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Definition and Role of Biochemistry
Biochemistry is a branch of life science that 

deals with the chemical constituents of living 
cells, the reactions and processes they undergo.

Biochemistry could be defined as ‘the study of 
life at the molecular level’.

Can also be defined as The chemistry of life (the 
chemical basis of life).

Anything more than a superficial comprehension 
of life- in all its diverse manifestation - demands 
a knowledge of biochemistry.
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Cont…
Cells are the fundamental structural  and 

functional unit of living systems.

They are natural reaction vessels for biochemical 
reactions.

Biochemical reactions take place in a very small 
size of the cell, in mild physiological conditions of 
temperature, pressure, and at constant pH, in an 
aqueous medium.
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What is Plant Biochemistry ?
Plant Biochemistry is the study of 

molecular basis of plant life that includes 
the synthesis and utilization of compounds 
in the life process of plants (growth & 
development).

Basic Principle
Living organisms, whether they are plants, 

animals or microbes, are made up basically 
of the same chemical components.

The formation of compounds (biomolecules) 
required in the living process of plants, 
from the chemical components, occurs 
through biochemical reactions catalyzed in 
most cases by enzymes under genetic 
control and environmental influence.
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There are two categories of biochemistry:

Descriptive Biochemistry: 
Deals with qualitative and quantitative 

nature of molecules in the living cells.

Dynamic Biochemistry: 
Deals with reactions and mechanisms 

of reactions in the living cells.



6

Objective of Biochemistry

To completely understand the molecular level of 
all the chemical processes associated with living 
cells.

• To achieve this objective, biochemists have 
required to: 

  Isolate the biomolecules found in cells
  Determine the structure of biomolecules, and 
  Analyze how biomolecules function

Biochemistry describes the molecular logic of 
life in the entire spectrum of life forms from the 
simple  (viruses and bacteria) to complex 
human.
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Significance
• Biochemistry is essential to all life sciences 

as a common knowledge:
 
Genetics; Cell biology; Molecular biology

Physiology and Immunology

Pharmacology and pharmacy & other health 
sciences

Toxicology; Pathology; Microbiology

Zoology and Botany, chemistry, biology……
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The Chemical Elements of Life
Six nonmetallic elements- carbon, hydrogen, 

nitrogen, oxygen, phosphorus, and sulfur 
account for more than 97% of the weight of 
most organisms.

In addition, there are 23 other elements 
commonly found in living organisms (3% of 
the weight of living organisms). 

These include five ions that are essential in all 
species: calcium, potassium , sodium , 
magnesium and chloride. 
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Some common functional groups of biomolecule
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Macromolecules
have properties that are very different from 

those of their constituent monomers. 

For example, starch is a polymer of glucose but 
it is not soluble in water and does not taste 
sweet.

 
Observations such as have led to the general 

principle of the hierarchical organization of 
life. 

Each new level of organization results in 
properties that cannot be predicted solely from 
those of the previous level.
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Cont…

The levels of complexity, in increasing order 
are: 

• Atoms       molecules        macromolecules        
organelles     cells        tissues         organs       
whole organisms.

 
Note: many species lack one or more of these 

levels of complexity. 

Single-celled organisms, for example, do not 
have tissues and organs.
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Structural hierarchy in the molecular 
organization of cells



14



15

Cont..

Macromolecule

Carbohydrates

Lipids

Proteins

Nucleic acids

Monomer

Monosaccharide

Glycerol, free fatty 
acids

Amino acids

Nucleotides
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How do monomers form polymers?
In condensation reactions (also called 

dehydration synthesis), a molecule of water is 
removed from two monomers as they are 
connected together.
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Cont…

• Building block
–  Simple sugar
–  Amino acid
–  Nucleotide
–  Fatty acid

• Macromolecule
–  Polysaccharide
–  Protein (peptide)
–  RNA or DNA
–  Lipid

Anabolic

Catabolic
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Proteins
 20 amino acids are incorporated into proteins 

in all cells.

 Each amino acid contains an amino group and a 
carboxylate group, as well as a side chain (R 
group) that is unique to each amino acid.

 The amino group of one amino acid and the 
carboxylate group of another are condensed 
during protein synthesis to form an amide 
linkage.

 The bond between the carbon atom of one 
amino acid residue and the nitrogen atom of 
the next residue is called a peptide bond.
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Cont…

 The end-to-end joining of many amino acids 
forms a linear polypeptide that may contain 
hundreds of amino acid residues. 

