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Objectives:

* To give an overview on Molecular biology and it's

contributions.
 Discuss and clarify the genetic martial.
 Explaining Griffith's experiment.

* Figure out the DNA structure, some properties, and

types.
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A bacterial Cell
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:Nﬁ-nucleus, E-euchrdmatin, H-heterochromati, M-
mitochondria, RER-rough endoplasmic reticulum,
G-golgi complex






Central Dogma of Molecular Biology

‘ Transcription

‘ Translation




aaaccaacca actttcgatc tcttgtagat ctgttctcta aacgaactttaaaatctgtg tggctgtcac tcggctgcat gcettagtgca ctcacgcagt
ataattaata actaattactgtcgttgaca ggacacgagt aactcgtcta tcttctgcaggctgcttacggtttcgtccg tgttgcagec gatcatcagc
acatctaggt tttgtccggg tgtgaccgaa aggtaagatggagagccttg tccctggttt caacgagaaa acacacgtcc aactcagttt gectgtttta
caggttcgcg acgtgctcgt acgtggcttt ggagactccg tggaggaggt cttatcagag gcacgtcaac atcttaaaga tggcacttgt ggcttagtag
aagttgaaaa aggcgttttg cctcaacttg aacagcccta tgtgttcatc aaacgttcgg atgctcgaac tgcacctcat ggtcatgtta tggttgagct
ggtagcagaa ctcgaaggca ttcagtacgg tcgtagtggt gagacacttg gtgtccttgt ccctcatgtg ggcgaaatac cagtggctta ccgcaaggtt
cttcttcgta agaacggtaa taaaggagct ggtggccata gttacggege cgatctaaag tcatttgact taggcgacga gettggcact gatccttatg
aagattttca agaaaactgg aacactaaac atagcagtgg tgttacccgt gaactcatge gtgagcttaa cggaggggea tacactcgcet atgtcgataa
caacttctgt ggccctgatg gctaccctct tgagtgcatt aaagaccttc tagcacgtge tggtaaagct tcatgcactt tgtctgaaca actggacttt
attgacacta agaggggtgt atactgctgc cgtgaacatg agcatgaaat tgcttggtac acggaacgtt ctgaaaagag ctatgaattg cagacacctt
ttgaaattaa attggcaaag aaatttgaca ccttcaatgg ggaatgtcca aattttgtat ttcccttaaa ttccataatc aagactattc aaccaagggt
tgaaaagaaa aagcttgatg gctttatggg tagaattcga tctgtctatc cagttgcgtc accaaatgaa tgcaaccaaa tgtgcctttc aactctcatg
aagtgtgatc attgtggtga aacttcatgg cagacgggcg attttgttaa agccacttgc gaattttgtg gcactgagaa tttgactaaa gaaggtgcca
ctacttgtgg ttacttaccc caaaatgctg ttgttaaaat ttattgtcca gcatgtcaca attcagaagt aggacctgag



Molecular Biology

* Is the branch of biology that deals with the
molecular basis of biological activity.
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Molecular Biology

* The term of “Molecular Biology” was coined
by Warren Weaver in 1938, the director of
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Molecular Biology contributions

BIOCHEMISTRY

@ First biochemical
experimentin 1897 by
Edward Buchner,sugar
fermentation in vitro using
cell-free extract.

@ Decoding of metabolic
pathways like
Glycolysis, TCAcycle,etc., in
the first half of twentieth
century.

@ The term “macromolecule”
was introduced by German
chemist, Hermann
Staudinger(1922)to
describe biomolecules of the
cell.

GENETICS

@ Archibald Garrod (1902)
described the first precise
relationship between genes and
metabolism

@ In 1941, George Beadle and
Edward Tatum demonstrated that
genes control enzyme synthesisin
Neurospora. They proposed 'One
gene one enzyme theory'.

@ Avery, Macleod and McCarty in
1944 discovered the chemical
nature of gene.

@ Watson and Crick in 1953
described the double helical
structure of DNA based on X-ray
diffraction studies made by M. H.

