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Nucleic Acids

Monomers are (deoxy)ribonucleotides
Linked by 3’ — 5’ phosphate backbone
Chargarf’s rule f(A)=f(T) or f(U),{(G)=f( C)
Base paring stabilized by stacking
Antiparallel helices

Replication is template directed



in the 5' or 3' position

(Pyrimidine)
3J'-moncphosphate

(Purine)
"-monophosphate










Figures abstracted from Genes VI, B. Lewin (Oxford University Press)

Figure 4.6 2-Deoxyribose is the sugar in DNA
and ribose is the sugar in RNA. The carbon atoms
are numbered as indicated for deoxyribose. The

sugar Is connected to the nitrogenous base via
position 1.
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Figura 1.5 A nucleic acid has 8 sugar-phosphate

backbone. and only four types of side-group

Pyrimidine (cytosine, thymine
Or uracil [ RNA])

Purine (usually
guanine or adenine)
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Figure 4.11 Complemantary base p




Figure 4.13 Flat base pairs lie perpendicular (o the sugar-phosphate backbone

B- DNA has a right handed twist
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Figure 4.12
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Figure 4.9 A nucleoside-5'-triphosphate has

energy-rich phosphate bonds.

Y |} a (Purine)-S'-triphosphate




Figure .10 Nuchvic acid synihesis occurs by adding the nucieoside- monophosphalo mosety of a nuckeoside
triphosphabe o the 3'-0H end of tha polynt icleotide chain
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Proteins

Monomers are amino acids (20 naturally
occurring varieties)

Amino acids are linked by peptide bonds:
primary sequences

Primary sequences self assemble into
secondary structures (alpha helices, beta sheets

Secondary structures fold into tertiary structures
(may be stabilized by covalent or non-covalent
side chain interactions)

Proteins may multimerize or associate with other
heterologous proteins: quarternary structures






Figure 1.7 A peptide bond is formed by a
condensation reaction in which a water

molecule is lost,
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Figure 1.14 Hydrogen |
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Figure 2,5
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Figure 2.6 A hydropathy plot identifies potential
membrane-spanning regions as the most
hydrophobic sequences of the protein. Each
potential membrane segment is identified by
shading in color

Amino acid sequence 100 150 200 -



Figure 7.1 Owverview: transcription generates an

RNA which is complementary to the DNA template

Watson, C”Ck, Brenner, etc strand and has the same sequence as the DNA

coding strand. Translation reads each triplet of
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Figure 6.16 RNA is synthesized by using one
strand of DNA as a template for complementary

base paliring.

DNA consists of two base-paired strands

5> ATGCCGTTAGACCGTTAGCGGACCTGAC top strand
3 TACGGCAATCTGGCAATCGCCTGGACTGDbottom strand

RNA synthesis
"l

5 AUGCCGUUAGACCGUUAGCGGACCUGAC 3

RANA has same sequence as DNA top strand;
is complementary to DNA bottom strand




Contradictions to the dogma:

Figure 7.2 Chverview: the central dogma states
that information in nucleic acid can be perpetuated

or transtemad, but the transfer ol inlormabon into
protoin 18 ireversile
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Information transfer from RNA to
protein

Genetic code Is comprised of non-
overlapping triplets of nucleotides [codons]

The code iIs redundant — more than one
codon per amino acid

T(ransfer)RNA Is the intermediate
molecule that carries both nucleic acid
codon and amino acid.

In ribosome, tRNA anticodon is read and
amino acid Is delivered to growing peptide




Figuure T3
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associates slow
dissociates rapidly

Aminoacylation
without change
in conformation
occurs slowwlhy




Figure 9.1
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Figure 9.3 Third bases have the least influence on
codon meanings. Boxes indicate groups of codons
within which third-base degeneracy ensures that the
meaning is the same

Third base relationship Third bases Number
with same of codons
meaning

third base irrelevant U C A G 32

purines differ UorcC 14
from pyrimidines AorG 10

} unique u,C, A 3
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2 7.16  Initabion may occur independently at each cistron in a polycistronic mRNA. When the
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Fugura 7.8 A polyribosome consists of an mRNA being translated simultaneously by several ribosomes
moving In the direction from 5' to 3'. Each ribosome has two tRNA molecules, the first carrying the last amino

acid added to the cnain (connected to the nascent prolain, 1.e., the polypeptide chain synthesized so far), the
sacond carrying the naxt amino acid to be added.

Folding

MRNASs with premature termination codons are degraded by non-mediated decay.



p6.22 Two proteins can be generaled from a single gene by starting (or terminating) expression

alditferent points.
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Gene structure

Figure 6.17 The gene may be longer than the sequence coding for protein
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Information processing in eukaryotes*
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Figure 524 Genas may be
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Mutations

Types of direct mutations
Example of process leading to mutation

Mutation spectral distribution Is sequence
and mutagen dependent

Suppressor mutations
Regulatory sequence mutations
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Figure 4.22 Spontaneous mutations occur
throughout the /ac/ gene of E. coll, but are
concentrated at a hotspot.
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Figure 9.14
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Figure 6.18 Control sites in DNA provide

binding sites for proteins; coding regions are
expressed via the synthesis of RNA.

DNA contains two types of sequences
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Summary

Universal composition of nucleic acids
Structure of DNA suggests replication mechanism

Triplet genetic code redundantly defines amino
acids

tRNA Is the information transducer

Proteins are characterized by primary, secondary &
tertiary structures

Gene structures and regulation of gene expression
differ in prokaryotes and eukaryotes

Mutations come in many flavors




	Introduction to Bioinformatics:
	Nucleic Acids
	Proteins
	Contradictions to the dogma:
	Information transfer from RNA to protein
	Mutations
	Summary

