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Overview

Molecular Components of Translation

- Transfer RNA (tRNA) has the following structural features:

\ 4
\ 4

\ 4

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

w

Amino acid
attachment site
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Anticodon

(a) Two-dimensional structure. The four base-paired regions and
three loops are characteristic of all tRNAs, as is the base sequence

of the amino acid attachment site at the 3" end. The anticodon

triplet is unique to each tRNA type, as are some sequences in the

other two loops. (The asterisks mark bases that have been

chemically modified, a characteristic of tRNA. The modified bases
contribute to tRNA function in a way that is not yet understood.)

Amino acid
attachment site

I s
Anticodon

(c) Symbol used

(b) Three-dimensional structure in this book



Y Figure 17.17 Aminoacyl-tRNA synthetases provide
specificity in joining amino acids to their tRNAs. Linkage of
a tRNA to its amino acid is an endergonic process that occurs at the
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polypeptide  Exit tunnel
for growing
polypeptide

Large
subunit

- Ribosomes - the site where protein ' }"
synthesis occurs
# Comprised of proteins as wellas ~ “Eiaimen ke
& 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 @ Shomatcmedol it nilhandIA LTI ko2
€& More than one ribosome can work on st T ot ol e s Gy

https://www.youtube.com/watch2y=00F XPxPdAwl&ab_channel=PAKTECHPOINT leave from the E site. The polypeptide grows at its carboxyl end.
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- 3 binding sites }"
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@ Contains the uncharged tRNA (N0 st feone iouing s v shope. The eskoot

ribosome is roughly similar. A ribosomal subunit is a complex
of ribosomal RNA molecules and proteins.

longer has an amino acid attached e
to it)
& P site (peptide site)
@® Contains the tRNA with the
growing polypeptide g e
¢ A site (amino site) et A e (£ T e
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The Molecular Events of

Franslation

- 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

¥ Figure 17.19 The initiation of translation.

l""_%' Animation: Initiation of Translation

ribosomal

mRNA binding site subunit

2]

€ A small ribosomal subunit binds to a
molecule of mRNA. In a bacterial cell, the
mRNA binding site on this subunit
recognizes a specific nuclectide sequence
on the mRNA just upstream of the start
codon. An initiator tRNA, with the
anticodon UAC, base-pairs with the start
codon, AUG. This tRNA carries the amino
acid methionine (Met).

Large
ribosomal
subunit

Translation initiation complex

The arrival of a large ribosomal subunit
completes the initiation complex.
Proteins called initiation factors (not
shown) are required to bring all the
translation components together.
Hydrolysis of GTP provides the energy
for the assembly. The initiator tRNA is in
the P site; the A site is available to the
tRNA bearing the next amino acid.




The Molecular Events of

Cycle of

I Iat -
an important role in the elongation process; elongation factors are not shown

Amino end
of polypeptide

@ Codon recognition. The anticodon of
an incoming aminoacy| tRNA base-pairs
with the complementary mRNA codon in
the A site. Hydrolysis of GTP increases
the accuracy and efficiency of this step.
Although not shown, many different
aminoacyl tRNAs are present, but only
the one with the appropriate anticodon
will bind and allow the cycle to progress.

- After the initiator tRNA (with ey

methionine) bonds to the P R
site, the next tRNA (with the m/““ i b,
next amino acid) binds to the A
site

> A peptide bond forms

GDP + (P,

@ Peptide bond formation.
An rRNA molecule of the large

between the P site amino acid
and the A site amino acid and

the polypeptide transfers to the
A site tRNA

© Translocation. The
ribosome translocates the
tRNA in the A site to the

P site. At the same time,
the empty tRNA in the P
site is moved to the E site,
where it is released. The
mRNA moves along with its
bound tRNAs, bringing the
next codon to be translated
into the Assite.

ribosomal subunit catalyzes the
formation of a peptide bond
between the amino group of the
new amino acid in the Asite and
the carboxyl end of the growing
polypeptide in the P site. As
shown in the next diagram, this
step removes the polypeptide
from the tRNA in the P site and
attaches it to the amino acid on
the tRNA in the A site.




The Molecular Events of

Cycle of

I Iat -
an important role in the elongation process; elongation factors are not shown

Amino end
of polypeptide

@ Codon recognition. The anticodon of
an incoming aminoacy| tRNA base-pairs
with the complementary mRNA codon in
the A site. Hydrolysis of GTP increases
the accuracy and efficiency of this step.
Although not shown, many different
aminoacyl tRNAs are present, but only
the one with the appropriate anticodon
will bind and allow the cycle to progress.

