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D1.2.1—Transcription as the synthesis of RNA using a DNA template. 
D1.2.2—Role of hydrogen bonding and complementary base pairing in transcription. 

D1.2.4—Transcription as a process required for the expression of genes=>

ATGATCTCGTAACentral Dogma of Molecular Biology : genetic information generally flows in one direction : DNA RNA proteins - &
- x mRNA Y& Protein synthesis involves two processes : transcription + translation which together result in gene expression IEU GCATTL iiiiii-

DNA template gene

6ene expression : the process by which the information in DNA genes are converted into a functional product observable effect like proteins
~AudCGUAA mRNA transcript

~ all cells in an organism have the same genome
- set of all genetic material

,
but they don't transcribe all genes and perform different functions

, thus vary in gene expression

- Met Ile Ser polypeptide
&

gene expression can be controlled by factors both inside and outside cells resulting in genes being switched ON Or Switched OFF cel7specializationBI

eX : pancreas high blood glucose B-cell insulin gene
N transcription insulin produced

CyS whes
Stem cells are undifferentiated and have &

e Cool

HeN

cool

cyS

by switching on and off certain genes during

·
* glucagon gene

FF
no transcription c 3

.

3 the ability to specialize into any cell type

low blood glucose C - cell insulin gene
FF

no transcription development. Specialized cells are those whose·
homeostasis3 .

3
glucagon gene

N transcription glucagon produced
HeN

role is fixed and only express certain genes
-

-

HoOC to produce specific products related & ⑭⑨
to their function

Transcription : Synthesis of complementary mRNA messenger RNA using a DNA template base sequence gene

chromosome DNA rewinds back #Apolymerase - As RNA polymerase moves down gene ,
it separates·

RNA polymerase binds to DNA · passes by coding strand- holding complementary base pairs together

as RNA polymerase the DNA double helix by breaking hydrogen bonds

at the start of the gene

I free RNA nucleotides coding sense non-template strand

which is used for transcription strand whose base sequence isS**
this exposes the template strand

mRNA

coding strand is not used identical to the mRNA transcript

- 1 with T and W swapped
template strand Free ribonucleoside triphosphates are correctly

placed into position across the template strand

e

/

- due to hydrogen bonding and complementary*Tobase pairing : Adenine A Uracil (

& -In eukaryotes ,
mRNA transcript RNA polymerase catalyzes Cytosine C Granine G

is modified and sent out of condensation reactions :

the nucleus into the cytoplasm catalyzing a covalent template antisense non-coding strand

via the nuclear pore to r phosphodiester bond between
C A T A G CATA G CAT A G

strand that is used to make an

start translation.
↑

nuclear pore the phosphate of a free RNA : ::: iii ::: :::::: ::: : : mRNA transcript.: is complementary
/ Guav G U A W Gu A

In prokaryotes ,
translation nucleotide to the ribose

S j to both the mRNA and coding strand

occurs right away
- of growing mRNA strand

-
nuclear membrane Once it reaches the end of r

-- --

-

the gene,
it unbinds



D1.2.5—Translation as the synthesis of polypeptides from mRNA. D1.2.6—Roles of mRNA, ribosomes and tRNA 
in translation. D1.2.7—Complementary base pairing between tRNA and mRNA. D1.2.10—Stepwise movement of 

the ribosome along mRNA and linkage of amino acids by peptide bonding to the growing polypeptide chain=>&

- -- -

Translation : synthesis of polypeptides proteins from mRNA transcript-the base sequence of mRNA codons are translated into the amino acid sequence of the polypeptide
large subunit can

L
messenger RNA mRNA

& transfer RNA tRNA r amino acid · & ribosome bind two tRNA

provides instructions to synthesize a carries amino acid and binds 2D: S sp made of small and large subunit ↑ simultaneously⑨

polypeptide in the form of codons 3 bases complementarily to mRNA codon 8

i
& · reads' mRNA one codon at a time -has a binding site for the ribosome and using its anticodon. Enzymes ensure and catalyzes peptide bond between - UGGGC

a start and step codon to direct translation each tRNA is bound to a specific adjacent amino acids
.

-
small subunit binds

amino acid according to its anticodon anticodon UAC Made of rRNA and proteins to mRNA

Initiation 1
,
2

,
3 met

small subunit of ribosome binds tRNA with complementary anticodon to start III
V

Large subunit of ribosome

to mRNA and moves along codon binds to mRNA forming hydrogen bonds T binds
, sandwiching the·until START codon is reached this brings the first amino acid mRNA in between

1
- UG UAC anticodon

iiiiiii

- : complementary base pairing between tRNA - UG codon

anticodon and mRNA codon ensures the-
correct amino acid is brought and used

Elongation 4
,
5

,
6 Termination 7

,
8

rRNA within large subunit
HIN Met Gly Pro

Lys

A tRNA with a complementary catalyzes the formation of a Once ribosome reaches
Ile

anticodon to the next codon enters ⑱↑ covalent peptide bond STOP codon it will

·the large ribosome subunit and binds condensation reaction cause the polypeptide
iii : i between the amino acid of to unbind from tRNA

