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What is life?

Life as that which resists decaying to disorder and equilibrium.

Life is a characteristic that distinguishes physical entities that have

biological processes, such as signaling and self-sustaining processes,

from those that do not, either because such functions have ceased, or

because they never had such functions and are classified as inanimate.

VIRUS ??

Wikipedia

Erwin Schrödinger
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What is life?

Life is formed of matters and energy. Matters undergo constant 

interaction in response to energy

Chemical basis of life.

Life is sustained on chemical process occurring at continuum.

ATOMS

Molecules Compound
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Elements of Matter

The atom is the fundamental unit of matter, that is, of an element.
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Basis of life

Chemical compounds

Inorganic Organic

Structure Function Metabolism

Compounds 

that contain 

both carbon 

and 

hydrogen

Compounds 

that do not 

contain both 

carbon and 

hydrogen
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Molecules of life

OrganicInorganic

Water, Salts, Acids and 

Bases, such as H2O, HCl, 

CO2, Ca3(PO4)2, etc.

Micromolecules

(Small molecules)

Macromolecules

(Large molecules)

Sugars, Vitamins, 

Fatty acids

Proteins, 

Polysccharides and 

Nucleic acids (DNA & 

RNA)

Carbon compounds
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Molecules of life – Water

The human body is mostly water
 Lean muscle: 75% water

 Blood: 83% water 

 Body fat: 25% water 

 Bone: 22% water

• All living organisms require water to live

H2O
1.515 Å

0.928 Å0.939 Å
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Molecules of life – Properties of Water

Water is a polar molecule

 Each atom has a partial 
charge

Molecule has zero net 
charge

Polar molecules have 
special properties

 Good solvents

 Bond with each other 
(cohesion)

 Take longer to heat and 
cool 

O

H H

δ -

δ +δ +
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Molecules of life – Properties of Water

Partial charges on atoms, no net charge overall!

 Water acts as 

universal solvents 

in which 

micronutrients or 

micromolecules

are dissolved.

 Water acts as a 

liquid mixture.

 Water acts as 

lubricants and 

cushioning agent.

 Water acts as heat 

sink.

 Water acts as 

fluidic transport 

medium for the 

nutrients.Solution Colloid Suspension
Isotonic

Hypotonic
Hypertonic
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Molecules of life – Properties of Water

The "stuff" (molecules) in water is more tightly packed than in ice, so water 

has greater density than ice.

As water freezes it expands. So, ice has more volume (it takes up more 

space, but has less density) than water.

Ice Liquid
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Other Inorganic Compounds - Salts

 Salts are formed when ions form ionic bonds.

One atom gives up one or more electrons, and thus becomes positively charged, whereas 

the other accepts one or more electrons and becomes negatively charged.

 Salt is a substance that, when dissolved in water, dissociates into ions other 

than H+ or OH–.

 Most prominent one is NaCl, KCl.

Ca3(PO4)2, etc.

NaCl

Dissociation of Sodium Chloride in Water

Salt, such as NaCl or KCL interacts with 

water and is completely dissociated by 

positive hydrogen ion and negative oxide 

ion. The positive charged hydrogen and 

negative charged oxygen on the water 

molecule attract the negative chloride and 

positive sodium or potassium ions, pulling 

them away from each other.
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Other Inorganic Compounds – Acids and Bases

Acids and bases, like salts, dissociates in water into electrocytes. They are able 

to change the properties of the solutions.

 An acid is a substance that releases hydrogen ions (H+) in solution.  It is 

a proton donor. Common examples are HCl, which is a strong acid 

released by stomach walls, acetate & pyruvate in Kreb’s cyc;le, lactate in 

muscles, etc. These are weak acids.

 A base is a substance that releases hydroxyl ions (OH-) in solution. It 

accepts proton donated by an acid. The common example is 

bicarbonate (HCO3-) which is a week base. 

 Spontaneous interaction of these acids and bases creates optimal pH 

that is necessary for optimal function of niomolecules. 

pH is the negative, base-10 logarithm of the hydrogen ion (H+) concentration 

of the solution. As an example, a pH 4 solution has an H+ concentration that is 

ten times greater than that of a pH 5 solution.
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Molecules of life – Carbon compounds

 Carbon compounds are composed of carbon as a core element.

 Carbon forms plethora of organic molecules due to its unique 

properties:

A carbon atom has 4 outer (valence) electrons – wants to make 4 bonds to be 

stable.

Carbon can bond with itself and many other elements.

Because it’s so friendly, carbon is present in all life on earth.

Structure of Fullerene 
(C24 – C70) – Dome shaped

Structure of Graphene
Monolayer - honeycomb

Structure of Hydroxyl

compound

Allotropes Organic compound
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Organic Molecules

 Any molecule containing 
carbon is called an 
organic molecule 

 Most organic molecules 
are arranged like chains 

• Each link is a monomer

• A chain is a polymer

• A large molecule made of a 
long chain or chains is a
macro molecule

??

Unit such simple 

sugar, amino acid, 

nucleotide, etc.

