (3-prime) end, in accordance with the nomenclature of the carbons in the sugars. The two strands of the double helix run in anti-parallel (i.e. opposite) directions, with the 5 end of one strand adjacent to the 3 end of the other strand. The double helix has a right-
handed twist, (rather than the left-handed twist that is often represented incorrectly in popular media). The DNA bases extend from the backbone towards the center of the helix, with a pair of bases from each strand forming hydrogen bonds that help to hold the two strands together. Under most conditions, the two strands are slightly offset, which
creates a major groove on one face of the double helix, and a minor groove on the other. Rules of base pairing A pairs with T (or U if RNA) G pairs with C Because of the structure of the bases, A can only form hydrogen bonds with T, and G can only form hydrogen bonds with C (remember Chargaffs Rules). Each strand is therefore said to be
complementary to the other, and so each strand also contains enough information to act as a template for the synthesis of the other. This complementary redundancy is important in DNA replication and repair. If the sequence of one strand is AATTGGCC, the complementary strand would have the sequence TTAACCGG. During DNA replication, each
strand is copied, resulting in a daughter DNA double helix containing one parental DNA strand and a newly synthesized strand. Graded Question \(\PageIndex{1}\) Figure \(\PageIndex{2}\):Watson and Crick proposed the double helix model for DNA. (a) The sugar-phosphate backbones are on the outside of the double helix and purines and
pyrimidines form the rungs of the DNA helix ladder. (b) The two DNA strands are antiparallel to each other. (c) The direction of each strand is identified by numbering the carbons (1 through 5) in each sugar molecule. The 5 end is the one where carbon #5 is not bound to another nucleotide; the 3 end is the one where carbon #3 is not bound to
another nucleotide and has a free hydroxyl group. (OpenStax-CNX) Spin the double helix to see the orientation of the sugars and phosphates in the backbone (ribbon in the model), the base pairs, major and minor grooves! (PDB ID = 1bna As for most biological molecules, the structure is important to the function, and the function of DNA is to contain
information. Important properties that are derived from the DNA structure are: A complementary strand can always be synthesized from a single strand, due to the arrangement of hydrogen bonds between GC and AT bases. Hydrogen bonds stabilize the double helix, but can be broken when DNA needs to be accessed. The order of bases contains the
information needed to code for amino acids in proteins during translation. Even sequences of DNA that do not encode amino acids can still provide information by interacting with proteins that function in DNA packaging and regulation. The major and minor grooves of DNA may determine which sequences are visible to DNA interacting proteins.
Figure \(\PageIlndex{3}\): The significance of major and minor grooves in a DNA double helix. A DNA double helix twists in a right-handed fashion, just as the fingers on the right hand are "pointing" to the right when the right hand forms a "thumbs up." The predominant structure of a double helix results in major and minor grooves. The bases within
the double helix interact with each other via hydrogen bonds, but the different bases pairs have different combinations atoms exposed in the major grooves. Proteins that recognize DNA sequences often do so by interacting with particular combinations of base pairs in major grooves based on these exposed atoms. In the minor grooves AT and TA base
pairs appear the same , likewise GC and CG look the same in the minor groove. (Copyright By Biochemlife - Own work, CC BY-SA 4.0, 73107644) Graded Question \(\PageIndex{2}\) Thinking ahead exercise \(\PageIndex{1}\) A mutation occurs, and cytosine is replaced with adenine. What impact do you think this will have on the DNA structure?
Answer Adenine is larger than cytosine and will not be able to base pair properly with the guanine on the opposing strand, causing the double helix to bulge at that position. DNA repair enzymes may recognize the bulge and replace the incorrect nucleotide. If the two DNA strands were connected by covalent bonds rather than hydrogen bonds, what
problems might occur, if any? Answer Covalent bonds are much stronger than hydrogen bonds and not as easily broken. If the DNA strands were connected by covalent bonds, then it would be much more difficult to unwind the double helix. This would be problematic for processes that require unwinding of the DNA molecule, such as replication and
transcription. We will see this video in lecture and discuss it: VISCHER E, ZAMENHOF S, CHARGAFF E. Microbial nucleic acids; the desoxypentose nucleic acids of avian tubercle bacilli and yeast. ] Biol Chem. 1949;177(1):429-438.
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