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Introduction to Biochemistry 



Outline 
• Definition and scope 
• Relevance of biochemistry to health
• Organization of life
• Biomolecules and functional groups
• Weak non-covalent interactions
• Cells
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Definition and scope
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STUDY OF THE STRUCTURE, COMPOSITION, 
PROPERTIES, FUNCTIONS AND CHEMICAL 
REACTIONS OF SUBSTANCES IN LIVING 

SYSTEMS

BIOLOGY CHEMIST
RY

BIOCHEMIST
RY



Biochemistry is concerned with the chemical basis of life. 
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BIOCHEMIS
TRY

DESCRIBE FUNCTION

SYMPTOMS

DEFICIENCY/EXCESS

SYNTHESIS & 
DEGRADATION

COMPOSITION

ENZIMES, CARBOHIDRATES, LIPIDS 
PROTEINS, DNA, RNA, VITAMINS, 

MINERALS…

STRUCTURE
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IT TRIES TO EXPLAIN LIFE IN TERMS OF BIOCHEMICAL 
REACTIONS

Related to other sciences as physiology, 
anatomy, pharmacy, nutrition, 

agriculture, etc



• In biochemistry we
 Isolate molecules and determine their structure
 Identify and quantify substances in organisms  
 Study synthesis and degradation of biomolecules in 

organisms 
 Analyze their role in the operation of the organism 

• Scope: Biochemistry encompasses 
 Cell biology, molecular biology (molecular 

genetics)
 As vast as life itself
 Every aspect of life – conception, birth, growth, 

reproduction, aging & death – involves 
biochemistry

 Biology at molecular level!! 
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Relevance of Biochemistry to 
Health 

• Understand basic functions of the body
• Tool for research in biomedical sciences 
• The functioning of cells at the molecular level

 How food is digested, absorbed, and used?
 How the body transform and utilize energy?
 How various metabolic pathways are regulated and interrelated?
 What is the molecular basis for immunological defense against 

invading organisms
• Laboratory analysis of body fluids for diagnostic purpose
• Production of therapeutic agents by genetic engineering
• Gene therapy – future lookout
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Why Biochemistry? 
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Biochemis
try 

Physiolo
gy  Pharmacol

ogy  
Toxicolo

gy  

Microbiology, 
parasitology, 
immunology 

Patholo
gy  

Public 
Health 

Nursing  

MD & 
DVM 

Nutritio
n   

Clinical 
Lab 

Agricultu
re 



Biochemistry in 
pharmacology
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Biochemistry is a guide to 
drug discovery and for its 
application

Morphine is a drug that 
reduce the pain in terminal 
cáncer
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Biochemistry helps us 
understand the biochemical 
changes and related 
physiological alteration in 
the body

The pathology of 
any disease is 
studied through 
biochemical 
changes

Biochemistry in 
Pathology
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• Daily calorie requirement
• Optimum intake of biomolecules, 

minerals, vitamins, essential fatty 
acids & amino acids

• Exess intake Vs deficiency
• The function and role of the vitamins 

is described only by biochemistry

Biochemistry in Nutrition

• Many people rely in 
taking multivitamin and 
minerals for better 
health
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Biochemistry Laboratory  

can also 

The nutrients value of food 
material

Be determined 
by biochemical 

tests

Estimation of different 
analytes in biological 
samples (blood, urine, CSF, 
etc) is based on application 
of biochemistry 

•Glucose 
•Cholesterol 
•BUN
•Creatinine 
•Enzymes
•Many others



 Two-way street relationship between 
biochemistry and medicine
Knowledge of biomolecules for clear 

understanding of diseases
Analysis of the diseases have cast light on 

many areas of biochemistry 
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Organization of Life
• Elements
• Simple inorganic compounds 
• Simple organic compounds 

(monomers)
• Macromolecules (polymers)
• Supramolecular structures
• Organelles
• Cells
• Tissues (organs)
• Organ system 
• Organisms

5/30/2013 By: Alemayehu Z. Golla, M.Sc. in 
Medical Biochemistry 14

Hi
er

ar
ch

ic
al

 o
rg

an
iz

at
io

n 
of

 

m
ul

tic
el

lu
la

r o
rg

an
is

m
: 

