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Objectives:

* To understand DNA replication.
" To know the transcription of genetic material info messenger RNA.

x‘ To get an idea about the translation of mMRNA into a functional protein



DNA is the genetic material

e Therefore it must be : N, G
. . . ’ DA — Mttt — 0000
1- Replicate faithfully (in a correct way ). oNA RNA Protein
2- Have the coding ability ( ability to transfer information ) to produce proteins for all A
. Central dogma of Molecular Biology:
cellular functions. A portion of DNA, called a gene, is transcribed into RNA,

then RNA is translated into proteins.

Features of Eukaryotic DNA Replication

Semiconservative with respect to parental strand:

- Daughter DNA molecules contain one parental strand and one newly-replicated strand.
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Bidirectional with multiple origins of replication. T e

. Originaltemplate strand

Motion of

Primed by short stretches of RNA. Y o

There must be a basic structure “a foundation”. For The enzymes to work on. It can’t start from the scratch; therefore e ——— 5
primers (RNA nucleotides) are used (and they are later removed) Loging strand (Okazaki agments W\?
3 < <5 / Parental strands
- Semi-discontinous 5

- The leading strand synthesized confinuously
- The lagging strand discontinuous (in fragments)
In DNA replication, both daughter strands (leading strand red, lagging strand blue) are synthesized in their 5’ — 3’ directions.

The two strands are antiparallel. However, DNA polymerase can ONLY work in a 5'— 3’ direction so we are left with gaps where the DNA polymerase can’t
continue working. These fragments are called okazaki fragments.




Steps in DNA replication

Primase

Single-stranded binding protein

DNA Polymerase | + |

DNA Polymerase -
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Steps in DNA replication [%MMPHMJ
[&’/4 helpful vides Part 2 ]
DNA Helicase untwists DNA strands by binding to DNA sequence (helicase origin) making a fork-like structure called

replicafion fork . some places in the DNA have specific sequence of codons (helicase origin) so If there are multiple origins then there are
multiple helicase.

Single-stranded binding protfein prevents single strands from twisting again

Why do we need Single-stranded binding proteinsg The DNA has a lot of hydrogen bonds between its base pairs, and because hydrogen bonds
are very strong they may form back on their own, so we need those proteins to keep the two strands apart to prevent hydrogen bonds from
forming and reconnecting the strands while replication is still happening.

Primase makes RNA primer.

DNA Polymerase
- Adds nucleotides to primer adds to 3" end only this means that DNA replication only progress from 5" fo 3" end

- proofreads (check if bases added are correct), if incorrect it replaces incorrect nucleotides.
Leading strand : oriented 3' to 5" towards the fork iwgiue o585 while lagging strand : oriented 5' to 3' towards fork — Okazaki fragments (discontinuous replication) ek ¢ s

DNA Polymerase here remove the RNA primers by exonuclease activity and fills the gaps the we got after removing the

RNA primers.
What's exonuclease 2 They're enzymes that remove nucleotides.

Ligase connects the okazaki fragments on the lagging strands by forming bonds between the sugar-phosphate
backbone.

Topoisomerases cut and relieves supercoiled DNA downstream of replication fork
if you wanna understand more watch this video sxixill «lis g g gl 385 o B8 aguans e siln 155 W 8l strands A dwd helicase ) s Wl Jsis 5as Jay e I overwinding 3 s gsaay (o


https://youtu.be/EYGrElVyHnU
https://youtu.be/Dc21ml8-_PI
https://youtu.be/NfMZLk-8r34
https://youtu.be/ePZc-71PT_4

cs o oh A Y €Al ol e el Ja ok Sl

Proteins involved in DNA replication Ihanks 1o 436 fearmwork

' An enzyme ( protein ) that binds to DNA sequences called origins and unwinds '
— : DNA strands. :

| |
| An enzyme that makes a short segment of RNA primer which is complementary fo |
i the DNA I
| i

o (Alpha), p (Beta), - Adds DNA nucleotides to the RNA primer.
y (Gamma) , 6 (Delta), - Proofreads bases added and replaces incorrect nucleotide

€ (Epsilon).
.................... [ T
| |
—_— i An enzyme that forms bonds between the sugar- phosphate backbone. |
| |
_____________________ |,_________________________________i
Topoisomerases | I (cut one of the DNA strands) I
..................... i
Topoisomerases I : (cut both of the DNA strands) :
: An enzyme that adds nucleotides to telomeres (a reign at the end of a :
i i

chromosome)




e A portion of DNA (a gene) is franscribed into messenger RNA(mMRNA).

e  Only one of the DNA strands is transcribed (antisense strand).

