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Transcription and Translation (AHL)












Protein Synthesis: Transcription and Translation

DNA transcription PmRNA translation .F]D'Y;JEptidE

nucleus cytoplasm
gene message product

What is the significance of each of these terms?

Cense antisense mRMNA tEMNA

triplet codon  ribosome polysome
binding sites  complementary base pairing

nucleoside triphosphates promoter regions
RNA polymerase terminator 5'-3
introns  exons release factor
initiation elongation

translocation termination
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DMNA has a sense strand and an antisense strand

The antisense strand is complementary to the sense strand.
It is also known as the template strand, as this s the strand
which is used for transcription - making mRNA,

_—~ RNA Polymerase

The sense strand is the coding
strand of DNA - the genes

By transcribing the antisense strand, the base sequence of the
mAEMNA will be the same as the coding DNA - except U replaces T,
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Protein Synthesis: Transcription and Translation

Transcription:
RMNA polymerase makes a mRMNA
molecule that is complementary

to the antisense strand of DNA.
|I:I!|rl'l‘.'5|3-i‘-rl-ﬂ'; wirth sefAse dhrand-

although T has been replaced with U} e Ermenkn &@}‘* A
growing polypeptide base pairing o &,E{-:
2
ribosome. CE;."
tEMA
Translation;
mRNA is posted out of the nucleus
1 RIMNA and attaches to ribosomes.
complementary TR Ribosomes use caomplementary
baso pairing

base-pairing to 'read’ codons on the mRNA,
tRMNA (transfer) molecules with corresponding anti-codons bring the correct amino acid.
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Transcription and Translation are both carried out in a 53" direction

5I
growing mRMNA strand
[RMA nucleatides)
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complermentary ""-.'E’ﬁ
' bass pairin - 'Qb
growing polypeptide pairing {n."-'-"‘ 0
“ I:ﬁ..
ribosome G_{k

5" mEMNA 3'
complementary

i 5
: anticodon
base pairing
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Transcription

RMA Pobymerase . .

: transcribed section end
Transcription of the gene RLSCICHE e
results in an mRNA molecule promoier regcn coding reglom berminadior
which can be posted out of | | | -:-
thee nuclews. It is then translated 0 G IR ol | ) R @
St i Tl 3% ol O 8

]
r . [
/ T

by
' Y RNA polymerase attaches at the
|I | promaoter regions and

5\ " unwinds short sections of DNA,

Full animation:

RNA polymerase maves along the antisense

strand of DNA, using free nucleoside
triphosphates to make a strand of mENA,
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mRNA is elongated until the ribosome reaches the terminator region:

: o Free nucleoside triphosphates are found
S . in the nuckeus.
L{'_,F nucleaside triphosphate
2 'xrx"‘ S P e They are taken by the
¥ '::'-E:' ) RNA polymerase and two phosphates are
e L e - removed.

growing mRMNA strand
(RMA nucleatides)

5 F'l'!l:l'llll: Teriivi i ir .
The resulting RMA nucleotides are added
¥ - 3 anto the 3" end of the growing mRMA strand.
(5

dlh:‘i‘qnq.pi:h-llnnhﬂ:rn:‘l-m plET e b Srapse f gl i compd e el bl

| | RNA polymerase detaches
Sl and releases mRNA

* http://www.stolaf.edu/people/giannini/flash
animat/molgenetics/transcription.swf




Eukaryote pre-mRNA contains exons and introns

Introns are non-coding regions that need to be removed before translation

Pre-mRNA splicing enzymes

5'exon intron 3'exon Flnd out more:

spliceosome

o ' ' 9 AAAAAY \
DMA-RNA E I
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intermediate stage .. -
g mRNA

R e
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After a eukaryotic cell transcribes a protein-coding gene, the RNA
transcript, called a pre-mRNA, is processed. The processing takes
place in the nucleus, after which the mature mRNA is released
p ' into the cytoplasm. Ribosomes in the cytoplasm translate the
RNA int tein.
5'exon  3'exon SRBRI o
mature mRNA http://bes.whfreeman.com/thelifewire/content/chp14/1401s.swf
a

ready for translation

 http://bcs.whfreeman.com/thelifewire/content/ch
pP14/1401s.swi



The structure of tRNA matches its function.

Function: to bring amino acids from 3 site attaches to amino acid

the cytoplasm to the growing polypeptide fi__/ at 3' terminal end
and to attach them in the correct (acceptor loop)

location.

double stranded sections
are base paired (H-bonds)

Clover-leaf structure

single chain of RNA

iiiii

bases in these
IR loops are not
base paired

there are 3 loops

anticodon (3 bases)
attaches to mRNA codons

http://molbioandbiotech.files.wordpress.com/2007/09/trnal.gif



tRNA is activated by a tRNA activating enzyme
tRNA delivers amino acids to the growing
polypeptide chain in translation.
d.d.
o % It picks up new amino acids when activated

%.. ATP by a specific tRNA activating enzyme.
This uses ATP.

