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Module 3F Module 3F –– Protein SynthesisProtein Synthesis

So far in this unit, we have examined:So far in this unit, we have examined:

How genes are transmitted from one How genes are transmitted from one 
generation to the nextgeneration to the next

Wh l dWh l d
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Where genes are locatedWhere genes are located

What genes are made ofWhat genes are made of

How genes are replicatedHow genes are replicated

How damaged genes are repairedHow damaged genes are repaired

In this, the final module of the In this, the final module of the 
unit, we will examine how genes unit, we will examine how genes 

rk t ntr l th n ti tr itrk t ntr l th n ti tr it

Protein SynthesisProtein Synthesis
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work to control the genetic traits work to control the genetic traits 
of organisms.of organisms.

Objective # 32Objective # 32

Describe the central dogma Describe the central dogma 
of molecular biology.of molecular biology.
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Objective 32Objective 32

According to the According to the central dogma of central dogma of 
molecular biologymolecular biology, the flow of , the flow of 
information in cells is from DNA, to information in cells is from DNA, to 
RNA, to proteins.RNA, to proteins.

Basically, genes control the traits ofBasically, genes control the traits of
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Basically, genes control the traits of Basically, genes control the traits of 
organisms by controlling which organisms by controlling which 
proteins are made.  proteins are made.  

Although there are exceptions, in Although there are exceptions, in 
general, each gene codes for the general, each gene codes for the 
production of one polypeptide.production of one polypeptide.

Objective 32Objective 32

1)1) During During transcriptiontranscription, DNA is used , DNA is used 
t mpl t t m k 3 t p ft mpl t t m k 3 t p f

The process of  protein synthesis can be The process of  protein synthesis can be 
divided into 2 stages: transcription and divided into 2 stages: transcription and 
translation.translation.
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as a template to make 3 types of as a template to make 3 types of 
RNA:RNA:
a)a) messengermessenger--RNA (mRNA)RNA (mRNA)

b)b) ribosomalribosomal--RNA (rRNA)RNA (rRNA)

c)c) transfertransfer--RNA (tRNA)RNA (tRNA)

Objective 32Objective 32

2)2) During During translationtranslation, the 3 types of , the 3 types of 
RNA (mRNA, rRNA, and tRNA) RNA (mRNA, rRNA, and tRNA) 
are used to link amino acids are used to link amino acids 
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together in the correct sequence in together in the correct sequence in 
order to produce the desired order to produce the desired 
protein.protein.
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Objective # 33Objective # 33

Name the 3 types of RNA Name the 3 types of RNA 
involved in protein synthesis and involved in protein synthesis and 
briefly describe the structure andbriefly describe the structure and
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briefly describe the structure and briefly describe the structure and 
function of each. function of each. 

Objective 33Objective 33

Messenger RNAMessenger RNA (mRNA) is a single, (mRNA) is a single, 
long, unbranched, and uncoiled chain long, unbranched, and uncoiled chain 
of RNA nucleotides.  of RNA nucleotides.  

The sequence of bases on the mRNA The sequence of bases on the mRNA 
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qq
molecule is a code which specifies the molecule is a code which specifies the 
sequence for joining amino acids sequence for joining amino acids 
together in order to form a specific together in order to form a specific 
polypeptide.polypeptide.

The sequence of  bases on the mRNA is a 
code that determines the sequence of  
amino acids in the polypeptide being 
synthesized:

A U G C C U C A C C G C G A C G C A U C A Messenger RNA
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His Arg Asp Ala SerMet Pro

Amino acids join to form 
a polypeptide chain

A U G C C U C A C C G C G A C G C A U C A
Each group of 3 bases on the 
mRNA molecule codes for a 
particular amino acid

g
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Objective 33Objective 33

Ribosomal RNARibosomal RNA (rRNA) also consists (rRNA) also consists 
of a long, unbranched chain of RNA of a long, unbranched chain of RNA 
nucleotides.  It joins with proteins to nucleotides.  It joins with proteins to 
form the ribosomal subunits.  form the ribosomal subunits.  

Each ribosome is composed of 2Each ribosome is composed of 2
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Each ribosome is composed of 2 Each ribosome is composed of 2 
subunits subunits –– a a large subunitlarge subunit and a and a small small 
subunitsubunit..

Eukaryotic ribosomal subunits are Eukaryotic ribosomal subunits are 
larger than those found in prokaryotes.larger than those found in prokaryotes.

During protein synthesis, the 2 ribosomal 
subunits join with a molecule of  mRNA 
and then read the code on the mRNA in 
order to form a polypeptide:

L
Sectional plane
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Transfer RNATransfer RNA (tRNA) is composed of (tRNA) is composed of 
a long unbranced chain of RNA a long unbranced chain of RNA 
nucleotides that is coiled into a specific nucleotides that is coiled into a specific 
33--dimensional shape:dimensional shape:

Objective 33Objective 33

13Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

3D Space-filled Model3D Ribbon-like Model Icon
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Objective 33Objective 33

 Special enzymes called Special enzymes called aminoacylaminoacyl--tRNA  tRNA  
synthetasessynthetases attach an amino acids to the attach an amino acids to the 
acceptor end of each tRNA molecule.acceptor end of each tRNA molecule.