Transcription ( MRNA synthesis )

e The RNA polymerase Il is responsible for this process.

e The direction of tfranscriptionis 5" — 3'.
Antisense strand: DNA strand which runs from 3' to 5'.
° the importance of mMRNA is o carry information from DNA to the ribosomes for protein synthesis
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[é’A_A/ﬁf/_d } Steps in MRNA synthesis
Or [ R A belpful video ]

e some concepts you need to understand them before reading the steps :
- Multiple mRNA copies allow for more proteins to be produced
- Transcription factors : proteins which bind the promoter and recruit the RNA polymerase
- Template strand : strand of DNA which the gene to be transcribed is located

Chain inifiation: RNA polymerase Il binds to promoter region of DNA to start franscription.
There's a region on the strand called promoter region then the transcription factors will come and bind to the promoter region this step is
important because the RNA polymerase Il enzyme will be recruited by transcription factors
transcription factors ) 2 s s cuws Jead L) 4dlall 5 5 8l Wi RNA polymerase |l of Jsi s
then the transcription begins and confinues 3' fo 5' along template strand

Chain elongation: A portion of DNA template unwinds (opens) at the point of RNA synthesis. This forms a short
length of RNA-DNA hybrid.

Complementary RNA nucleotides added to the growing RNA strand (uracil instead of thymine in the RNA strand).

Chain ferminatfion: DNA contains specific sites which stop transcription (at ansequence of 4-10 AT base pairs).
Polyadenylation signal in the franscribed RNA signals proteins to cut it from the polymerase
(s oS el ) (e 23aa i i 2ie RNA polymerase enzyme ) a5 a3 <l ol &l )il da i aaall RNA b s2 5 50 Polyadenylation signal Al Giza
Newly formed RNA is called Pre-mRNA or immature RNA because it sfill needs to be processed


https://youtu.be/O2BD80ASklA
https://youtu.be/DKgJPhvCDU8

Post tfranscriptional modification

§ INTRON SPLICING ~ “In between”
5'CAPPING , POLY-A TAIL Exon | Exon 2
5 5 3 Xon ntron xon

3
G-ép G'G/;P E f;}y-AtaiI

e the newly formed mRNA “ immature “ has to go in some modification to become * a mature RNA “ and to
protect the mRNA from degradation
e we have 3 types of modification “ NOT steps “ :

Capping: Addition of a methylated guanine nucleotide at 5 end of MRNA . This cap is added during franscription.
Function:
- prevents mRNA degradation by exonucleases.
- helps the transcript bind to the ribosome during protein synthesis.

Polyadenylation: Addition of a poly(A) tail a highly conserved AAUAA sequence at 3" end of mRNA.

Multiple adenines added at the end of the polyadenylation signal
Functions:

- To protect the mRNA from degradation

- Forribosomal RNA recognition.

Intron removal: Introns are non-coding sequence of DNA/RNA or Sections of the RNA sequence that are found in between
exons so in this modification Infrons will be removed from the RNA by the splicecsome.
Spliceosome 2 Group of small nuclear RNAs and proteins which join together to recognize and remove introns from transcribed
RNA for releasing mature mRNA from nucleus.



Translation ( protein synthesis )

Translation : A process of protein synthesis from mRNA

MRNA 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.

Each individual word in the code is composed of three nucleotide bases (codons).

You should know that ribosomal structure consists of 2 subunits each made of protein and RNA:
- Small ribosomal subunit - has mRNA binding site.

- Large ribosomal subunit

in the ribosome you have 3 fRNA binding sites : A site ( Arrive ), P site ( Peptidyl-tRNA ), E site ( Exit )

Ribosomal Structure

LARGE
RIBOSOMAL
SUBUNIT

3
mRNA — SMALL RIBOSOMAL
binding site SUBUNIT

E: Exit site

P I-URNA binding site.

A: Aminoacyl-tRNA binding site

E s U =S4 ribosome I oe allas 1) G TRNA Al Jias 130 W Sl 23 A0 51 P dsisaY) Galeadl ity dal ) ol e Jsasal) OIS 50 A 58 (IIIRNA OV Al deasile Il U Sl el FRNA ) Bl )Y (3lalia 306 48 ribosome Jb of (e

The possible codons

61 codons specify 20 amino acids
- b aal 5 il gaes e a4l Jsae 38 IS 06K Gliie 035 ge 4dlll 1Y 15 Cad ill Lgie ¥ 2 TE Laie
- codons specify for amino acids A,U,G,C combine to give 64 different combinations 61 of them

encode amino acids and 3 specify termination of translation. .Since we have 20 amino acids,
more than one codon can code for the same amino acid.

- One start codon (AUG) (the start codon could be use also as codon for

first letter

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

- 3 stop codons : UAA, UAG and UGA

stop codons Lis Jyguil ales
Yaal g ac) s e J&

UGAI mn UAAed UAGeh

second letter

third letter

O>»0C|(O>»0C(O>»0C|(O>»0C

Just memorize the stop codons and the start codon
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Components required for translation

AmMiNo acids.

Transfer RNA (1RNA).

Aminoacyl-fRNA synthetases. ( Its job is fo connect the appropriate amino acids onto its IRNA )

MRNA.

Functionally competent ribosomes.

Protein factors.

ATP and GTP.