Complex structure 

like polysaccharide, 

protein molecules, 

DNA, etc.
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Types of Organic Molecules

Micromolecules
Sugar

Amino acids

Nucleoside and Nucleotide

Fatty acids

Vitamins

Macromolecules
Carbohydrates

Proteins

Lipids

Nucleic acids

A carbon containing molecule 

of relatively small size and low 

molecular weight found in the 

living thing.

A carbon containing molecule 

of relatively huge size and 

comparatively high molecular 

weight found in the living thing
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Simple Sugars

 Simple sugars are carbohydrates with one or two sugar molecules. Sugar with one 
sugar molecule is known as monosaccharide and sugar molecule with two sugar 
molecules is called as disaccharide, with many sugar molecules is called as 
oligosaccharides, and with large number of sugar molecules is called as 
polysaccharide. Many healthy foods like fruit and vegetables naturally contain 
sugar .

 Most fundamental  type is the monosaccharides that include fructose, galactose
and glucose.

 The monosaccharides are the simplest form of carbohydrates that serve as 
monomers of branched or complex carbohydrates.

 Fructose is called fruit sugar which is naturally occurring sweetest sugar found in 
fruits, cane sugar, and honey.

 Most common form of monosaccharide is glucose which is involved in various 
physiological functions including energy metabolism (Glucose is synthesized by 
plants through photosynthesis).
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Simple Sugars

Types of simple sugars
As mentioned, simple sugars are of two types – monosaccharides and disaccharides. 

 Monosaccharides: It is a single sugar molecules.. It may be of 3 carbon 
containg molecules, or 4 carbon, 5 carbon or 6 carbon, or 7 or more carbon 
atoms.
o Trioses:  They are made up of 3 carbon atoms with a molecular formula as C3H6O3. 

The common example is  gycerose with two isomers, a aldehyde containing 
glyceraldehyde (-CHO) and a ketone group (-C= O) containing dihydroxyacetone.. 
Both compounds are important metabolic intermediates in the oxidation of glucose.

o Tetroses::  These are compose of 4 carbon atoms with a molecular formula of C4H8O4. 
Examples include D-erythrose, D-threose and D-erythrulose. The  eryhtrose 4-
phosphate is a metabolite in the Calvin cycle and in the pentose phosphate pathway. 
Erythrulose is a ketotetrulose.

o Pentoses: They are composed of 5 carbon atoms with  a molecular formula of 
C5H10O5. There are three pentoses, namely, D-ribose, L-arabinose and D-xylose. 
Ribose is a component of RNA, ribonucleic acid, vitamins (riboflavin) and coenzyme. 
It is also important in ATP and ADP. Reduced form of it is a component of DNA 
(Deoxy-ribose). Arbinose occurs in conifers plants while xylose is mainly found in 
hemicllulose, as xylans and hetero-xylans.
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Simple Sugars

L-Glucose does not occur naturally in higher living organisms and also it is not used 

due to ineffectiveness of hexokinse on L-glucose.

Galactose is actually stereoisomer of glucose; only difference 

is the orientation of hydroxyl group at C-4.

Monosaccharides
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Simple Sugars
Monosaccharides

Less common monosaccharides such as heptose, and octose or octulose.

 Heptose:  They contain 7 carbon atom and have molecular formula C7H14O7. They have 
either an aldehyde functional group in position 1 (aldoheptoses) or a ketone functional 
group in position 2, 3 or 4 (ketoheptoses). Ketoheptoses have 4 chiral centers, whereas 
aldoheptoses have 5. Example of naturally occurring heptose is L-glycero-D-manno-
heptose, which is an intermediate in lipid A biosynthesis. It occurs in plants, e.g. carrots, 
apricots, and apples.

 Octoses: They contain 8 carbon atom and have molecular formula C8H16O8. Licocin or 
lincomycin is a octose which contains unusual thiooctose methylthiolincosamide

and is used to treat Gram-positive bacteria.

Lincomycin
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Simple Sugars

Types of simple sugars
o Hexoses: They are composed of 6 carbon atoms with  a molecular formula of C6H12O6. 

There are three hexoses, namely, glucose, fructose and galactose. Glucose or 
dextrose  and galactose are 6-membered aldohexose ring., while fructose  levulose is 
5-membered ketohexose ring .

o Fructose is also called as fruit sugar and is sweetest of all sugars.

o Galatose has low sweet intensity and found combined with glucose in milk.
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Simple Sugars

Types of simple sugars
As mentioned, simple sugars are of two types – monosaccharides and disaccharides. 

 Disaccharides: It is formed by joining of two single sugar molecules. Examples 
include sucrose, lactose and malstose.

Disaccharides Constituent monosaccharides

Sucrose (Table sugar) Glucose + Fructose

Lactose (Milk sugar) Glucose + Galactose

Maltose Glucose + Glucose

Glycosidic bond
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Simple Sugars
Disaccharides
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Complex Sugars

Complex sugar or complex carbohydrates are also called polysaccharides 
made up of 3 or more subunits of sugar molecules. Due to long saccharide 
chains, they take longer to break down. They are found in foods, such as peas, 
beans, whole grains, and vegetables. They are categorized into two, namely 
homopolysaccharides and heteropolysaccharides.

