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The Learning Outcomes
» Describe the process and role of translation. (LO 5.5)

» Explain the nature of the triplet code and be able to apply the
genetic code. (LO 5.6)

» Comprehend the implications of the degeneracy of the genetic
code. (LO 5.7)

» Compare and contrast gene expression in mammalian and
bacterial cells and explain how the differences can be exploited
clinically. (LO 5.8)

» Predict the effects of various mutations in a gene. (LO 5.9)

» Explain how mutations outside the coding region can affect gene

expression. (LO 5.10)
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The Central Dogma of Molecula biology (LO.1)

In most organism DNA is the storage of genetic information
with exception of RNA viruses.

Protein
DNA RNA
transcription translation
— —-
¢
*
Q ' % reverse
replication transcription
The Central Dogma: is the flow of information from DNA to RNA to Protein
Genotype P[?tim > Phenotype
in
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Protein Synthesis (Gene Expression) Notes

Proteins (Review)

* Proteins make up all living materials

Hair and Nails

A protein called alpha-
keratin forms your hair and Blood
fingernails and also is the ; 5
major component of The hemoglobin protein
feathers, wool, claws, carries oxygen in your
scales, homs, and hooves blood to every part of
your body
Muscles

Brain and Nerves

Muscle proteins called
actin and myosin enable
all muscular movement—
from blnkbn&lo breathing
to rollerblading.

lon channel proteins control
brain signaling by allowing
small molecules into and out
of netve cells

Cellular Messengers Enzymes
Receptor proteins stud the Enzymes in your saliva,
oumgc of your cells and stomach, and small
transmit signals to partner intestine are proteins that
proteins on the inside of help you digest food
the cells.

Cellular Construction Workers
Antibodies

Huge clusters of proteins
form molecular machines
that do your cells’ heavy
work, such as copying genes
during cell division and
making new proteins.

Antibodies are proteins
that help defend your
body against foreign
invaders, such as
bacteria and viruses
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The Process and Role of Translation (LO. 5)

v Genetic information, stored in chromosome and transmitted to
daughter cells through replication is expressed through
transcription to RNA, and through translation of mRNA a

protein is formed.

v Any change in nucleic acid sequence may result in an
Improper amino acid (a.a.) insertion so causing disease or
even death.

v DNA itself is not directly used in protein synthesis. Instead the
genetic information is passed down to RNA molecules that

play a direct role in protein synthesis

» Post-translational modification is important to achieve the
functional form of the protein w

*
M-_’;(
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(LO. 5)

The Process and Role of Translation

v" Translation is conversion of information encoded in the nucleotide
sequence of an mMRNA molecule into the linear sequence of amino
acids in a protein that occur at cytoplasm.

v' Components required for translation

“* MRNA, the template for protein synthesis
“* Amino Acids

“* Charged tRNAs
“* Ribosomes

< Amino acyl tRNA synthetases

¢+ Large number of proteins (factors)
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The Process and Role of Translation

There are three phases in the translation process:

|- Initiation
I1- Elongation

I11- Termination

The mRNA is translated from its 5’-end to its 3’end, producing
protein synthesized from its amino terminal end to its C-
terminal end.
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- Initiation (LO.5)

Initiation factors are required:
»In Eukaryotes: at least ten initiation factors are required (elF).

» The small subunit of ribosomes (40 S) with the initiator tRNA (Met-
tRNA Met) and other factors binds to cap structure at 5’end of
MRNA forming complex,

»This complex migrates down the mRNA until it reach the initiator
codon AUG. This scan requires energy.

»AUG codon recognition and binding, and formation of a functional
ribosome.

»Then, the UAC anticodon sequence of the initiator Met-tRNAMet
base pairs with the AUG sequence of the mRNA, the migration
stops, and the larger ribosomal subunit joins the complex.

be .

