Protein Synthesis

Translation of the
Genetic Code

Review of DNA Replication

* DNA is a double stranded molecule that does
not leave the nucleus. DNA replication
occurs exclusively in the nucleus.

» With several enzymes, 1 double stranded
DNA molecule will turn into 2 double
stranded molecules that are identical to each
other.

* A bonds with T and C bonds with G.

Protein Synthesis

 Sequences of bases in the DNA called genes
can code for the production of proteins.

» The process starts in the nucleus and is
completed at a ribosome in the cytoplasm.

* Proteins may be further modified in the

Golgi Apparatus to be incorporated in the
cell membrane or exported from the cell.

Proteins are composed of long chains of
amino acids called polypeptides. Proteins can
be enzymes, hormones, receptors, structural
and catalysts.

The protein cannot function properly unless
it folds in the proper orientation.

Instructions for the sequence of
amino acids are encoded in DNA
(genes) located in the nucleus.

The DNA contains the instructions
but several steps must occur before
you can build a polypeptide chain
and that chain can function.

RNA Polymerase 11

The DNA is in the nucleus and does not
leave. First, the specific gene in the DNA
will code for a strand of mRNA that is
able to leave the nucleus. The enzyme
RNA Polymerase II is needed for this
process which is called
TRANSCRIPTION.
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Transcription

* As you recall, in DNA, the base A will
bond with T and the base G will bond
with C.

* In transcription to mRNA, A will bond
with U, and the base T will bond with
A, and the base G will bond with C and
C with G.

Nontemplate
strand of DNA

RNA nucleotides
RNA
polymerase

\‘A”"r‘vc cCAA

\ |
5, Direction of transcription \\

Template
strand of DNA

Newly made
RNA

RNA Polymerase II is
the enzyme necessary
to form the mRNA
molecule from the
DNA in the nucleus.

The mRNA will move
out of the nucleus
into the cytoplasm,
then on to a ribosome.

DNA Replication vs Transcription

mRNA

* mRNA is a single strand of nucleotides
with a phosphate group, a ribose sugar
and the bases A, U, G and C.

* The mRNA can leave the nucleus and
will join a ribosome in the cytoplasm
and begin to build a polypeptide chain.

DNA
20000908

mANA Transcription
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Nucleus
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Cell membrane

Transport fo cytoplasm for
protein synthesis (translation)
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Let’s Practice-TRANSCRIPTION

DNA > mRNA

TAC TTG CCC GGC ATT

How do you know the top strand is DNA and not mRNA?

Codons

Each 3-base sequence of nucleotides
transcribed from DNA to mRNA is
called a codon. Codons are only found
on mRNA. Each codon (3 nucleotides)
will code for a 1 specific amino acid.
You can determine which specific amino
acid is coded for by using the Universal
Genetic Code.

1 c A G
Codon UCA uuu:l ucu] uAu] ueu:l u
Phe Tyr ICys
u|uue ucc | uac uGe c
Amino Acid UUAT . UCA UAA Stop UGA Stop|A
uuG UCG UAG Stop UGG Trp |G
Codon cucC cuu’] ccu] CAU ber CcGU u
cuc cce CAC cac c
c Leu Pro Arg
Amino Acid CUA cCcA CAA] an CGA A
E— cua | ccG|  caG CGG G
AU ACUT  AAU AGU v
n A Asn Ser
Codo UG a|AUC e acc | AAC:I AGC:I c
r
AuA | ACA AAAT o AGAT 1A
Amino Acid AUG Mo ACG | ana ) aca G
GUU Geul  GAv) o GGU u
Codon UGA auc| ecc| cac)P eac| |c
G \Val Ala Gly
GUA GCA GAA]G"‘ GGA A
Amino Acid euc] Gce| aaG GGG G

‘Copyright © Pearson Educaton, nc., publshing as Benjamin Cumimings.

Beginning and Ending

Each polypeptide must begin with a START
codon and end with one of three STOP
codons.

‘What is the start codon?

What are the three stop codons?

Building the Polypeptide

TAC TTG CCC GGC ATT

AUG AAC GGG CCG UAA

In order to start making a protein from an mRNA strand,
the strand must attach to a ribosome in the cytoplasm.
This occurs at the START codon (AUG). The ribosome
will move with energy provided by ATP. In reality, the
ribosome covers two codons and will move down the
length of the mRNA strand as soon as an amino acid is
added. This process is known as TRANSLATION.

Ribosome
v

AUGGGCUUAAAG CAGUGCUAGUU
‘H/H\HHH\ HHHHHH‘
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More Practice

mRNA

N

AUG GGCUUA AAG CAGUGC UAG

/

Polypeptide
Chain

Where do the amino acids come
from and how are they brought to
the ribososme?

Amino acids are in the cytoplasm
and come from the food we eat as
well as proteins recycled inside
the cells.

tRNA brings the amino acids to
the ribosome.