There are 20 of these enzymes,
corresponding to the 20 amino acids, for
which the tRNA molecule has the
complementary anticodon.

amino acid binding site
at the 3' end

tRNA molecules have
a clover-leaf structure
with three loops

The unique 3D
" b e structure of each tRNA
molecule means it

binds only to the
specific amino acid

anticodon
AUG
MRNA 3
CO 0 n http://www.eurekalert.org/multimedia/pub/weh/7027_web.jpz
http://molbioandbiotech.files.wordpress.com/2007/09/trnal.gif o
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tRNA is activated by a tRNA activating enzyme

tRNA delivers amino acids to the growing
aming acid binding site a.a. p0|ypeptlde Chaln in tranS|atI0n.
at the 3' end [} o#
€] ﬂjﬂ
| o

It picks up new amino acids when activated
by a specific tRNA activating enzyme.
This uses ATP.

There are 20 of these enzymes,
corresponding to the 20 amino acids, for
which the tRNA molecule has the
complementary anticodon.

ERMNA maleoules have
a clover-beal structure gt
with throe loops

tRNA-activating enzyme:

Un¢ anticodon
AUG

mBRNA ——
Ihinand intch. il
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The unique 3D
structure of each tRNA
molecule means it
binds only to the
specific amino acid_j

http://www.phschool.com/science/biology _place/
&iucuachftranslatiu n/addaa.html

 http://www.phschool.com/science/biology place/biocoach/transl
ation/addaa.html



Ribosomes Ribosomes in action:
Made of protein and rRNA (ribosomal RNA)

new polypeptide small subunit

mRNA binding

site
The anticodon is a sequence
2 x tRNA of 3 nucleotides that are
complementary to a codon.
binding sites When a codon is read by the

ribosome, a tRNA with a
complimentary anticodon
temporarily binds into place.

large subunit -

http://www-class.unl.edu/biochem/gp2/
3m_hiologya'animatiom’gv:nca’gcm:_aa.:iv.hlml

Polysomes
Multiple ribosomes work on the

same mRNA at the same time to
complete translation
more efficiently

EM of polysome

hftp:f ! ““"“:W-Ph 30"001-‘30“'_"' science/ hiulogyJ)lacef http://nobelprize.org/educational_games/medicine
biocoach/images/translation/polysome.gif drdna;aftrang|aﬁonfpic5_emfpmy;ome.gif

* http://www.phschool.com/science/biology pl
ace/biocoach/translation/addaa.html



Translation 1. Initiation

Ribosome binds with

4. Termination Polypeptide @ 7" _- mRNA at the 'Met'
When a STOP codon is reached, (AUG) CC;dOH
the polypeptide is released. | (Start codon)
mRNA First tRNA molecules are
Ribosome picks up a new brought in.
strand of mRNA. o 4
mRNA
movement 4, 2 . Elongatlo N

Peptide bond is
formed between
the amino acids,

making a
polypeptide.

3. Translocation

Ribosome releases used tRNA
and moves along mRNA

to the next codon.

Next tRNA and amino acid are
brought in, elongating the
polypeptide further.

a. codon recognition
tRNA binds

b. peptide bond formation

amino acid added
http://www.anselm.edu/homepage/jpitocch/genbio/translat.JPG
a



Translation 1. Initiation
Ribosome binds with

4. Termination DA R e

When a 5TOP codon is reached, ::'t':":'ll::l f':jﬂl;
the polypeptide is released. -9 rC cCodaon
- First tANA molecules are

braught in.

Rioosome picks up a new
strand of mRMNA.

2. Elongation
Peptide bond i
formed between

the amino acids,
raking a
polypeptide.

3. Translocation

Ribosome releases used tRNA
and moves along mRENA

to the naxt codon.

Mext tRNA and amino acid are
brought in, elongating the
polypeptide further,

d. codon recognition
tEMNA binds

b. peptide bond formation
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amino acid added

" Click for amimations



Initiation of translation

arming acid

FEATA Derelisdg w18 —

1. mRMNA binds to small ribosomal subunit at
binding site

2. tRMA carrying "Met' Binds to start codan

3. Large ribosomal subunit attaches

4. tRMA with anticodon corresponding to the
next cadon attaches

5. Peptide bond forms between aming ackds

6. Elongation cantinues in a 5' - 3' direction

along the mREMA

umilﬂllmm‘m“rlHHmeh

http://www-
class.unl.edu/biochem/gp2/m_biology/animation/gene/gene_a3.html



Peptide bonds are formed between amino acids:

candesnsatian

amino acid + aming acid _ dipeptide + water
H. R
| R g
"-I—Ii—l: e conckensation _ Hﬂ:u—il—ﬁ r!| |:'_—:";"D g
a & VAR

water is removed
peptide bond water is a product
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Termination of translation

@

Slop codan
(LALG, UARA, ar LIGA)

Ribosome reaches the
STOP eadan

Release factor attaches

ERMA released to find
another amino acid

polypeptide released

bt o s, mbed o cagallant hislogy ‘transbation_termination, jpg

¥

components of the
ribosome break apart

all are used again



Proteins produced in bound ribosomes (RER)
are for export out of the cell or lysosomes.
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O vesicle transport:
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Proteins produced by
free ribosomes are for -..___..--""D ..--"“"‘-

use within the cell.



