Topic 2 Molecular Biology

Topic 2.7 DNA Replication, Transcription and Translation
Essential idea: Genetic information in DNA can be accurately
copied and can be translated to make the proteins needed by
the cell.

Understandings:

* 2.7.U4 Transcription is the synthesis of mRNA copied from the DNA base
sequences by RNA polymerase.

«  2.7.U5 Translation is the synthesis of polypeptides on ribosomes.

«  2.7.U6 The amino acid sequence of polypeptides is determined by mRNA
according to the genetic code.

+  2.7.U7 Codons of three bases on mRNA correspond to one amino acid in
a polypeptide.

«  2.7.U8 Translation depends on complementary base pairing between
codons on mRNA and anticodons on tRNA.

Applications and Skills:

+  2.7.51 Use a table of the genetic code to deduce which codon(s)
corresponds to which amino acid.

«  2.7.83 Use a table of mRNA codons and their corresponding amino acids
to deduce the sequence of amino acids coded by a short mRNA strand of
known base sequence.

+  2.7.54 Deducing the DNA base sequence for the mRNA strand.

I. Transcription and Translation

Q- What is the purpose of transcription and translation?

A - These processes work together to create a polypeptide which
in turns folds to become a protein. Proteins carry many
essential functions in cells. For more detail review 2.4.U7
Living organisms synthesize many different proteins with a
wide range of functions.

Catalysis Tensile strengthening Transport of nutrients and gases Cell adhesion
Muscle contraction Hormones
Cytoskeletons Receptors
Blood clotting Packing of DNA
Membrane transport Immunity
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I. Transcription and Translation
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protein. The ribosome starts at the =

sequence AUG, then reads three o ~
nucleotides at a time. Each AMINOACDS  (© ¢
three-nucleotide codon specifies a (A3
particular amino acid. The "stop" =y
codons (UAA, UAG and UGA) tell the “\l‘I.'ll ll,' .

ribosome that the protein is complete. RIBOSOME sy e

learn.genetic.utah.edu

9/27/17



I. Transcription and Translation

A. Transcription is the synthesis of mMRNA copied from the DNA base
sequences by RNA polymerase-
1. Transcription is the process by which an RNA sequence is produced from a
DNA template:
2. Three main types of RNA are predominantly synthesized:
a.  Messenger RNA (mRNA): A transcript copy of a gene used to encode a
polypeptide
b.  Transfer RNA (tRNA): A clover leaf shaped sequence that carries an amino
acid
c.  Ribosomal RNA (rRNA): A primary component of ribosomes

DNA £
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R Transcription
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I. Transcription and Translation

B. Translation is the synthesis of y N
polypeptides on ribosome- \]\ ) N
1. Translation is the process of protein synthesis Large subunit ( )
in which the genetic information encoded in )
mRNA is translated into a sequence of amino ‘/\\) / \(;I :;/

acids in a polypeptide chain Nl
. Aribosome is composed of two halves, a
large and a small subunit. During | ]

a

translation, ribosomal subunits assemble 'Q ®
together like a sandwich on the strand of y © %o
mRNA: r

1. Each subunit is composed of RNA O‘ @

molecules and proteins
2. The small subunit binds to the mRNA
3. The large subunit has binding sites for
tRNAs and also catalyzes peptide
bonds between amino acids

Nature Education

The enzyme RNA polymerase binds to a site on the DNA at the start of a gene (The
sequence of DNA that is transcribed into RNA is called a gene).
*  RNA polymerase separates the DNA strands and synthesizes a complementary RNA
copy from the antisense DNA strand
It does this by covalently bonding ribonucleoside triphosphates that align opposite
their exposed complementary partner (using the energy from the cleavage of the
additional phosphate groups to join them together)
Once the RNA sequence has been synthesized:
- RNA polymerase will detach from the DNA molecule
- RNA detaches from the DNA
— the double helix reforms
Transcription occurs in-the nucleus (where the DNA is) and, once made, the mRNA
moves to the cytoplasm (where translation can occur)

3' Antisense strand

TGACGGATCAGCCG ‘G GG~
u uG UAGUCGGCGUU §

RNA polymerase

TTGGCG

RNA Transcript

T T TAGTCGGCGTTCG TT GCTGTATT

Sense strand
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II. Messenger RNA and the Genetic Code-

Messenger RNA (mRNA): A transcript copy of a gene used to encode a polypeptide

transcription translation .
DNA ——RN A== polypeptide

gene

* The length of mMRNA molecules varies - the average
length for mammals is approximately 2,200
nucleotides (this translates to approximately 730
amino acids in the average polypeptide)

¢ Only certain genes in a genome need to be
expressed depending on:

* Cell specialism
* Environment

* Therefore not all genes (are transcribed) and
translated

* If a cell needs to produce a lot of a certain protein
(e.g. B cells in the pancreas specialize in secreting
insulin to control blood sugar) then many copies of

Ibiology.net the required mRNA are created.

transcription )

Second letter Key:
- | - -
Ala = Alanine (A)
uuu} ucu UAU} usu} Arg = Arginine (R)
uuc [ Phe || uce | o | uac [TV || uec] Cvs Asn = Asparagine (N)
uca UAA STOP || UGA STOP Asp = Aspartate (D)
uce UAG STOP || UGG Trp

Cys = Cysteine (C)
Gin = Glutamine (Q)
Glu = Glutamate (E)
Gly = Glycine (G)
His = Histidine (H)
lle = Isoleucine (1)
Leu = Leucine (L)
Lys = Lysine (K)

Met = Methionine (M)
Phe = Phenylalanine (F)
Pro = Proline (P)

Ser = Serine (8)