-
-
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(LO. 5)

Initiation OHe

STEPS IN TRANSLATION CCA'g-s*NHz
(PROTEIN SYNTHESIS) :

Methionine

Small ribosomal subunit

Leader
sequence

— — Initiator tRNA

3-’
mRMA mAan.| N1%-Formyl-THF Transformylase
AUGGGAUGUAAGTC CGA A CHg

Assembling
to begin / Protein factors + energy source THF §
translation CH2

Initiator t(RMNA 9H2 H %
CCA -9-9—N -C_
O H
Leader o I L
sequence — . Small ribosomal subunit "":ef&::l“yrl‘e
57 L o -
. ! 3

mRNA : ! Y i .
A UGGGAUGUAAGTCGAA Piii

Initiation

complex Initiator tRMNA

[ Met | fMet-tRNA

i ar=A e i S e SRl o, S T R R Sy S
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(LO. 5)
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II- Elongation

The actual process of ‘translating’ the RNA message into protein.

v" The tRNA charged by second a.a. enter in A-site. Then the first
a.a. Is linked to it by its COOH group to form peptide bond. This
IS helped by elongation eEF.

v" After this translocation take place by movement of ribosome so
peptidyl-tRNA is now In P-site and uncharged tRNA is in E-site
from where it leaves the ribosome. This process is repeated.
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Elongation

Pepitiadyi-
transferase

(ribozyme)
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[11- Termination (LO. 5)

» It occur when one of the termination codon appear in A site.

» There are no naturally occurring tRNAs with anticodons that
are complementary to UAA, UAG, or UGA (stop codons,

termination codons).
» The termination process required releasing factors,
-eRF & GTP In eukaryotes

» These factors cause the newly synthesizes protein to be
released from ribosomal complex.
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STEPS IN PROTEIN SYNTHESIS

Binds to the 30S subunit and distorts
its structure, interfering with the
initiation of protein synthesis.

INITIATION

GTP on IF-2 is hydrolyzed and
initiation factors are released
when the S50S subunit arrives
to form the 70S initiation
complex.

i1 1IF-3

IF-2-GTP IF-2-GDP + P, @

AG-——C GG UA A —~—~ "3
I3 mRNA

P site
n Initiation factors (IFs) aid in the
formation of the 30S initiation
complex. The charged initiator
tRNA is brought to the P site A site
of the 30S subunit by IF-2-GTP.
E site
TETRACYCLINES ‘k Phenylalanyl-tRNA
Interact with 30S subunit, *)> L — EF-Tu-GTP EF-Ts-GDP
blocking access of the GTP
aminoacyl-tRNA to the A site, = S
hereby inhibiti 1 3 i Elongation factor EF-Tu-GTP EF-Tu-GDP EF-Ts
e v inhibiting slongation brings the appropriate, charged
tRNA to the codon in the
Peptide bond empty A site (decoding). GTP
on EF-Tu is hydrolyzed. ~

ELONGATION

the 23S rRNA of the 50S subunit,
catalyzes peptide bond formation,
transferring the initiating amino
acid (or peptide chain) from the

P site to the amino acid at the

A site (transpeptidation).

ka Peptidyltransferase, an activity of

Pepticyil-
Fe
transferase A AG-——C GG U A A3t

CHLORAMPHENICOL

Inhibits prokaryotic peptidyltransferase.
High levels may also inhibit mitochondrial
protein synthesis.

PUROMYCIN

Bears a structural resemblance to aminoacyl-
tRNA and accepts peptide from the P site, causing
inhibition of elongation and resulting in premature
termination in both prokaryotes and eukaryotes.
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EF-G-GTP facilitates movement
of the ribosome three nucleotides
along the mRNA in the 5 -3°
direction. What was in the P site
is now in E, what was in the

A site is now in P, and A is empty.
GTP on EF-G is hydrolyzed.

N

Translocation

ERYTHROMYCIN
Binds irreversibly to a site on
the S0S subunit and blocks

the tunnel by which the peptide
leaves the ribosome, thereby
inhibiting translocation.

Steps 3, 4. and S are
repeated until a
termination codon
is encountered at
the A site.

DIPHTHERIA TOXIN
Inactivates the eukaryotic
elongation factor EF-2,
thereby preventing
translocation.

TERMINATION

Termination
codon

S A UG UU U A AE 3"

FF-3-GTP

RF-3-GDP + P, A termination codon is recognized

by a release factor (RF-1 or RF-2), which
results in release of the newly synthe-
sized protein. GTP on RF-3 is hydrolyzed.
The synthesizing complex dissociates.

Completed peptide

S UG UUU AAG-—-—C GG U A A A3

~ s
Recycled
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THE GENETIC CODE (LO. 6)

2

** The Genetic Code: the sequence of nucleotides in deoxyribonucleic acid

(DNA) and ribonucleic acid (RNA) that determines the amino acid sequence
of proteins.

