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DNA

» can be thought of as the “blueprint” for an
organism

» composed of small molecules calleacleotides

« four different nucleotides distinguished by the fot
basesadenine (A), cytosine (C), guanine (G) anc
thymine (T)

» a polymer: large molecule consisting of similar
units (nucleotides in this case)

DNA

» a single strand of DNA can be thought of as a
string composed of the four letters: A, C, G, T

ct gct ggaccgggt gct aggaccct gact gec
cggggccgggggt gcggggeccgcet gag...




The Double Helix

* DNA molecules usually
consist of two strands
arranged in the famous
double helix
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The Double Helix

» each strand of DNA has a “direction”

— at one end, the terminal carbon atom in the
backbone is the 5’ carbon atom of the terminal
sugar

— at the other end, the terminal carbon atom is th
3’ carbon atom of the terminal sugar

» therefore we can talk about theand the3’ ends
of a DNA strand

* in a double helix, the strands amtiparallel
(arrows drawn from the 5’ end to the 3’ end go in
opposite directions)
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Chromosomes

* DNA is packaged into individual
chromosome@&long with proteins)

o prokaryotegqsingle-celled organisms
lacking nuclei) have a single circular
chromosome

» eukaryotegorganisms with nuclei) have a
species-specific number of linear
chromosomes

Human Chromosomes
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Genomes

 the termgenomeefers to the complete
complement of DNA for a given species

* the human genome consists of 46 chromosomesg.

» every cell (except sex cells and mature red blooc
cells) contains the complete genome of an
organism

Proteins

proteins are molecules composed of one or
morepolypeptides

a polypeptide is a polymer composed of
amino acids

cells build their proteins from 20 different
amino acids

a polypeptide can be thought of as a string
composed from a 20-character alphabet




Protein Functions

structural support

storage of amino acids

transport of other substances
coordination of an organism’s activities
response of cell to chemical stimuli
movement

protection against disease

selective acceleration of chemical reactior

Amino Acids

Alanine Ala A
Arginine Arg R
Aspartic Acid Asp D
Asparagine Asn N
Cysteine Cys C
Glutamic Acid Glu E
Glutamine GIn Q
Glycine Gly G
Histidine His H
Isoleucine lle |

Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val \Y

S
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Hemoglobin

 protein built from 4 polypeptides
» responsible for carrying oxygen in red blood cells

Genes

genes are the basic units of heredity

a gene is a sequence of bases that carries the
information required for constructing a particular
protein (polypeptide really)

a gene is said tencodea protein
the human genome comprises ~ 40,000 genes
— there is some controversy about this number




Gene Density

» not all of the DNA in a genome encodes protein:

microbes 90% coding genel/kb

human 3% coding  gene/35kb

The Central Dogma
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RNA

* RNA is like DNA except:
— backbone is a little different
— usually single stranded
— the base uracil (U) is used in place of thymine

(T)
» a strand of RNA can be thought of as a string
composed of the four letters: A, C, G, U

Transcription

top strand
: coding strand
5 3 sense strand
DNA ) CGGCAATCTGOCAA TCOCCTGGACT
bottom strand
\{ template strand

antisense strand

3.!
mRBNA

synthesis

5!-' 3!-'
mRNA AUGCCGUUAGACCGUUAGCGGACCUGAC
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* RNA polymerases the enzyme that builds an

Transcription

RNA strand from a gene

* RNA that is transcribed from a gene is called
messenger RNA (mMRNA)

— we’ll talk about other varieties of RNA later in

the course

First letter

The Genetic Code

Second letter

U C A G
Uy 0 UAU : UGy u
uuc :::-:& 5?&' uac | Twrosine uGe | Cysteine | ¢
u Serine
WUA |t elicine EEE UAA | stop codon| [ UGA | Stop codon| A
uue UAG | stop codon| | UGG | Tryptophan| G
cuy cey CAU | iidine | | cou o
C chc LeLici £4C Prolin e Lae Argini -
cua o cca : AR | coa NS AT
UG (e CAG Glutamine | | cGG G
AUU AAL i AGU : u
AUC [ kaleudine ‘:E'E' AAC Asparagine AGC Serine c
AL aua R, Threonine
Methioning; | ACA AAA : AGA e A
E Lr;élg;t.lmn ALG aaG | Lysine AGG | Arginine G
Guy Geu GAU | Aspartic || GGU 2
G Lk Valine ee Alaning Achd 90¢ Glycine
GUA GCA GAA e oo A
GUG GLG GAG id GGG G
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DMNA Genetic Code Dictates Amino Acid
Identity and Order
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Translation

ribosomesare the machines that synthesize
proteins from mMRNA

the grouping of codons is called tteading frame
translation begins with thetart codon
translation ends with th&top codon
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Codons and Reading Frames

This process repeats
until reaching a stop
codon

Growing_

poly- 9%
peptide
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RNA Processing in Eukaryotes

eukaryotesre organisms that have enclosed
nuclei in their cells

in eukaryotes, mMRNA consists of alternating
exon/intronsegments

exons are the coding parts
introns are spliced out before translation

RNA Splicing
===

Transcription
(RNA synthesis)

exon 1 %nmnz W exon3

Nuclear RNA

/{ RNA Splicing

exon 1

exon 2 | exon 3

Messenger RNA
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Protein Synthesis in Eukaryotes
vs. Prokaryotes

DNA
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DNA Seguence Vaniation in a Gene Can Change
the Protein Produced by the Genetic Code
Gt A P GCAAGA GAT AAT TGT...
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ENA

Summary
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