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MOLECULAR BIOLOGY

O Molecular biology; the study of gene structure and
functions at the molecular level to wunderstand the
molecular basis of hereditary, genetic variation,..... and the
expression patterns of genes.

O The Molecular biology study the flow of information from
DNA to RNA to protein.

O The Molecular biology field overlaps with other areas,
particularly genetics and biochemistry.

O The Molecular biology allows the laboratory to be
predictive 1 nature; events that occur in the future.




Source:http://www.differencebetween.info/difference-between-genome-and-dna




GENOME

The genetic information within one mature cell of an
organism
Encoded in the DNA (or for some viruses, RNA)




GENOME DATABASE

Organized in six major organism groups:
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Eukaryotes
Bacteria
Archaea
Virus
Viroids and

Plasmid
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THREE DOMAIN OF LIFE

Eukaryotes, prokaryotes and archaea

Eukaryotes are generally more advanced than prokaryotes

microtubules chromatin
nuclear envelope
nuclear pore nucieus
nucleolus

Golgi complex

lysosome

flagellum

plasma membrane

smooth
endoplasmic endoplasmic
reticulum ribosomes reticulum




Human genomes

Mitochondrial genome 16.5 Kb

22 tRNA 13 polypeptide
genes encoding genes
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THE CHROMOSOME

® The storage place for all genetic information, the number
of chromosomes varies from one species to another.

‘chromosome




THE GENE

The basic units of inheritance.

It 1s a segment within a very long strand of DNA with
specific mstruction for the production of one specific
protein.

Located on chromosome on 1t's place or locus.

Allele; A variant of the DNA sequence at a given locus.
Each allele inherited from a different parent.




THE GENE

Most of the genes consist of;
short coding sequences or
exons are interrupted by a
longer intervening noncoding
sequence or introns; although
a few genes 1n the human
genome have no introns.

Source: National Human Genome Research Institute



The actual number of genes contained
in the human genome is not known.
However, it has been estimated that
the human genome contains about
30.000 essential genes.







The molecule of DNA in a human
chromosome ranges in size from 50 x
10% nucleotide pairs in the smallest
chromosome up to 250 x 10 nucleotide
pairs in the largest .




Eukaryotic gene structure:

a The average gene 7-10 exons
spread over 10-16kb of DNA.

a The gene must have (Exon; start
signals; stop signals; regulatory
control elements).



The genes consist of; short coding
sequences or exons are interrupted by a

longer intervening noncoding sequence or
introns; although a few genes in the human
genome have no introns.
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CODING DNA

Coding DNA (Protein-coding sequences)

Coding DNA is defined as those sequences that can be
transcribed into mRNA then translated into proteins.




NONCODING DNA

The exact amount and function of
noncoding DNA that plays a role in cell
physiology has been debated.

Noncoding DNA sequences within a
genome that are not found within protein-
coding exons.

Noncoding DNA are never represented
within the amino acid sequence of
expressed proteins




NONCODING DNA

Intron

untranslated regions of mMRNA
Genes for noncoding RNA (e.g. tRNA and rRNA)
Regulatory DNA sequences

Pseudogenes

Repetitive DNA sequences

Sequences related to Transposable genetic elements




GENEIC NONCODING DNA

Intron

untranslated regions of mMRNA

Genes for noncoding RNA (e.g. tRNA and
rRNA)

Regulatory DNA sequences
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INTRONS

Noncoding DNA sequences within genes
(introns).

Noncoding DNA sequences within a gene that
are found within protein-coding exons.

Noncoding DNA are never represented within
the amino acid sequence of expressed proteins




GENES FOR NONCODING RNA

Genes for noncoding RNA

include tRNA, ribosomalRNA, microRNA, snRNAand other non-
coding RNA genes including about 60,000 long non coding

RNAs (IncRNAs)

Genes for noncoding RNA molecules play many essential roles in
cells, especially in the many reactions of proteinn synthesis and RNA
processing.

Genes for noncoding RNA exact number in the human genome is
yet to be defined, many of them are argued to be non-functional.



EXTRAGENEIC NONCODING

Pseudogenes

Repetitive DNA sequences

Sequences related to Transposable genetic elements

Regulatory DNA sequences



Pseudogenes are 1nactive copies of protein-
coding genes, often generated by gene
duplication, that have become nonfunctional
through the accumulation of i1nactivating
mutations




REPETITIVE DNA SEQUENCES

Major categories of repeated sequence or repeats:

o Tandem repeats: copies adjacent to each other, either
directly or inverted

o Satellite DNA
a Minisatellite

o Microsatellite
0 Interspersed repeats (interspersed nuclear elements)

a Transposable elements
aSINEs (Short Interspersed Nuclear Elements)
oLINEs (Long Interspersed Nuclear Elements)



DNA ORGNIZATION

Core of eight
histone molecules

DNA molecules
complexed with other
proteins, especially
histones proteins to
form a substance
300nm ¥ known as chromatin.