A tRNA with an amino acid attached is A tRNA with an amino acid attached is 
called a “charged” tRNAcalled a “charged” tRNA
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called a charged  tRNAcalled a charged  tRNA
The tRNA then brings the amino acid The tRNA then brings the amino acid 

to the ribosome where it is linked with to the ribosome where it is linked with 
other amino acids according to the other amino acids according to the 
sequence specified by the mRNA.sequence specified by the mRNA.
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Objective # 34Objective # 34

In detail, describe the process of In detail, describe the process of 
transcription in prokaryotic cells transcription in prokaryotic cells 
incl ding initiation elongationincl ding initiation elongation
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including initiation, elongation, including initiation, elongation, 
and termination.and termination.
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Objective # 35Objective # 35

In detail, describe the process of In detail, describe the process of 
translation in prokaryotic cells translation in prokaryotic cells 
i l di i i i i l ii l di i i i i l i
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including initiation, elongation, including initiation, elongation, 
and termination.and termination.
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Objective 35Objective 35

The next 3 slides provide a more The next 3 slides provide a more 
detailed look at the 3 stages of detailed look at the 3 stages of 
tr n l ti n in pr k r ti lltr n l ti n in pr k r ti lltranslation in prokaryotic cells:translation in prokaryotic cells:
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21 22
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Objective # 36Objective # 36

Explain how protein synthesis in Explain how protein synthesis in 
eukaryotes differs from protein eukaryotes differs from protein 
synthesis in prokaryotessynthesis in prokaryotes
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synthesis in prokaryotes. synthesis in prokaryotes. 
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Objective 36Objective 36
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Objective # 37Objective # 37

Describe and be able to use the Describe and be able to use the 
base pairing rules for DNA to base pairing rules for DNA to 
DNA, DNA to RNA, and RNA to DNA, DNA to RNA, and RNA to 

A A b bA A b b
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RNA. Also be able to use the RNA. Also be able to use the 
codon/amino acid dictionary to codon/amino acid dictionary to 
translate a segment of mRNA. translate a segment of mRNA. 

Objective 37Objective 37

DNADNA AA TT GG CC

DNADNA TT AA CC GG

DNADNA AA TT GG CC
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RNARNA UU AA CC GG

RNARNA AA UU GG CC

RNARNA UU AA CC GG

Objective 37Objective 37

The codon/amino acid dictionary The codon/amino acid dictionary 
shows us which amino acid each shows us which amino acid each 
codon codes for:codon codes for:
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codon codes for:codon codes for:
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Objective # 38Objective # 38

 Explain and give examples of Explain and give examples of 
the following types of the following types of 
mutations:mutations:

)) P i iP i i
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a)a) Point mutationsPoint mutations

b)b) Chromosomal mutationsChromosomal mutations

Objective 38 aObjective 38 a

Point mutationsPoint mutations involve alterations in involve alterations in 
the structure or location of a the structure or location of a singlesingle
gene. Generally, only one or a few base gene. Generally, only one or a few base 
pairs are involved.pairs are involved.

33

pp

Point mutations may be caused by Point mutations may be caused by 
physical damage to the DNA from physical damage to the DNA from 
radiation or chemicals, or may occur radiation or chemicals, or may occur 
spontaneously.spontaneously.

Objective 38 aObjective 38 a

Types of point mutations include:Types of point mutations include:

SubstitutionsSubstitutions –– the replacement of one the replacement of one 
or more base pairs with different pairs.or more base pairs with different pairs.
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Original DNAOriginal DNA SubstitutionSubstitution

TACAGCTTATACAGCTTA

ATGTCGAATATGTCGAAT

TACAGTACAGTTTTATTA

ATGTCATGTCAAAATAAT

35

Objective 38 aObjective 38 a

Additions or insertionsAdditions or insertions –– the addition the addition 
of one or more base pairs to a gene.of one or more base pairs to a gene.

36

Original DNAOriginal DNA InsertionInsertion

TACAGCTTATACAGCTTA

ATGTCGAATATGTCGAAT

TACAGCTACAGCTTTTATTA

ATGTCGATGTCGAAAATAAT



7

Objective 38 aObjective 38 a

DeletionsDeletions –– the removal of one or the removal of one or 
more base pairs from a gene.more base pairs from a gene.

37

Original DNAOriginal DNA DeletionDeletion

TACTACAAGCTTAGCTTA

ATGATGTTCGAATCGAAT

TACGCTTATACGCTTA

ATGCGAATATGCGAAT

Objective 38 aObjective 38 a

TranspositionsTranspositions –– the movement of a the movement of a 
gene from one location to another gene from one location to another 
within the genome.within the genome.