 Homopolysaccharides: Homopolysaccharides are polysaccharides composed 
of a single type of sugar monomer. They are synthesized extracellulary. 
Examples include starch, glycogen, cellulose and immunlin.

 Heteropolysaccharides; Heteropolysaccharides are polysaccharides that 
contain multiple and different kinds of monosaccharides. Generally 
heteroglycans only two different monosaccharides and are closely associated 
with lipid or protein. Examples are hyaluronic acid, chondroitin-4-sulfate, 
heparin, gamma globulin, etc. 
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Complex Sugars

Homopolysaccharides
Example includes starch, glycogen and cellulose. All of these are made up of 
glucose molecules bonded together (differ in structure and type of bonds).
 Starch (amylum): It is made up of long chains of glucose containing straight chains and 

branched chains with molecular formula of (C6H12O6)n. Straight chain is called amylose
which may have 300 – 600 glucose having α 1,4 linkages between glucose molecules, while 
branched chain has α 1,6 linkages between glucose molecules and is known as 
amylopectin. Amylopectin is more common than amylose (4:1 ratio on average) in starch. 
Some starchy foods include grains, root crops, tubers, and legumes. It is storage form of 
carbohydrate in plants.
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Complex Sugars – Homopolysaccharides

 Glycogen: It is structurally similar to amylopectin. It is storage form of carbohydrate in 
animals. It is made up of highly branched chains of glucose with α 1,4 glycosidic and α 1,6
glycosidic linkages. Glucose molecules are polymerized around protein core known as 
glycogenin protein. It is stored in liver and muscles. Liver glycogen breaks down to glucose 
that are released into bloodstream, while muscle glycogen broken down to glucose to 
provide energy in muscles.

Entire globular complex may contain approximately 30,000 glucose molecules

Glycogenin
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Complex Sugars – Homopolysaccharides

 Cellulose: It is formed of long chain of glucose but chain are stacked up by forming 
hydrogen bonds. It forms fibers in plants that are indigestible to human and passed out 
from alimentary canal without digestion. It acts as mainly structural substances of plants 
that provide protection and structural support.

Cellulose fibers

Seed hair fibers

e.g. cotton fibers

Bast fibers

e.g. Flax fibers

Grass fibers

e.g. wheat straw, 

esparto grass, etc.

Wood fibers
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Complex Sugars – Homopolysaccharides

 Inulin: It belongs to a class of dietary fibers known as fructans.. It is a type of prebiotic. It's 
not digested or absorbed in the stomach. It stays in the bowel and helps certain beneficial 
bacteria to grow. 

 Research has linked it to several health benefits, such as improving digestive health, helping control 
diabetes, and aiding weight loss.

 Inulin is a heterogeneous collection of fructose polymers. It consists of chain-terminating 

glucosyl moieties and a repetitive fructosyl moiety, which are linked by β(2,1) bonds.

 The degree of polymerization (DP) of standard inulin ranges from 2 to 60.
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Complex Sugars – Homopolysaccharides

 Inulin: It belongs to a class of dietary fibers known as fructans.. It is a type of prebiotic. It's 
not digested or absorbed in the stomach. It stays in the bowel and helps certain beneficial 
bacteria to grow. Research has linked it to several health benefits, such as improving digestive 

health, helping control diabetes, and aiding weight loss.

 Inulin is a heterogeneous collection of fructose polymers. It consists of chain-terminating 

glucosyl moieties and a repetitive fructosyl moiety, which are linked by β(2,1) bonds.

 The degree of polymerization (DP) of standard inulin ranges from 2 to 60.
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Complex Sugars – Heteropolysaccharides

 Heteropolysaccharides or heteroglycans are complex sugar molecules that contain 

two or more different monosaccharide units. 

 Most naturally occurring heteroglycans contain only two different monosaccharide 

units and are closely associated with lipid or protein.

 Heterogycans that are associated with protein is called as glycoprotein and those 

that are a complex with lipid molecules, are called as glycolipid.

 Like homopolysaccharides, they are also found as linear or branched polymer of 

carbohydrate.

 Examples include hyaluronic acid, chondroiti-4-sulfate, heparin, gamma globulin, 

agar (agarose and agaropectin; linear), gum (formed by galactose, arabinose, 

rhamnose, xylose, galacturonic acid (It is the main component of pectin, in which it 

exists as the polymer polygalacturonic acid), among others; mucilanigenous), 

pectins (cell wall of terrestrial plant; confer strength), glucoronic acid (found in 

many gums such as gum arabic, xanthan, and Kombucha tea), 

glycosaminoglycans (cell wall of bacteria) or mucopolysaccharides.
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Complex Sugars – Heteropolysaccharides

The heteropolysaccharides can be divided into two major types:

1) There are heteropolysaccharides of repeating modified disaccharide 

units, e.g. Glycosaminoglacans (heparin (HP), heparan sulfate (HS), 

dermatan sulfate (DS), chondroitin sulfate (CS), keratan sulfate (KS), and 

hyaluronic acid (HA).