Th
e 

hu
m

an
 b

ei
ng

 



• Most abundant, essential for all organisms 
• Less abundant, essential for all organisms
• Trace levels, essential for all organism
• Trace levels, essential for some organisms
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Elements of 
Life



• Four elements
•  C, H, O, and N (account for more than 99% of total mass)
• Major constituents of biomolecules, together with P & S
• Most of the H and O occur as H2O (60-70% of cell mass)
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Essential mineral 
elements: 

• Na+, K+, Ca2+, Mg2+, Cl-, S 
and P 

• Account for about 0.7% of 
the body mass 

• Dissolved in the ECF and ICF 
and form electrolytes

• Most of the body’s calcium 
and phosphorus is in bone 

• Phosphate and sulfate 



Trace elements: 
• Small quantities (mg, μg) 
• Trace elements are essential to life, because 

they are essential to the function of specific 
proteins, including enzymes 
Fe for oxygen-transporting capacity of the 

hemoglobin
Iodine for synthesis of thyroid hormones 

(T3 and T4) 
Zn, Cu, Se, etc, cofactors for enzymes 
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Electrolytes
• Charged particles (ions) dissolved in body 

fluids
•Cations
•Anions

• Major cations: Na+, K+, Ca2+, and Mg2+

• Major anions: Cl-, HCO3
-, H2PO4

- & HPO4
2-, 

SO4
2-, organic acids, and proteins

• Right types and levels of electrolytes in each 
fluid compartment of the body for proper 
functioning of neurons, muscle cells, and 
other cells in the body.
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• The electrolyte composition of ECF & ICF has 
significant differences. 
  The major cation of the ECF
Other cations of ECF
The major cation in the ICF
Other positive ions
The major extracellular anion
Other anion found in the ECF 
Major intracellular anions
Other anions in the ICF
Proteins in ICF vs IF
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• Functions of electrolytes in the body
 Maintain fluid balance
 Action potential in neurons and muscle cells
 Secretion and action of hormones and 

neurotransmitters
 Muscle contraction 
 Cofactors for enzymes
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Biomolecules and functional 
groups 

• Most biomolecules = derivatives of 
hydrocarbons 
 Different families of organic compounds with 

variety of functional groups
• Some of these families of compounds are: 

Alcohols
Amines
Aldehydes and ketones
Carboxylic acids
Esters 
Ethers 
Anhydrides
Others  
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Some common functional groups in biomolecules 
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Some common functional groups in biomolecules (cont…)
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• Many important biomolecules are polymers 
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Lipids  



Proteins 

5/30/2013 By: Alemayehu Z. Golla, M.Sc. in 
Medical Biochemistry 25



Carbohydrates 
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Nucleic acids 
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• Monomers form 
polymers through 
condensations 

• Polymers are broken 
down through 
hydrolysis 
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Weak Non-covalent 
interactions • Hydrogen bond, Van der Waals force, hydrophobic 

interactions and ionic interactions
• Constantly forming and breaking at physiological 

temperature
• Individually they are weak, but collectively they have a 

very significant influence in the 3D structure of proteins, 
nucleic acids, polysaccharides, and membrane lipids.
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Hydrogen bonding:
•H atom bonded to high electronegative 
elements  Hydrogen 

bonds are 
stronger 
and mores 
specific 
than Van 
der Waals 
forces 



Van der Waals forces: 
 Arise from attraction between transient dipoles 

generated by the rapid movement of electrons on 
all neutral atoms.

 Random variations in the positions of the electrons 
around one nucleus may create a transient electric 
dipole, which induces a transient, opposite electric 
dipole in the nearby atom.

• The strength of van der Waals interaction depends 
on the relative size of the atoms or molecules and 
the distance between them. 
The greater the area of contact the stronger the 

interaction
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.Hydrophobic interaction: 
• The tendency of nonpolar compounds to 

self-associate in an aqueous environment.
• Arises from the need to minimize 

energetically unfavorable interactions 
between nonpolar groups and water. That 
is hydrophobic interactions arise not 
because of any intrinsic affinity of 
nonpolar substances for one another, but 
because water molecules prefer the 
stronger interactions that they share with 
one another, compared to their 
interaction with nonpolar molecules.
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Ionic interaction 
• Results from attractive forces between 

oppositely charged functional groups
Negatively charged carboxyl groups and 

positively charged amino groups.
• The strength of ionic interactions is highly 

dependent on the nature of the interacting 
species and the distance between them
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• Weak non-covalent interactions are for 
recognition and interaction among 
biomolecules in very specific ways 

• Structural complementarity is the very 
essence of biomolecular recognition. 
Most precise recognition and interaction occurs 

if the structure of one is complementary to the 
structure of the other, as in a lock and its key.

