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Lecture 9 

Nucleic Acids and Protein Synthesis: 
Translation Mutations & Genetic Engineering 

Chapter 23: Section 6-8 

Overview 

•! mRNA is a transcribed copy of 
a DNA sequence that encodes 
a particular gene, which in turn 
codes for the synthesis of a 
particular polypeptide chain 

•! If a protein contains more than 
one subunit, each chain will be 
encoded by a different gene   

The Genetic Code 

•! If there are only 4 nucleotides how are genes and 
subsequently mRNAs organized to encode amino acid 
sequences 
–! Triplet Code 

•! Therefore, each group of three bases along the mRNA 
strand specifies a particular amino acid sequence 

•! The triplet code is referred to as a codon 

The Genetic Code 

1. The code is universal 

2. The code is degenerate 

3. The third base wobbles 

4. The code does not 
overlap 

5. There are 3 termination 
codons 

6. AUG is the start codon, 
but not all mature proteins 
start with Met 

DNA!mRNA!Protein 

5’-AUGUUUGGUCGUAGUACUUGA-3’ 

5’-AUG/UUU/GGU/CGU/AGU/ACU/UGA-3’ 

N’-Met/Phe/Gly/Arg/Ser/ThrSTOP-C’ 

3’-AGUUCAUGAUGCUGGUUUGUA-5’ 

•! Example: 
5’-dTCAAGTACTACGACCAAACAT-3’ 

Transcription 

Flip message 

Separate into triplets 

Translation 

Initiation of Translation 

•! mRNA formed during transcription is transported across 
the nuclear membrane to the ribosomes in the cytoplasm 

•! Translation is initiated when an mRNA encounters the 
small subunit and the start site is recognized 
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Elongation of Translation 

•! Begins when the second amino-acylated tRNA 
brings the second AA residue 

Termination of Translation 

•! Termination is started when the STOP codon is 
encountered 

Charging The tRNA 

•! tRNA’s are recycled during translation 

•! A specific tRNA is attached to a specific amino 
acid 

-O 

Polysomes 

•! Multiple ribosomes can 
bind to one message 

•! The large multiple 
ribosome structure is 
referred to as a 
polysome  

•! The amount of any 
particular protein in all, 
depends on the 
balance between its 
synthesis and its 
degradation 
–! Synthesis depends 

on presence of 
mRNA 

Mutations 

•! UV light, certain chemicals and radiation are known to 
damage DNA by: 
–! Disrupting the sugar phosphate backbone  
–! Altering the purine and pyrimidine bases 

•! Any chemical or physical change that alters the 
nucleotide sequence in a DNA molecule is termed a 
mutation, types include  
–! Substitution 

–! Insertion 

–! Deletion 

•! When only one nucleotide is altered it is referred to as a 
point mutation 

•! Agents that cause mutations are referred to as mutagens, 
examples include: 

–! UV light 
–! !-Radiation 

–! 5-Bromouracil 
–! 2-Aminopurine 
–! Hydroxylamine 
–! Nitrous Acid 

•! Several DNA repair enzymes exist that can repair different 
types of DNA damage 

Mutations 

Physical - exert mutagenic 
effect either directly or via 
free radical, can result in 
cross-linking between bases 

Cause base analogs, that 
can be incorporated into 
the new DNA strand but 
exhibit faulty base-pairing 
The compounds are 
considered carcinogenic 
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Xeroderma Pigmentosum 

•! The genetic disease 
xeroderma pigmentosum 
is caused by a lack of the 
enzyme that cuts out the 
damaged thymine dimers 
in DNA 

•! Individuals affected with 
this condition are 
abnormally sensitive to 
light and prone to skin 
cancers 

Evolution vs. Genetic Disease 

•! When a mutation occurs in a germ cell, it will be 
inherited by all offspring 
–! It is possible for a gene mutation to be beneficial 
–! Most mutations are however, detrimental  