Once the ribosome attaches, tRNA
molecules can use the instructions on
the mRNA to go and retrieve the proper
amino acid. The ribosome will move
along until it is instructed to drop off.
That will happen at one of three STOP
codons. At this point the ribosome will
drop off. The resulting amino acid
chain will fold and form a functioning
protein.

Translation

The amino acids in the cytoplasm must be
brought to the ribosome. This is done with
a molecule of tRNA (transfer RNA). The
tRNA has a specific region called the anti-
codon that will form a temporary bond with
the mRNA. It will then release the amino
acid it is carrying and move back to the
cytoplasm.

tRNA

3
Amino acid [

tRNA has an area =
for the amino acid

to bind as well as

an area to bond

with the mRNA
(anticodon)

V3
L}a g Hydrogen
[0} !/ bonds

o}
Anticodon
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CIRCLE a codon and SQUARE an anticodon.

X

mANA Transcnpnun)

ddprdd

T

/ Mature mRNA

Transport to cyloplasm for
protoin synthasis (transiation)

Cell membrane

<—Amino acid

tRNA molecule
A transfer RNA (tRNA) molecule arrives
from the cytoplasm.

It brings an amino acid to the first three
bases (codon) on the mRNA.

anticodon  The three unpaired bases (anticodon)
on the tRNA link up with the codon.

-
—C
—c
>
>
>
Q
a
>
Q
c
Q
a
c
>
Q
c
c

Another tRNA molecule comes into
place, bringing a second amino acid.

Its anticodon links up with the second
codon on the mRNA.

PEPERUAYYY
]

Peptide bond

A peptide bond forms between the
two amino acids. ATP is required for
this process to occur. The ribosome
will move down the mRNA strand.

The first tRNA molecule
releases its amino acid and
moves off into the cytoplasm to

C
TRl A AT
[ ]

find another MET when needed.

The ribosome moves
along the mRNA to the
next codon with the help
of ATP.
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Another tRNA
molecule brings the
next amino acid into
place.

N
]

A peptide bond joins the
second and third amino
acids to form a
polypeptide chain.

The process continues.

The polypeptide chain gets
longer.

This continues until a termination
(STOP) codon is reached. .

A release factor recogonizes the

STOP codon z

Three STOP codons are

UAA, UAG or UGA 5
AUGGGCUUAAAG CAG GCgUAG J U
LT N A/

1 c A G
uuu ucu’) UAU UGU u
IPhe Tyr ICys
u|uue ucc | UAC UGC ®
T
UUAT ., UcA UAA Stop UGA Stop|A
uuG UCG | UAG Stop UGG Trp |G
cuu’] ccu cau . cau u
s
cuc cce CAC cGe c
c Leu Pro Arg
CUA CCA CAA] e CGA A
cua | cca | CAG CGG. G
AuUT AcuT] AAU AGU v
|Asn Ser
a|AUC [lle  AcC AAC AGC @
Thr
AUA ACA AAA AGA A
:|Lys ]Arg
AUG Metor ACG | AAG AGG. G
GUU Geu| GAUT,  GGU v
ofove| acc| P aac [
aua [ aca [ eaa]. aoa [T |a
GUG | GCG | G GGG, G

Copyight © Pearson Education. Inc., publshing as Benjamin Cumvings.

o]
When the STOP codon
is reached, the tRNA and
ribosome must detach
and move back into the
cytoplasm. D
AUGGGCUUAAAG CAGUGCUAGUU
‘HHHHHI HIHHHIH‘
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The tRNA, ribosome and
release factor re-enters
the cytolasm.

The protein is complete.

The protein will fold and begin
to function.
A A A A N D
[ ]

DNA

template [ 3. 5 DNA §
(MRLIMUBREEER . o}

o

Forming a Peptide Bond

* Amino acids all have the same basic
structure. The only difference is the
functional R group.

* The amino group of one amino acid will
form a bond with the carboxyl group of a
different amino acid. This will release a
water molecule in a process known as
dehydration synthesis.

H & S

| l I
H-N — € — C-OH
Amine ! Carboxyl
group R group
Variable
group

Gene 2
mRNA 5 ¥ )

Codon Ny
o ﬁ
Protein Trp Phe Gly Ser \V/,)

Gene 3
Amino acid
Basic Amino Acid
Amino Carboxyl (acid)
B SR group
The “R” Group
? CHz
i i ‘
li:Hg fi:H2
o CHz CHz " CHz
. P . o2 P . L P - 4 »
HzN € Hal € HzN < HzN £
H U H . H . H .
Glycine Methionine Lysine Phenylalanine
{Gly) (Met) (Lys) (Phe)
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Bye-Bye Water
Dehydration Synthesis

peptide bond

What if there is a problem in the
DNA????