2) The other type of heteropolysaccharides are composed of:

I. A wide assortment of monosaccharide.

II. Modified monosaccharide units arranged in random order (often present as 

branched structure)
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Complex Sugars

Heteropolysaccharides

Heteropolys
accharides

Component sugars Functions Distribution

Hyaluronic acid D-gucoronic acid and N-acetyl-D-
glucosamine

Lubricant, shock absorber, 
water bindiing

Connective tissue, skin

Chondroitin-4-
sulfate*

D-glucuronic acid and N-acetyl-D-
galactosamine-4-O-sulfate

Calcium accumulation, 
cartilage & bone formation

Cartilage

Heparin* D-glucuronic acid, L-iduronic acid, N-
sulfo-D-glucosamine

Anticoagulant Mast cells, blood

Gamma 
globulin*

N-acetyl-hexosamine, D-mannose, D-
galactose

Antibody Blood

Blood group 
substance

D-glucosamine, D-galactosamine, L-
fucose, D-galactose

blood group specificity Cell surfaces especially 
RBCs

*Covalently linked to protein; the proportion of protein to carbohydrate in such complex molecules varies from about 
10% protein in the case of chondroitin-4-sulfate to better than 95% for gamma globulin.
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Simple Fats or Lipids

Simple fats or lipids are fatty acid esters of different alcohols . It has no others 
substances. A fatty acid is a carboxylic acid with a long aliphatic chain which is 
saturated or unsaturated. It belongs to a heterogeneous class of predominantly 
nonpolar compounds, mostly insoluble in water, but soluble in nonpolar organic 
solvents, such as chloroform and benzene.

Types of simple fats

 Fats: Fats are esters of fatty acids with glycerol. Oils are fats in the liquid 
state.
 Fats are also called triglycerides because all the three hydroxyl groups of glycerol 

are esterified.

 Steroids: It is a class of natural or synthetic organic compounds 
characterized by a molecular structure of 17 carbon atoms arranged in four 
rings.

 Waxes: Waxes are solid esters of long-chain fatty acids such as palmitic
acid with aliphatic or alicyclic higher molecular weight monohydric 
alcohols. 
 Waxes are water-insoluble due to the weakly polar nature of the ester group.
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Simple Fats or Lipids

General feature

 Fats & Oils make up 95% of the nutritional lipids, while 5% 
are steroids.

 Fats are ester of saturated fatty acids.

 Fats are solid triglycerides.

 Oils are esters of unsaturated fatty acids.

 Both fats & oils yield a long chain fatty acids and glycerol, 
while waxes yield a long chain fatty acid and a long chain 
monohydric alcohol upon hydrolysis.

 Oils are liquid triglycerides. 
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Simple Fats or Lipids

Triglycerides/fatty acids are characterized/named by: 

1) The length/number of carbons in the side chains 

2) The number of carbon-carbon double bonds in the side 

chains(the degree of unsaturation).

CH2-O2C-R

CH2-O2C-R”

CH-O2C-R’ Fatty acid side chains

HOCH2-CHOH-CH2OH

(glycerol)

The Triglycerides We Eat 
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Simple Fats or Lipids

Fatty acids: C12 – C18 (also C20) Dietary fats & oils

CH3-(CH2)12-COOH ------------------------------------------- (1)

CH3-(CH2)14-COOH ------------------------------------------- (2)

CH3-(CH2)16-CO2H        ------------------------------------------- (3)

CH3-(CH2)7-CH=CH-(CH2)7-CO2H ------------------------ (4)

CH3-(CH2)4-CH=CH-CH2-CH=CH-(CH2)7-CO2H ----------- (5)

CH3-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-(CH2)7-CO2H   (6)

(1) Myristic acid 58 Saturated C-14

(2) Palmitic acid         63 Saturated C-16

(3) Stearic acid 71 Saturated C-18

(4) Oleic acid 4 Monounsaturated C-18

(5) Linoleic acid         - 5 Polyunsaturated C-18

(6) Linolenic acid      - 11 Polyunsaturated C-18 

Name Class Mp(oC)
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Simple Fats or Lipids

Fatty acids content of some fats & oils
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Simple Fats or Lipids

Unsaturated is in liquid form.

It can’t fit well into a solid lattice
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Simple Fats or Lipids

Commercial Hydrogenation of Fatty Acids

C C

R

HH

R

partial H2 catalyst

C C

H

RH

R

C C R

H

H

R

H

H

+

‘cis’ ‘trans’ 

unsaturated saturated               unsaturated

natural natural                   unnatural

good bad bad

 Trans fats increase the level of low density lipoprotein (LDL).

