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Overview

Molecular Components of Translation

➔ Transfer RNA (tRNA) has the following structural features:
◆ A single strand of RNA forming a 3 stem-loop structure
◆ One of these loops is an anti-codon loop - the base pair 

sequence here is complementary to mRNA codons
◆ One end of the single strand (3’) is the acceptor stem - 

the amino acid is located here
◆ aminoacyl-tRNA synthetase - the enzyme responsible for 

joining an amino acid to a specific tRNA (with a specific 
anti-codon)



Overview

tRNA structure

➔ Take special note 
of:
◆ the amino 

acid 
attachment 
site (acceptor 
stem)

◆ The 
anticodon 
loop



Overview

aminoacyl-tRNA synthetase

➔ There are 20 different enzymes 
which facilitate the synthesis of 
20 different tRNA molecules (for 
each amino acid) 

➔ So why aren’t there 61 different 
tRNA synthetase enzymes and 
thus 61 different tRNAs?
◆ Wobble pairing!
◆ A tRNA molecule can be 

flexible with the third base 
when it interacts with an 
mRNA codon

https://
www.y
outube.
com/w
atch?v
=zHfiW
XQIA2
Q&ab_
channe
l=Learn
ingSim
ply
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Overview

Molecular Components of Translation

➔ Ribosomes - the site where protein 
synthesis occurs
◆ Comprised of proteins as well as 

rRNAs
◆ Two subunits (large and small) each 

made up of different proteins and 
rRNA molecules

◆ A binding site for mRNA and 3 binding 
sites for tRNA molecules

◆ More than one ribosome can work on 
the same mRNA - put together we call 
this complex arrangement a 
polyribosome

https://www.youtube.com/watch?v=oQFXPxPdAwU&ab_channel=PAKTECHPOINT

https://www.youtube.com/watch?v=oQFXPxPdAwU&ab_channel=PAKTECHPOINT


Overview

Molecular Components of Translation

➔ 3 binding sites
◆ E site (exit site)

● Contains the uncharged tRNA (no 
longer has an amino acid attached 
to it)

◆ P site (peptide site)
● Contains the tRNA with the 

growing polypeptide
◆ A site (amino site)

● Contains the tRNA with the next 
amino acid in the sequence



The Molecular Events of 
TranslationInitiation

➔ The small subunit attaches 
near the start codon (AUG) on 
the mRNA

➔ The initiator tRNA binds to the 
start codon (AUG)

➔ The large subunit joins the 
complex

➔ The start codon sets the 
reading frame; from there 
the codons are read 3 at a 
time

➔ The polypeptide grows on the 
tRNA in the P site of the 
ribosome



The Molecular Events of 
TranslationElongation

➔ After the initiator tRNA (with 
methionine) bonds to the P 
site, the next tRNA (with the 
next amino acid) binds to the A 
site

➔ A peptide bond forms 
between the P site amino acid 
and the A site amino acid and 
the polypeptide transfers to the 
A site tRNA



The Molecular Events of 
TranslationElongation

➔ The tRNAs shift from: 
◆ A site → P site → E site → 

ejected
➔ The mRNA moves along with 

the tRNA with the polypeptide, 
exposing the next mRNA codon 
at the A site

➔ A new tRNA with a 
complementary anticodon 
binds to the A site with the 
next amino acid to be added to 
the polypeptide



The Molecular Events of 
TranslationTermination

➔ A stop codon (UAA, UAG, UGA) 
on the mRNA aligns at the A 
site

➔ A release factor binds to the 
stop codon and cleaves the 
polypeptide off of the last tRNA 
at the P site

➔ The polypeptide is released and 
goes through further 
processing forming secondary, 
tertiary and quaternary 
structures

https://www.youtube.com/watch?v=5bLEDd-PSTQ&ab
_channel=ndsuvirtualcell
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• Free ribosome

• In cytoplasm

• Produce proteins that are used by the cell

Bound ribosome

• On the cytosolic side of the rough ER

• Transmembrane proteins (proteins that may 
be secreted into the ER or into the ER 
membrane)

Free vs Bound Ribosome



Learning Check
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Questions 13-18

https://www.youtube.com/watch?v=h3b9ArupXZg&t=3s
&ab_channel=BozemanScience

https://www.youtube.com/watch?v=h3b9ArupXZg&t=3s&ab_channel=BozemanScience
https://www.youtube.com/watch?v=h3b9ArupXZg&t=3s&ab_channel=BozemanScience




A Review of Gene 
Expression
➔ DNA template strand leads 

to...
➔ Precursor mRNA strand 

which is processed with...
◆ 5’ cap, 3’ poly-A tail, 

intron removal resulting 
in...

