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Biological Building Blocks

PolysaccharidesMonosaccharides

LipidsFatty acids

Nucleic acidsNucleotides

ProteinsAmino acids

macromoleculemonomer

A limited number of different monomeric building 
blocks are used to build a wide variety of 

different macromolecules

√

√
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Precursors Monomeric units polymeric units: 1˚

polymeric units: 2˚

polymeric units: 3˚

polymeric units: 4˚

•Enzymes catalyze the synthesis of 
the complex biomolecules required 
for the assembly and function of cells 
and organisms

•The primary sequence of enzymes 
determines their structure and 
function

•What determines the primary sequence of a protein?

•How are cells faithfully and accurately duplicated?
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Nucleic acids: the molecular repositories 
for genetic information

Functions:
(1)Define the primary sequence of proteins, direct 

and accomplish protein synthesis
(2)Store, express, propagate genetic information

Nucleotides are the building blocks of nucleic acids

•Carriers of chemical energy (ATP)
•Components of enzyme cofactors
•Signalling molecules, cellular communication
•Components of metabolic intermediates
•Modulate enzyme activity- covalent and allosteric

Other functions for nucleotides:
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An overview of nucleic acids
• DNA: deoxyribonucleic acid- the hereditary 

molecule in all cellular life forms. The storage of 
information is DNA’s only known function

• Genes: segments of DNA that contain the 
information required for the synthesis of a 
functional biological product (protein, RNA)
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• RNA- ribonucleic acid:
– ribosomal RNA (rRNA): structural and functional 

component of ribosomes, the large complexes that 
carry out protein synthesis

– Messenger RNA (mRNA): specify primary structure 
of proteins; carry information from one or more 
genes to ribosome

– Transfer RNA (tRNA): transfer information in mRNA 
into specific sequence of amino acids

– “genomic” RNA: RNA viruses
– Special function RNAs: enzymes (ribozymes), 

snRNA, RNA processing

An overview of nucleic acids
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Overview of flow of genetic information
DNA (genes) (A, C, G, T)

mRNA (AUG-ACA-AAG…)

Protein (Met-Thr-Lys…)

Enzymes, mature proteins

rRNA, tRNA, snRNAreplication transcription

translation

Post-translation 
processing
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Nucleic acids

Nucleotides

(1) base (2) pentose sugar (3) phosphate
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Parent compounds for nitrogenous bases
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RNA only DNA only

I. Nitrogenous bases
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Some modified nucleotide bases

H
H

H H

5-methylcytosine N6-methyladenine    

N2-methylguanine    5-hydroxymethylcytosine
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Some modified nucleotide bases

H

H H

Inosine

7-methylguanine              4-thiouracil               
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II. Pentose sugar
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Reactive hydroxyl groups: esterify
or form glycosidic bond

:O-R

O-R

O-glycosidic bond
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:N-R

N-R
N-glycosidic bond

Reactive hydroxyl groups: esterify
or form glycosidic bond
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Nitrogenous base + ribose = nucleoside

9

8
7

6
5

1

34
2

Point of attachment 
to purines is N9. 
Point of attachment 
to pyrimidines is N1
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Naming nucleosides

• Adenine + ribose = adenosine
• Adenine + deoxyribose = deoxyadenosine
• guanine + ribose = guanosine
• cytosine + ribose = cytidine
• thymine + deoxyribose = thymidine
• Uracil + ribose = uridine
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III. Phosphate ester

• Note multiple sites for phosphate esterification
• Monophosphate
• Diphosphate
• Triphosphate
• Cyclic monophosphate
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Nucleoside + phosphate = nucleotide
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3’-deoxyguanosinemonophosphate

5’

1’
3’

4’
2’
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5’-adenosinetriphosphate

5’

1’
3’

4’
2’
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When point of attachment is the 5’ hydroxyl, 
the “5’” can be left off when naming
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When point of attachment is the 5’ hydroxyl, 
the “5’” can be left off when naming
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Some more nucleoside monophosphates
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Polynucleotides
• Phosphodiester bonds
• Same orientation
• 5’ end and 3’ end
• Polyanion, pH 7
• Naming: 5’ 3’

pdApdTpdGpdCpdA

pUpGpCpCpA
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RNA is less stable than DNA
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DNA structure
• The linear sequence of nucleotides in a 

strand is the primary structure of DNA
• What about higher order structure? (2˚, 3˚, 

4˚??)
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Chargaff’s rules
• DNA base composition differs from one species to 

another
• DNA base composition is identical in different 

individuals and different tissues of same species
• DNA base composition does not change with age, 

nutritional status, or changing environment
• Quantitation of base composition:

26.024.024.026.0Virus

27.122.822.727.3Wheat

29.419.819.930.9man

%T%C%G%ASpecies A =  T
G = C

Σ purines = Σ pyrimidines
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DNA structure
• Satisfy Chargaff’s rules (A=T, G=C)
• Build on primary structure (linear 

polynucleotide, 5’ 3’)
• Franklin and Wilkins: x-ray diffraction 

patterns: periodicities of 3.4 and 36 Å
• A mechanism for rapid duplication?
• Watson and Crick: molecular models
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Watson-Crick DNA double helix (B-DNA)
• Two helical chains, coiled 

about same axis. Right 
handed double helix

• Hydrophilic backbones of 
sugars and phosphates 
outside, hydrophobic bases 
inside

• Right handed helical 
staircase: rails are 2 anti II
phosphate-sugar chains, 
rungs are purine and 
pyrimidine base pairs
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Base pairing in DNA:
A pairs with T, and G pairs with C
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The two DNA strands (chains) are 
complimentary, not identical