 LDL tends to deposit cholesterol in the arteries rather than transport it 

(HDL transports cholesterol to be used in cell membrane).
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Simple Fats or Lipids

Canola (Canadian-oil-low acid) oil

 Oil from Canadian rapeseed 

 Has “ideal ratio” of omega-6 to omega-3 fatty acids of 2:1

 Also very low in saturated fat

Olive oil

 Deemed to be the most “heart healthy”

 Highest % of monounsaturated fatty acids

 Extra virgin (1st press)
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Simple Fats or Lipids

Oxidation of fatty acids

O2                                                                                       

-C=C-C-COOH                                          -COH-COH-C-COOH 

unsaturated                  easy

O2                                                                           

-C-C-C-COOH                                         -C-COH-C-COOH                        

saturated                     difficult

oxidation = decomposition = rancidity

 more saturated = more stable, ie. longer ‘shelf life’,    eg. 

commercial baked goods                                             

 more unsaturated = faster deterioration, ie. need antioxidants to 

protect compounds(in the body?)
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Simple Fats or Lipids

Hydrolysis of fatty acids

Hydrolysis: to convert (lyse = to cleave) a compound into other substances 

through the action of water.

-H2O 

R-C=O                                                             R-C=O                                                         

O- H   HO -R’       +H2O        O-R’                                                            

acid  +  alcohol                                                   ester  

(fatty acid + glycerol                  triglyceride)

Solid:     Longer chains

Saturated (only C-C)

e.g. animal fat, butter

Liquid:     Unsaturated (only C=C)

e.g. Vegetable oils
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Simple Fats or Lipids

Body fats

 Extra fats are stored in the adipose tissue of the body.

 The unused carbohydrates, proteins and triglycerides are converted into 

fats and stored in adipose tissue.

 These stored fats are utilized when energy is needed.

 One pound (0.454 kg) of adipose tissue provides ~3500 Kcal of energy 

(Max Wishnofsky, MD, in 1958).

 1 gram of fat gives 9 cal.

 It gives lubrication to the body.

 It give 
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Simple Fats or Lipids

Water in the Camel’s Hump

C54H108O6 + 78O2 54CO2 + 54H2O + zillion Cal 

(triglyceride from C18H36O2 x 3 ie glycerol tristearate)

Metabolism requires oxygen, produces energy, carbon dioxide and 

water
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Simple Fats or Lipids

Adipose Tissue

 It is commonly known as body fat that stores fat granules in the 

fat cells or adipose cells (adipocytes).

 It is found in all over the body and forms cushioning shield 

around major organs protecting against damage from physical 

shock.

 It provides insulation to body, guarding against a rapid loss of 

body heat to external environment.

 It is loaded with different fat soluble vitamins, namely Vit A, D, 

and K.

 Body fats also constitutes some other vital classes of fatty acids, 

such as prostaglandins, omega-3 fatty acids, phopsholipids.
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Simple Fats or Lipids

Prostaglandins

 They are simple lipid made up of unsaturated fatty acids that 

contain a cyclopentane (5-carbon) ring.

 They act as hormone that are a product of arachidonic acid (20 

carbon containing fatty acid) metabolism secreted by every 

nucleated cells.

 They are secreted by autocrine mode in resposne to injury and 

acts upon platelets, endothelium, uterine and mast cells.

 There are four principal bioactive prostaglandins generated in 

vivo: prostaglandin (PG) E2 (PGE2), prostacyclin (PGI2), 

prostaglandin D2 (PGD2) and prostaglandin F2α (PGF2α).
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Simple Fats or Lipids

Prostaglandins

Arachidonic acid metabolism Types of prostaglandins
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Simple Fats or Lipids

Omega – 3 Fatty Acids

 Omega−3 fatty acids are also called as Omega-3 oils, ω−3 fatty 

acids or n−3 fatty acids.

 They are a class of polyunsaturated fatty acids categorized into 

three, i.e., alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA).

 Composed mainly of mainly 20 & 22 C’s, polyunsaturated and                        

1st ‘ene’ is 3 from  - end. 
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Simple Fats or Lipids

ALA

 Alpha-linolenic acid (Greek linon, meaning flax) an n3 omega-3 

essential fatty acid. 

 Structurally, it is all-cis-9, 12, 15-octadecatrienoic acid.

 It is the most common omega-3 fatty acid in diet.

 It is mainly used for energy, however small percentage of it may 

get converted into the bioactive forms, i.e., EPA and DHA. 

 It is mostly found in foods like flax seeds, flaxseed oil, canola oil, 

chia seeds, walnuts, hemp seeds and soybeans.

 It is important for normal growth and development and reduce 

blood clot.

 It is thought to decrease the risk of heart disease by helping to 

maintain heart rhythm.
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Simple Fats or Lipids

EPA

 Eicosapentaenoic acid (EPA) is omaga-3 fatty acid.

 It is a carboxylic acid with a 20-carbon chain and five cis double  

bonds; the first double bond is located at the third carbon from 

the omega end.

 Some microalgae is also known to contain EPA. 

 It has multitude of function in the body. Some of its percentage 

may be converted into DHA.

