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Objectives

*understand DNA replication.
*know the transcription of genetic material into messenger RNA.

*get an idea about the translation of mRNA into a functional protein.



Replicate faithfully (in a correct way)

Transcription
RNA | DNAisthe genetic :
| material ” Therefor it must
Translation
Have the coding ability
(ability to transfer information)
to produce
PROTEIN

proteins for all cellular functions.

Central dogma of Molecular Biology:

A portion of DNA, called a gene, is transcribed into
RNA, then RNA is translated into proteins.




Features of
Eukaryotic DNA
Replication:

Bidirectional

Primed by short Semi-

Semiconservative stretches of RNA with multiple origins of discontinous.
) ) replication. ) )
There must be a |
basic structure "a
foundation™. For The The leading strand the lagging strand
- : enzymes to work on . . . .
Patren’zjal neryt repgcated y :gr?ttir:wisclﬁi? discontinuous (in
stran Strand. it can't start from . fragments)
scratch; therefore The directi L al be 5 s 3 (cith . -
Primers (RNA e directions will always be 5' -> 3" (either away or into the fork).
. The two strands are antiparallel. However, DNA polymerase can ONLY work ina 5’
nucleotides) are 3’ direction so we are left with gaps where the DNA polymerase can’t continue
used (and they are working. These fragments are called okazaki fragments B e
later removed) e i

37 fork
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Proteins involved in DNA replication

major thanks for 436 teamwork

Name Types

DNA icase

Single-stranded DNA binding proteins

DNA Primase

DNA polymerases a (Alpha) , b (Beta) , g (Gamma) , d (Delta) , €
(Epsilon).
DNA ligase
Topoisomerases Topoisomerases |

Topoisomerases Il

Telomerases

s 9 Aasi Y ol o el o Sl
Functions

-An enzyme that binds to DNA sequences called Origins
and unwinds DNA strands.

Prevents single strands from winding.

An enzyme that makes a short segment of RNA primer
which is complementary to the DNA

An enzyme that adds DNA nucleotides to the RNA
primer. -Proofreads bases added and replaces
incorrect nucleotides.

An enzyme that forms bonds between the sugar-
phosphate backbone.

(cut one of the DNA strands)
(cut both of the DNA strands)

An enzyme that adds nucleotides to telomeres (a reign
at the end of a chromosome)



Steps in DNA replication

o

Untwists DNA , _ .
strands, making a Prevents single Makes RNA primer. 1- Adds nucleotides to
fork-Iiké strands from primer
structure called twisting again.
replication fork / \ 2- proof reads (checks if bases
\.\ added are correct),
N@TES' - ' : if incorrect it replaces incorrect

nucleotides.

DNA

Replication
video

some places in the

DNA have specific

sequence of codons
( helicase origin)



https://youtu.be/5qSrmeiWsuc
https://youtu.be/5qSrmeiWsuc
https://youtu.be/5qSrmeiWsuc

* Exonucleases are
enzymes that remove
nucleotides.

* DNA
polymerase.

< J

Removes the RNA
primers by
exonuclease
activity.

* DNA

o

polymerase.

e Ligase

J

Fills the gaps that we
got after removing the
RNA primers.

o

J

Connects the okazaki
fragments by forming
bonds between the
sugar-phosphate
backbone.



In RNA:

Tra nSCri ptiOn (m RNA SyntheSiS) there may be multiple RNA synthesis

bubbles at the same time

A portion of DNA (a gene) is transcribed into messenger RNA (mRNA).
 Only one of the DNA strands is transcribed (antisense strand).