38

1 2 3

1 3 2

Original

New

Objective 38 aObjective 38 a

TransposonsTransposons are small segments of are small segments of 
DNA capable of moving at random DNA capable of moving at random 
from one location to another within from one location to another within 
the genome of a single cell.the genome of a single cell.

39

When a transposon is inserted into a When a transposon is inserted into a 
gene at a new location, this often gene at a new location, this often 
destroys the disrupted gene’s function.  destroys the disrupted gene’s function.  
This is called This is called insertional inactivationinsertional inactivation. . 

Objective 38 b Objective 38 b 

Chromosomal mutationsChromosomal mutations involve large involve large 
scale changes in the structure of a scale changes in the structure of a 
chromosome (affecting many genes), chromosome (affecting many genes), 

r h i th mb r fr h i th mb r f
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or changes in the number of or changes in the number of 
chromosomes present (extra or chromosomes present (extra or 
missing chromosomes).missing chromosomes).

Objective 38 bObjective 38 b

Chromosomal mutations include:Chromosomal mutations include:

DeletionsDeletions –– a piece of a chromosome a piece of a chromosome 
is lost entirely:is lost entirely:
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A B C

A C

Original

New

D

D

Objective 38 bObjective 38 b

DuplicationsDuplications –– a piece of a a piece of a 
chromosome duplicates itself so that chromosome duplicates itself so that 
two or more copies are present:two or more copies are present:
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A B C

A C

Original

New

D

DB B
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Objective 38 bObjective 38 b

 InversionsInversions –– the gene order in a the gene order in a 
segment of the chromosome is segment of the chromosome is 
reversed:reversed:
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A B C

A

Original

New

D

BD C

E

E

Objective 38 bObjective 38 b

TranslocationsTranslocations –– a piece of a a piece of a 
chromosome breaks off and attaches chromosome breaks off and attaches 
to a different chromosome.to a different chromosome.

AneuploidyAneuploidy –– the presence of one or the presence of one or 

44

pp pp
more extra chromosomes.more extra chromosomes.

PolyploidyPolyploidy -- the presence of one or the presence of one or 
more extra sets of chromosomes.more extra sets of chromosomes.
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Objective # 39Objective # 39

Explain how the following types of Explain how the following types of 
point mutations can alter the structure point mutations can alter the structure 
of a polypeptide chain: of a polypeptide chain: 

substitutionsubstitution
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insertioninsertion

deletion.deletion.

Objective 39Objective 39

 Substitutions that change a codon for Substitutions that change a codon for 
one amino acid into a different codon one amino acid into a different codon 
for the same amino acid are called for the same amino acid are called 
silent mutationssilent mutations::
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OriginalOriginal SubstitutionSubstitution
DNADNA TACAGCTTATACAGCTTA TACAGTACAGTTTTATTA
mRNAmRNA AUGAUGUCGUCGAAUAAU AUGAUGUCAUCAAAUAAU
AAsAAs MetMet--SerSer--AspAsp MetMet--SerSer--AspAsp

Objective 39Objective 39

 Substitutions that change a codon for Substitutions that change a codon for 
one amino acid into a codon for a one amino acid into a codon for a 
different amino acid are called different amino acid are called 
missense mutationsmissense mutations::
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OriginalOriginal SubstitutionSubstitution
DNADNA TACAGCTTATACAGCTTA TACATACACCCTTACTTA
mRNAmRNA AUGAUGUCGUCGAAUAAU AUGAUGUGGUGGAAUAAU
AAsAAs MetMet--SerSer--AspAsp MetMet--TryTry--AspAsp
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Objective 39Objective 39

 Substitutions that change a codon for Substitutions that change a codon for 
one amino acid into a stop codon are one amino acid into a stop codon are 
called called nonsense mutationsnonsense mutations::
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OriginalOriginal SubstitutionSubstitution
DNADNA TACAGCTTATACAGCTTA TACATACATTCTTACTTA
mRNAmRNA AUGAUGUCGUCGAAUAAU AUGAUGUAGUAGAAUAAU
AAsAAs MetMet--SerSer--AspAsp MetMet--StopStop

Objective 39Objective 39

The genetic code does not contain any The genetic code does not contain any 
punctuation marks to show where one punctuation marks to show where one 
codon ends and another begins.codon ends and another begins.

Therefore, Therefore, insertionsinsertions or or deletionsdeletions that that 
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do not involve multiples of 3 base pairs do not involve multiples of 3 base pairs 
will change the reading frame of the will change the reading frame of the 
gene, and alter all codons downstream gene, and alter all codons downstream 
from the mutation.  These are called from the mutation.  These are called 
frameshift mutations:frameshift mutations:

Objective 39Objective 39

OriginalOriginal InsertionInsertion

DNADNA TACAGCTTATACAGCTTA TACTACTTAGCTTAAGCTTA
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mRNAmRNA AUGUCGAAUAUGUCGAAU AUGAUGAAUCGAAUUCGAAU

AAsAAs MetMet--SerSer--AspAsp MetMet--IsoIso--GluGlu
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