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MOLECULAR BIOLOGY (1)

% Color coding:
" Very important
= Extra information

“I'T IS BETTER TO HAVE A HEART WITHOUT WORDS
THAT WORDS WITHOUT A HEART”-MAHATMA GANDHI
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® To learn the central dogma of molecular biology.

® To have an understanding of the composition, types and
structure of DNA and RNA.

® To have an idea about the organization of DNA in the

chromosome and the role of histone proteins.
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; The central dogma of Molecular Biology

Central of dogma?
The flow of information from DNA o RNA to Protein.

Gene: portion of DNA that transcribed info RNA. .

« human genome contains about 35,000 genes.

The process of protein formation in the cell :

~ agene transcribed into RNA

_ RNA translated into oroteins..
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Nucleic acids

- Required for the
storage and expression
of genetic information

RNA
(Ribonucleic
acid).
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Adenine(A)
Guanine(G)

Nitrogen
base. Cytosine(C)
Thymine(T)

Uracil(U) in
RNA

Nucleotides are Phosphate
composed of groups

pentose

sugar . pentose
with 5 carbon ring

[\

Deoxyribose
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Base Base MNMucleoside MNucleotide®™
Formula (2 = HY) (> = ribose®) (= = ribose phosphate™)
MNH» Mdenine MAMcdenosine Avodenylic acid )
Mode e W Tl Acdenosine monophosphate

] :} & * e Purine bases (A
X — ,Q) have 4 nitrogen
>

Guanine Guanosine Guanylic acid atoms.
i § Chiua CGhuao Guanosine monophosphate
T—
B | \x> L i GNP
= |
}:' -
MNEH Cwitosine Cwticline Cwtidwvlic acid
= Cwi Cwcd Cwtidine monophosphate
j\ I ' c CMP
CaA
>
[ Llracil LIridine LiIridwvlic acid

& Ura Lircdd Uridine monophosphate e .
ji:‘:j u u UMP Pyrimidine bases

= — (T,GU) have 2

nitrogen atoms

L) Thymine Deoxythvmidine Deoxyvthymidylic acid
= S CH Thwy AT hd Deoxvithymidine monophosphate
j\ I N T AT P
L) I‘EJ _
A

- Nucleoside = nitrogen base + sugar( ribose ).

- Nucleotide = nitrogen base + sugar ( ribose) + phosphate group (POa4)
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-~ PENTOSE SUGAR:
|

5’ 5’
HOCH, —© OH HOCH, 9> OH
a4’ C 4 CHl H H G 17
C\ | 3° o / | 3° 2’ /
H C—C H C H
OH H OH OH
| Deoxyribose Ribose
In DNA In RNA
. Purine or
- Sugar carbon 2 number + primed (') pyrimidine
- Nitrogen base atoms = number + unprimed o o
Phosphate -o_,!_o_iﬂz 0 B
- *The nitrogenous base is bonded to C1’ of sugar. o ¥KH  HJ"|Ppentose

- *The PO4 group is bonded to C3’ or C5” of sugar.
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&--~ GHEMICAL STRUCTURE OF DNA & RNA

- The PO4 bridges the 3’ and 5’ positions
of ribose sugar.

- The POa4and sugar bonding is the
backbone of DNA structure.

- The linkage between the nucleotides is
called phosphodiester bond

5l sl s Jag 5 Al Al ) ) 48 pa s aga®
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Polymers of nucleotides (as
DNA or RNA) store and
transfer genetic information.

Function of
nucleotides
Free nucleotides and their Other
derivatives perform various nucleotides:
metabolic functions not related FAD, NAD,
to genetic information CoA
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-~ THE DOUBLE HELIX DNA

Was determind By: James watson and Francis crick which commonly known
as *Watson and crick structure®

Features of Watson and crick DNA Structure:

*helical axis* to form a * double helix-. .. Sugar-phosphate are on the sides.
6 The two strand are * anti-parallel* e The surface of the double helix contains 2 grooves *
Minor groove* and *Major groove*.
e Each helix is *Right-handed helix". Each base is *hydrogen bonded* to a base in the

opposite strand to form a base pair (A-T and C-G) ..
Known as : complimentary base pairing.

o lts helix has 10 base pairs per turn.

