


How Genes Become Constituent Molecules




Mendel and The Idea of Gene




What Is a Chromosome?
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A chromosome Is a molecule of
DNA
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Protein Synthesis
How Genes Become Constituent Molecules




Protein Synthesis: What Is It?

« All proteins are
synthesized according to
Instructions contained In
the DNA nucleotide
sequence, which is
unique to every individual

e Protein synthesis is a two
step process that consists
of transcription and
translation.
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Protein Synthesis: What Is It?

e During transcription a
molecule of messenger

RNA (MRNA) is

synthesized according to
Instructions provided by

the DNA

e During translation, a
polypeptide chain will be
produced according to
Instructions provided by

the mMRNA
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Protein Synthesis Iin Prokaryotes

* |n prokaryotes,
transcription and

translation occur in R R

the same cellular anscmemon] | °“
compartment — the 'f"'*]"":ﬂ;ﬂ
cytosol. Ribosomes [ TRANSLATION ,_;jfﬁ#m
are the site of Polypeptide

translation
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Protein Synthesis in Eukaryotes

In eukaryotes, mRNA is
synthesized in the nucleus
from pre-messenger RNA (pre-
MRNA) molecules, and then
shipped to the cytoplasm,
where translation occurs

RNA processing (or post-
transcriptional modification)
refers to the molecular
mechanisms that lead to the
production of mMRNA from pre-
MRNA.
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The main difference between
protein synthesis in eukaryotes and
In prokaryotes Is:
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1. where the process happens
2. what the process produces Iy & &
3. the participants in the process & & &
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Protein Synthesis: From Gene to
Protein

Genes are stretches of
nucleotides organized in

triplets o A
Different arrangements or & (
DNA triplets encode for L Sy D

each one of the 20 amino

acids that make proteins "

During transcription, a
DNA triplet will produce
an mMRNA codon.

During translation, a
codon will constitute an
amino acid
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Protein Synthesis: From Gene to
Protein

Second mRNA base
Uuu ] ucu | UAU uGU 7
Phe Tyr Cys
¥ uuc ucc UAC UGC c
.. _ Ser : ;
Transcription UUA ! UCA UAA Stop UGA Stop [l
eu
UG uce | UAG Stop UGG Trp |k
Cuu | ccu | CAU | CGU |
His u
m R N A = cuc cce CAC CGC c
£ c Leu Pro = Arg
b CUA CCA CAA CGA A
wn Gin G
e CUG | CCG | CAG | CGG |
= . e
- g = g =
AUU ACU AAU AGU
. =
Translation & Asn Ser [hd
E AuC |lie ACC AAC AGC c
) A Thr = =
i AUA | ACA AAA AGA A
. Lys Arg G
Proteln AUG 1" ACG | AAG | AGG |
GUU | GCU | GAU | GGU ] u
Asp
fellle GCC GAC GGC c
G Val Ala = Gly
GUA GCA GAA GGA A
Glu G
GUG | GCG | GAG | GGG |

Third mRNA base (3’ end)



Transcription: What Is It
Transcribed?

Promoter Transcription unit

a1

.
I\Start point B
RNA polymerase
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RNA polymerase binds to the gene’s promoter region and starts
making a molecule of mMRNA until it finds a “mark” in the gene or
termination sequence.

The term transcription unit refers to the segment of DNA between
the sites of initiation and termination of transcription by RNA
polymerase. More than one gene may reside in a transcription unit.



Transcription: Initiation

Promoter Transcription unit
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Transcription: Elongation

Promoter Transeription unit
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Transcription: Elongation

 RNA is synthesized =
according to
DNA/RNA base
pairing rules: "

A (DNA) — U (RNA) N
G (DNA) — C (RNA)

Non-template
strand of DNA

RNA nucleotides

T (DNA) — A (RNA)
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C (DNA) — G (RNA
Direction of transcription o
\ (“downstream”) o Template

strand of DNA

Newly made
RNA



The Making of an mRNA

5 ATTGCGTAGTGGGATTAT 3



Transcription: Termination

Promoter Transcription unit
.
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RNA polymerase : RNA transcript
unwound DNA

Rewound
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transcript

1. translation’s initiation
2. translation’s elongation & & &
3. translation’s termination & & @




RNA polymerase : promoter :
transcription unit

Promoter Transcription unit 33% 33% 33%

Start point ANA
polymerase

1. translation’s initiation
2. translation’s elongation & & &
3. translation’s termination & & &




This cartoon Illustrates:
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Transcription: Eukaryotic

Promoters
* In eukaryotes, | Omaerns
promoters are 4
activated by DNA =
binding proteins or e e g
transcription factors el
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segments of about 30 |
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Transcription in Eukaryotes:
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o Eukaryotic transcripts (pre-mRNA) contains exons
(coding sequences) and introns (non coding sequences)

e Post-transcriptional modifications (i.e. splicing) remove
Introns before shipping the final MRNA to the cytoplasm



Transcription in Eukaryotes:
Splicing of pre-mRNA Molecules

e Spliceosomes are

organelles in which > e T e
the excision and oD —
splicing reactions that B AN
remove introns from st
pre-mRNA occur o o UNGIA

» Ribozymes and small 6 ) r
nuclear RNAs NS M
(SNRNA) are —— el
contained in N

spliceosomes



Transcription in Eukaryotes:
Splicing of pre-mRNA Molecules

Gen
DNA S \
T ripti
\
RNA processin g
\
Translation
‘ =
> Domain 3
-
Domain 2 _ 3
7yl Domain 1
\ i




Introns are not translated.

5 Exon Intron Intron
Pre-mRNA |5’ Cap ; i , S Poly-A tail
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Coding

Introns cut out and
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Splicing only occurs In eukaryotes.
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Translation: Production of
Polypeptide Chains
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Translation: transfer RNA (tRNA)

« Every transfer RNA
(tRNA) has a specific
sequence of nucleotides,
complementary to an
MRNA codon — the
anticodon.

* Opposite to the
anticodon, there is an
attachment site specific
for each of the 20 amino
acids.




Translation: transfer RNA (tRNA)




Translation: MRNA/tRNA
Interaction

« The recognition of codon m
(MRNA) and anticodon
(tRNA) occurs in the iR

ribosomes.

* Ribosomes have sites of
tRNA anchorage and
exiting

« A growing polypeptide
will be produced following
Instructions in the mMRNA




Translation: Initiation and Elongation of the
Polypeptide Chain

L —’\[\ arga
T ribosomal

mRNA binding site

« A start codon (AUG) complements with the Methionine
(Met) tRNA in the ribosome, constituting the translation

Initiation complex
A new anticodon will land in the A site, and its amino

acid will join Met. The tRNA will slide to the P site
leaving the A site free for another anticodon



Translation: Initiation and Elongation of the
Polypeptide Chain




Translation: Termination

Stop codon
{UAG, UAA, or UGA)

0 e 3]

e A stop codon (UAG, UAA, or UGA) signals the
end of the mMRNA molecule. A release factor

triggers the disassembling of the two ribosomal
units and the mRNA molecule.
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uracll : anticodon : translation
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thymine : triplet . genetic message

s N e

MRNA
pre- mMRNA
tRNA
DNA

25% 25% 25% 25%




Polyribosomes

 An mMRNA molecule is
generally translated Q. T (T
simultaneously by gy W W
several ribosomes o o
that constitute o e
polyribosomes

T 0 um
{b) This micrograph shows a large polyribogome in & prokaryotic cell (TEM)




Anchorage of Proteins After
Translation

Ribosome
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Gene Expression




