
Nucleotide Biosynthesis



• Read through: Horton ch 19, page 583-

597



National Human Genome research Institute

http://www.genome.gov/Education/

1869: Friedrich Miescher isolates DNA for the first time.

1944: DNA is "Transforming Principle"

1952: DNA Triple Helix?

1953: DNA Double Helix 



http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-084-large.html
http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-084-large.html
http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-085-large.html


http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-085-large.html


Triple helix?

http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-090-large.html
http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-092-large.html
http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/dna/papers/1953p.9-092-large.html




A Nucleic Acid (DNA or RNA) is a polymer that 

consists of:

5-carbon sugars

Phosphate

Base (N-ring structure)

Nucleotide = Base + pentose sugar + phosphate

Nucleotides linked by phosphodiester bonds (covalent)
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GLYCOSIDIC BOND: A bond between a sugar and another organic molecule 

by way of an intervening nitrogen or oxygen atom. 
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Sugars in Nucleic Acids

RNA

DNA

Both in b-furanose form (ring closure of aldehyde between C1 and C4)
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ESTER: condensation product of an alcohol and an acid (water eliminated)

PHOSPHODIESTER: A bond between two sugar groups via a phosphate group. 



N1 joins to pentose N9 joins to pentose

Generic structure and numbering
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Common name

Chemical name



Each base can 

exist in two 

tautomeric forms; 

Amino and Lactam 

forms are more 

stable; therefore 

predominate in the 

cell
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3’- 5’phosphodiester 

linkage

Polynucleotide chains 

have 5’-3’directionality



Task 1

• Draw the following nucleotide sequence in 

full. Show the structure and numbering of 

each base and pentose sugar

– pGpCpA

• Draw the shorthand of the above structure 

showing orientation of the phosphodiester 

bond, pentose sugar and base



Chemical and Physical 

Properties of Nucleic Acids



Hydrophilic on the 

outside (sugar 

phosphates)

Hydrophobic on the 

inside (bases)

Length of a DNA molecule is 

expressed in base pairs (bp’s) or 

kilo bp’s



Structure and Stability

• Two anti-parallel strands form a double helix

• Hydrogen bonding responsible for specificity 
(i.e. A-T/U or G-C)

• Hydrophobic interactions and van der Waals forces 
between the stacked bases – helix and stability

• Phosphodiester bond (backbone) – covalent

• DNA more chemically stable than RNA (2’-OH group)





purines pyrimidines

Chargaff’s rule



Base-catalyzed 

RNA hydrolysis.

STABILITY



More common



DNA Denaturation
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eg. High pH or heat

Covalent bonds are not affected

More stable



• Replication and transcription of DNA

• PCR (polymerase chain reaction)

• Sequencing

• Southern and Northern Blotting

Denaturation/Renaturation required for

Renaturation

• Complementary bases pair as 

temperature/pH returns to normal

• Two strands anneal/hybridize





DNA melting curve

Temp at which DNA is 50% melted/denatured = Tm (melting point)

Cooperative process

Collapse of one part 

destabilizes rest of duplex 

– narrow temp. range 

Tm is important for procedures 

where annealing/hybridization 

is required

If temp is << Tm then non-

specific annealing

If temp is >> Tm then 

denaturation



The Tm depends on base pairs in DNA

…….as well as solvent, pH and ionic strength



Hyperchromicity

Hyperchromicity: A260 : nucleotides>>RNA>>ssDNA>>dsDNA

i.e. ds DNA is less coloured/hyperchromic compared to ssDNA

Hyperchromic effect:

Absorbance at 260nm 

increases as DNA 

becomes denatured 

because bases are free to 

absorb light 



Identification of nucleotides at 260nm



Purity of DNA

• Can be estimated by determination of the 

ratio of absorbance at 260nm (DNA/RNA) 

and 280nm (Protein)

• 260/280 ratio:

– Pure dsDNA: 1.8

– Pure RNA : 2.0

– Pure protein: 0.5

A solution is measured at:

260nm – 1.2 , and

280nm – 0.8

What does it contain?



215-230 nm Minimum absorbance 

for nucleic acids

Peptide bonds in 

proteins absorb light

Measurements are 

generally not performed at 

this wavelength because 

commonly used buffers 

and solvents, such as Tris, 

also absorb at these 

wavelengths. 

260 nm Nucleic acids have 

maximum absorbance

Purines absorbance 

maximum is slightly below 

260; pyrimidines maximum. 

is slightly above 260. 

Proteins have little 

absorbance at this 

wavelength.

270 nm Phenol absorbs strongly Phenol may be a 

contaminant in nucleic acid 

preparations.

280 nm Aromatic amino acids 

absorb light

Nucleic acids also have 

some absorbance at this 

wavelength.



Nucleases

• Hydrolysis of phosphodiester linkages are 

catalysed by nucleases

– RNA (ribonuclease) and DNA (deoxyribonuclease)

– Exonuclease: Either 5’3’ or 3’ 5’

– Endonuclease: various sites within the 

polynucleotide chain



Exonucleases

Some enzyme have both exonuclease and 

endonuclease activity



Endonucleases

• Restriction endonucleases (also known as 
restriction enzymes)
– Recognize specific DNA sequences (mostly 

palindrome) and cut both strands

– Strands must be unmethylated

– Methylation of host DNA protects own DNA

Type 1
Methylase and endonuclease activity

Type 2
Only endonuclease activity



Klebsiella pneumoniae





In humans, certain regions of 

the genome are very different 

from one individual to the next 

– you can therefore generate 

restriction fragments which are 

unique (like fingerprints)



Spontaneous alterations can lead to 

mutations in DNA

• Nucleotides undergo non-enzymatic changes 
which could produce permanent changes in the 
genetic information (i.e. mutations)

• Link to aging and cancer

– Deamination

– Depurination

– UV-induced pyrimidine dimers



Doesn’t affect long-term 

storage of genetic material in 

form of DNA

Because uracil seen as 

foreign and will be removed 

by DNA repair mechanism 

(Base excision repair)

Sodium nitrate and nitrite 

(food preservatives) promote 

deamination



Hydrolysis of b-glycosidic bond

GMP         

Base excision repair



UV-induced pyrimidine 

dimers

Repaired by 

nucleotide-

excision repair