- The tRNAs shift from: S
® A site - P site - E site - —
ejected “m/”“ -, -
> The mRNA moves along with
the tRNA with the polypeptide,
exposing the next mRNA codon
at the A site
> A new tRNA with a

where it is released. The

GDP + (P,

@ Peptide bond formation.

An rRNA molecule of the large
ribosomal subunit catalyzes the
formation of a peptide bond
between the amino group of the
new amino acid in the Asite and
the carboxyl end of the growing
polypeptide in the P site. As
shown in the next diagram, this
step removes the polypeptide
from the tRNA in the P site and
attaches it to the amino acid on
the tRNA in the A site.

mRNA moves along with its
bound tRNAs, bringing the

complementary anticodon e
binds to the A site with the
next amino acid to be added to




The Molecular Events of

Thanskation

-> A stop codon (UAA, UAG, UGA)
on the m RN A a | | g ns at the A oo i o
site

- A release factor binds to the
stop codon and cleaves the |
polypeptide off of the last tRNA ovmvammm;}”?fr{i‘fl?fésmw e R T L

3

at the P site S
- The polypeptide is released and
https://www.youtube.com/watch?v=5bLEDd-PSTQ&a
goes through further _channel=ndsuvirtualcell

processing forming secondary,
tertiarv and quaternarv


https://www.youtube.com/watch?v=5bLEDd-PSTQ&ab_channel=ndsuvirtualcell
https://www.youtube.com/watch?v=5bLEDd-PSTQ&ab_channel=ndsuvirtualcell

Free vs Bound Ribosome

* Free ribosome
* In cytoplasm e
* Produce proteins that are used by the cell

@
Free #
ribosome * L
Bound ribosome & ::mT:dswhhthe
« On the cytosolic side o.f the rough ER rough endoplasmic re
* Transmembrane proteins (proteins that may p
be secreted into the ER or into the ER Ribosomes are the ¢

membrane)
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Questions 13-18

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

Learning Check

13. List and explain the major components of the 16. How is translation initiated and terminated?
translation machinery. 17. Use labelled diagrams to illustrate the events of the

14. Describe the structure and function of a elongation phase of translation.
polyribosome. 18. Streptomycin is an antibiotic that works by

15. Explain why translation is an energy-consuming inhibiting the attachment of tRNA that carries a
process. Which organelle provides energy for this modified form of methionine. Explain what effect

process? this antibiotic must have on bacteria.



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

13.

14.

15.

Answers may be based on Table 6.4 on page 257 of the
student textbook and should include mRNA, tRNA,

ribosomes, and translation factors. The following information
may be included:

» mRNA: contains the genetic information which determines
a proteins amino acid sequence

= tRNA: a molecule that links mRNA codons with their
corresponding amino acid

= ribosomes: a structure composed of rRNA and proteins
which provides the site for protein synthesis

« translation factors: accessory proteins which are necessary
for each stage of translation

A polyribosome is a complex composed of multiple

ribosomes along a strand of mRNA. It can produce many

copies of a protein at the same time.

Translation consumes large amounts of energy since many

molecules ( i.e., proteins and nuclei acid components) must

be synthesized and assembled. Energy is also needed to form

peptide bonds that exist between the amino acids in proteins.

'This energy is provided by mitochondria, which supply the
cell with most of its energy.

Table 6.4 Major Components of the Translation Machinery

16. Translation is initiated when initiation factors assemble the
translation components. The small ribosomal subunit attaches
to the mRNA near the start codon (AUG). The initiator tRNA
(with anticodon UAC) binds to the start codon. The large
ribosomal subunit then joins to form the complete ribosome.
Translation is terminated when a stop codon on the mRNA
is reached. This causes the polypeptide and the translation
machinery to separate. The polypeptide is then cleaved from

the last tRNA by a release factor.

17. Answers could be based on Figure 6.14 on page 259 of the
student textbook.

18. The antibiotic would prevent the initiation of translation of
bacterial proteins. Therefore, the bacterial cells would nat
survive.

iz

Figure 6.14 During
elongation, one
amino acid is
added at a time
onto the growing
polypeptide chain.

mBNA contains genetic information that determines the amino acid sequence of a protein

tRNA contains an anticodon that base-pairs with a codon on the mRENA and has the
corresponding amino acid attached to it, according to the genetic code

Ribosomes compaosed of rRNA and proteins; involved in the process of protein synthesis

Translation proteins that act as accessory factors; needed at each stage of translation

factors

1. A tRNA with an attached
polypeptide is in the P site.
A tRMA carrying the next
amino acid enters the
A site.

2. The polypeptide chain is
transferred to the amino
acid of the tRNA in the
Asita.

3. The polypeptide
chain is now one
amino acid longer.

4.The mRNA mowes forward by one codon and the
polypeptide-bearing tANA is now at the P site.
The tRNA that is no longer carrying an amino acid
exits from the E site. The new codon is at the A site
and is ready to receive the next complementary tRNA

canrying the next amino acid of the polypeptide.




