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Introduction

- Molecular biology is the study of biological
molecules and the molecular basis of structure and
function in living organisms.

. The field of molecular biology arose from the
meeting point of work of geneticists, biochemists,
physicists, and structural chemists on @ common ‘o vnderstang

4 CeM mo L
problem: @e structure and function of the gene) e ot
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Genetics and Medicine

Most disease result from environmental influences interacting with

the individual genetic makeup {genetic predisposition (sometimes
also called genetic susceptibility)}.

€:giyhigh blood pressure, diabetes mellitus, psychiatric disorde

Genetically determined diseases are not a marginal group.

« The total estimated frequency of genetical}y d;eterminegi diseases of
different categories in the general population is about 3.5-5.0%
id | |
" C“’232:1’1etic counselling is generally ofi?erec.i prior to marriage or
conception, 1 order to predict the likelihood of conceiving an
affected child, during pregnancy.

Gene therapy is used to correct defective genes that cause disease
. active current therapy. however ec\onip gy, ;
not yet an b dert . ghas o Woh pe henLyag
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Nucleic Acids
|

.+ Nucleic acids occur in two forms:

; '”ﬁ'fi':f‘ﬁi:,e - DeoxyriboNucleic Acid (DNA)
M- RiboNucleic Acid (RNA).

. Both DNA and RNA are polymers of nucleotides.

. DNA is the molecule of heredity in all cells except
some viruses where RNA is the molecule of
heredity. |

« RNA molecules are synthesized on DNA
templates and participate in protein synthesis in
the cytoplasm.
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R helpsih the Pro beckion of Pa\gpaph'd?-‘ ]

Single strand of nucleotides

There are three classesof RNA based-on-
theirfunctions:

1) transfer RNA (tRNA); rerkrbe Ak duidg Lransutodion
2) messenger RNA (MRNA); sopy o oe shad of gene.
3) ribosomal RNA (rRNA). iees inpe sk o1 v
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> Chemically RNA differs from DNA in two
lrespects;

* 1-t contains ribose sugar instead of
deoxyribose.

* 2- Ithas uracil (U) instead of thymine (T).
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s buiding bl ock For auclele acid,
Nucleotides
DNA and RNA are long, unbranched polymer of nucleotides
A'nucleotide is made up of: '
1- Sugar (deoxyribose in DNA and ribose in RNA)
2- Phosphate
3- Nitrogen base.
In DNA nitrogen bases are adenine (A), guanine (G),

cytosine (C), and thymine (T), while in RNA adenine (A),
guanine (G), cytosine (C), and uracil (U)). ;

Nucleotides are named after the nitrogen bases present

The genetic information is stored in the sequence of bases
ides are formed by joining a nitreme.

Nucleosides are 2 '9 @ hitrcgenoug

sugar ‘ e base to a
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Sugar + Bage ——, — Nucleosider
Nucleoside + Phosphiate——» Nucleotide

Nucleotides

V

Base Nucleosides

RNA

Adenine Adenosine

Guanine Guanosine

Cytosine Cytidine

Uracil Uridine

DNA ‘

Adenine Deoxyadenosine

ine Deoxyguanosine

g;fosmi}:ze Deoxycytidfng

Thymine Deoxythymidine
S

_prime: corbon number in the sugar

Adenosine-5"-monophosphate (AMP)
Guanosine-5'-monophosphate (GMP)
Cytidine-5'-monophosphate (CMP)
Uridine-5'-monophosphate (UMP)

Deoxyadenosine-5"-monophosphate (AAMP)
Deoxyguanosine-5'-monophosphate (AGMP)
Deoxycytidine-5'-monophosphate (dCMP)

Deoxythymidine-/s’-menophosphate (dTMP)

£ _
nole 3 could be 2
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1
. 1- Ribose & Deoxyribose Sugar ’
. The carbon atoms on the sugar ring are numbered 1’ (one prime) to

5 to distinguish them from atoms in the bases. The ribose in DNA

differs from that of RNA by the absence of oxygen at the carbon

atom number 2 and is thus 2-deoxy-B-D-ribose in DNA while in RNA

B-D-ribose.

@—C"" 0, base

K,
C(‘%QJ‘*;/,
r<}
%y, "e—HO
E:{c
ES d - i) Ty =
Carl, . 9eoxyribose ., 7/, ribose
n”"mber & L V&}’Q '
:z 4/%:) ) //l)
/i‘\:;
°

B :
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Nucleotides of DNA and RNA

Deoxyribose

DNA nucleotide RNA nucleotide

+ 2-Nitrogen bases - 3
+ Because of their nitrogen content and basic qualities
- Y (hydrophobic) they are known as nitrogenous bases.

