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The Chemistry of Life (2)

(ORGANIC COMPOUNDS)

Lecture 3



Carbon: The 
Backbone of Life

• Although cells are 70–95% water, the rest 
consists mostly of carbon-based 
compounds(organic compounds)

• Carbon is unparalleled in its ability to form
large, complex, and diverse molecules

• Proteins, DNA, carbohydrates, and other 
molecules that distinguish living matter are 
all composed of carbon compounds



Organic Compounds

• Organic chemistry is the study of compounds that

contain carbon

• Living matter is made mostly of carbon, oxygen, 

hydrogen, and nitrogen.

• Biological diversity results from carbon’s ability to 

form a huge number of molecules with shapes and 

properties.



Carbon Atoms can Form 
Diverse Molecules By 
Bonding to Four Other 
Atoms

Carbon can share electrons with other atoms in four 
covalent bonds Because carbon can use one or more of its 
bonds to attach to other carbon atoms, it is possible to 
construct an endless diversity of carbon skeletons varying in 
size and branching pattern.



The Molecules of Life

• All living things are made up of four 
classes of large biological molecules: 
carbohydrates, lipids, proteins, and 
nucleic acids

• Within cells, small organic molecules 
are joined together to form larger 
molecules

• Macromolecules are large molecules 
composed of thousands of covalently 
connected atoms



Macromolecules are polymers, built 
from monomers..

• A polymer is a long molecule consisting of 
many similar building blocks

• These small building-block molecules are 
called monomers

• Three of the four classes of life’s organic
molecules are polymers:

– Polysaccharides a type of 

(Carbohydrates)

– Proteins

– Nucleic acids



The Synthesis and Breakdown of Polymers

Animation: Polymers

A dehydration reaction occurs when two 
monomers bond together through the loss of a 
water molecule

Enzymes are macromolecules that speed up the 
dehydration process

Polymers are disassembled to monomers by 
hydrolysis, a reaction that is essentially the 
reverse of the dehydration reaction



Dehydration removes a water 
molecule, forming a new bond

Short polymer
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(a) Dehydration reaction in the synthesis of a polymer



Hydrolysis adds a water

molecule, breaking a bond
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(b) Hydrolysis of a polymer



LARGE BIOLOGICAL MOLECULES



Carbohydrates

➢ Carbohydrates include sugars and the polymers of sugars

➢ Simple sugars (monosaccharides), double sugars (disaccharides) and

polymers of sugar (polysaccharides).



Monosaccharides

• Monosaccharides have molecular 

formulas that are usually multiples 

of CH2O

• Glucose (C6H12O6) is the most 

common monosaccharide

• Monosaccharides serve as a major 

fuel for cells and as raw material 

for building molecules.



Disaccharide

• A disaccharide is 
formed when a 
dehydration reaction 
joins two 
monosaccharides

• This covalent bond is 
called a glycosidic 
linkage



Polysaccharides

Polysaccharides, the polymers 

of sugars, have storage and 

structural roles.

Example :

1Starch, a storage 

polysaccharide of plants, consists 

entirely of glucose monomers

2Glycogen is a storage 

polysaccharide in animals

✓ Humans and other vertebrates 

store glycogen mainly in liver 

and muscle cells.



LIPIDS

• Lipids are the one class of large 

biological molecules that do not form 

polymers.

• Lipids are hydrophobic (“water-

fearing”), unable to mix with water

• The most biologically important lipids 

are fats, phospholipids, and steroids



Fats(Triglycerides)

• Triglyceride consists of a glycerol 

molecule joined with three fatty 

acid molecules via a dehydration

• Glycerol is a three-carbon alcohol 

with a hydroxyl group attached to 

each carbon

• A fatty acid consists of a carboxyl 

group attached to a long carbon 

skeleton

• Fats perform essential functions in 

the human body.

• Long-term energy storage



• Fatty acids vary in length 
(number of carbons) and 
in the number and 
locations of double 
bonds

• Saturated fatty acids 
have the maximum 
number of hydrogen 
atoms possible and no 
double bonds

• Unsaturated fatty acids 
have one or more double 
bonds



• Fats made from saturated fatty 

acids are called saturated fats, 

and are solid at room temperature

• Most animal fats are saturated

• Fats made from unsaturated fatty 

acids are called unsaturated fats 

or oils, and are liquid at room 

temperature

• Plant fats and fish fats are usually 

unsaturated



• The major function of fats is energy storage.