•! If the point mutation occurs at a crucial position the 
defective protein will lack activity and may result in the 
cell’s death (here mutation is gone) 

•! Non-lethal mutations often lead to metabolic 
abnormalities or to hereditary diseases  

•! In most cases, the defective gene results in the failure 
to synthesize a particular enzyme 

Phenylketonuria (PKU) 

•! Results when the enzyme phenylamine hydroxylase 
is absent 

•! A person with this disease cannot convert 
phenylalanine to tyrosine, which is the precursor of 
the neurotransmitter dopamine and norepinephrin as 
well as the skin pigment melanin 

•! The result is an over accumulation of phenylalanine, 
which will then be converted to phenylpyruvate 

•! Excessive amounts of phenylpyruvate impair normal 
brain development, new born babies are tested 

Genetic Engineering 

•! More than 3,000 human diseases have a genetic 
component 

•! By determining the location of mutations on specific 
genes scientists have been able to learn more about 
the cause of genetic diseases 

•! These genes and their products can be studied fully 
by using Recombinant DNA Technology 

Human Genome Project 

•! To fully understand genetic diseases, the location of 
genes on the chromosomes needed to be mapped out 

•! The Human Genome Project, which began in 1990, is an 
international effort to determine the location of each gene 
in the human genome, (i.e. determine the complete 
nucleotide sequence of nuclear DNA) 

•! Identifying defective genes would give researchers the 
ability to detect and treat disorders sooner and possibly 
design ways to prevent some of these diseases 

Genomic Libraries  
•! DNA is large and complicated 

so first it must be digested into 
smaller pieces 
–! Restriction Enzymes 

•! Then the DNA will be cloned 
into phages (bacterial viruses) 
that can enter the bacteria and 
be replicated 

•! Plating the bacteria on 
selective media allows for the 
selection of bacteria that have 
the phage 

•! Each colony formed should 
have a unique fragment of 
DNA, resulting in a library 
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Screening the Libraries 

•! The next task is to screen the 
DNA libraries, to determine 
which bacterial colony (or 
colonies) has the gene of 
interest 

•! A short piece of DNA, known 
as a hybridization probe, that 
has a nucleotide sequence 
complimentary to a known 
sequence in the gene, is 
synthesized with a radioactive 
phosphate tag    

Putting Gene of Interest into an 
Expression Vector 

•! Once a colony containing the 
desired gene has been identified, 
the DNA fragment is clipped out 
(w/ RE) 

•! An expression vector is also cut 
with the same restriction enzymes 

•! The two are then ligated and 
inserted into E. coli, the vector 
confers a specific antibiotic 
resistance 

•! The clone (E. coli + plasmid) is 
grown and the protein amplified 

Expression and Purification of Protein 

•! The E. coli containing the 
plasmid can be grown in large 
vats  
–! The DNA will be replicated during 

cell division  

–! Then transcription and translation 
of the protein can be induced 

•! Large amounts of recombinant 
protein can be made using the 
bacteria’s machinery  

Applications of Recombinant DNA 

•! Many valuable materials, difficult to obtain, are made 
with recombinant DNA 
–! Human Insulin 
–! Human growth hormone 

•! Recombinant techniques are an enormous aid to 
scientists in mapping and sequencing genes and in 
subsequently determining their function 

•! It is conceivable that recombinant DNA could lead to 
cures for many genetic diseases 
–! Making insulin, clotting factors for hemophiliacs, supplying 

missing enzymes, hormones, vitamins, antibodies, making 
vaccines, etc 

DNA Fingerprinting 

•! This technique relies on the fact that 
like a fingerprint, a person’s DNA is 
unique 

•! It is extremely useful in criminal 
investigations and determining 
paternity  

•! The DNA is obtained from any cell 
(extracted from a biological sample) 
–! The sample is cut with restriction enzymes 

–! The fragmented DNA is separated on a 
gel and is visualized by staining or by 
autoradiography 

S1 S2 EV M 

Questions???? 