700

DNA

Histone H1




EUKARYOTIC CHROMATIN

Euchromatin
Less condensed region;
Transcriptionally active \

H Ete Froc h rom ati n e ' " Hoterochromatin
Densely condensed region / /
fuchromatin

Transcriptionally inactive



Eukaryotic Chromatin Folding
involves structures called
nucleosomes.

Chromatin folding is the 30nm fiber

Chromatin condensation appears to
involve the formation of a radial loop
structure in eukaryotic
chromosomes.




DNA ORGANIZATION

O The nucleus of eukaryotic cells contamns DNA, histones, and

non-histone proteins. These three elements combine to form

the chromatin fibers of the nucleus.

O Four histones, H2A, H2B., H3 and H4, combine by twos to
form the core particle of nucleosomes, the basic structural

units of chromatin, which have a core of histones around
which the DNA winds.

O The remaining histone. H1, ties DNA to the nucleosome and

possibly also sets up linkages that wind nucleosome chains
into chromatin fibers.



THE GENETIC CODE

)

Codon 2

Q The sequence of codons
in the mRNA defines
the primary structure of
the protein.
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Codon 3

I

Codon 4

0 Three  nucleotides in
mRNA (codon) specify
one amino acid in a
protein.

Codon 5

Codon 6

Codon 7

@nucleic acid /
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THE GENETIC CODE

The purine and pyvrimidine bases of the DNA molecule are the letters or
alphabet of the genetic code.

Series of codons in part of a mRNA molecule. Each codon consists of
three nucleotides.

04 different combination of bases ; 61 of them code for 20 amino acid
(AA): the last 3 codon (UAG,UGA.,UAA) don not code for amino acids .
they are termination codons.

The sequence of codons in the mRNA defines the primary structure of the
protein.

Degenerate, specific, no gaps, non overlapping, almost universal....
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The Mitochondria

Mitochondria 1s a membrane enclosed organelle found in most eukaryotic

cells. These organelles range from 1-10 micrometers (um) in size.
Mitochondria gencrates most of the cell's supply of adenosine triphosphate
(ATP).

Mitochondria i1s involved in a range of other processes. such as signaling,
cellular differentiation, cell death, as well as the control of the cell cycle and
cell growth.

Mitochondria has been implicated in several human diseases, including
mental disorders, cardiac dysfunction, and may play a role in the aging
process.

Mitochondria has its own DNA.

The mitochondrial DNA i1s only 16 kb in length (less than 0.03 % of the

length of the smallest nuclear chromosome) and encodes only a few dozen

genes. Although the products of these genes function in mitochondria, the

majority of proteins found in mitochondria, product of nuclear genes.



MITOCHONDRIAL DNA

Human cells have hundreds of
mitochondria, each containing a
number of copies of a small circular
molecule, mitochondrial chromosome

(Mitochondrial DNA).




MITOCHONDRIAL DNA

Mitochondrial DNA contains 37 genes,
essential for normal mitochondrial function

Genes provide instructions for making enzymes involved in
oxidative phosphorylation and genes provide instructions for
making molecules called transfer RNAs (tRNAs) and
ribosomal RNAs (rRNAS).

Although the products of these genes function in mitochondria, the majority of
proteins found in mitochondria, product of nuclear genes.



CENTRAL DOGMA OF MOLECULAR BIOLOGY

DNA molecules serve as templates for either complementary DNA strands
during the process of replication or complementary RNA during the process
of transcription.

RNA molecules serve as a template for ordering amino acids by ribosomes
during protein synthesis.
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Three major classes of RNA:
O Messenger (mMRNA),
A Transfer (tRNA) and
O Ribosomal (rRNA)
Minor classes of RNA include:
O Small nuclear RNA,
QO Small nucleolar RNA,

g



mRNA

O Transcripts of structural genes that encode all the information necessary for
the synthesis of a polypeptide/s of protein.

O Intermediate carrier of genetic information; deliver genetic information to
the cytoplasm where protein synthesis takes place.

O The 5" terminus is capped by 7 methyguanosine triphosphate.
O Synthesis of the poly (A) tail mmvolves cleavage of its 3' end and then the

addition of about 200 adenine residues.

The structure of a typical human protein coding mRNA including the untranslated regions (UTRs)

Cap S'UTR Coding sequence (CDS) 3'UTR
Start Stop

5l



tRNA and rRNA
tRNA

OSmall molecules consisting approx. 70-80 nucleotides.

OAll tRNAs share a common secondary structure represented

bya coverleaf.

QThey have four- base paired stems defining three stem
loops(the D loop. anticodon loop. and T loop) and the
acceptor stem to which amino acids are added in the

charging step.

OtRNA molecules that carry amino acids to the growing
polypeptide.

rRNA

OThe RNA component of the ribosome. . . _

Q Provide a mechanism for decoding mRNA into amino acids
and interacts with tRNAs during translation by
providing peptidyl transferase activity



RIBOSOMES

O Factory for protein synthesis.

