Unit Five

Genetics and Evolution
Part lli



Protein synthesis

* Code for protein synthesis is specified by DNA and has to be sent to
ribosome. DNA is a huge molecule and remains in nucleus to assemble
amino acids in the correct sequence to form protein.

* Events during protein synthesis

i. Transcription - DNA code for protein is rewritten in a molecule of
messenger RNA (mRNA)

ii. mMRNA travels from nucleus to ribosome

iii. Free amino acids are transported from cytoplasm to ribosome by
transfer RNA (tRNA) molecules

iv. Ribosome read mRNA code and assembles amino acids presented by
tRNA into a protein by a process = translation. Translation - is process in
which mRNA code is converted into a sequence of amino acids

DNA code —, mRNA codon , protein/ polypeptide



Genetic code

* The genetic code is held in the DNA molecule.
It is because of the nucleotides sequence in
the DNA molecule made a gene that codes for
protein to that each amino acid in the protein
Is coded for by a triplet /sequence of three
bases. Hence, a gene is a sequence of base
triplets in the DNA molecule that carries a
code for a protein.



1. Since there are 4 bases, there is 43 = 64 possible
triplet codes /amino acids/ but only 20 amino acids are
used to make all different proteins. None of them is
spare or redundant.

2. Only one strand of a DNA molecule carries the code
for proteins (It is called sense strand or coding stand)
and the other strand is non-coding or antisense strand.

3. Most amino acids have more than one code, only
methionine and tryptophan have one code.

— Arginine has six codes



4. Three triplets (TAA, TAG, and TGA) do not code for
amino acids and they are called stop codons. stop
codes signify the end of the coding sequence

5. Degenerate code - the DNA code is non-overlapping
codes i.e., each triplet is distinct from all other triplets.

6. The genetic code is also a universal code i.e. the
triplet code TAT in the DNA code for amino acid
tyrosine in human, redwood tree, bacterium or in any
organism E.g. ACC - threonine, GGG-glycine



Genetic code



N.B. It is not just the base that matter but the sequence, e.g. ATT
codes of different amino acid from TTA

* The enzyme DNA-dependent RNA polymerase binds with a
section of DNA next to the gene to be transcribed.
Transcription factors activate the enzyme. The enzymes —
unwind and separate the strands of a DNA molecule. The
polymerase assembles free RNA nucleotides on the
complementary strand (antisense strand). mRNA (transcribed
RNA) leaves the DNA; the strands of DNA rejoin & re-coil.

* N.B. The mRNA molecule now contains the code for the
protein that was held in the DNA of the genes



* Translation of mMRNA code into a protein depends on the
interaction within a ribosome between mRNA and tRNA.
All tRNA molecules have same basic structure. The
"cloverleaf' configuration of the molecules has at one end
a triplet of bases called anticodon. The anticodon is a
triplet on tRNA. The other end of tRNA molecule has an
attachment site for the aminoacid that is specified by the
MmRNA codon.

* Ribosomes are made from ribosomal RNA and proteins
organized into large & small subunits. Within ribosome,
there are three sites called A, P and E sites.
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Events during translation of proteins

* The first two codons of the mRNA enter the
ribosome and tRNA molecules (with amino acid
attached) that have complementary anticodons
to the 1st two codons of the mRNA bind to those
codons. A peptide bond forms between amino
acid carried by two tRNA molecules and
dipeptide is transferred to the tRNA in the A-site.
The Ribosome moves along the mRNA by one
codon bringing the 3rd codon into the ribosome.



* At the same time the free tRNA exits the ribosome from
the E-site and tRNA with the dipeptide moves into the P-
site. A tRNA with complementary anticodon binds with the
third codon and brings its amino acid into position next to
the 2nd. A peptide bond is formed between 2nd and 3rd
amino acid. The whole process is repeated until a "stop"
codon is in position and translation is stopped.

Note: - TGA, TAA and TAG - are stop codons.

N.B. The translation of the mRNA code into a protein
molecule requires energy that comes from hydrolysis of
GTP /guanoisne triphosphate/ not ATP
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End Product -The Protein!