Thr = Threonine (T)
rp = Tryptophan (W)
Tyr = Tyrosine (Y)
Val = Valine (V)

ccu cAu
cec| cac
cca [ || caa

cce CAG

First letter

ACU AAU

-
ACC AAC } Lo :gg} Sel

} }

- &

T

ACA [ Thr | Apa
ACG AAG

GCu GAU
Gce Ala GAC
GCA GAA

GCG GAG

A. Codons of three bases on mRNA correspond to one amino
acid in a polypeptide-
1. The genetic code is the set of rules by which information encoded in mRNA
sequences is converted into proteins (amino acid sequences) by living cells
a.  Codons are a triplet of bases which encodes a particular amino acid

b.  Asthere are four bases, there are 64 different codon combinations (4 x 4 x
4 =64)
Socondtter

c.  The codons can translate for 20 amino acids Co e A Jwe
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Base GCUACGGAGCUUCGGAGCUAG
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H
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RNA Liufd T80 yuyynppryual I

Codon Codon 1 Codon2 Codon3 Codon4 Codon5 Codoné Codon 7

Aminoacid  Alanine Threonine Glutamate Leucine Arginine Serine Stop I

Differencebetween.com, bioninja.au

i.  Different codons can translate for the same amino acid (e.g. GAU and GAC
both translate for Aspartate) therefore the genetic code is said to be
degenerate

ii. ~ The order of the codons determines the amino acid sequence for a protein

iii. ~The coding region always starts with a START codon (AUG) therefore the
first amino acid in all polypeptides is Methionine

iv. The coding region of mRNA terminates with a STOP codon - the STOP
codon does not add an amino acid — instead it causes the release of the

polypeptide
Promoter Gene 1 Gene 2 Gene 3 Terminator
3 T — — — i 5 Template
DNA strand
1 Transcription
Start Start Start
codon codon codon
AUG UAA  AUG UAG AUG UAA
lr ¥ T 0\ B i 3’ mRNA
Ribosome Stop RBS Stop RBS Stop  Untranslated
binding codon codon codon mRNA
slte (RBS) Translation
Pearson Education ide 1 ide 2
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IV. Codons and Anticodons

A. Translation depends on complementary base pairing
between codons on mRNA and anticodons on tRNA-
1. Amino acids are carried by transfer RNA (tRNA)
2. The anti-codons on tRNA are complementary to the
codons on mRNA

Amino acid
K

Large ribosomal
subunit

tRNA

Anticodon

5 mRNA ...AUGUGGUUC...
Codon J
" Smallribosomal
subunit

Khan Academy

tRNA molecules
contain anticodons
which are
complementary to the
codons on the mRNA.
tRNA molecules bind
to a specific amino
acid that corresponds

to the anticodon
Nl

IV. Codons and Anticodons

rowing peptide chain

The large subunit binds to
the small subunit of the @
ribosome.

There are three binding sites
on the large subunit of the
ribosome, but only two can
contain tRNA molecules at a
time

MessengerRNA

The mRNA contains a
series of codons (3 bases)
each of which codes for

. j Peptide Synthesis
an amino acid.

@ MRNA binds to the
An outline of translation and small subunit of the
polypeptide synthesis ribosome.
Lumen Learning; Bioknowledgy.com

IV. Codons and Anticodons

tRNA molecules

have an anticodon am

Growing peptide chain

of three bases that
binds to a ove’
complementary
codon on mRNA
i

Outgoing
Key components  empty tRNA

of translation

tRNA molecules carry the

to their codon

M\ bound to Amino Acid

ino acid corresponding

Incoming tRNA

that enable
genetic code to
synthesize
polypeptides MessengerRNA
mRNA has a sequence of Ribosome Ribosomes:
CodenS th_ﬂf specifies the Peptide Synthesis « act as the binding site
amino acid sequence of the for mRNA and tRNA
polypeptide « catalyze the peptide
bonds of the
Lumen Learning; Bioknowledgy.com polypeptide

IV. Codons and Anticodons

A peptide bond is
formed between the
two amino acids
(carried by the tRNAs) o

Growing peptide chain

Outgoing
empty tRNA \ |

'(R‘\P bound to Amino Acid

tRNAs with anticodons
complementary to the
codons bind (the bases
are linked by the
formation of hydrogen
bonds)

Incoming tRNA

Peptide Synthesis

The ribosome moves along the mRNA and
presents codons in the first two binding sites @
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MessengerRNA
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IV. Codons and Anticodons sy

amino acid binds to the first

site and a second peptide bond .

Growing peptid crain  5107Med ® The Genetic Code 2.7.51 Use a table of the genetic
code to deduce which codon(s)

@ 1'1‘& ’1 ,I ‘(I corresponds to which amino acid.

4 | 2.7.53 Use a table of mRNA codons
Incoming tRNA d: ’ . . .
p Y d and their corresponding amino

The process (i.e.
the last two steps)
repeats forming a

polypeptide. @

QV\P‘ bound to Amino Acid
\ acids to deduce the sequence of

Outgoing DNA

empty tRNA Lhdadhiduds A triplets amino acids coded by a short mRNA

i s et o e of 3 i sk strand of known base sequence

) ¢ 2.7.54 Deducing the DNA base
trpnscription
sequence for the mRNA strand.
CAA CUC ACA CGU mRNA
_ MessengerRNA codons The diagram summarizes the process of
Bibetome ' protein synthesis. You should be able to
There are 64 codons but i i
" . oo use a section of genetic code,
Peptide Synthesis only 20amino acids 4o <cribe and translate it to deduce

As the ribosome moves along mRNA a tRNA the polypeptide synthesized.

ird binding si olypeptide
moves to the third binding site and detaches “ Fa)mifYOp aC%S
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