 It is important for growth and development, hearth and joint 

health.

 Thus, it is taken orally  for some heart-related conditions 

including clogged heart arteries (Coronary artery disease), to 

prevent heart attacks and reduce blood fat (triglycerides) level.



Praveen Deepak, Assistant Professor of Zoology, Swami Sahjanand College, Jehanabad

Simple Fats or Lipids

DHA

 Docosahexaenoic acid or DHA is also an omaga-3 fatty acid.

 It is also known as cervonic acid or 22:6n-3 consisting of a chain 

of 22 carbon atoms with 6 cis (Z) double bonds at positions 

4,7,10,13,16, and 19.

 Therefore, it is all-cis-docosa-4,7,10,13,16,19-hexaenoic acid.

 It is mainly found the meat of cold-water fish, including mackerel, 

herring, tuna, halibut, salmon, cod liver, whale blubber, and seal 

blubber. It can also be made by algae.

 It is essential for the growth and functional development of the 

brain in infants.

 It is also required for maintenance of normal brain function in 

adults.
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Simple Fats or Lipids

Omega – 3 Fatty Acids

Type of omega – 3 fatty acids and counting arrangement of carbon (C) atoms 
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Simple Fats or Lipids

Omega – 6 Fatty Acids

 Omega-6 fatty acids (also referred to as ω-6 fatty acids or n-6 fatty 

acids) are a family of polyunsaturated fatty acids that have a final 

carbon-carbon double bond in the n-6 (6th position from methyl 

end).

 They are mainly found in vegetable oils, e.g. linoleic acid, etc.

 They are found to lower LDL cholesterol and boost HDL 

cholesterol.

 They help keep blood sugar in check by improving the body’s 

sensitivity to insulin.

 They are also crucial for brain function, and normal growth and 

development. Also stimulate skin and hair growth, maintain bone 

health, regulate metabolism, and maintain reproductive system.
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Simple Fats or Lipids

Omega – 6 Fatty Acids

Common name Lipid name Chemical name

Linoleic acid (LA) 18:2 (n−6) all-cis-9,12-octadecadienoic acid

Eicosadienoic acid 20:2 (n−6) all-cis-11,14-eicosadienoic acid

Dihomo-gamma-linolenic

acid (DGLA)
20:3 (n−6) all-cis-8,11,14-eicosatrienoic acid

Arachidonic acid (AA, ARA) 20:4 (n−6) all-cis-5,8,11,14-eicosatetraenoic acid

Docosadienoic acid 22:2 (n−6) all-cis-13,16-docosadienoic acid

Tetracosatetraenoic acid 24:4 (n−6)
all-cis-9,12,15,18-tetracosatetraenoic 

acid

Tetracosapentaenoic acid 24:5 (n−6)
all-cis-6,9,12,15,18-

tetracosapentaenoic acid
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Simple Fats or Lipids

Steroids and cholesterol

 Steroids are a class of natural or synthetic lipid having 17 carbon 

atoms arranged in four rings, however some are not considered it 

as lipids.

 Steroids are found in the brain and alter electrical activity their 

(tone down). Thus, also used in anesthetic medicines. 

 Cholesterol is the steroidal alcohol with mol formula C27H46O

which is the precursor of vitamin D, testosterone, estrogen, 

progesterone, aldosterone, cortisol and bile salts. It is also a 

component of lipid bilayer. 

 Red meat, egg yolks and dairy products contain high level of 

cholesterol, while egg white and yoghurt contain in low level.

 It is not found in fruits, vegetable and vegetable oils.
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Simple Fats or Lipids

Steroids and cholesterol

Very insoluble in water,

Solid, mp - 149o

compact, stiff/rigid
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Simple Fats or Lipids

Formation of 

Vitamin - D
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Simple Fats or Lipids

Cholesterol content in some fats and oils.
Food Cholesterol Saturated Monounsaturated Polyunsaturated

Beef 91 2.7 2.7 0.5

Butter 219 50.5 23.4 3

Cheese ,cheddar 105 21.1 9.4 0.9

Cheese , cottage dry 7 0.3 0.1 0.02

Chicken (no skin) 85 1.3 1.5 1

Corn oil 0 12.7 24.2 58.7

Eggs , whole 548 3.4 4.5 1.4

Frankfurter (all beef) 51 12.7 14.8 1.2

Margarine,stick(coin oil ) 0 13.2 45.8 18

Milk , skim 2 0.1 0.05 0.007

Milk whole 14 2.3 1.1 0.1

Olive oil 0 13.5 73.7 8.4

Peanut butter 0 9.7 23.3 15.2

Peanut oil 0 16.9 46.2 32

Safflower oil 0 9.1 12.1 74.5

Salmon (pink , canned) 35 1 1.8 2.7

Tuna (canned in water ) 63 0.2 0.1 0.2

Turkey (no skin ) 69 1 0.6 0.9

Yogurt (plain , lowfat) 6 1 0.4 0.04
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Simple Fats or Lipids

Phospholipid

Phosphatidic acid

‘-’ or  R Polar head 

(charged) 

Nonpolar 

tails (HC)   
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Simple Fats or Lipids

Phospholipid

 Lecithins turn into choline in the body. They help make the neurotransmitter 

acetylcholine.