RNA polymerase Il is responsible for this process. Transcription &
Direction of transcription is 5’ to 3’. Translation

Steps of mMRNA Synthesis:

RNA polymerase Il binds to promoter region of DNA to start transcription.
Note: Ta-Ta box is in the promotor region. promoter region

Chain initiation

Poly-A
addition site

3'end
“downstream”

A portion of DNA template unwinds (opens) at the point of RNA synthesis, which forms a short
length of RNA-DNA hybrid. @ —

Nascent RNA RNA
(5'— 3) polymerase Ty 3

Chain elongation

DNA antisense strand
(3 ===5i)

W IR 2% Al

DNA contains specific sites which stop transcription (at a sequence of 4-10 AT
base pairs).



https://youtu.be/oefAI2x2CQM
https://youtu.be/oefAI2x2CQM

Post Transcriptional Modifications

The immature mRNA needs to be prepared to exit the nucleus.

This happens by:

1) Capping 2) Polyadenylation 3) Intron removal
(for releasing mature mRNA
The addition of a methylated The addition of a poly(A) tail from nucleus.)
guanine nucleotide at the §’ (a highly conserved AAUAA
end of the mRNA. sequence) at the 3’ end of . 5 end—cap
MmRNA. NOTES: 3 end — tail
Introns:
Functions Functions intervening sequences that do not
~— _— ~— _— code for any proteins, therefore
they must be removed.
- Prevents mRNA - Protects mRNA from _
degradation by degradation (2600
| portions of the gene that code and
exonucleases express into a protein.
- Helps the transcript.bind - For rib(.)g,omal e Y e oty [ ey
to the ribosome during recognition is considered to be immature

protein synthesis RNA.



Translation (Protein Synthesis)

(It is a process of protein synthesis from mRNA)

® mMRNA has
genetic codes for

amino acids
present in proteins

® The genetic code is a
dictionary that identifies
the correspondence
between a sequence of
nucleotide bases and a
sequence of amino acids

61 codons:
specify for 20
amino acids

64 possible codons

1 codon of the
61: Start codon
(AUG)

the start codon AUG codes for
the amino acid methionine,

SO, we find methionine
always the first amino acid in
the protien chain.

3 stop codons:
(UAA), (UAG),
and (UGA)

a8 il Ol ga S Jaas Jagndil dlaa
"‘\é\j,-} J-C\jd Oy du,-.’”

UGAI mn UAAed UAGeh

First Third
position Se d positic position
(5" end) (3’ end)
U (&: A G
Uuu ucu UAU,__ [uGuU U
Ph : 6 i ol
u vuc © [uce e UACm UGccys C
UUA 7! UCA UAA Stop| UGA Stop A
vuc Y luea UAG stop| UGG Tip G
Ccuu ccu cAu cGU U
cuc ccc cac  |cae c
C Leu Pro 5
CUA CCA CAA oh CGA A
CUG cCG CAG | CGG G
AUU ACU AAU AGU _ U
A AUC lle |ACC AAC AGC C
AUA ACA e AAA s AGA A
AUG Met® | ACG AAG T lagg G
GUU GCU GAUA GGU U
GUC Gee agac P |cace C
G Vval Ala Gly
GUA GCA GAA _ |GGA A
GUG GCG Gac Y|Gca G

and the start codon

Just memorize the stop codons

Jaaal) Jag sl

Start codon starts with A
Stop codons start with U

- codons specify for amino acids

- A,U,G,C combine to give 64 different

combinations.

- Since we have 20 amino acids, more
than one codon can code for the same

amino acid.

- stop codons don’t code for any amino

acids.



~.._. Components required for translation

.- /B
, "/ \ / \ y Aminoacyl- \
N\~ tRNA




IITIATION CRNA 5~ UAA AUG GUU CCA CAA

Small nbosoma! unit

S G ' CA A 3
Inltatlon
factors

(elFs)
Large ribosomal
subunit
GDP + P;
elFs

Met
Met — tRNA,Me s

Large ribosomal
subunit

- K

... GUU AUG CCA CA/

3l

In these steps:

-Focus on the main thing that is
happening.

-What the components are(in each
step).

First step:
Initiation

Generally,this step means making

complements.

It requires small and large
ribosomal units,MRNA,amino acyl
tRNA for methionine.