¢ Codon: Sequence of three nucleotides in DNA or mRNA that specifies a

particular amino acid during protein synthesis; also called triplet or 3-letter
“words”

“* (amino acid is the building blocks of proteins).

v" There are 64 codons (4%)

v 61 codon: for different a.a.

v" Three codon: for stop ( UAG, UAA, UGA)
v Strat codon : AUG for methionine
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Second letter - (I—O 6)

U c A G
THE GENETIC CODE
" vuc ® juce o (uac M fuge © |c
UUA [., | UCA (5) A
uuG (L) | uca UGG Trp |G
(W)
Cuu ccu CAU His | CGU U
o| €UC Leu | cCC pro | CAC ) | cGC A |C = Chain termination codon (stop)
. CUA (L) | CCA (P) | CAA Gln | CGA (R) [A = = Initiation codon
2 | cuG CCG CAG (Q) | CGG G%
° °
% | Auu ACU AAU Asn | AGU Ser u,_‘cg
w .| Auc o | ACC | AAc. N 1 aee © "
AUA ACA (T) | AAA AGA A
AUG Met | ACG AAG I(;{f AGG ?ﬁ% G
(M) Stop codons do not
GUU GCU GAU Asp | GGU T specify amino acids.
«| GUC val | GCC A1a | GAC [l | [GEERE | C
GUA V) | gcA (A) | GAA Glu | GGA G) | A —
GUG GCG GAG (B | GGG G !if %
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(LO. 6)

Stop
Tryptophan Jb

Arginine
LeUCine
efr®
RO
$°
8
Oy,
N
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Characteristic of The Genetic Code (LO. 6)

v’ Specificity: The genetic code is specific, that is, a particular codon
always codes for the same amino acid.

v' Universality: The genetic code is virtually universal, that is, the

specificity of the genetic code has been conserved from very early

stages of evolution, with only slight differences in the manner in
which that code is translated.

Because of the universal codes, it is possible to express cloned
copies of genes encoding useful protein in different host
organism. Example, human insulin expression in bacteria)

] o
‘*“‘

2
R
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(LO. 6)

v Non-overlapping: It is read from fixed starting point every three

base together.

v’ Commaless: 1t is read in continous manner without punctuation.

(A Overlapping code
5
.ﬁ}_H
Nucleic v
g OO OO OO cte-
Nonoverlapping code
I lei 7 ~
Nucleic HSSDOSOOODOOO® -

@ Continuous code
Nuclcic/_H_H_A S
acid ‘...‘...'...' elc.
Punctuated code

“comma” “comma” “comma”

1 l 2 l 3 l 4
Nuclcicf_H =l
acid ® & . e | @&

- — —
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Characteristic of the genetic code — conti. (LO.6)

Serine
~N
ACC g3

v Degeneracy:  more than one
triplet can code for the same amino
acid, for example

Complementary
(antiparallel)
inding

Anticodon

(5'-UGA-3Y) \ EE

AGU
11

= _eu, Ser, and Arg are each coded
for by six triplet =

Nontraditional
base-pairing is
possible between
the third (37)
position of the
codon and the
first (5') position
of the anticodon:
tRNA mRNA

= AGA (Arg) and AGG (Arg) fit Tvacitionss bee-
with UCU anticodon also UCG positions of codon:
(Ser) and UCA (Ser) fit with

AGU anticodon.

o]{=llio}
ollbdlle}

I|0 0
>0c|0|OPCO
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LO. 7
The Implications of The Degeneracy of The Genetic Codf_S }
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v" In most instances of multiple codons for a single amino acid, the
variation occurs in the third base of the codon.

A. Codons for alanine

v’ the pairing between the 3’ base of the e e U
codon and the 5 base of the s ¢ C
anticodon does not always follow the 3 C A
strict base-pairing rules of Watson- . =
Crick, 1.e., A pairs with U, and G
pairs with C. This observation called B- Base pairing of three alanine

“\Wobble h thesis” codons with anticodon IGC
onnle nypotnesis™. codon

o . . 5'==G C Co= 3'
Wobble hypothesis It is the mechanism by which P 1A on MRNA
one tRNA can recognize more than one codon P o
for a specific amino acid ¥—C E I—73 ontrNa

v" Because of wobble between the codon and anticodon, fewer than 61
tRNASs are required to translate the genetic code.
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Eukaryotic Prokaryotic
Gene regions ¢ Always monocistronic. That e May be polycistronic. The
is, mMRNA is transcribed from MRNA in this case contains
a single gene and codes for information from several
only a single protein. genes and codes for several
different proteins
¢ Genes have exons and e Genes are continuous coding
intrans. regions.
¢ Very little spacer
e Large spacer (noncoding) (noncoding) DNA between
DNA between Genes. genes.
RNA ¢ Three types of RNA ¢ has single type of RNA
polymerase polymerase polymerase
Initiation of ¢ Large set of Promoter eThree promoter elements
transcription including TATA box including TATAAT
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Eukaryotic Prokaryotic

