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The Players

DNA
String with alphabet {A, C, G, T}
Nucleotides/Bases

String with alphabet {A, C, G, U} Bases |

String with 20-letter alphabet
Amino acids/Residues
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Central Dogma

DNA acts as a template to replicate itself.
DNA is transcribed into RNA.
RNA is translated into Protein.

[Replica’rion Tr'anscr'ipfiorD Tr'ansla’rionj

RNA Protein
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Basic Genetic Processes

DNA replication
DNA repair
genetic recombination
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Figure 6-1 The basic genetic
processes. The processes shown here
are thought to occur in all present-
day cells, Very early in the evolution
of life, however, much simpler cells
probably existed that lacked both
DNA and proteins (see Figure 1-11).
Note that a sequence of three
nucleotides (a codon) in an RNA
molecule codes for a specific amino
acid in a protein.
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Chromosomes

Human chromosomes!
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Chromosomes
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DNA Molecule
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amino acid |3 letter code | 1 letter code
alanine Ala A
arginine Arg R
aspartic acid Asp D
ASparginine Asn N
cysleine Cys L
glutamic acid Glu E
glutamine Gin 0
glycine Gy G
isoleucine Ile I
leucine Leu L
lysine Lys K
methionine Met M
phenylalanine Phe F
proline Pro P
sering Ser 1
threonine Thr T
wryptophan Trp w
Iyrosing Tyr ¥
valine Val v

Table 1.1: Amiing acid ablreviarions
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Figure 1.1: E. coli Ala 1RNA
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RNA Protein
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The Genetic Code

) \
U c A anticodon AUG
5 A G U codon UAC mRNA 3
et e e
2nd base in codon
Phe | Ser Tyr Cys U
U Phe | Ser | Tyr | Cys c =
s Leu | Ser | STOP |STOP | A o
T Leu | Ser | STOP | Trp G 5
o Leu Pro His Alg U g
£ C Leu | Pro His Aryg C 5
o Leu | Pro Gin Arg A 0
E Leu | Pro Gln Arg G 3
> lle | Thr | Psn | Ser | U | 8
Ll A e Thr A=n Ser C
lle Thr | Lys Ary A
Met | Thr | Lys Ary G
Val Ala | Asp Gly U
G Val Ala | Asp Gly cC
Vfal Ala Glu Gly A
Val Ala | Glu Gly G
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Transcription Regulation
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DNA Transcription
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Transcription
Initiation
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RMNA polymerase

stop signal for
RNA polymerase

promoter

DNA HELIX
OPENING

Transcription

INITIATION OF RNA CHAIN
BY JOINING OF FIRST TWQO
RIBONUCLEOSIDE
TRIPHOSPHATES

3
RNA CHAIN ELONGATION
IN 5'-t0-3' DIRECTION
BY ADDITION OF
RIBONUCLEQCSIDE
TRIPHOSPHATES

DNA double helix

start site for transcription

RNA strand

and DNA helix
re-formation
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TERMINATION AND

RELEASE OF POLYMERASE AND

COMPLETED RNA CHAIN
3

¢ Genetic Mechanisms
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displacement short region of
. DNA/RNA helix

Figure 6-2 The synthesis of an RNA
molecule by RNA polymerase. The
enzyme binds to the promoter
sequence on the DNA and begins its
synthesis at a start site within the
promoter. It completes its synthesisa
a stop (termination) signal,
whereupon both the polymerase and
its completed RNA chain are released
During RNA chain elongation,
polymerization rates average about3
nucleotides per second at 37°C.
Therefore, an RNA chain of 5000
nucleotides takes about 3 minutesto
complete.
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Transcription Steps

RNA polymerase needs many transcription factors (TFIIA, TFIIB, etc.)

(A) The promoter sequence (TATA box) is located 25 nucleotides away from
Transcription initiation site.

(B) The TATA box is recognized and bound by ftranscription factor TFIID, which then
enables the adjacent binding of TFIIB. DNA is somewhat distorted in the
process.

(D) The rest of the general transcription factors as well as the RNA polymerase itself
assemble at the promoter. What order?

(E) TFITH then uses ATP to phosphorylate RNA polymerase II, changing its
conformation so that the polymerase is released from the complex and is able to
start transcribing. As shown, the site of phosphorylation is a long polypeptide tail
that extends from the polymerase molecule.
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Transcription Factors

The general transcription factors have been highly conserved in evolution; some of
those from human cells can be replaced in biochemical experiments by the
corresponding factors from simple yeasts.
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Protein Synthesis

1. Transcription
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Protein Synthesis:

Incorporation of amino
acld into protein
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