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Central Dogma of Molecular Biology holds that DNA stores Information that 

controls all cellular processes. Information cannot flow directly from DNA to 

protein, but depends on ribonucleic acid (RNA) to transport the information. 

Genetic Information is is transmitted from DNA to RNA by transcription. 

The sequence of RNA is then translated into a protein sequence at the ribosome.  

Several discoveries have begun to blur the distinct roles of each of these 

biomolecules; for example, it has been demonstrated that RNA can act as a catalyst 

in biochemical reactions (ribozymes) and as a template for DNA synthesis (reverse 

transcription) 



The key experiments demonstrating the role of DNA involved 

pneumococcus, a bacterium that causes a form of pneumonia. 

When cultured, one strain formed smooth colonies and the 

other formed rough colonies; these were labeled S- and R-

forms, respectively.  In addition to their differing appearance, 

the S-form was virulent while the R-form was nonvirulent.  

These forms are genetically distinct and cannot interconvert 

spontaneously.  Treatment of R-form bacteria with pure DNA 

extracted from the S-form resulted in its transformation into 

the S-form. It was thus demonstrated that DNA was the 

transforming agent, as well as the material responsible for 

transmitting genetic information from one generation to the 

next. 



A striking characteristic of DNA is its ability to encode an 

enormous quantity of biological information.  For example, a 

human cell contains information for synthesis of about 30 000 

proteins 



Nucleic acids are linear polymers consisting of repeating nucleotide units. 

Two classes of major bases found in nucleic acids are purines and pyrimidines. 

The major purines are adenine and guanine, which are found in both DNA and RNA. 

There are three major pyrimidine bases: cytosine, uracil, and thymine. Cytosine is  

present in both DNA and RNA.  However, uracil is generally found only in RNA, 

and thymine is generally found only in DNA. 



In nucleic acids, each base is linked to the sugar (through the N1 position in pyrimidines, 

 and N9 position in purines). A base glycosylated with either pentose sugar is referred to 

as nucleoside. Nucleosides that contain ribose are designated as ribonucleosides, 

whereas those with deoxyribose are deoxyribonucleosides. 





Nucleotides are phosphate 

esters of nucleosides.  

Nucleotides often  

perform as co-factors and 

‘second messengers’ 



Nucleic acids are strands of nucleosides linked by phosphodiester bonds.  

Typically, strands of nucleic acids containing 50 or less nucleotides are called 

oligonucleotides, whereas those that are longer are called polynucleotides. 



The phosphodiester links the 5’ hydroxyl group of one residue to the 3’ hydroxyl 

group of the next.  Linkages between two 5’OH groups or two 3’OHs are are not  

seen in naturally occurring DNA or RNA.  The directionality of the  

phosphodiester bond means that linear oligo- or polynucleotides have ends that are 

not structurally equivalent.  One end of a polynucleotide must terminate in a 5’OH, 

the other terminates with 3’OH.  These ends are referred to as 5’-terminus and  

3’-terminus. 



While the DNA backbone is relatively stable to 

hydrolysis, numerous enzymes catalyze 

phosphodiester scission.  These enzymes, 

called nucleases, are characterized on the basis of 

of the types of polynucleotides they hydrolyze and 

the specific bonds that are broken. 

    For example, exonucleases cleave the last 

nucleotide residue at either the 5’- or 3’-terminus. 

Other nucleases that cleave phosphodiester bonds 

located in the interior of polynucleotides are  

designated as endonucleases. 

 



X-ray diffraction data suggested that 

DNA contained double-helical structures, 

and symmetry suggested that the two  

polynucleotide strands were oriented  

antiparallel to each other.  The structure 

that Watson and Crick proposed in 1953 

for double-helical DNA was quite  

attractive because of its simplicity and  

symmetry.  The two strands achieve 

contact through hydrogen bonds, formed 

at the hydrophilic edges of the bases. 







Interwinding of the two antiparallel 

strands produces a structure that has two 

distinct helical grooves between the 

sugar-phosphate backbones.  One of the 

grooves is much wider (major groove) 

than the other (minor groove); this 

disparity arises from the geometry 

of the base pairs. 









Noncanonical DNA structures 

 
It is now recognized that DNA is not a straight, monotonous, and 

uniform structure.  Instead, DNA forms unusual structures, such 

as  

 

-cruciforms 

 

-triple- and, possibly, quadruple-strand complexes 

 

-bends 

 

and also it interacts with miscellaneous DNA-binding proteins. 

Variations in specific DNA structure or conformation are favored 

by specific DNA sequence motifs. 

 

 

 



-DNA sequences with runs of four to six adenines phased by 

10-bp spacers produce bent conformations 

 

-A number of DNA-binding proteins can bend DNA in a 

protein-DNA complex 

 

-Inter- and intra-strand cross-linked DNA adducts can also 

bend DNA (cisplatin) 





-Inverted repeats are quite  

widespread within the human 

 genome and often found near 

putative control regions or at  

origins of DNA replication 

 

-It has been speculated that 

inverted repeats may function 

as molecular switches for 

replication and transcription 

 

 



Work in the 50s and 60s 

showed that some combination 

of sequences formed triple-strand 

complexes.  For example, a thymine 

can selectively form two Hoogsteen 

H bonds to the adenine of A-T pair. 

Likewise, a protonated cytosine can 

form two Hoogsteen H bonds with  

the guanine of a G-C pair, resulting 

in a base triplet isomorphous  to the 

T-A-T 





-Intramolecular triple-helices can be formed by disruption of double-helical DNA  

with polypurine sequences in mirror repeats. (A mirror repeat is a region such as  

AGGGGA that has the same base sequence when read in either direction from a 

 central point).  Refolding generates a triple-stranded region and a single-stranded  

loop in a structure called H-DNA. 