• The biomolecular recognition are mediated by 
weak non-covalent forces of attractions
The binding of an antigen to a specific antibody
The binding of a hormone or a neurotransmitter 

to cellular receptor protein 
The binding of a substrate to a specific enzyme 
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Cells 
• Smallest living unit of 

structure and function of all 
organisms is the cell

• Most are microscopic
• Cell theory

 All living things are made of 
cells – Theodor Schwann & 
Matthias Schleiden in 1839

 All cells arise from 
preexisting cells – Rudolf 
Virchow (50 years later)
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Cell …• Cell size
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Cells …
• Components of cells 

– Cell membrane 
– Cytoplasm – surrounded by the cell 

membrane 
– Organelles – structures for cell function
– Control center with DNA

• Cell types 
– Prokaryotic – cells that lack true nucleus
– Eukaryotic – cell with membrane-bound 

nucleus
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Cells … 
1. Prokaryote cells: cells 

that does not contain 
membrane-bound 
nucleus. Example, 
bacteria and blue-green 
algae (cyanobacteria) 
 Plasma membrane: encloses 

the cytoplasm
• Lack the membranous 

subcellular organelles
 The nucleoid: contain 

prokaryotic ‘chromosome’ 
 Flagella: tail-like appendages 

used for movement of the 
bacteria through its surrounding
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• Bacterial cell wall: Peptidoglycan (complex of 
oligosaccharides and protein) cell wall protects the 
cell from mechanical and osmotic pressure

Provide points of 
adhesion to surface of 
other cells   
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Cells …
2. Eukaryotes

– Cells with membrane-bound nucleus 
– Have a number of membrane-bound subcellular 

organelles, each of which has a specific function. 
 Example: animal cells, plant cells, fungi, protists
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Protozoan



Cells …
• Representative Animal Cell
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Cells …
• Representative Plant Cell
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Cells …
• Plasma membrane: defines the periphery of 

the cell, separating its contents from the 
surroundings and regulates movement of 
materials into and out of cell

• Double layer of phospholipids, sterols & proteins
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Cells …
• Cytoplasm: The 

internal volume 
bounded by the 
plasma membrane

 Viscous fluid 
containing 
organelles

– components of 
cytoplasm
• Interconnected 

filaments & fibers 
• Fluid = cytosol
• Organelles (not 

nucleus)
• Storage substances
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Cells …
• Cytoskeleton

– Filaments & fibers
– Made of 3 fiber types

• Microfilaments
• Microtubules
• Intermediate filaments

–  3 functions:
•  mechanical support
•  anchor organelles
•  help move substances
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Major Features of Typical Animal Cell (continued) 
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Thank You

5/30/2013 By: Alemayehu Z. Golla, M.Sc. in 
Medical Biochemistry 48


	Introduction to Biochemistry
	Outline
	Definition and scope
	Slide 4
	Slide 5
	Slide 6
	Relevance of Biochemistry to Health
	Slide 8
	Biochemistry in pharmacology
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Organization of Life
	Slide 15
	Slide 16
	Slide 17
	Electrolytes
	Slide 19
	Slide 20
	Biomolecules and functional groups
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Weak Non-covalent interactions
	Slide 30
	.
	Ionic interaction
	Slide 33
	Cells
	Cell …
	Cells …
	Cells …
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	References 1. Lehninger, Nelson Principles of Biochemistry. 4th ed 2. Robert K. Murray, Harper’s Illustrated Biochemistry, 28th ed. 3. U. Satyanarayana, Biochemistry 3rd ed 4. Colleen Smith, Allen D. Marks, and Michael Lieberman, Marks’ Medical Biochemistry: A clinical approach. 4th ed. Thank You