* The end products of protein synthesis is a
primary structure of a protein

YA sequence of amino acid bonded
together by peptide bonds




* Though it is similar to eukaryotes, there are
some differences like: Prokaryotic cell have no
nucleus. Prokaryotic mRNA does not need
post-transcriptional process because it only
contains exons (coding genes) not introns
(non-coding genes). Transcription and
translation are coupled - mRNA translated at
one end of ribosome while it starts
transcribing from DNA at other end.



* Transamination: - is a process of amino group
of an amino acid is removed and transferred to
a keto acid, then it becomes a different amino
acid/keto acid E.g. pyruvic acid (keto acid) =
alanine (amino acid) - by transamination.

* Note. Not all amino acids are produced by
transamination only those we obtain from our
food. They are called essential amino acid.



Control of Gene expression

* Genes are switched on by "transcription factors"- are
proteins that bind to a regulatory sequence of DNA
near to the gene they influence. They operate in the
following way: The transcription factors bind to a
promoter sequence of DNA near the gene to be
activated. RNA polymerase binds to the DNA/
transcription factor complex. The RNA polymerase
activated and moves away from the DNA along the
gene. The RNA polymerase transcribes the antisense
strand of the DNA and the gene is now being expressed.



* Like transcription factors that promote gene expression, there
are factors to repress (switched off) gene action. Short
interfering RNA (siRNA)

— are unusual-very short
— only 21-23 nucleotides
— double stranded

— They don‘t act on the gene itself, but interfere/silence the mRNA once
it has been transcribed from DNA.

— |s post transcriptional interference

* |f mRNA is prevented from translating its Codons into amino
acid then the protein for which the gene codes for cannot be
built (silenced).



Mutations

Mutation is the alteration of the nucleotide sequence of the
genome of an organism, virus, or extrachromosomal DNA.

— Mutation could occur spontaneously (accidentally) during
duplication.

— They are rare events.
— Each cell contains 6x10° /billion/ base parts occurrence
— Each new cell has an average 120 mutations. But

* Most mutations detected & repaired

* 95% of our DNA is non-coding, most mutation unlikely to
affect coding gens.

— Rate of mutations can be increased by:-
* Carcinogenic - chemical in tobacco smoke
* High energy radiation- ultraviolet radiation, x- ray



* There are many different ways that DNA can be changed,
resulting in different types of mutiation as described below:

1. Point mutations- changes that involves a single base. There are
several types of point mutations, some of these are:

— Substitution- one base is replaced by other base
— Addition - an extra base is added
— Deletions - a base is missed out during DNA replication.

2. Chromosomal Mutations- situation where part /segment/ of a
chromosome sequence of DNA is disturbed/ a chromosome is
missed/added. Types of chromosomal mutations:



* Euploidy: having a chromosome number that is an exact
multiple of the haploid number

— Polyploidy: the condition in which a normally diploid cell
or organism acquires one or more additional sets of
chromosomes. E.g - Triploid, Tetraploid

* Aneuploidy - is a condition where an organism/a cell lost
from or added to one or more chromosomes to/the normal
set of chromosome

— 2 n+1 = trisomy/47 chromosomes, e.g. Down's syndrome

— 2n-1 = monosomics - turner syndrome/45chr.

— 2n+1+1 = double trisomy

— 2n-2 - nullisomic, organisms that loss one homologous
chromosome.

* Gidu syndrome = mental retardation - caused by part of
deletion of chromosome number 5 of man.



Consequence of gene-mutations

* Mutations on body cell (non- sex cell) cannot be
inherited but may result in one of the following:
— harmless
— damage the cell

— kill the cell
— Make cell cancerous- which might kill the person.

* Mutations in different genes will obviously produce
different effects but two types of gene are important
in regulating cell division and preventing the
formation of a tumor.



a. Proto-oncogenes: when proto-oncogenes mutate,
they often become active oncogenes which stimulate
cell to divide in an uncontrolled manner.

b. Tumor-suppressor genes: recognize this
uncontrolled cell division and act to suppress cell
division.
— |If these genes mutate and become inactive, a tumor will
form as uncontrolled cell division continues.

— Tumor-is a mass of cells created when cell replication
gets out of control and cause cancer.



Thanks!
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