Nucleic Acids & Protein Synthesis

DNA
(Deoxyribonucleic acid)

The Connection between Genes
and Proteins
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DNA (Deoxyribonucleic acid)

-nucleic acid polymer
 made up of smaller
subunits of nucleic
acid called
nucleotides

« there are four
possible nucleotides
each containing one
the four bases

DNA (Deoxyribonucleic acid)

Double helix — two twisted
strands of nucleotides

The order of nucleotides /

in the DNA strands
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Components of DNA
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The Nitrogen Bases
Purines (double-ring, larger)

Guanine Adenine




The Nitrogen Bases
Pyrimidines (single ring, smaller)
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DNA Replication

 Two strands of the i
double helix
separate

* Bases pair with free
nucleotide

e Form two
molecules identical
to original molecule
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Replication fork.
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Transcription and Translation:
Two Main Processes

« DNA synthesizes RNA: N
— Transcription =

* RNA synthesizes Protein:
—Translation

RNA
Ribonucleic Acid

@Rathamsted Bmenmental station, 1997, 1958

» Contains ribose

sugar (B) _
« Nitrogen bases 5-=--i= bass -

Pyrimidine
— Cytosine (C)
— Guanine (G)
— Adnine (A) Sugar 5
— Uracil (U)

« Single strand only
RNA structure 5

Types of RNA

¢ MRNA — messenger RNA

— Carries info from DNA in nucleus out into the
cytoplasm and into the ribosome

rRNA - ribosomal RNA

— Produce enzymes to bond amino acids during
protein synthesis

tRNA — transfer RNA

— Transfers the amino acids to the ribosomes for
protein assembly
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Transcription to RNA

Making of a single copy of a DNA strand

Codon — DNA code; set of three bases
coding for an amino acid (AAA, CGC,
etc.)

DNA Strand
5" TGCCTAAGGACCTTATCGAACCTCCTTTAAA 3
3" ACGGATTCCTGGAATAGCTTGGAGGAAATTT 5

5 UGCCUAAGGUCCUUAUCGCAACCUCCUUUAAA 3
RNA Strand




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

The Genetic Code
u c A G

 Triplet sequence of i, vod] s e U

nucleotides *luon,, veh [ usa siop uaa sies|n

. wuG ucG | UAG Siop UGG Trp |G

 smallest units of e ol o]
uniform length to 7 (2 b T i 1

A ua cca ""“]nh caa A

allow translation of all { [eve) ccal  cacl™ casl |
1 1 AUU Acu| AAU AGU] uf d

20 amino acids 1 m]ﬂ. e pod

» codon- triplet on g2 [ sl D]

MRNA Guy acu GAU sou] |

o Ve ace mc]"’ GGE c

Gua [Pt GCA il GAA GGA ek A

GUG | {-="] GAG GGG | a

Codon Table

COVTON BTN [leramn Cusemings, An ImpAne (o ASson Wsisy LAgman, e

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.
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Translation
(The synthesis of proteins)
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Translation to Protein
« Converting mRNA sequence to amino acid
sequence that makes up a protein clip
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&' [cap_[AUGAGAUACCAAGAACCUACCAAGGUAGAGCUUUAGCCCG [AAAAAALAAALLA] 3'

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 mMRNA

(8) Two-dimensional structure

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 factor
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adjacent amino acids
Translocation: 5
— 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
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Wild type
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Base-pair insertion or deletion
. ) Framaoshift causing
« Insertions or deletions: exmnslve misvenss [ Missing

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

 Mutation
utations Insertion or deletion of 3 nucleotides:
no frameshift; extra or missing amino acld
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Mutations in DNA

« Frameshift mutation — a single base is added
or deleted from DNA
Original Strand
AUG AAG UUY GGC GCA
Met Lys Phe Gly Ala

New Strand
AUG AAG UUG GCG CA..

Met Lys Leu Ala

Mutagens

« Physical or chemical agents that cause
mutations
» Radiation
« Base analogues
— Chemicals that mimic normal DNA bases
e Ames Test
— Atest for determining if a chemical is a
mutagen
— Certain chemicals become carcinogenic in
the body

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/AmesTest.html

Wild type

Point Mutations: = s
substitutions

PEPNARETTAETNAR

Protein  [“Wat }{_Lys } Phe } G | g
Base-pair substitution

Ho effect on amino acid sequence
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* Replacement of one
base pair with another . anse

Mutations in DNA
 Point Mutation — a change in a single base
pair in DNA
AACAGAUCUAUUGCAAUCUAUGGCAG

Thr Asp | Leu Leu Gln Ser Met Ala

Single Base Deletion
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Protein
Synthesis

« Each gene in DNA
can be transcribed
repeatedly into
many RNA
molecules

*Each mRNA can
be translated into
many polypeptides

L et’s Review

The Human - Working to determine the
. sequences of nucleotide bases
Genome Project  for the human species.
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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
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Duplication and deletion of
homologous chromosomes

CEERBEFS CREEFD
Talelc D_'E' Fla) | (TalelclolclolelFley

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
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Reciprocal translocation between

nonhomologous chromosomes
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Nondisjunction

« The failure of homologous chromosomes to
separate properly during meiosis
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gametes

Trisomy
« A gamete with an extra chromosome is
fertilized by a normal gamete
¢ Zygote has an extra chromosome
< EX. Down syndrome (Trisomy 21)
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Extra chromosome
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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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Causes of mutation

« Spontaneous
mutation —
mutations that occur
at random

¢ Environmental

— Exposure to X-rays,
UV light,
radioactive
substances and other
chemicals
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« If mutation occurs in gametes  © .- o
— Leads to birth defects h

« If mutation occurs in body cells '
— Cancer
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