Posttranscriptional In nucleus: None
processing of (pre- ¢ Removal of introns
mRNA) from pre-mRNA
Ribosomes ¢ 80S (40S and 60S) e 70S (30S and 508)
¢ rRNA and protein
Site of gene Transcription occurs in Transcription and
expression nucleus while translation translation are coupled

occurs in cytoplasm. in cytoplasm.
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(LO. 9)
Mutations

. Point Mutation

I[I. Frame shift Mutation

I11. Trinucleotides Repeat
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(LO. 9)

tation

1. Missense mutation: An alternation that changes a codon specific
for one amino acid to a codon specific for
another amino acid.

Effect on protein: Possible decrease in function; variable effects.

2. Nonsense or stop mutation: An alternation causing a change to a
chain-termination codon.

Effect on protein: Shorter than normal; usually nonfunctional.

3. Silent mutation: The codon containing the changed base may
code for the same amino acid.

Effect on protein: None.
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_(LO.9)

(Termination codon)

A

Nonsense
mutation

Silent
mutation

Point Mutations (D ﬂ

(Codon for serine)
Missense
mutation U C m

(Codon for serine)
Y
®CA

(Codon for proline)

Copyright ® 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins D‘
-«
(S
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Mutation (LO.9)

Addition of base
1. Added or deleted base lead to mRNA
UCA[NJCCUAUGGCU
alter of a.a. sequences. AN | AN

Ser oSer Tyr Gly
2. |If 3 bases are added ----new a.a.

IS Inserted. m Addition of U

3. If 3 bases are deleted ---loseof |~AA~ UCACCUAUGGCU

- - - N——
one a.a. e.g. cystic fibrosis. s Ple M A j‘
5'-End 3'-End
Effect on protein c Deletion of C
Usually nonfunctional; often
~NNNUCACUAUGGCU
shorter than normal. . | ,

Ser Leu Trp
Deletion of base
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. _ _ (LO. 9,10)
[11. Trinucleotide repeat expansion

1. Repeats in coding sequences.
Tandem repeat of CGA triplet coding for glutamine lead to toxic
gain of function by alterations of protein structure
e.g. Huntington disease

2. Repeats in non-coding sequences:
A sequence of three bases that Is repeated in tandem will
become amplified in number resulted in too many copies of the
triplet.
e.g. fragile X syndrome and myotonic dystrophy
the trinucleotide repeat expansion occurs In the untranslated
portion of a gene, the result can be a decrease in the amount of

protein produced W 3
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Coding region

& I — AAAA

(CAG)zss

Tandem repeats of CAG triplets
coding for glutamine (Q)

mRNA is transiated
into huntingtin
protein with an
abnormal number
of glutamine
repeats

Trinucleotide

repeat expansion Me

Aggregated proteins in
Huntington disease, a
polyglutamine (polyQ) disease

Other triplet
expansion diseases

Fragile X syndrome

AAAA

N
(CGG)=z00

Myotonic dystrophy (iype 1)
s — I ————— AAAA
ZZ 0N

(CUG)100-1000 ”" .
(classic form) e ¢
(S

PATight @ 20 15 Walters Mivwver Health | Ligpinc ot WITIames & Witkins E
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Other mutation outside the coding region. (LO. 10)

Splice site mutations:

= Proper splicing of pre-mRNA is essential for normal gene
function.

= Splicing defects cause several human genetic disorders.

- e.g. B-thalassemia,

Splice-Site Mutations

« mutations at the intron/exon
border

* resultin a deficiency intheamount B = ¥
of B-globin mRNA and ;Emg_@mé \m@{

mRNA mRNA

e |ower than-normal amounts of the
B-globin protein,

 producing anemia as a phenotype.
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What Are Point Mutations?

UU

ORIGINAL DNA:

corresponds to the amino acid leucine

FRAMESHIFT MUTATION SILENT MUTATION MISSENSE MUTATION NONSENSE MUTATION

UA GUA U

UU

every amino acid that . .
follows will be altered leucine valine stop codon