Steps in protein translation

tRNAs: Amino acid
oo itiati Adaptors with “anti-codon”
Methionine Initiation factors Each bind specific amino acids /’ £RNA
- Initiator® 5 cap
El Initiation 1RNA
ﬁ
A

Newly formed
peptide bond

1 ) —
E Elongation -
B
Release | 510PCODON |

factor




[yM@M’ ] . . - * Extra explanation
_ Skpto2ss Steps in protein franslation

Initiation :
- A Initiator tRNA (methionine) binds to small ribosomal subunit (with help from initiation factors)
You'll see that tRNAs are adaptors with a three nucleotide "anti-codon" section that binds o mMRNA codons and also bind amino acids.

st initiation factors ass s s saiw o jisy A ol ¥l 5 ddlaialles Jasi 3 U e Lo 5 4l Ga o Il methionine s aeall sl ) Initiator tRNA 1 e 215 RNA binding site el ribosome I 8 dihia & Ui ela 5 )
- B then the small ribosomal subunit/initiator tRNA complex binds mRNA (using §' cap to bind the 5" end) this complex
scans towards the 3' end until it locates the start codon (AUG which sets the appropriate reading frame).

<&y MRNA ki ( small ribosomal subunit/initiator tRNA complex s JdSll agaul ) initiator tRNA sl M small ribosomal subunit ) s cpall culs MRNA I modification Jl sl oa capping J of W oelk 5
start codon J xie dua szl three end A Lils 5 laladyl 2l s MRNA 4iles e 218 1) small ribosomal subunit 6 five end s o) Lalad A1 ey MRNA 4led 538 o)) clalas

- C fRNA is now bound to the AUG codon then the large ribosomal subunit arrives to form initiation complex .
The initiafion complex break down when stop codon binds to the release factor (RNA).

MRNA e e Caaill ald 35S al il e IS5 il (meny o e FRNA S ¢shiien (50 pada dusg 4gen Al s )l 5 [arge ribosomal subunit Il s start codon A1 b)) cas cpal)

Elongation :

- A our new tRNA molecule shifts from the A-site to the P-site and now has growing chain of amino acids bound to it and

a new tRNA with amino acid will arrive to the A site .

- B the peptide chain is shifted to the amino acid in the A-site and indicate the newly formed peptide bond this
happened by pepftidyl fransferase enzyme that forms peptide bonds between adjacent amino acids using tRNAs
during the tfranslation process of protein biosynthesis then large ribosomal subunit shifts 3' one codon.s

Al al 33 Gaoha e suaal IRNA U 7553 715 P site (& ) il 2dad ) B 3 laams A site @ ciasi ) el (aess Leaw sia tRNA @a 5 growing peptide chain s adal ) lexas P site J sl A site < s JIHRNA A1 o) Ll A 8
P site du  adail )l Lexae I 55 E site o Lealad s 4ualdll fRNA A e paldsi 8 Jal Siee & e #) ) large ribosomal subunit ka5 A site @ easa sall IRNA U adaiJll sl jle 2205 peptidyl fransferase enzyme

- C Small ribosomal subunit follows - IRNA that was in P-site now in E-site and tRNA that was in A-site now in P-site.
- D E-site tRNA ejected and new A-site IRNA added.

Uaea lexa sxaa FRNA Jiind 5 430 pada Lealh ribosome Jé E site AL a2 ga sa 4paldll 1RNA I o Gls B aedsd Wy el agialy small ribosomal subunit ) ae s 5N Geadll 3al 5 &S a3 Jarge ribbosomal subunit A1 o) &l J s ddabes I @

gl Al je G shea sy Ol e 7)) A 5 A site (B s Gl
Termination :
- A When codon in A-site is stop codon (UAG, UAA, or UGA) a release factor is added to the A-site.
- B Release factor binding releases the peptide chain and causes ribosome to dissociate.



https://youtu.be/x5ZXQo-xeMo

Take home messages

-5 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 franscribed info 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.




Quiz

Q1. enumerate start codon and the 3 stop
' codons @

A ) Must replicate B ) Must have the C ) Produce protein D) All of them are
faithfully ability of coding for all cellular frue
functions

Q2: in DNA replication the discontinuous
' synthesis produces 5'— 3' DNA segments

1

1

1

1

1

1

1

:

’ 2
A') DNA Polymerase B ) DNA Ligase C ) DNA Helicase D ) Telomerases : called..... :

i

1

1

1

1

1

1

' Q3: the direction of the transcription is.....2

A ) Polymers B ) Proteins C ) Enzymes D) DNA

_ * L key:
P

A ) A stop codon B ) Arelease factor C ) Methionine D) A start codon e e el !
%  SAQs Answer key:

_ !—-_-_-_-_._-_-_._-_-_-_-_._-_-_._-_-_-_-_._-_-_._-_-_-_-_.1

A') Each with 2 new B) One withtwonew | C) Each with 2 D ) Each with one i 1) Start codon: a AUG, Stop codons: UAA, '
strands sfrands and one with original strands new strand and one UGA UAG
2 original strands original strand. ! ’

3) 553

I 1
i 2) Okazaki fragments i
I 1
A) Capping B ) Polyadenylation C ) Intron removal D) Intron removal ! :
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