Adenine (A) —— Thymine (T) < Two hydrogen Bond

Guanine (G) —— Cytosine (C) < Three hydrogen Bond

* In RNA, Thymine is replaced by Uracil (U)*
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Direction :

Base Pairs (Bp) Per turn:

Maijor groove:

r

Minor groove:

Helix length:

Placement of bp

S
— &

Conformation of deoxyribose: - 1]

TYPES OF DNA STRUGTURE

Right-handed

Right-handed

|10

Deep and narrow

Wide

short

Displaced away
from the helical axis

Left-handed
|
|2

Wide

|
narrow

elongated

Centred over the

helical axis

Not real groove

NArrow

More elongated

Zig-zag pattern (nearly
perpendicular to the
helical axis)
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- #DNA SUPERCOILING

The chromosomes of many bacteria and viruses contain circular DNA which is supercoiled.

«  DNA supercaoiling refers to the over- or under-winding of a DNA strand, and is an expression of the strain on that
strand. Supercoiling is important in a number of biological processes, such as compacting DNA.

#MELTING TEMPERATURE (MT)

 The temperature at which the double-stranded DNA is separated into two single strands.

« MT of DNA depends on nitrogenous base content (A-T and G-C). G-C has 3 hvdroqen bonds -) stronqer
than A-T. \

Denatured
(random coil)
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RNAis : a single-stranded polymer of ribonucleotides.

TYPES OF RNA

mRNA tRNA rRNA
Full name Messenger RNA Transfer RNA Ribosomal RNA
Function Transcription process Recognition and Site of protein synthesis
(from DNA to mRNA). transferring. It (factory).

recognizes amino acids’
codons and transfers
the selected amino acids
to the growing protein
chain.
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-+~ THE DIFFERENCE BETWEEN DNA AND RNA

Stands for

Structure

Nitrogenous base
(Base pairing)

Sugar

Propagation

Deoxyribonucleic acid

Double stranded. It has two
nucleotide strands.
(Double helical DNA)

Adenine links to thymine
(A=T)
Cytosine links to Guanine
(C=QG)

pentose with 5 carbon ring
Deoxyribose sugar

(without O at C,)
DNA is self-replicating
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Ribonucleic acid

Single stranded. It has one
nucleotide stand.

Adenine links to Uracil
(A=U)
Cytosine links to Guanine
(&=G)

pentose with 5 carbon ring
Ribose sugar (with —OH at C,).

RNA is synthesized from DNA
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Important Facts about Chromosomes:
1- Each chromosome is a complex of a single linear DNA molecule and protein called chromatin.

2- The DNA from single 23 human chromosomes have a length of 1 meter.

3- 50% of chromatin consists of protein called Histones.

l |

- Major types of histones: HI ,H2A, H2B ,H3 and H4
- They consist of amino acids that are positively charged ( arginine and lysine)).
- Importance : These proteins (+) bind to PO4(-) groups of DNA, stabilizing the structure of

chromatin.
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Nucleosomes are: particles consisting of DNA and histones connected by thin strands of naked DNA.

Nucleosomes consist of: the histone octamer (eight) and DNA
(H2A)2(H2B)2(H3)2(H4)2

- H1 binds to 2 complete helical turns of DNA.

DNA The Nucleosome "Beads-on-a-String” The 30nm Fibre Active Chromosome The Metaphase Chromosome
|' | | I |
Isolated patches. Genes under active transcription. Less active genes. During interphase. During cell division.
| | | | ! |
Add core histones. Add histone H1. Add further scaffold proteins. Add further scaffold proteins.

N
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[ T— DNA PACKAGING

I Nuclear scaffold protein

Nuclecfilament
(30 nm fiber)

NN

AT ANEAN
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/ Chromosomes

Nucleofilament is coiled and
anchored to scaffold protein |

ldaga 12 Aan ) Cila glra

Nucleosome core

\ “ N “\\\\'A

ANy
Octamer:

n Naked DNA
(all histones removed)

\

#-v'

X

Histone H1

Nucleosome "beads"
(histones plus DNA)

DNA

- —
->
8 protein complex found at
the center of nucleosome
particle

Binds two complete
helical turns of DNA




Videos

v'protein synthesis

v'DNA Double Helix Structure

v'Funny video talks about RNA and compares it with DNA
v'How DNA is organized in a chromosome!?

v'How DNA is organized in a chromosome!?
v'Nucleosomes

v'DNA packaging

v'DNA packaging
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https://youtu.be/D3fOXt4MrOM
https://www.youtube.com/watch?v=VegLVn_1oCE
https://www.youtube.com/watch?v=0Elo-zX1k8M
https://www.youtube.com/watch?v=gbSIBhFwQ4s
https://www.youtube.com/watch?v=tsVHWbXqum8
https://www.youtube.com/watch?v=muaqm_eMBcI
https://www.youtube.com/watch?v=Oii_Xjergh8
https://www.youtube.com/watch?v=xP_5G6UGseI
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https://twitter.com/435biochemteam