These all join to form the initiation
complex and become ready to start.

aaally @ sall i g i Jaial) Jygel
A site: the first site (Accept)

P site: polymerization site
(protein formation site)

E site: exit site



LONGATION sl
of polypeptide

Ribosome ready for
next aminoacyl tRNA

site

site

site

site

P A
site  site

Second step:
Elongation

This step happens until termination
(when it reaches a stop codon).

There is an IMPORTANT
ENZYME involved here:

peptidyl transferase
(An RNA molecule with catalytic activity).

responsible of cutting the amino acid
(elongation) + binding the polypeptide
chain to the new amino acid .

Understand it like this:

it basically cuts the amino acids
that are in the P site and add it to
the one in the A site.

Thus, it catalyzes the formation of
peptide bonds between amino
acids.



ERMINATION

Third and final
step:Termination

(Memorize stop codons)

The initiation complex totally disjoints
and the polypeptide is released.



Take home messages

-DNA is the genetic material,so it must replicate faithfully and have the
coding ability to produce proteins for all cellular functions.

-Only one strand of DNA(antisense strand) is transcribed into mRNA.

-The synthesized mRNA is protected from destruction and prepared for
translation through post-transcriptional modification.

-mRNA transcription and protein synthesis processes are the same in
both prokaryotic and eukaryotic cells with some differences.



Flow of genetic information

m is an __| Informational | composed of Sequence of ) visualized as
molecule deoxribonucleotidesJ

provides
DNA

3

Information
transfer
by

Transcription

Replication
Starting region: ORIGIN >
Creates: Replication fork

\mRNA

visualized as

resulting in the
synthesis of

m is an _| Informational | composed of Sequence of | visualized as
molecule ribonucleotides J

provides

Information
transfer

Transcription start:
Starting region: Promoter Region (Tripiet codons |-%2129LY (Genetic code}2r2cter2d 2 _, | AUG
stop:

UAG. UGA. UA

which pair with

Specific
anticodons
A specific

contained in tRNA

< ﬁreates: transcription bubble

RNA

rans |lt recognizes
L lon Aminoacyl- synthesized by - ~— visualized as /
tRNAs > |Aminoacyl-tRNA
synthetase/_J

recognizes

deliver amino
acids to

\/

A specific
amino acid

resulting in
synthesis of

Ribosomes visualized as _ @
PROTEIN

Functional | consisting of Sequence of | visualized as _
molecule amino acids J
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Bf:The primer is composed of:

Only RNA

A
B) Dnly DNA
C
D

)
)
) ONA and RNA
)
)

Proteins
\E Both C and D /

/IB: In mRNA synthesis , what is being\
transcribed into mRNA?

Qnune of the above /

/IIZ: The 3 bases that are \

complementary to one of the mRNA
codons are called,and are present on:

)Semi codons,ribosomes
) Antagonist codons, tRNA

A
B
C)anticodons,tRNA

\D)reverse codons,rRNA /
4 )

[4: In the final step of translation,what
binds to the A site?

A)A stop codon
B)A release factor
C

Answer key:

)Methionine D)Naothing

/

1)
2)
3)
4)

A

C
C
B




/IIE: Replication, Transcription, \ /I]E:DNA replication results in 2 DNA \

Translation respectively take place in: molecules:

A) Each with 2 new strands

B) One with two new strands and one with Z
original strands

C) Each with Z original strands

\D) All'in cytoplasm / D) Each with one new strand and one original
\Strand. /

A) All'in nucleus of cell
B) Nucleus,cytoplasm,cytoplasm
[) Nucleus,nucleus,cytoplasm

Answer key:

5)C
6) D




the sequence of three nucleotides that corresponds with a specific amino acid...
the direction of the transcription is.....7
in DNA replication the discontinuous synthesis produces a'>3' DNA segments called.....?

mention two of proteins involved in DNA replication.......7

Answer key:

Codons

5'>'3

Okazaki fragments

they are 7 e.g DNA Halicase — primase - ligase

A OODN -
~— — ~— ~—
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