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THE FOUNDATION OF BIOCHEMICAL

About fifteen billion years 
ago, the universe arose as 
a cataclysmic eruption of 
hot, energy-rich subatomic 
particles

Within seconds, the 
simplest elements 
(hydrogen and 
helium) were formed. 

As the universe expanded 
and cooled, material 
condensed under the 
influence of gravity to form 
stars



THE FOUNDATION OF BIOCHEMICAL

Earth itself and the 
chemical elements 
found on Earth today. 

About four billion years ago, 
life arose—simple 
microorganisms with the 
ability to extract energy 
from chemical compounds 
and, later, from sunlight

Biochemistry asks how the 
remarkable properties of
living organisms arise from 
the thousands of different
biomolecules.



THE FOUNDATION OF BIOCHEMICAL

Biochemistry describes in molecular 
terms the structures, mechanisms, and 
chemical processes shared by all 
organisms and provides organizing 
principles that underlie life in all its 
diverse forms, principles we refer to 
collectively as the molecular logic of life.

Although biochemistry provides important 
insights and practical applications in 
medicine, agriculture, nutrition, and 
industry, its ultimate concern is with the 
wonder of
life itself



THE FOUNDATION OF BIOCHEMICAL

Cellular Foundations

Chemical Foundations

Physical Foundations

Genetic Foundations

BIOCHEMICAL



CELLULAR FOUNDATION

The unity and diversity of organisms become 
apparent even at the cellular level. 

The smallest organisms consist
of single cells and are microscopic.

Larger, multicellular organisms contain many 
different types of cells, which vary in size, 
shape, and specialized function. 



CELLULAR FOUNDATION

The plasma membrane defines the periphery of 
the cell, separating its contents from the 
surroundings. It is composed of lipid and protein 
molecules that form a thin, tough, pliable, 
hydrophobic barrier around the cell.



CELLULAR FOUNDATION

The internal volume enclosed by the plasma 
membrane, the cytoplasm, is composed of an aqueous 
solution, the cytosol, and a variety of suspended 
particles with specific functions. 

The cytosol is a highly concentrated solution containing 
enzymes and the RNA molecules that encode them; the 
components (amino acids and nucleotides) from 
which these macromolecules are assembled;



CELLULAR FOUNDATION
Phylogeny of the three domains of life

Phylogenetic relationships are often illustrated by a “family tree” of this type. The basis 
for this tree is the similarity in nucleotide sequences of the ribosomal RNAs of each group; 
the more similar the sequence, the closer the location of the branches, with the distance 
between branches representing the degree of difference between two sequences



CELLULAR FOUNDATION

Organisms can be classified according to their source of energy (sunlight or oxidizable
chemical compounds) and their source of carbon for the synthesis of cellular material.



Eukaryotic cell 
structure.

Schematic illustrations 
of two major types of 
eukaryotic cell: 

(a) a representative 
animal cell and

(b)a representative 
plant cell. 



CELLULAR FOUNDATION

Isopycnic (sucrose-density)
centrifugation

Differential centrifugation

The large and small 
particles in the suspension 
can be separated by 
centrifugation at 
different speeds

particles of different density 
can be separated by isopycnic
centrifugation.

Subcellular 
fractionation of tissu



CELLULAR FOUNDATION

Some of the amino acids of proteins

The organic 
compounds from 
which most cellular 
materials are 
constructed: the 
ABCs of biochemistry

six of the 20 amino acids from which all proteins 
are built (the side chains are shaded pink)



CELLULAR FOUNDATION

the five nitrogenous bases, two five 
carbon sugars, and phosphate ion 
from which all nucleic acids are built 

five components 
of membrane 
lipids;

D-glucose, the simple sugar 
from which most 
carbohydrates are derived. 



STRUCTURAL HIERARCHY IN THE MOLECULAR ORGANIZATION 
OF CELLS

The nucleus of this plant cell is an organelle containing several types of supramolecular
complexes, including chromatin. Chromatin consists of two types of macromolecules, DNA 
and many different proteins, each made up of simple subunits

Level 4: The cell
and its organelles

Level 3:
Supramolecular complexes

Level 2:
Macromolecule

Level 1:
Monomeric units



CHEMICAL FOUNDATION

Because of its bonding versatility, carbon can produce a 
broad array of carbon–carbon skeletons with a variety 
of functional groups; these groups give biomolecules 
their biological and chemical personalities.

Geometry of carbon bonding

Carbon atoms have a
characteristic tetrahedral 
arrangement of their four 
single bond

Carbon–carbon single bonds 
have freedom of rotation, as 
shown for the compound 
ethane

Double bonds are shorter
and do not allow free 
rotation. 



CHEMICAL FOUNDATION

A nearly universal set of 
several hundred small 
molecules is found in 
living cells; the 
interconversions
of these molecules in the 
central metabolic
pathways have been 
conserved in evolution.

Some common functional groups of biomolecules



CHEMICAL FOUNDATION

Proteins and nucleic acids 
are linear polymers of
simple monomeric 
subunits; their sequences 
contain the information 
that gives each molecule 
its threedimensional
structure and its 
biological functions.

Several common functional groups in a single 
biomolecule.



CHEMICAL FOUNDATION

Proteins and nucleic acids are linear polymers of simple 
monomeric subunits; their sequences contain the 
information that gives each molecule its threedimensional
structure and its biological functions.



PHYSICAL  FOUNDATION



GENETIC FOUNDATION



METABOLISM

• GLICOLYSIS, GLUCONEGENESIS, AND THE 
PENTOSE PHOSPHATE PATHWAY

• AMINO ACID OXIDATION

• BIOSYNTHESIS OF AMINO ACID

• CARBOHYDRATE BIOSYNTHESIS

• LIPID BIOSYNTHESIS



INFORMATION PATHWAYS

• DNA METABOLISM (1)

• DNA METABOLISM (2)

• RNA METABOLISM (1)

• RNA METABOLISM (2)

• PROTEIN METABOLISM

• REGULATION OF GENE EXPRESSION



DNA METABOLISM

• DNA REPLICATION

• DNA REPAIR

• DNA RECOMBINATION



RNA METABOLISM

• DNA Dependent Synthesis of RNA

• RNA Processing

• RNA Dependent Syntesis of RNA and DNA



PROTEIN METABOLISM

• The Genetic Code

• Protein Synthesis

• Protein Targeting and Degradation



REGULATION OF GENE EXPRESSION

• PRINCIPLES OF GENE REGULATION

• REGULATION OF GENE EXPRESSION IN 
BACTERIA

• REGULATION OF GENE EXPRESSION IN 
EUKARYOTES