The two strands are anti II
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•C-G and A-T base pairs 
are superimposable.
•Drawing the correct base 
pairs required predicting the 
correct tautomeric forms 
used by DNA
•2 H-bonds in A-T; 3 H-
bonds in G-C
•The double helix will 
accommodate purine-
pyrmidine or pyrimidine-
purine
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DNA structure
• Two periodicities: 

– 3.4 Å base-base distance
– 36 Å per one turn of helix 

(pitch)
• Each base pair is rotated 

34˚ relative to previous 
base pair

• 10.5 bp/turn
• Distance between strands 

is a constant 20 Å
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DNA structure
• Each base pair is rotated 

34˚ relative to previous 
base pair

• Successive stacking of 
base pairs forms “grooves”

• Asymmetry of base pairs 
results in a major groove 
and a minor groove

• 6˚ base tilt to helix axis 

S. Ensign, Chem. 5700
44

DNA structure: the major and minor grooves

Note lines connecting C1’ carbon of one nucleotide, helix 
axis, and C1’ of the paired nucleotide
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No asymmetry in base pairs: 
grooves are identical
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Asymmetry in base pairs
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The inside of the helix is a solid core
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Forces that stabilize DNA double helix

• Base stacking (inside): dipole-dipole, 
VDW, and hydrophobic effect

• H-bonding (inside): A-T and G-C
• Ionic interactions (outside): positively 

charged counterion(s)
• H-bonding (outside): sugar, phosphate, 

water
• Protein-nucleic acid interactions
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Conformational subtleties

• Base tilt
• Sugar pucker
• N-glycosidic bond orientation

See kinemage exercise 12A, Exploring 
Molecular Structure
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Torsion angles 
(bonds) in a 
nucleotide unit
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Sugar pucker: C2’-endo in B-DNA
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Ramifications of sugar 
pucker on DNA 
structure. Note the 
difference in distance 
between C3’-
Phosphate and C5’-
Phosphate with the 
two different sugar 
puckers
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N-glycosidic bond orientation

Always anti in B- and A-DNA
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Summary of DNA structure

3.7 Å2.6 Å3.4 ÅHelix rise/bp

Anti:  pyrimidines
Syn: purinesAntiAntiGlyco. bond

C2’- endo pyrimidines
C3’-endo purinesC3’-endoC2’-endoSugar pucker
Narrow, deepWide, shallowNarrow, deepMinor groove
flatNarrow, deepWide, deepMajor groove
7˚20˚6˚Base tilt
45 Å28 Å36 ÅPitch
30˚33˚34˚Helix twist/bp
121110.5Bp/turn
18 Å26 Å20 ÅDiameter
Left handedRight handedRight handedHelical sense
Z-DNAA-DNAB-DNAproperty
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Other DNA structures form under certain circumstances

• A-DNA: the first form 
studied structurally

• Forms under 
dehydrated 
conditions

• Wider, flatter, R-hand
• Axial hole: bp offset
• C3’-endo sugar 

pucker
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Asymmetry in base pairs: axial hole in A-DNA
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A-DNA

B-DNA
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Other DNA structures form under certain circumstances

• Z-DNA
• L-handed double 

helix
• High salt
• alternating purine-

pyrimidine repeating 
unit

• base pairs flipped
• Zig-zag backbone
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Comparison of DNA structures (don’t memorize A-
and Z-parameters!!

3.7 Å2.6 Å3.4 ÅHelix rise/bp

Anti:  pyrimidines
Syn: purinesAntiAntiGlyco. bond

C2’- endo pyrimidines
C3’-endo purinesC3’-endoC2’-endoSugar pucker
Narrow, deepWide, shallowNarrow, deepMinor groove
flatNarrow, deepWide, deepMajor groove
7˚20˚6˚Base tilt
45 Å28 Å36 ÅPitch
30˚33˚34˚Helix twist/bp
121110.5Bp/turn
18 Å26 Å20 ÅDiameter
Left handedRight handedRight handedHelical sense
Z-DNAA-DNAB-DNAproperty
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Nucleic acid structure
• Linear sequence of nucleotides in a strand is 1˚

structure
• The DNA double helix is 2˚ structure
• 2˚ structure is the highest order of DNA structure
• DNA almost always exists as double stranded double 

helix
• DNA-RNA hybrids form a double helix of “A” type
• RNA double helices have the “A” conformation
• RNA can form other types of 2˚ structure
• RNA can in some instances form 3˚ structure (tRNA, 

rRNA, snRNA)
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Palindromic sequences: inverted repetition of base sequence with 
two-fold symmetry occurring over two strands of DNA
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Self complimentarity within a single strand of DNA separated 
from its palindromic partner
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Formation of a cruciform between two strands having a palindrome
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A triple helix can form under some circumstances
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Versatility of RNA structure
• Usually single stranded (not found with a 

complimentary partner strand)
• When double standed, has “A” conformation
• ssRNA can adopt a variety of 2˚ structures due 

to self-complimentary regions
• Non Watson-Crick base pairs
• Modified and different nucleotide bases
• 2’-OH can participate in H-bonding
• May form tertiary structure
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Examples of nonstandard base 
pairing that can occur in RNA
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Examples of nonstandard base pairing that can occur in RNA
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Association of regions of ssRNA to form secondary structure
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RNA in a hairpin double helix will be in the “A” conformation
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Possible 2˚ structure in 
the RNA component of 
RNAseP
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3˚ structure in tRNA
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Deaminating agents
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Alkylating agents
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Nucleotides in enzymatic cofactors
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Nucleotides in enzymatic cofactors
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Nucleotides in 
enzymatic cofactors