F. Wilkins and Rosalind Franklin.
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PHYSICS

@ physicist, Szilard,
developed technique for
the analysis of gene
regulation in bacteria.

@George Gamow
(1954) deciphered the
genetic code to explain
relationship between
sequences of
nitrogenous bases in
DNA and amino acids
in the polypeptide
chain.

INSTRUMENTATION and
BIOLOGICAL TECHNIQUES

@ Theodor Svedberg(1920)
developed analytical centrifuge
that is used to determine the
molecular weight of
macromolecules and small cell
organelles or their parts.

@Knoll and Ruska (1930) invented
the electron microscope to study
the structural details of viruses,
macromolecules and various cell
organelles.

@Mikhail Tswettin 1906 developed
simple column chromatography.



Molecular Biology

Classical Molecular Biology Modern Molecular Biology
e Science of observation e Science of intervention and
action.

* Centered on protein
* Adopted an experimental
approach.

* Proteins with their three dimensional
structure were considered to be
specific agents for biological e Concerned with determining
processes. the sequences of nucleotides

in genes and from deducing

the sequence of amino acids
in proteins.




Milestone in the field of Molecular Biology

- 1953 James Dewey Watson(J.D.Watson) and Francis Harry Compton Crick(F.H.C.Crick) proposed the
double helical model of DNA based on the studies of Maurice Wilkins and Rosalind Franklin.

Watson,Crick and Wilkins were awarded the Nobel Prize in 1962

James Watson Francis Crick Maurice Wilkins Rosalind Franklin



Genetic Material

e Substance that stores information
about structure, function and

development of various characteristic

of living thing.

* The totality of genetic information of

an organism which encodes in the

DNA or RNA for some viruses is called

Genome.

Average gene length:

5x107 meters o
Coding
sequence N
- 1 )
Repetitive Condensed Mammalian cell
element (10,000x) human  diameter:

chromosome: 2x10° meters
5x10® meters

i
Distance W u
: /)between bases:
3x10-"° meters Human
height:
Regulatory 4 1.5-2 meters
sequence



Genetic Material

* It is responsible for transmission of genetic information for all the
characteristics of living beings from parents to their progeny.

* Following the rediscovery of Mendel’s laws, geneticists were able to
conclude that:

»0rganism’s characteristics are controlled by genes.

»Genes are able to reproduce themselves or replicate without losing their
information.

»Genes are arranged on the chromosomes in a linear fashion.



Griffith's experiment
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Characteristic of genetic material:

 Storage of genetic information.
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Chromosome & Gene

* The storage place of all genetic
information.

* The number of chromosome varies from
one species to another.

* The DNA segments that carry this
genetic information are called genes.

the genetic information.
oooooooooooooooo
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We all have 23 pairs of g
chromosomes. One —
ir of cl D5
determines our sex.
The other 22 pairs of ~—
chromosomes are

on-sex chromosomes
and determine things
like hair color and
our eye color.

C hrom Osome DNA gDer‘\:\ét?é)idneertl':Ztion on
agene.



Deoxyribonucleic acid (DNA)

* The genetic instructions used in the development and
functioning of all known living organisms and some viruses.

* The main role of DNA molecules is the long-term storage of
information.

 DNA is often compared to a set of blueprints or a recipe, or a
code, since it contains the instructions needed to construct other
components of cells, such as proteins and RNA molecules.

UNd



General structure of nucleic acids:

e DNA is a long polymer made from repeating units called nucleotides.

 The DNA chain is 22 to 26 A wide (2.2 to 2.6 nano.), and one
nucleotide unit is 3.3 A (0.33 nm) long. Although each individual
repeating unit is very small, DNA polymers can be very large
molecules containing millions of nucleotides.

* Human chromosome number 1, is approximately 220 million base
pairs long.