· Many different tRNAs are present - · previous tRNA and the amino

T 1

Pro

but only those with a complementary iii : i acid on the new tRNA

anticodon can bind
, others cannot - : this moves growing polypeptide &

Ribosome moves down HzN elongationeuntil
from previous to the new tRNA

mRNA by one codon, STOP codon HeN

met-
O

HN
O ribosome will disassemble,

tRNA with polypeptide

met O
I

HzN ↑

H

↑
mRNA unbinds and polypeptide

moves over and empty will fold into protein

tRNA is released
, ready · t R

,

OH

R2

OH -
to be reused and bound HIN Met

at

Pro Lys
Procoonto new amino acid Ile

- O R2

: each cycle , ribosome moves down - -
HzN In- 1

OH I H Tj C
mRNA by one codon and polypeptide

R
,

I a -
-

grows by one amino acid
-



D1.2.3—Stability of DNA templates. D1.2.8—Features of the genetic code. 
D1.2.9—Using the genetic code expressed as a table of mRNA codons 

D1.2.11—Mutations that change protein structure

to outer wheel
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D1.2.12—Directionality of transcription and translation. D1.2.13—Initiation of transcription at the promoter. 

D1.2.14—Non-coding sequences in DNA do not code for polypeptides. D1.2.15—Post-transcriptional modification 
in eukaryotic cells. D1.2.16—Alternative splicing of exons to produce variants of a protein from a single gene

- ion from nuclease enzymes
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D1.2.16—Alternative splicing of exons to produce variants of a protein from a single gene

D1.2.17—Initiation of translation.  D1.2.18—Modification of polypeptides into their functional state
D1.2.19—Recycling of amino acids by proteasomes=

native splicing : splicing exons together in different ways in order to produce different protein variants from a single gene tRNA ribosome E Exit Site when tRNA no longer

binding sites holds polypeptide it moves here and exits

~ after introns have been excised
,

the remaining exons ex : X-tropomyosin gene is spliced alternatively to make proteins in many different tissues

can be rejoined in several different ways either by
s 12345678910 11 12 AAA3'

burt P Peptidyl-tRNA Site holds tRNA

splicing them in different order or excluding some

we p()) carrying growing polypeptide which moves

to tRNA in A after forming peptide bond

L s 134567891017AAA3 Skeletal muscle ↑allows a single gene to result in many different mature

-YmRNA transcripts and produce a variety of polypeptides. A Aminoacyl-tRNA Site tRNA carrying
-

: Number of different proteins made number of genes
51245678912AAA3 smooth muscle

small
subunit next amino acid arrives and binds here

Initiation of Translation 5145678912AAA3 connective tissue Elongation of Translation

An initiator tRNA binds to a small Once the START codon is reached The large ribosome subunit binds to the initiator 1
ribosome moves I codon downstream 5' to 3

ribosome subunit and to the S'cap of and the initiator tRNA hydrogen tRNA at its P site
, completing the initiation 2 tRNA with complementary anticodon binds at - site

a mature mRNA forming complex. binds
,

this signals the binding complex. Its A site is open for the next 3
polypeptide in P forms peptide bond with amino acid

complex moves downstream S' to 3 of the large ribosome subunit tRNA
. Elongation begins . in A and chain transferred over to tRNA in A

scanning for START codon - AUG 4
empty tRNA in P moves to E and exits.

- tRNA with growing polypeptide in A moves to P

met initiator tRNA is bound to met
① met

Gly

amino acid Methionine and has
A met

* anticodon UAC allowing it * X

S· ⑭ Gly Pro
-

-to bind to START codon
- ↑ 1 I

-[3 3 'G ·b
↑

::: iiiii · ::: :iii !

-

: Favoooccal 3
-

~

Post-translationalmodification -

many polypeptides are modified after translation to become functional Recycling amino acids entire set of proteins that can be expressed by cell tissue organism

~
many possible modifications : - alter R group composition of amino acids in the chain & Sustaining a functional proteome requires constant protein breakdown and synthesis as proteins may

·

excising sections of the polypeptide by breaking peptide bonds become damaged and need to be replaced or are no longer required due to change in cell's activities

· forming disulfide bridges between cysteine amino acids R groups· combine polypeptides together and or to prosthetic groups
& Proteasomes : protein complexes which breakdown proteins marked for destruction via proteolysis

UbExample : In pancreatic B cells the insulin gene is expressed, resulting in pre-proinsulin which is then modified Proteins which are no longer Proteasome's regulatory Ub
Inside central chamber

,
the protein

functional or needed are subunits recognizes
Ub is hydrolyzed by protease

D 2
Ub Ub Ub

signal peptide

j j j tagged with ubiquitin taggedprotein - - Ub enzymes whose active sites face

B chain
·

In rough endoplasmic reticulum
,

In the Golgi apparatus, proteases : It is unfolded - - inward
, breaking down into

A chain the signal peptide is cleared and · cleave the peptide bonds holding
1

Il Ub ub
Ub

Ub and fed into =· smaller peptides. These are then

t S

C peptide 3 disulfide bridges stabilize ·
C peptide to the A and B chains insulin ubiquitin acts central chamber

7
ejected and further broken down# 1

pre-proinsulin the A and B chains as it folds proinsulin cleave 2 amino acids from B chain as a marker for breakdown in the cell
, ready to be reused
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