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Content

o Structure and replication of DNA

* Role of DNA in protein synthesis

Learning Outcomes

(a) describe the structure of RNA and DNA and explain the importance of base pairing and
the different hydrogen bonding between bases;

(b) explain how DNA replicates semi-conservatively during interphase;

(c) state that a gene is a sequence of nucleotides as part of a DNA molecule, which codes
for a polypeptide and state that a mutation is a change in the sequence that may result
in an altered polypeptide;

(d) describe the way in which the nucleotide sequence codes for the amino acid sequence
in a polypeptide with reference to the nucleotide sequence for HbA (normal) and HbS
(sickle cell) alleles of the gene for the B-haemoglobin polypeptide;

(e) describe how the information on DNA is used during transcription and translation to

construct polypeptides, including the role of messenger RNA (MRNA), transfer RNA
(tRNA) and the ribosomes;

(f) use the knowledge gained in this section in new situations or to solve related problems.
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Which proteins a cell makes
is determined by genes
that are organized in series of
3 base pairs, called "codons”

GCCTAGTTACTGC
CGGATCAATGACG
codon

Ewvery codon codes a specific
amine acid in a specific order

Protein
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Transcription to RNA

Making of a single copy of a DNA strand

Codon — RNA code; set of three bases
coding for an amino acid (AAA, CGC,

etc.)
DNA Strand

TGCCTAAGGACCTTATCGAACCTCCTTTAAA 3

3" ACGGATTCCTGGAATAGCTTGGAGGAAATTT 5

5" UGCCUAAGGUCCUUAUCGCAACCUCCUUUAAA 3

RNA Strand

Translation
(The synthesis of proteins)

* tRNA
¢ Ribosomes

¢ Aminoacyl-tRNA
synthases

Building a polypeptide
(Translation)

Initiation:

— brings mRNA, tRNA, and the two ribosomal subunits
together

Elongation:

— three-step cycle that adds amino acids one by one

to the initial amino acid, requires cooperation of
several

Termination:

— release of the polypeptide chain from the complex.

Translation to Protein
¢ Converting mRNA sequence to amino acid
sequence that makes up a protein

5'[cap [AUGAGAUACCAAGAACCUACCAAGGUAGAGCUUUAGCCCG[AAAAAAAAAAALA] T

tRNA

Interpreter between
base sequence of
mRNA and amino acid
sequence of protein
45 different types

About 80 nucleotides
long

Anticodon base pairs
with codon of mRNA




Initiation
¢ 5'cap attaches to small ribosome subunit
¢ tRNA carrying methionine attaches to mRNA codon
* Large ribosomal subunit attaches

Elongation

Codon recognition:
—tRNA directed into the A
site by an elongation fact« e

Peptide bond forms betwee! e
. . . Tonul iyl A
adjacent amino acids 2, /
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Translocation:
—amino acid in the A site is ™~
moved to the P site
mRNA moves through the
ribosome 5'->3' direction

Termination

* Termination sequence is encountered
¢ Release factor binds to sequence
* Release factor separates polypeptide and tRNA

op codon
{UAG, UAA, or UGA)
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¢ Typically a single mRNA is used to make many copies of a
polypeptide simultaneously.

* Multiple ribosomes, polyribosomes, may trail along the same
mRNA.

¢ Aribosome requires less than a minute to translate an average-
sized mRNA into a polypeptide.
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(a) An mRNA molecule is generally transiated {b) This rgn in
simultaneausly by sovorsl ribasomes in clusters a prokaryatic cell :rsup,
called polyribesomes.
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Protein
Synthesis

Mutations in DNA

¢ Frameshift mutation — a single base is
added or deleted from DNA
Original Strand
AUG AAG UU;A' GGC GCA
Met Lys Phe Gly Ala

New Strand
AUG AAG UUG GCG CA..

Met Lys Leu Ala




Mutations in DNA

¢ Point Mutation — a change in a single base
pair in DNA

AACAGAUCUAUUGCAAUCUAUGGCAG

Thr Asp | Leu | Leu | Gin Ser Met | Ala

Single Base Deletion

Causes of mutation

* Spontaneous
mutation —
mutations that .

occur at random
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Wild type

Point Mutations am. »HidARdusaELEa0A,

rotein  [Thst | ys H Phe N G | g

Base-pair insertion or deletion
. . Framashift causing
Insertions or deletions: exmnslve missense [ missing

— add or subtract base
pair(s)
May cause frameshift

Mutations
Insertion or deletion of 3 nucleotides:
no frameshift; extra or missing amino acld

M_q Missing

—_—

——
BT T s

© Poarsen Eduation. o as

— Exposure to X-rays, ==
UV light, radioactive -
substances and
other chemicals 5 :
‘Wild type
Point Mutations: s -ssAAlussdlasld,

Protein  [“Wat }{_Lys } Phe } G | g

substitutions Base-pair substitution

Ho effect on amino acid sequence
Uinstead of C

o it o e (a5 ] 5 1 2

[t s H_Phe H O | grop

* Replacement of one
base pair with another

* Types:
e silent

Missense
Alnstoad of G

o 1 ol ) (o i 2 4
o H e o vow HET i

e conservative

. MNonsense
® missense
® nonsense U instead of A
* Onewrongletterex (150w Quwud Lzl
%t ] “siap
Copyune ¢ Pomsen Eaucanon s putesnin 33 Bergain Cremegs

Mutations in Chromosomes

¢ Changes happen to the chromosome itself

¢ Affect the distribution of genes to gametes
during meiosis

Types of Mutations

¢ Deletion — part of a chromosome is left out

¢ Insertion — a chromatid breaks off and
attaches to sister chromatid
— Results in duplication of genes on the same

chromosome
Deletion
CIAREBIEF[E) — CIAR[EFE) + [ElB)

{lost)
Duplication and deletion of
homologous chromosomes
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Types of Mutations
¢ Inversion — part a chromosome breaks off and is
reinserted backwards
* Translocation — part of one chromosome breaks
off and added to a different chromosome

* clip Inversion

(ZJafe]c[o[e[F[6) — (CX]AlBIE[D[C[FG)
Reciprocal translocation between
nonhomologous chromosomes
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Sickle Cell

¢ Of all the amino acids known to make up a hemoglobin
molecule, a substitution of valine for glutamic acid at just one
point, position 6 in the B chain, is all that is needed to
produce the defective hemoglobin

e http://www.ncbi.nlm.nih.gov/books/NBK21811/#A1638
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Nondisjunction

¢ The failure of homologous chromosomes to
separate properly during meiosis
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¢ A gamete with an extra chromosome is
fertilized by a normal gamete

 Zygote has an extra chromosome
¢ Ex. Down syndrome (Trisomy 21)

Extra chromosome

Monosomy

¢ A gamete with a missing chromosome is
fertilized by a normal gamete

* Zygote lacks a chromosome

¢ Ex. human females with only a single X-
chromosome
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Meiosis & Mitosis ??

If mutation occurs in gametes
—Leads to birth defects
If mutation occurs in body cells

—Cancer

Oncogene: Cancer

Oncogene cli

Genome Project

The Human * Working to determine the

sequences of nucleotide
bases for the human species.
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