The Peptide Bond
H H
H | 0 H | 0
N\ J Y%
/N_T_C\ >N_ _C<
H H I
R OH R OH
Amine ;:'uor:;xyl (acid) ;’.:2::, ;:'.nnrzxyl (acid)
Peptide Bond
H H o H H o
Ve b P . B b
Y o | NoH - 5 | N oH
R
Dehydration
Reaction /L ; H,0
H H O H o
Nty L
H b | | o
Amino R R Carboxy
terminus Peptide group terminus
Mutations

A mutation is a permanent change in
the nuclear DNA sequence of a gene.
Mutations in a gene's DNA sequence
can alter the amino acid sequence of
the protein encoded by the gene.

Causes of Mutations

* Genetic-Inherited the mutation from your
parents.

* Caused by radiation such as ultra-violet
rays from the sun, X-rays or gamma
radiation from nuclear material.

* Random mistake during DNA
replication.
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Cystic Fibrosis

Cystic fibrosis is an inherited mutation
found on chromosome 7 which affects
the lungs and digestive system. It results
from mutation in a gene responsible for
making a protein which is involved in
the transport of ions across cell
boundaries.

The effect is to produce a sticky mucus
which clogs the lungs and can lead to
serious infection. A similar sticky mucus
also blocks the pancreas (a part of the
digestive system) which provides
enzymes for breaking down food. This
gets in the way of the processes which
convert the food into molecules which
can be absorbed by the body.

How it Happens

The phenylalanine (Phe) in red is the amino
acid which is missing from the final protein
in many sufferers from cystic fibrosis. This
occurs at position 508.

CFTR Sequence:

Nucleotide ~ ATC AT[C TT|T GGT GTT
Amino Acid e || cly val
506 508 510
Deleted in AF508
AF508 CFTR Sequence:
Nucleotide ~ ATC ATT GGT GTT
Amino Acid e lle Gly Val

)
506

Types of Mutations

Mutations can be classified as a
deletion, an insertion or a
substitution. In each case there can
be little to no effect or the effect
can be so severe that the protein
does not function properly.

Deletion

* Here one base is removed causing all of the remaining
bases to shift. This is called a frame shift and the
amino acid sequence will be so badly altered that the
new protein will not fold correctly and not function.

Insertion

» Here one base is added causing all of the remaining
bases to shift. This is called a frame shift and the
amino acid sequence will be so badly altered that the
new protein will not fold correctly and not function.

Base Substitution-NEUTRAL

« Here, one base is swapped with another base but the order of amino acids
does not change. In this case, the protein function will be unaffected.

Base Substitution-MISSENSE

« Here, one base is swapped with another base but the number of amino
acids does change. In this case, the protein may not function properly or
not al all.

Base Substitution-NONSENSE

« Here, one base is swapped with another base and resulting codon is a
STOP codon. In this case, the protein will be too short and not function
at all.
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How Can This Affect The Body’s
Ability to Produce Certain
Substances?

Substance A

@)ﬂe R
Substance B
Qﬂe T

Substance C

If the DNA is altered/mutated, Enzyme T does not function
properly and the cell will be unable to create substance C.

Use the DNA code to make the mRNA strand.
With that you can determine the amino acid chain.

DNA code TAC GGC ACC TTT GAT AAA ATT
mRNA code

Amino Acid

First Example-Use the original strand below and compare it
to the example.

TAC GGC AcCC TTT GAT AAA ATT

DNA code TAC GGC ACC TTT GAA TAA AAT
mRNA code

AminoAcid

Insertion Deletion

Substitution  NONSENSE MISSENSE NEUTRAL

Affected TOO LONG TOO SHORT

Not Affected

Third Example-Use the original strand below and compare it
to the example.

TAC GGC AcCC TTT GAT AAA ATT

DNA code TAC GGC ACT TTT GAT AAA ATT

mRNA code

Amino Acid

Insertion Deletion

Substitution NONSENSE MISSENSE NEUTRAL

Affected TOO LONG TOO SHORT

Not Affected

Second Example-Use the original strand below and compare
it to the example.

TAC GGC AcCC TTT GAT AAA ATT

DNA code TAC GGC AcCC TTC GAT AAA ATT
mRNA code

AminoAcid

Insertion Deletion

Substitution  NONSENSE MISSENSE NEUTRAL

Affected TOO LONG TOO SHORT

Not Affected
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Fourth Example-Use the original strand below and compare it
to the example.

TAC GGC AcCC TTT GAT AAA ATT

DNA code TAC GGC ACC TTA GAT AAA ATT
mRNA code

Amino Acid o

Insertion Deletion

Substitution NONSENSE MISSENSE NEUTRAL

Affected TOO LONG TOO SHORT

Not Affected
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Fifth Example-Use the original strand below and compare it
to the example.
TAC GGC ACC TTT GAT AAA  ATT

DNA code TAC GGA CCT TTG ATA AAA TTC
mRNA code

Amino Acid

Insertion Deletion
Substitution NONSENSE MISSENSE NEUTRAL
Affected TOO LONG TOO SHORT

Not Affected
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