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DNA is the Genetic Material
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DNA is the Genetic Material

Table 22.1 The genetic code
5 base | Middle base

Uuly Phe | UCU Ser

UUC Phe | UCC Ser

UUA Leu UCA Ser

UuG Leu UCG Ser

CUU Leu | CCU Pro

CUC Lew | CCC Pro

CUA LEU | CCA Pro

CUG Leu | CCG Pro

AUU lle ACU Thr AGL Ser
AUC lle ACC Thr AGC Ser
ALA lle ACA Thr AGA Arg
AUG Met' | ACG Thr AGG Arg
GuU Val GAU Asp

GUC Val GAC Asp

GUA Val GAA Glu

GUG Val GAG Glu

*Stop codons have no amino acids assigned to them.
"The AUG codon is the Inltlation codan as well as that for other methionine

residues.




* It have been identified Four principles
types of RNA:

— Messenger RNA ( ) - carries genetic
information from DNA in nucleus to cytoplasm
where proteins synthesized

— Transfer RNA ( ) - carries amino acids
from amino acid pool to mRNA
— Ribosomal RNA ( ) - joins with ribosomal

proteins in ribosome where amino acids joined
to form protein primary structure.

— Small nuclear RNA ( ) - associated with
proteins in nucleus to form small nuclear
ribonucleoprotein particles ( ) which
delete introns from pre-mRNA



Information Flow
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Each cell nucleus contains all genes for that organism but
genes only expressed as needed
Transcription regulated by

— Proteins produced by their own genes
* If transcription factors promote transcription - activators
* If transcription factors inhibit transcription - repressors

General transcription factors interact with RNA polymerase to
activate transcription of mMRNA
— Numerous transcription factors required to initiate transcription
— General transcription factors set base rate of transcription

— Specific transcription factors interact with general transcription
factors to modulate rate of transcription

Some hormones also cause effects by modulating rate of
gene transcription



Protein synthesis occurs in
ribosomes

ure 6-62. Molecular Biology of the Cell, 4th Edition.



Protein synthesis occurs in
ribosomes
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Translation (protein synthesis)



Translation (protein synthesis)
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Translation (protein synthesis)
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Translation Activation
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This is a molecule of messenger RNA.

It was made in the nucleus by
transcription from a DNA molecule.
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A ribosome on the rough endoplasmic
reticulum attaches to the mRNA
molecule.
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A transfer RNA molecule arrives.

It brings an amino acid to the first three
bases (codon) on the mRNA.

The three unpaired bases (anticodon) on
the tRNA link up with the codon.
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Another tRNA molecule comes into place,
bringing a second amino acid.

Its anticodon links up with the second codon
on the mRNA.



A peptide bond forms between the two

amino acids.



P-site

CH,-S-CH,-CH,-GH

* peptide bond formation is
catalyzed by

* peptidyl transferase is contained

within a sequence of 23S rRNA in the

prokaryotic large ribosomal subunit;
therefore, it is probably within
the 28S rRNA in eukaryotes

* the energy for peptide bond

formation comes from the ATP used

in tRNA charging

* peptide bond formation results in a

shift of the nascent peptide from the

P-site to the A-site
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The first tRNA molecule releases its amino acid
and moves off into the cytoplasm.



The ribosome moves along the mRNA to the

next codon.



Another tRNA molecule brings the
next amino acid into place.




A peptide bond joins the second and
third amino acids to form a
polypeptide chain.



The process continues.
The polypeptide chain gets longer.

This continues until a termination (stop)
codon is reached.

The polypeptide is then complete.
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Messenger RNAs are translated
o] polyrlbosomes

messen ger RNA (mRNA)
s

poly-A-binding
protein

polypeptlde
chain

(A)

Figure 6-75. Molecular Biology of the Cell, 4th Edition.



Rate of protein synthesis:
— suppressed during exercise

— increases for up to 48 hours post-exercise

* Increased protein synthesis during post-exercise period
— unlikely to be due to increased transcription of RNA
» Changes in protein synthesis independent of total RNA
— more likely due to change in translational control of mMRNA
» Recent evidence points to involvement of translational
initiation factors (elF4E & elF4G)
— Extent of post-exercise protein synthesis also
dependent on half-life of mMRNA

* Controlled by ribonucleases (degradative enzymes)

* Other proteins stabilise and destabilise mMRNA against
degradation by ribonucleases
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Protein degradation

— Small peptides broken down into free amino acids by other
processes in cell

— cathepsins and proteinases degrade bonds

— Various isomers activated at different calcium concentrations



Protein degradation

— Change in protein = synthesis rate - degradation
rate
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