TRANSCRIPTION |
RNA is transcribed S e

A Review of Gene ool o ° <
Xpression CLW * o P

MRNA) s spliced and it N ® 9o
- DNA template strand leads  |mmiess HOIE o~
tO " ikl it synthetase ‘<3

AMING ACID ACTIVATION

- € Each amino acid

g attaches to its proper tRNA
7 with the help of a specific
enzyme and ATP.

- 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

TRANSLATION

0 A succession of tRNAs
add their amiro acids to
codon the polypeptide chain

@ the mRNA is movad
through the ribosome
one codon at a time.
When completed, the
polypeptide is released
from the ribosome.



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

N of al T ¥




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

A LDeIetlon is the loss of a chromosome segment'_/;

v
EEPEED — @OCEED
N

o (lost)

& /Duplication and deletion result when homologous b ..and swap
chromosomes break at different points... segmerns

v/ /
_ @oED
A

(" =\
(©) [ Inversion results when a broken segment is
inserted in reverse order.

”ﬂ"—'ﬁ*‘“%r—‘\
ABCDE F G . ABEDCFG

s Y
0O Reciprocal translocation results when nonhomologous chromosomes
exchange segments.
-

/ /
ABCDEFG ABLMNO /
—
HIJKLMNO HI JKCDEFG
}

FIGURE 9.17 Chromosomal Mutations Chromosomes may break
during replication, and parts of chromosomes may then rejoin incor-
rectly. The letters on these illustrations represent large chromosomal
segments containing anywhere from zero to hundreds or thousands
of genes.




DNA Mutations and Effects of Mutagens

Single-Gene Mutations

ORIGNAL SEQUENCE

- POInt mUtatlonS + UGUAC AUG UAU ACG UCU CAA UGA UCCA
‘ A mutation involving 3 Met Tyr Ser Thr Gln STOP
: : POINT MUTATIONS
Slngle_ base p.alr ) - UGUAC AUG UAU ACG UCU CAG UGA UCCA
substitution, insertion or Met Tyr Ser Thr Gln STOP
. - UGUAC AUG UAU ACG CCU CAA UGA UCCA
deletion Met Tyr Ser Pro Gln STOP
H . - UGUAC AUG UAA ACG UCU CAA UGA UCCA
4 Insertion or deletion can Mot Smom

lead to a frameshift Silent mutation that does not result in a change in the amino acid
. coded for and, therefore, does not cause any phenotypic change.
mutation Missense mutation: a mutation that results in the single substitution
¢ Can results in: Silentof one amino acid in the resulting polypeptide
Nonsense mutation: a mutation that converts a codon for an amino

missense Or Nonsense@into a termination codon

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



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

Frameshift mutations

Insertion

¥ AUG | cGA | UUA |UAC |GGG o

Met Arg Leu Tyr Gly

auG|cealuualuualcee| 6 |¥

Met Arg Leu Leu Arg

Deletion

S auG |ceA|uua luac [cea|aaa |*

Met Arg Leu Tyr Gly Lys

STauc|cealuualuac|eeal aa |*

Met Arg Leu Stop

Figure 2. Schematic representation of nucleotide insertion and deletion



DNA Mutations and Effects of Mutagens

. https://www.youtube.com/watch?v=vI6VIf2thvi&ab_cha
Chromosomal MutatiGrsAmoebaSisters

Deletion —
Duplication Q.  ONA scquence
Inversions

Translocations

2 20 2 %

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 a Itﬁt’iptsh/?w%%g/gu%uggggrlr;c/%atch?v=eSD_tbijIA&ab_channeI=NicoIeLantz



https://www.youtube.com/watch?v=vl6Vlf2thvI&ab_channel=AmoebaSisters
https://www.youtube.com/watch?v=vl6Vlf2thvI&ab_channel=AmoebaSisters
https://www.youtube.com/watch?v=eSD_tbjfSlA&ab_channel=NicoleLantz

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

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

- 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=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
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Questions 19-24

Learning Check

Learning Check

19. How is it possible that some, but not all, mutations 22, What is the difference between gene mutations and
get passed from one generation to the next? chromosomal mutations?