➔ Mature mRNA which is 
recognized by the ribosome 
and translated between the 
start/stop codons using 
tRNAs producing a...

➔ Polypeptide



Mutations
● Mutations, mistakes 

happens during DNA 
replication occasionally

● There can be four types of 
mutations:

- Positive mutation (useful 
to survival/reproduction)

- Negative mutation 
(harmful to 
survival/reproduction)

- Neutral mutation (no 
effect)

- Silent mutation (no effect)



DNA Mutations and Effects of Mutagens
Mutation

➔ A permanent change in the nucleotide 
sequence of a cell’s DNA

➔ Are generally neutral or harmful but 
can be beneficial in rare cases - 
benefits can lead to the evolution of 
species

➔ Single gene vs chromosomal 
mutations



DNA Mutations and Effects of Mutagens
Single-Gene Mutations

➔ Point mutations
◆ A mutation involving a 

single base pair 
substitution, insertion or 
deletion

◆ Insertion or deletion can 
lead to a frameshift 
mutation

◆ Can results in: silent, 
missense or nonsense 
mutations

https://www.youtube.com/watch?v=JiWWsJRpA2M&ab_channel=CatalystUniversity

Silent mutation that does not result in a change in the amino acid 
coded for and, therefore, does not cause any phenotypic change.
Missense mutation: a mutation that results in the single substitution 
of one amino acid in the resulting polypeptide
Nonsense mutation: a mutation that converts a codon for an amino 
acid into a termination codon 

https://www.youtube.com/watch?v=JiWWsJRpA2M&ab_channel=CatalystUniversity


Frameshift mutations



DNA Mutations and Effects of Mutagens
Chromosomal Mutations

➔ Deletion
➔ Duplication
➔ Inversions
➔ Translocations

DNA Transposons

➔ A short segment of DNA capable of moving within the genome of an organism; 
also called a jumping gene. If a transposon inserts itself into a functional gene, 
it will probably damage it. Insertion into exons, introns, and even into DNA 
flanking the genes (which may contain promoters and enhancers) can destroy 
or alter the gene's activity.

https://www.youtube.com/watch?v=vl6Vlf2thvI&ab_cha
nnel=AmoebaSisters

https://www.youtube.com/watch?v=eSD_tbjfSlA&ab_channel=NicoleLantz
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DNA Mutations and Effects of Mutagens
Physical Mutagens

➔ X-rays
◆ High-energy radiation that can  have relatively minor effects 

including point mutations and can have large effects such 
as the loss of large portions of chromosomes

◆ UV radiation has a similar effect

Chemical Mutagens

➔ A molecule that interacts with DNA in the nucleus
➔ Can cause a substitution or a frameshift mutation

◆ Nitrites, gasoline fumes, cigarette smoke

https://www.youtube.com/watch?v=sX6LncNjTFU&t=10
1s&ab_channel=ProfessorDaveExplains

https://www.youtube.com/watch?v=sX6LncNjTFU&t=101s&ab_channel=ProfessorDaveExplains
https://www.youtube.com/watch?v=sX6LncNjTFU&t=101s&ab_channel=ProfessorDaveExplains


DNA repair
Photorepair (specific)

➔ UV radiation can cause adjacent thymines to become linked 
together forming a dimer

➔ Photolyase repairs this specific through the use of visible light

Excision repair (non-specific)

➔ Removal of a damaged region of DNA and replacing it with the 
correct sequence



Learning Check
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Questions 19-24





Remember me?
● Eukaryotic cell 

ALWAYS 
BEGINS 
SEQUENCE BY 
THE AMINO 
ACID 
METHIONINE

● UAA, UGA and 
UAG in amino 
acid sequence 
means STOP



Transcription to Translation



Transcription to Translation
(Coding strand, 
Sense strand)

(Non-Coding strand, 
Anti-Sense strand)



Recap



Topic Review Questions
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Questions 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13 
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