• Humans and other mammals store their fat in adipose cells.

• Adipose tissue also cushions vital organs and insulates the body.



Phospholipids

• In a phospholipid, two fatty acids and a 
phosphate group are attached to glycerol.

• The two fatty acid tails are hydrophobic, but 
the phosphate group and its attachments form 
a hydrophilic head.



Phospholipids are the major component of all cell membranes



Steroids

• Steroids are lipids 

characterized by a carbon 

skeleton consisting of four fused 

rings.

• Cholesterol, an important 

steroid, is a component in 

animal cell membranes.

➢ Although cholesterol is essential in 

animals, high levels in the blood 

may contribute to cardiovascular 

disease



PROTEINS

• Proteins account for more 
than 50% of the dry mass 
of most cells.

• Protein functions include 
structural support, storage, 
transport, cellular 
communications, 
movement, and defense 
against foreign substances.





Structure of Protein

• Polypeptides are polymers built from 

the same set of 20 amino acids

• Amino acids are organic molecules 

with carboxyl and amino groups

• Amino acids are linked by peptide 

bonds

• A protein consists of one or more 

polypeptides



Nucleic acids store and 
transmit hereditary 
information

• The amino acid sequence of a 

polypeptide is programmed by a 

unit of inheritance called a gene

• Genes are made of DNA, )a

nucleic acid(



The Nucleic Acids

• There are two types of nucleic acids:

– Deoxyribonucleic acid (DNA)

– Ribonucleic acid (RNA)

• DNA provides directions for its own
replication.

• Note: DNA directs synthesis of 
messenger RNA (mRNA) and, 
through mRNA, controls protein 
synthesis.

• Protein synthesis occurs in ribosomes.



The Structure of Nucleic Acids

Nucleic acids are polymers called
polynucleotides

Each polynucleotide is made of 
monomers called nucleotides

Each nucleotide consists of a 
nitrogenous base, a sugar, and a 
phosphate group



Nucleotide: Nitrogen bases 

• There are two families of nitrogenous bases:

– Pyrimidines (cytosine, thymine, and 

uracil)

– Purines (adenine and guanine)

• In DNA, the sugar is deoxyribose; in RNA, the 

sugar is ribose

• Nucleotide = nucleoside + phosphate group



Sugars

Figure: demonstrates  difference between DNA and RNA   in Nucleoside components: sugars

Nucleotide: Sugar 

Ribose (in RNA)
Deoxyribose (in DNA)
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Sugar-phosphate
backbones

Base pair (joined by 
hydrogen bonding)

Old strands

Nucleotide 
about to be 
added to a 
new strand
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New 
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DNA Diagram representing the DNA Structure





Question 1: Directions: 

Match the organic compounds to the descriptions below.

Lipids (L) Carbohydrates (C) Proteins (P) Nucleic Acids (N) 

1) ------------------- Stores genetic information essential for the production of proteins. 

2) ---------------- Long-term energy storage for organisms.

3) ----------------- Do not dissolve in water.. 

4) ------------------Examples include DNA and RNA 

5) ----------------- Examples include-Fatty Acids, Steroids, Triglycerides and Phospholipids.

6) ------------------ Made of amino acids. 

7) ------------------ Examples include enzymes. 

8)--------------------- Store glucose in the form of glycogen (animal) and starch (plants). 

9) ----------------------The major component of cell membrane



Question 1: Directions: 

Match the organic compounds to the descriptions below.

Lipids (L) Carbohydrates (C) Proteins (P) Nucleic Acids (N) 

1) _ _N_ Stores genetic information essential for the production of proteins. 

2) __ L_ Long-term energy storage for organisms.

3) _ _L_ Do not dissolve in water.. 

4) _ _N_ Examples include DNA and RNA 

5) __L _ Examples include-Fatty Acids, Steroids, Triglycerides and Phospholipids.

6) _ P__ Made of amino acids. 

7) _ P__ Examples include enzymes. 

8) __ C_ Store glucose in the form of glycogen (animal) and starch (plants). 

9) _ _L_ The major component of cell membrane



The Chemistry 
Of Life: A 

Review
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