20. Would a frameshift mutation occur if six nucleotides ~ 23. What are two cellular processes that can cause

were deleted in a sequence of DNA? Explain your mutations?

answer. 24, Use an example to explain the difference between a

21. Which type of mutation would be least harmful to specific and a non-specific DNA repair mechanism.
an organism: silent, missense, or nonsense? Explain

VOUr answer.




19. Mutations that occur in reproductive cells can be passed onto
future generations. Mutations which occur in somatic cells do
not get passed on from one generation to another.

20. No, since the deletion of nucleotides is divisible by three.

21. A silent mutation has no effect on the amino acids of a
protein, and therefore would be the least harmful to an
organism. Missense mutations cause alterations in the amino
acids of a protein, and nonsense mutations results in a
shortened protein due to a premature stop codon.

22. Single-gene mutations involve changes to the nucleotide
sequence of one gene. Chromosomal mutations involve
changes in chromosomes, and therefore may affect many

genes. 23.

24,

Spontaneous mutations may arise during DNA replication
if there is incorrect base pairing by DNA polymerase. DNA
transposition can also cause mutations by the movement of
specific DNA sequences (transposons, or “jumping genes”)
moving within and between chromosomes.

UV radiation can lead to a mutation by covalently linking
thymines to form a thymine dimer. A specific mechanism for
repairing thymine dimers is photorepair, where an enzyme
specifically recognizes and cleaves thymine dimers. A
non-specific mechanism for repairing UV damage is excision
repair, where a group of enzyme repair enzymes identity and
correct many different types of DNA damage.



Remember me?

® Eukaryotic cell

The Genetic Code ALWAYS
U [ A G BEGINS
(TII} [Ucu AL UGy
uuc %ﬂyl jucc UAC pine uGc tene |/ SEQUEREE BY
alanine | L]
1 | | Serine . C THE AMINO
UG UCA UAA Stop A
Leucing || Stop - @
T lucG UAG [DCE]Tryptophan|
METHIONINE
[&1IT} Al L
cuc CAC el C
Leucine Proline R Arginine
Clleyal Lou ccal B A A ® UAA, UGA and
Clie cce T e G UAG in amino
: = acid sequence
Al ACH AAU . jlAGU : ]
| Azparagng Serine
AUC so ucine|ACC ~ |AAC [AGC C means STOP
Al aua T i ARR) acA . |A
| ne rainine
AUG hioning AC G| AAG i AGG =N G
GUD GCU GAU| pspartic |GGU U
_|lGuC GCC ) GAC| acid GGC ) C
G Valine Alanine c cine
GUA| GCA GAA| Glutamic | GGA A
GUG GCG GAG| acid GGG G




Transcription to Translation
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Transcription to Translation
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Questions 1, 2, 3,5,6, 7, 8,9, 10, 11, 12, 13

12. @ Use the coding sequence below to answer the
following questions.

mRNA codons: UUA-CCU-GUU-AUU
Amino acids: leu-pro-val-thr

To p i C Rev i ew Q u e Sti o n S a. Add a single guanine nucleotide to the beginning of

the codon sequence. What type of mutation would

1. List and describe the major components of the 5. Why does translation require a large amount of this insertion produce?
translation machinery. energy from the cell? b. Write the corresponding amino acids that would
2. @@ Draw the general structure of a tRNA molecule. 6. @[3 Use labelled diagrams to illustrate the four-step result from the addition of the single guanine
Label each component. Write a short caption cycle in the elongation phase of translation. nucleotide.
explaining the function of tRNA. 7. P A mutation has occurred in the DNA of an 13. @IIP Use the DNA sequence template below to
3. @iI® Copy the table below into your notebook. The individual’s skin cells. Will this mutation be passed angwer the following questions.
nucleotide sequence in a fragment of an antisense onto future offspring? 3'-TACTTACTCGTCAACCTT -5
strand of DNA is 3"-CGGAAATTG-5". Based on this 8. Distinguish between gene mutations and a. Write the corresponding mRNA coding sequence
sequence, complete the table. chromosomal mutations. and amino acid sequence for the DNA template

5. D bt s fthe g ooy 57

cause the most damage? Explain your answer. b. A nucleotide substitution occurs in the DNA
template at position 14, where adenine is replaced
by thymine. Write the mRNA coding sequence and

10. @7 List and describe two types of mutagens.

Provide an cxample for cach type. amino acid sequence that would result from this
11. @AW List and describe two types of DNA repair. substitution.
Provide an example for each. €. What type of mutation would result from this

nucleotide substitution?
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