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1. Look for the phosphate

1.No: nucleoside

2.Yes: nucleotide

2.Look at C2 of the sugar

1.H: deoxyribose

2.OH: Ribose

3.Look at the base

1.Single ring (pyrimidine): C, T, or U

2.Double ring (purine):A or G



▪ Hydroxyl group attached to the 3’ carbon of a sugar of one 
nucleotide forms a bond to the phosphate of another 
nucleotide.

▪ A single nucleic acid strand is a phosphate-pentose 
polymer (a polyester) with purine and pyrimidine bases as 
side groups.

▪ The links between the nucleotides are called 
phosphodiester bonds.

• The direction of the bond is 3’ to 5’
(from carbon #3 to carbon #5),

• The direction of the whole molecule will be 5’ to 3’ 
(that’s when u r producing the molecule not the bond)
• so reading the molecule is from 3’ to 5’ . If u don’t see 
the numbers (5’,3’), reed it by convention left to right 

☺



▪ A nucleic acid strand has an end-to-end chemical
orientation:

▪ The 5’ end has a free phosphate group on the 5’ carbon

▪ The 3’ end has a free hydroxyl group on the 3’ carbon

▪ This directionality has made polynucleotide sequences written 
and read in the 5'→3' direction (from left to right).

▪ Example: the sequence AUG is assumed to be
(5')AUG(3’).



▪ Two associated polynucleotide strands that wind together 
(double helix)

▪ The sugar-phosphate groups are on the outside

▪ The bases project into the interior

▪ The sugar-phosphate groups are termed backbone

▪ The orientation of the two strands is antiparallel

Histones function :
DNA يلف على الـ + neutralizes the charge
That’s why we also have Mg2+ ,Ca2+ (+vely charged ions) & nucleus to bind 
to phosphate to increase the repulsion  out of these molecules

Sugars connect monomers together to make ONE STRAND
The TWO STRANDS connect together through their nitrogenous bases (Hydrogen bonds)



▪ In DNA, the larger purines (A or G) must 
pair with a smaller pyrimidines (C or T).

▪ A always hydrogen bonds with T and G with C, 
forming A·T and G·C
base pairs.

▪ A is paired with T through two hydrogen bonds; 

G is paired with C through three hydrogen

bonds.

Chargaff's rules
Pyrimidines (T + C) always 

equals purines (A + G).

T always equals A. C 

always equals G.

A + T is not

necessarily equal to 

G + C.

Regions of DNA with a high C–G content are more stable 

and require more energy to separate due to the stronger 
bonding.

This is why some areas of the DNA with high C–G 
content, the strands are more tightly held together, 

making them harder to separate experimentally 

compared to regions with high A–T content.
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Due to the helical structure of DNA, two types of grooves are formed: the major groove and the minor groove.

These grooves are the result of the asymmetrical spacing of the sugar-phosphate 

backbones around the double helix.



▪ Hydrogen bonds

▪ Hydrophobic stacking: via hydrophobic 
interactions and van der Waals interactions

▪ Helical twists: Each base pair is rotated with 
respect to the preceding one for maximal base 
pairing

▪ Propeller twists: The bases twist for optimal base 
stacking

▪ DNA-binding proteins (e.g., histones)

▪ Ions such as Na+ or Mg2+ (and histones) reduce 
the repulsion created by the negatively-charged 
phosphates of the DNA
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They are individually weak, but their large 
number across the DNA double helix 
contributes significantly to its overall stability.

DNA Bases are hydrophobic 
in nature, so they make 
hydrophobic interactions  
between them

UP/ DOWN 
movement 

Rotational movement Y axis is rotation axis

One of bases is tilted up and other base is 
tilted down the rotational axes  are Z and X



▪ Genome: the total genetic material of 
a living being (bacteria vs. human), a 
species (monkey vs. human) , an 
individual (me vs. you), or a cell 
(brain vs. liver), etc.

▪ Prokaryote: an organism that lacks a
nucleus or other organelles.

▪ Eukaryote: an organism that has a 
true (clearly defined) nucleus.
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* DNA  of all organisms are double strand



▪ The genetic materials of bacteria are of 
2 types:

▪ 1. The chromosome: One circular 
chromosome of double-stranded DNA.

▪ E.g. Escherichia coli contains > 4 × 
106 bp (length of 2 mm) carrying 
4200 genes.

▪ 2. Plasmids:

▪ 1) Small, circular DNA molecules

▪ 2) Can replicate autonomously and 
independently

▪ 3) Not infectious like viruses

▪ 4) Can carry genes, some of which 
confer resistance to antibiotics

▪ 5) Exist as different types but one 
plasmid type per cell

▪ 6) Can exist as multiple copies

▪ 7) Can transfer among bacterial cells
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Originally each cell of bacteria has one plasmid 
but don’t forget that it could be transfered

The plasmid can be used to produce proteins by 
adding the suitable genes  and then let bacteria 
to Grow more and more and then you will have 
the required protein by separating methods



▪ The genetic material of humans is of 2 types:

▪ The nuclear genome: organized as linear chromosomes that 
consist of ~3x109 nucleotides in germline cells (sperm and egg) 
with a length of 1m per cell and that carry
~20000 genes