Building Blocks - Nucleotides

* A nucleotide is composed of three
parts: sugar ( Ribose in RNA and
Deoxy ribose in DNA), base and
phosphate group. If all phosphate 0-
groups are removed, a nucleotide |

becomes a nucleoside. O0=P—0O

|
e

Phosphate
group

Nitrogenous
base
(adenine)



The four bases found in DNA are: -
“
©)
e Adenine (A),
NH,

e Cytosine (C),

* Guanine (G) and

3’ OH

o Thymlne (T) Purine Pyrimidine

Deoxyribonucleotides Deoxyribonucleotides

A fifth pyrimidine base, called uracil (U), usually takes the place of thymine
in RNA and differs from thymine by lacking a methyl group on its ring.

* These bases are classified into two types; adenine and guanine are fused
five- and six-membered heterocyclic compounds called purines,

* While cytosine and thymine are six-membered rings called pyrimidines.



Properties of DNA:

* In living organisms, DNA does not usually exist as a single
molecule, but instead as a pair of molecules that are held
tightly together.

* In a double helix the direction of the nucleotides in one
strand is opposite to their direction in the other strand
(antiparallel).

* The asymmetric ends of DNA strands are called the 5’ (five
prime) and 3’ (three prime) ends, with the 5' end having a
terminal phosphate group and the 3' end a terminal
hydroxyl group.
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Base pairing

e Each type of base on one strand forms a bond with just one type of
base on the other strand. This is called complementary base pairing.
Here, purines form hydrogen bonds to pyrimidines, with A bonding
only to T, and C bonding only to G.

* This arrangement of two nucleotides binding together across the
double helix is called a base pair. As hydrogen bonds are not covalent,
they can be broken and rejoined relatively easily.



Guanine Cytosine Adenine Thymine




DNA Structure
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* Due to the specific base pairing, DNA's two strands are complementary
to each other. Hence, the nucleotide sequence of one strand
determines the sequence of another strand. For example, the sequence
of the two strands can be written as

* 5'-ACT-3'

* 3'-TGA-5'

* Note that they obey the (A:T) and (C:G) pairing rule. If we know the
sequence of one strand, we can deduce the sequence of another
strand. For this reason, a DNA database needs to store only the

sequence of one strand. By convention, the sequence in a DNA
database refers to the sequence of the 5' to 3' strand (left to right).



Grooves

* Twin helical strands form the DNA backbone.
Another double helix may be found by tracing _

the spaces, or grooves, between the strands. As |, : '

the strands are not directly opposite each other,  groove 4

the grooves are unequally sized. One groove,

the major groove, is 22 A wide and the other,  waor

the minor groove, is 12 A wide. groove




Sense and antisense

A DNA sequence is called "sense" if its sequence is the same as that of a
messenger RNA copy that is translated into protein. The sequence on
the opposite strand is called the "antisense" sequence. Both sense and
antisense sequences can exist on different parts of the same strand of
DNA (i.e. both strands contain both sense and antisense sequences). In
both prokaryotes and eukaryotes, antisense RNA sequences are
produced, but the functions of these RNAs are not entirely clear.

Template strand
RTA of gene 2

Unwinds T asmssss——————— . 5/ (S
- J3D . Rewinds J<PGCCCAT AN
3N > NN\ YXKCWCEGGGUA ;G \gy 3
DNA \/ r N3 \
RNA Template strand RNA Nontemplate strand 'RNA
polymerase of gene 1 of gene 2 polymerase

I | | I
Gene 1 Gene 2




Supercoiling

* DNA can be twisted like a rope in a process called DNA
supercoiling. With DNA in its "relaxed" state, a strand
usually circles the axis of the double helix once every 10.4
base pairs.

 |f the DNA is twisted in the direction of the helix, this is

positive supercoiling, and the bases are held more tightly
together.

* If they are twisted in the opposite direction, this is negative
supercoiling, and the bases come apart more easily.

* In nature, most DNA has slight negative supercoiling that is
introduced by enzymes called topoisomerases.

https://www.youtube.com/watch?v=DXznYpXZu3M



https://www.youtube.com/watch?v=DXznYpXZu3M
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Alternate DNA structures

* DNA exists in many possible
conformations that include A-DNA, B-
DNA, and Z-DNA forms, although, only B-
DNA and Z-DNA have been directly
observed in functional organisms.
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