 

-It is believed that triple-strand complexes can be formed during transcription 





Guanine 

nucleotides and 

highly G-rich 

polynucleotides 

form novel 

tetrameric 

structures called 

G-quartets 







-DNA regions with direct repeat 

symmetry can form structure known as 

slipped, mispaired DNA (SMP-DNA).  

Their formation involves the unwinding 

of a double helix and realignment and 

subsequent pairing of complimentary 

regions 

 

-SMP-DNA has not yet been identified 

in vivo 



Higher Order DNA Structure 



-Genomic DNA may be 

linear or circular 

 

-Circular DNA results from 

the formation of  

phosphodiester bonds  

between the 3’ and 5’-ends 

of linear polynucleotides,  

which is carried out by the 

enzyme called DNA ligase 

 

-Examples of circular DNAs: 

bacterial, viral genomes,  

plasmids (small extrachromo- 

somal DNAs in bacteria) 









Enzymes called topoisomerases can regulate the formation of  

subhelices 





-In mammals, genes for specific proteins and sequences that 

control gene expression represent only 2-4% of the entire 

DNA sequence. No specific function has been assigned for 

the majority of the noncoding DNA (“junk DNA”) and it is 

believed that up to 70-80% of the human DNA is of 

retroviral origin 

 

-Most eukaryotic genes are interrupted by noncoding 

intervening nucleotide sequences, called introns.  The 

sequences in the gene that are expressed, either in the final 

RNA product (mature RNA) or as a protein, are termed 

exons. The introns are removed during the processing of the 

RNA transcript, and the remaining exons are ligated 

together.  This tailoring of the original transcript is referred 

to as splicing.   



-DNA in eukaryotic cells is associated with various proteins to form 

chromatin.  Prior to cell division (metaphase) chromatin becomes 

organized into compact structures called chromosomes 

 

-Early stages of DNA packing lead to formation of 30-nm fibers 

 

-Naked DNA is associated with a class of highly basic proteins called 

histones 

 





Central Dogma of Molecular Biology holds that DNA stores Information that 

controls all cellular processes. Information cannot flow directly from DNA to 

protein, but depends on ribonucleic acid (RNA) to transport the information. 

Genetic Information is is transmitted from DNA to RNA by transcription. 

The sequence of RNA is then translated into a protein sequence at the ribosome.  

Several discoveries have begun to blur the distinct roles of each of these 

biomolecules; for example, it has been demonstrated that RNA can act as a catalyst 

in biochemical reactions (ribozymes) and as a template for DNA synthesis (reverse 

transcription) 



Primary types of RNA: 

 

-mRNA and its precursors/derivatives (messenger RNA) 

 

-tRNA (transfer RNA) 

 

-rRNA (ribosomal RNA) 

 

-Small stable RNA and catalytic RNA 



Double-helical stem-loop regions in RNA are 

often called “hairpins”. Each eukaryotic 

mRNA is monocistronic, that is, contains 

information for only one polypeptide chain. In 

eukaryotes, a “cap” structure at the 5’-end of 

an mRNA specifies where translation should 

begin.  

Messenger 

RNAs carry the 

information for 

the primary 

structure of 

proteins 





Transfer RNA has two roles:  

 -activating amino acids and 

-recognizing codons in mRNA 







Ribosomal RNA is part of the protein synthesis 

apparatus 

Ribosomal RNA accounts for most (up to 80%) 

   of cellular RNA and is metabolically stable 



Enzymes whose RNA subunits carry out catalytic 

reactions are called ribozymes.  Discovery of RNA 

catalysis has greatly altered our concepts of 

biochemical evolution and the range of allowable 

cellular chemistry.  First, we now recognize that 

RNA can serve as both a catalyst and a carrier of 

genetic information.  This has raised the possibility 

that the earliest living organisms were based entirely 

on RNA and that DNA and proteins evolved later.  

This model is sometimes referred to as the “RNA 

world”. 



Small stable RNAs have been implicated in: 

 

-RNA processing and transport 

 

-control of translation 

 

-protein recognition 



Polymerase Chain Reaction 

(PCR) 



DNA, composed of four different nucleotides is deceptively complex. 

Complexity is conferred on the DNA molecule by: 

-the nonrandom sequence of its bases 

-multiple conformations that exist in equilibrium in the biological 

environment 

-specific proteins that recognize and associate with selected regions 

 

 

Development of DNA sequencing allowed the determination and 

comparisons of genomes of many diverse life forms 

 

 

Many methodological approaches in genetic engineering have been 

greatly simplified by the development of a method that rapidly amplifies 

selected regions of DNA, the polymerase chain reaction (PCR) 

  



DNA analysis and sequencing requires relatively large 

amounts of DNA; the rapid production of large quantities of a 

specific DNA sequence took a leap forward with the 

development of the polymerase chain reaction (PCR) 

 

-PCR requires two nucleotide oligomers that hybridize to the 

complimentary DNA strands in a region of interest.  These 

oligomers serve as primers for a DNA polymerase that 

extends each strand.  Repeated cycling of the PCR yields 

large amounts of each DNA molecule of interest in a matter 

of hours, as opposed to days and weeks required for cloning 

techniques 











-Heating to about 90˚C as required for melting DNA 

inactivates most DNA polymerases, but a heat-stable DNA 

polymerase (termed Taq DNA polymerase) isolated from 

Thermus aquaticus, obviating the need for fresh polymerase 

after each PCR cycle.  This has permitted the automation of 

PCR with each DNA molecule capable of being amplified 

one million-fold. 