 It is present in egg yolks.

 Used as emulsifying agents for mayonnaise, candy, cake dough, etc.

Lecithin
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Simple Fats or Lipids

Waxes

 They have large molecular weight (also esters of fatty acids).

 They are found in birds/insects and humans (animals) and leaves 

and fruits.

 In birds and insects, they act as water repellant for feathers/ 

exoskeletons, while for leaves and fruits, they minimize water 

evaporation. In human, they are found in ears.

Beeswax; R= C15, R’= C30

Carnauba wax (Brazilian palm): R= C31, R’= C34       

*Spermaceti(whales): R= C15, R’= C16 (mp.31oC)

Whales have 4 tons*(in head), which are liquid at 37oC. When they dive (1000m) to 

feed, the oil solidifies, increases in density, and whale can stay submerged without 

effort until ready to return to surface where oil remelts for buoyancy.  
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Detergents & Soaps

Detergents = 

Synthetic Soaps

i.e. hydrocarbon tail 

+ polar/charged head

CH3(CH2)13OSO3
– Na+                      

alkyl sulfate(anionic)

CH3(CH2)8 SO3
- Na+

alkylbenzene sufonate(anionic)

CH3(CH2)11N
+(CH3)Cl –

trimethylalkylammonium(cationic)

CH3(CH2)8O(CH2CH2O)nH

(nonionic)
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Detergents & Soaps

Hydrophilic Hydrophobic

A typical Soap Molecule

Soap Molecules make 

grease water soluble by 

micelle formation
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Detergents & Soaps

Detergents & Soaps Lipid Bilayer
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Amino Acids & Proteins

 Amino acids are a type of biomolecule that share basic structure 
comprising of a central carbon atom, also known as alpha (α) carbon, 
bonded to an amino group (-NH2), a carboxyl group (–COOH), and a 
hydrogen atom.

 They are small molecules that are the building blocks of proteins.

 They are 20 types of amino acids mainly found in the protein.

 They can be differentiated by specific side chain, known as R-group 
that is also attached to the α – carbon.

 The R groups have different physical and chemical properties that 
allows amino acids to be grouped accordingly. Such as polar amino 
acids (serine, threonine and asparagine), hydrophobic amino acids 
(isoleucine, phenylalanine and valine), basic (lysine), acidic (glutamic 
acid), etc.

 They also serve as the nitrogenous backbone of compounds, like 
neurotransmitters (inibitory neurotransmitters, such as GABA, glycine; 
excitatory, such as glutamate, asparate, etc.) and homones
(epinephrine and norepinephrine, thyroxine)
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Types of amino acids

There are two types of amino acids on the basis of building blocks of 

protein, which are as follows:

 Standard amino acids (proteinogenic): Common central (α)-carbon 

atom bound to a carboxylic acid group, an amino group and a hydrogen 

atom by covalent bond. They have a primary amino group and a 

carboxylic acid group substituent on the same carbon atom, except 

proline. All proteins are composed of the 20 (22) standard amino acids.

 Non-standard amino acids (non-proteinogenic)): It refer to those that 

have been chemically modified after they have been incorporated into a 

protein through “posttranslational modification”, such as citrullination

(ornithine), formation of diisulfide bridges (cystine). Some are modified 

but are not the part of protein, such as carnitine, GABA, etc., and other, 

such as selenocysteine (directly incorporated into proteins).

Amino Acids & Proteins
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Amino Acids & Proteins

Basic structure of Amino Acid Proline

Standard Non-standard

Sulfur of cysteine is replaced by selenium
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Types of amino acids

There are three types of amino acids on the basis of nutritional 

requirements, which are as follows:

 Essential amino acids: These are not produced by body, therefore they 

must be taken in with food. There are 9 amino acids which are essential, 

such as histidine, leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan and valine.

 Nonessentail amino acids: They can be produced in the body. Most of 

other amino acids are nonassential, such as alanine, arginine, 

asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, 

proline, serine and tyrosine.

 Conditional amino acids: These are usually not essential, except in 

times of illness and stress. Examples include arginine, glutamine, 

tyrosine, glysine, ornithine, proline and serine.

Amino Acids & Proteins
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Types of amino acids

Metabolically, amino acids are classified into three, which are as 

follows:

 Ketogenic amino acids: Catabolically give rise to intermediates convertible into 

acetyl-CoA or acetoacetyl-CoA. There are only two exclusive ketogenic amino 

acids, such as lysine and leucine. Some others are both ketogenic and 

glucogenic, e.g. phenylalanine, isoleucine, threonine, tryptophan and tyrosine.

 Glucogenic amino acids: Catabolically give rise to intermediates of glycolysis or 

kreb’s cycle, such as pyruvate or any other glucose precursors. They can be 

converted into glucose through gluconeogenesis. Examples are alanine, arginine, 

asparagine, aspartate, cysteine, glutamate, glycine, histidine, methionine, proline, 

serine and valine.