 A functional protein can be a single polypeptide 
or it can consist of several distinct polypeptide 
chains that are tightly bound to form a more 
complex structure.
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Polysaccharides
Carbohydrates, or saccharides, are composed 

primarily of carbon, oxygen, and hydrogen. 

This group of compounds includes simple 
sugars (monosaccharides) as well as their 
polymers polysaccharides. 

All monosaccharides contain several hydroxyl 
groups and are therefore polyalcohols. 

The most common monosaccharides contain 
either five or six carbon atoms.
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Nucleic Acids
 Nucleic acids are large macromolecules composed 

of monomers called nucleotides. 

 The term polynucleotide is a more accurate 
description of a single molecule of nucleic acid.

 Nucleotides consist of a five-carbon sugar, 
nitrogenous base, and at least one phosphate 
group. 

 In ribonucleotides, the sugar is ribose; in 
deoxyribonucleotides, the sugar is deoxyribose.

 
 The nitrogenous bases of nucleotides belong to 

two families known as purines and pyrimidines. 
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RNA
RNA contains ribose rather than deoxyribose 

and it is usually a single-stranded 
polynucleotide.

There are four different kinds of RNA molecules. 
Messenger RNA (mRNA) is involved directly in 

the transfer of information from DNA to protein.

Transfer RNA (tRNA) is a smaller molecule 
required for protein synthesis.

Ribosomal RNA (rRNA) is the major component 
of ribosomes. 
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Lipids and Membranes
 The term “lipid” refers to a diverse class of 

molecules that are rich in carbon and hydrogen but 
contain relatively few oxygen atoms.

 Most lipids are not soluble in water but they can 
dissolve in some organic solvents.

 Lipids often have a polar, hydrophilic (water loving) 
head and a nonpolar, hydrophobic (water-fearing) 
tail. 

 In an aqueous environment, the hydrophobic tails of 
such lipids associate while the hydrophilic heads 
are exposed to water, producing a sheet called a 
lipid bilayer.
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Cont…

Lipid bilayers form the structural basis of all 
biological membranes.

 
Membranes separate cells or compartments 

within cells from their environments by acting 
as barriers that are impermeable to most 
water-soluble compounds.

 
Membranes are flexible because lipid bilayers 

are stabilized by noncovalent forces.
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The Energetics of Life
Living organisms are constantly transforming 

energy into useful work to sustain 
themselves, to grow, and to reproduce. 

Almost all this energy is ultimately supplied 
by the sun.

Sunlight is captured by plants, algae, and 
photosynthetic bacteria and used for the 
synthesis of biological compounds. 
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Cont....
Photosynthetic organisms can be ingested as 

food and their component molecules used by 
organisms such as protozoa, fungi, non 
photosynthetic bacteria, and animals.

These organisms cannot directly convert 
sunlight into useful biochemical energy.

 
The breakdown of organic compounds in both 

photosynthetic and nonphotosynthetic 
organisms releases energy that can be used to 
drive the synthesis of new molecules and 
macromolecules.



34



35



36

• Between 260,000 and 300,000 
plant species have been discovered 
and identified. 

• Without 
plants, most 
life on Earth 
as we know it 
would not be 
possible.

What is a plant?
An Overview of Plants

• Plants are important food sources 
to humans and other

consumers.
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• Plants range in 
size from 
microscopic 
water fern to 
giant sequoia 
trees that are 
sometimes 
more than 100 
m in height. • Most have roots or rootlike 
structures. 

Plant Characteristics
An Overview of Plants

•Plants are adapted to nearly every 
environment on Earth. 
• All plants need water. 
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• A plant cell has a cell membrane, a 
nucleus, and other cellular 
structures. 

• In addition, plant cells have cell 
walls that provide structure and 
protection. 

Plant Cells
An Overview of Plants
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• Many plant cells contain the green 
pigment chlorophyll (KLOR uh fihl) 
so most plants are green. 

• Chlorophyll 
is found in a 
cell 
structure 
called a 
chloroplast. 

Plant Cells
An Overview of Plants
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• This structure 
plays an 
important role 
in regulating 
the water 
content of the 
cell. 

Plant Cells
An Overview of Plants

• Most plant cells have a large, 
membrane-bound structure called 
the central vacuole that takes up 
most of thespace inside of 
the cell.
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The fluid‐mosaic membrane model
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