▪ The mitochondrial genome, which constitutes less than 0.1% of 
the total DNA in a cell (~16500 bp) and encodes 37 genes for 
proteins involved in the respiratory chain reaction
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There is a difference between the number of nuclutides  and the 
genes  and this refers to that the most DNA regions are not coded

The mitochondrial 

DNA is circular .The most of proteins  that exist in mitochondria  are produced 
in neucleus and then translocated into it, and without these 
proteins no function no ATP synthesis and therefor no life



▪ Germline cells are haploid cells having one copy of every chromosome (either 
maternal or paternal)

▪ Somatic cells are diploid having two copies of every chromosome (maternal 
AND paternal) called homologous chromosomes

▪ Each chromosome can be made of one chromatid or sister chromatids
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They exist in sperms or ova



▪ Note: RNA is usually single-stranded and does not have a specific structure
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Unlike DNA, RNA contains uracil (U) 
instead of thymine (T).
Although RNA is primarily single-

stranded, it can form regions of intra-
strand base pairing due to 

complementary sequences within the 
same strand

*RNA as enzymes  will be explained  in enzymes section 



MicroRNAs (miRNAs) bind to mRNA 
and act as inhibitors of the 

translation process.

There are many types of RNA; some have well-defined 
functions, while others still have unknown or unclear roles.

If we want to study the 
effect of specific gene, we 
must inhibit it and that 
could happen in two 
manners:
1. Knockout: removing the 
gene entirely 
2. Knockdown: just inhibit 
the gene without removing 
it, this is done by adding 
complementary RNA which 
binds to mRNA; thus, it will 
not be translated to protein

siRNA functions primarily in post-transcriptional gene silencing by guiding the 

degradation of specific messenger RNA (mRNA) molecules. This mechanism is part of the 
broader pathway called RNA interference (RNAi). And it a kind of knockdown .



Amino Acids



Protein structure and 
function

▪ Greek: proteios, primary (importance)

▪ 50 % of body’s dry weight is protein

▪ Free vs. attached (residue), D vs. L

Carbon 
Numbering

Proteins are polymers 

made up of amino acids.



Protein structure and function

Proteins are essential because their function 
depends on their structure.
Unlike carbohydrates, proteins can change their 
shape when they bind to other molecules. This 
structural flexibility allows them to perform 
complex and specific functions.
A key example is hemoglobin, a protein that 
transports oxygen. It binds and releases oxygen by 
changing its shape, enabling efficient oxygen 
delivery throughout the body.
This ability to undergo structural changes is what 
makes proteins uniquely suited for roles such as 
signaling, transport, catalysis, and regulation.



Protein structure and function

From the name "amino acid," we can tell that the molecule 

contains both an amino group and an acidic group. 

All amino acids share the same basic structure, called the 
"backbone," which includes:

The general structure of an amino acid includes:

•An amino group (–NH₂)
•A carboxylic group (–COOH), which is what gives the molecule its 

acidic properties.

•A central carbon (called the alpha carbon), usually chiral
•A hydrogen atom

•A side chain (R group), which varies between amino acids

If the side chain in an amino acid is a hydrogen (as in glycine), the central carbon will have two 
hydrogen atoms attached. This means the carbon is not chiral.



Protein structure and function

Sugars exist in two chiral forms: D and L. 

In biological systems, only D-sugars are commonly used.

Amino acids also exist in D and L forms. However, only L-amino 

acids are incorporated into proteins.

This stereospecificity is due to the structure of enzymes and 

ribosomes, which are designed to recognize and process only L-
amino acids.

D-amino acids are not used in protein synthesis because they do 

not fit into the active sites of these biological molecules.

Chirality is important for biomolecules 
like amino acids and sugars because it 
determines their D or L form.



Classification (according to the
polarity of R group)

• There are many amino acids found in nature and in the human body, but only 20 
standard amino acids are used in building proteins.

• These 20 amino acids are called proteinogenic amino acids, and they are the 
only ones encoded by the genetic code.
This is because the genetic code provides 64 codons (on the mRNA): 61 code for 
these 20 proteinogenic amino acids, and 3 signal termination.

• Other amino acids may exist in the body and have various roles, 
but they are not incorporated into proteins because they
lack codon representation. The 20 standard amino 

acids, along with their 
three-letter abbreviations 

and structures must be 
memorized. ☺



Corrections from previous versions:

For any feedback, scan the code or click on it.

Versions Slide # and Place of Error Before Correction After Correction

V0 → V1

#20 the genetic code provides only 

20 codons (on the tRNA) that 
correspond to these amino acids

the genetic code provides only 64

codons (on the mRNA): 
61 code for these 20 proteinogenic 

amino acids, and 3 signal 

termination

V1 → V2

https://docs.google.com/forms/d/14FacVVHXoUz9v18FN0uUZdaalxfs-cFgA2nZ95ZWSq4/viewform?ts=67bdfa81&edit_requested=true


:Additional Resources:رسالة من الفريق العلمي

قال شيخ الإسلام إبن تيمية رحمه الله 

ه ، فلا يستحضر الله ـوصاحب الهوى يعميه الهوى ويصم  "

ورسوله في ذلك ، ولا يطلبه ، ولا يرضى برضا الله ورسوله 

يرضى إذا حصل ما ، ولا يغضب لغضب الله ورسوله ، بل 
.." يرضاه بهواه ويغضب إذا حصل ما يغضب له بهواه

( [٢٥٦/٥)منهاج السنة النبوية]
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