O Composed of ribosomal RNA
and ribosomal  proteins;
known as a

Ribonucleoprotein (RNP).

O Translate messenger RNA
(mRNA) to build polypeptide
chains using amino acids
delivered by transfer RNA

(tRNA).

Ribosome
Structure and Function
in Protein Synthesis

: Large
==Ribosome
Subunit

Small
==Ribosome
Subunit

Figure 1

= 3" Messenger RNA

5' Messenger RNA= . Nucleotide Terminus

Terminus Unit



RIBOSOMES

Eukarvotic ribosomes are larger. They

consist of two subunits which come
together to form an 80S particle
d 60S subunit holds (three rRNAs

5S. 5.8S. 28S and about 40
proteins).

Q 40S  subunit contains (anl8S
rRNA and about 30 proteins).
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POLYSOMES

Most mRNA are translated by more than one ribosome at a time: the result, a
structure in which many ribosomes translate a mRNA 1n tandem, 1s called a
polvsomes.

- (mRNA)
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A SUMMARY OF DNA REPLICATION

Single-strand binding €) The leading strand is

proteins stabilize the synthesized continuously

unwound parental DNA, in the 5’ — 3’ direction by
DNA polymerase.

o Helicases unwind the DNA polymerase
parental double helix. ——

o The lagging strand is
synthesized discontinuously.
RNA primer Primase synthesizes a short

FORK

Okazaki fragment RNA primer, which Is

SN N extended by DNA polymerase
% /g being made to form an Okazaki fragment.

- DNA %
Parental DNA Polymerase —Segiw.~_ 5

' ' sl
© Atter the RNA primer is .y W’T‘1";‘M
replaced by DNA (by another
DNA polymerase, not shown),
DNA ligase joins the Okazaki
fragment to the growing DNA ligase
strand.

<vaerall direction of replication

Source: http://serc.carleton.edu/microbelife/research_methods/genomics/replication.html



PROTEIN STRUCTURE

Primary structure: Formed by joining the amino acid
| Sequence into a polypeptide.

)
N
| Secondary structure: Different conformation that can be
taken by the polypeptide: alpha helix and strands of beta

J) sheet.

y A
Tertiary structure: Result from folding the secondary
structure components of the polypeptide into three-

) dimensional configuration.

)

>

| Quaternary structure: complex of several protein molecules
c | or polypeptide chains, usually called protein subunits, which
| function as part of the larger assembly or protein complex.

D




DNA DAMAGE/REPAIR

DNA DAMAGING DNA DNA REPAIR
AGENTS LESIONS PATHWAYS  FIDELITY

Non Homologous
Double strand breaks End Joining (NHEJ) +

Single strand breaks
Intrastrand crosslinks

Interstrand crosslinks Homologous o
Recombination (HR)

lonizing radiation
X-rays
Anti-tumor drugs

Nucleotide

— Excision +++
Repair (NER)

Bulky adducts
Pyrimidine dimers

UV-light
chemicals

Oxygen radicals Abasic sites L
Hydrolysis  — Single strand breaks —j %:eseaﬁx(‘;sé';;‘ iy
Alkylating agents G 8-oxoguanine lesions P
15
A

Bases mismatch

Replication g ¥ Insertions — R:";T&;‘;:R) +++
oL Ors A Deletions P



Common Tools and Techniques in Molecular Biology
S—  ——  —— e— N -

Nucleic acid fractionation
Polymerase chain reaction
Probes, Hybridization
Vector, Molecular cloning
Nucleic acid enzymes
Microarray
DNA sequencing
Electrophoretic separation of nucleic acid
Blotting techniques
DNA: Southern blotting
RNA: Northern blotting
Protein: Western blotting

Molecular cytogenetic analysis
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Functional Genomics and Other Technologies

Genomics: Involves the sequencing of the complete genome, including structural
gene, regulatory sequences and noncoding DNA segments in the chromosome of
an organism and the terpretation of all  the structural and functional
implications of these sequences and of many transcripts and proteins the genome
encode. Genomic information offers new therapies and diagnostic methods for
treatment of many diseases.

Transcriptomics: 1s the systematic and quantitative analysis of all the transcript
present 1n a cell or a tissue under a defined set of conditions (the transcriptome).
Proteomics: 1s the total set of proteins expressed from the genome of cell via
transcriptome. It 1s the quantitative study of the proteome.

Metabolomics: 1s the study of all the small molecules, including metabolic
mtermediates (amino acids, nucleotides .sugars....) that exist within a cell. The
metabolome provides a sensitive indicator of the physiological status of a cell
and has potential uses in monitoring disecase and its management.




genome

from genotype to phenotype

DNA => pre-mRNA = mRNA ====>
transcrpbon sphcng transiabon post-transiabonal
modiications

transcriptome
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Source:http://www.pgpstudy.org/genmaterial genmatles2/celldnagenesreadpg7.htm

or in complexes o
perform many cellular
functions

SOurce:https://iversity.org/blog/syed-dna/
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