* The organic bases are of two general types: purines and
pyrimidines.

A. Purines

* ‘The purines are adenine (A) and guanine (G). sided

* Each purine consists of a six-sided ring att(ached. ;}\O a five-
r'mg used wi

\ B. _Pyrimidines

. * The pyrimidines are cytosine (C); thymine (T). an
'\ " Each pyrimidine consists of a six-sided ring .OP'Y- 4 onlyin
\"a. : E"gx\ir\e is found primarily in DNA and uracil is foun

\ ® - m its C 5
-.: Uracil differs from thymine by lacking a methyl grouP

d uracil (U).
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* 3- Phosphate group
A phosphoric acid (HsPO,) is bounded to one oxygen by a

double bond and three hydroxyl groups (=OH).

Two of the hydroxyl groups can form covalent bonds,
phosphodiester bonds, with the sugar hydroxyl groups by
splitting out water.

The third -OH group on the phosphate is free and
dissociates a hydrogen ion (H+ ions) and leaving
negatively charged oxygens at physiologic pH.

In this form, the structure is referred to as phosphate.
Therefore, phosphate is a negatively charged which gives
the polymer its acidic property and promoting their.
attraction to positively charged histone proteins that
partially neutralized this negative charges

because of the phosphate charges both DNA and RNA

are negatively charged.

/ » = Phosphoric acid
o ,\,'\51)(,/0‘“ NN
ot o
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Fa e Tof : &
] : O \aﬁ%
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. ’ g2 Sugar—\ s
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l oo |
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‘ . position 9 0f purine 0
ghpeyr?rlxgrig?r?g igtggm\dpby N-glycosidiC bond to the carbon
number 1 of the sugar.

| the phos hate group links th
gr?etig\icg)lgz)?irdgat%df - d%f the next nucleotide through
phospho

. |n DNA the direc
opposite 10 their
antiparallel.

end has a

has a terminal hydroxyl group-

. The 5

diester bonds.
. This gives the sugar-ph
end and 3' end.

¢ in position 1 of

he 5' en

osphate backbon€ directionality @ 5

trand is

tion of the nucleotides in one s
d thus called

direction in the other strand an

terminal phosphate group and the 3' end

[Sequences ’a’fé'Written'and read in the 5’ to 3’ direction
from leftto right); for example, the sequence AUG is

ssurmed to be (5)AUG(3’)
25
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Covalent bonds in DNA
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Purine nucleotides

«— Nitogen base
{adening, A}

Dooxyadenosine 5phosphate (dAMP)

Pyrimidine nucleotides
NH,

+— Cytosna (C)

O H
Deoxycytidine 5-phosphate {dCMP)

Base Pairs and bonds in DNA

~— Guznine (G)

l
on H

<— Thymine (T}

Daoxythymidira 5-phosphala {dTMP)

24

Chargafl's Rule: in any sample of double-

« Adenine (A) specifically binds to thymine
(T) by two hydrogen bonds (A=T) and

» Cytosine (C) specifically binds to guanine
(G) by three hydrogen bonds (C=G)

stranded DNA, the amount of adenine
equals the amount of thymine,

the amount
pt guanine equals the amount of cytosine,

1D hydrogn bends
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uppose we tried to pair an adenine with a cytosine.
1- Then we w

adenine) | ould have a hydrogen bond accepttor (('It]l; gg
g, e | d acceptor
Cytosine)_y g opposite a hydrogen bon p

ok

1 L2<ewise, two hydrogen bond donors, the NH2 groups at C6

Tt? enine and C4 of cytosine, would lie opposite each other.
U8, an A:C base pair would be unstable

-
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€ DNA Double Helix Is a Stable Structure

fEirst; Hydrogen bond
* The two strands of DNA are held together by H-bonds

Polar atoms in the sugar-phosphate backbone form
external H bonds with surrounding water molecules.
Second; the negatively charged phosphate groups are all
situated on the exterior surface of the helix in such a way
that they have minimal effect on one another and the
phosphates interact with positively charged (magnesium,
otassium, or sodium) ions and with positively charged

histone proteins.
Third; Stacking interactions which involve hydrophobic
mteraction _and Van der W aals forces in the core of the
helix. Base stacking helps to minimize contact of the
bases with water, and base-stacking interactions are
rtant in stabilizing the three-dimensional

very impo stabil
strrgcture of nucleic acids.
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