 Mixed amino acids: The amino acids that catabolically give rise to intermediates 

of the Krebs cycle and to acetyl-CoA, with characteristics of both glycogenic and 

ketogenic amino acids, such as tyrosine – can be made from phenylalanine and 

degraded to fumarate and acetoacetate. Others are 

Amino Acids & Proteins
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Types of amino acids

Based on side chains (types of functional groups, i.e. R group), amino acids 

are classified into following:

 Aliphatic: Amino acid containing an aliphatic side chain functional group. They 

are nonpolar and hydrophobic.  Examples include alanine, isoleucine, leucine, 

proline, and valine. Methionenie also sometimes considered as aliphatic (fairly 

reactive due to sulfur).

 Aromatic: Amino acid containing an aromatic side chain functional group, such as 

tyrosine, phenylalanine and tryptophan. Tyrosine is produced from phenylalanine.

 Cyclic: Amino acid containing a cyclic ring not an aromatic side chain functional 

group, such as proline. Proline is ambivalent amino acid.

 Acidic: Amino acids that contain carboxyl groups, such as aspartic acid and 

glutamic acid.

 Basic: Amino acids that contain amine groups (extra amine group isn’t neutralized 

by the acid group), such as lysine, arginine and histidine.

 Sulphur containing amino acids: Examples are methionine, cysteine, 

homocysteine and taurine.

Amino Acids & Proteins
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Amino Acids & Proteins

Zwitterion 

A molecule with at 

least one positive 

charged and one 

negative charged 

functional groups.
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Polypeptides and Proteins

 Amino acids polymerize to form a peptide or polypeptide. Thus, a 

polypeptide is actually a polymer of amino acids. Amino acids are held 

together by a covalent bonds, known as peptide bonds.

 Smaller chains are often termed as oligopeptide or simply peptide, while 

larger one is called as polypeptide.

 More than one polypeptide together form a proteins. Thus, a protein 

molecule is a actually a aggregates of polypeptide chains.

Amino Acids & Proteins

The polypeptides are formed by 

the ribosomes according to the 

genetic codons found in the DNA 

(complementary nucleotide 

sequence in mRNA) to which 

ribosome bind . The process  is 

assisted by tRNA (codon 

specific manner).
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Amino Acids & Proteins

Genetic Codes: Nucleotide sequence in triplate
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Polypeptides and Proteins

Polypeptides are categorized in three different ways:

1. According to number of amino acids that make up the chain

2. According to their source, whether plants or animals

3. According to their functions in the human body

Amino Acids & Proteins
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Types of Polypeptides

According to number of amino acids:

1. Dipeptides: Made up of two amino acids only, such as aspartame, 

pseudoproline, glycylglycine, etc. They act as antioxidants and also 

maintain pH in the cell.

2. Tripeptide. Made up of three amino acids only, such as glutathione (γ-

glutamyl-cysteinyl-glycine) which acts as antioxidant in the cell.

3. Tetrapeptide: Made up of four amino acids only, such as tuftsin (L-

threonyl-L-lysyl-L-propyl-L-arginine), rigin (glycyl-L-glutaminyl-L-propyl-L-

arginine) which have important role in immunity..

4. Oligopeptide: Made up of few amino acids (typically 20 to 50 amino 

acids), such as anabaenopeptins (in Anabaena sps), microviridins, 

microginins, cyanopeptolins, cyclamides, etc., and  epidermal growth 

factor (EGF – 53 aa) in human.

5. Polypeptides: Long chain of more than 50 amino acids, such as insulun, 

glucagon-like-peptide 1 (GLP-1), glucagon, etc.

Amino Acids & Proteins
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Types of Polypeptides

According to the functions in the body:

1. Vasopressin (antidiuretic hormone: It is responsible for regulating the 

amount of water present in the extracellular fluid. It stimulates the 

absorption of water in kidney. In high quantities, it also acts as a 

vasoconstrictor leading to increase in blood pressure. It is released by 

hypothalamus located at the base of the brain.

2. Oxytocin: It is made up of 9 amino acids that is produced by the pituitary 

gland. It causes uterus to contract during childbirth.  It also plays a 

pivotal role in milk ejection reflex (let down). It is also known as cuddle 

hormone or love hormone due to its role in bonding.

3. Defensins: This class of peptides have very important role in combating 

with infections and in promoting wound healing.

4. Angiotensins: They are the part of renin-angiotensin system. They help to 

regulate blood pressure and also stimulate the release of aldosterone from 

the adrenal cortex to promote sodium retention by the kidneys.

Amino Acids & Proteins
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Types of Polypeptides

Amino Acids & Proteins
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Polypeptide Formation

Since it is a polymer of amino acids, it passes from different steps with 

different structure after their synthesis from ribosomes. Ribosomes 

synthesize linear sequence of polypeptide chains. These are:
1. Primary structure: It is a linear chain of amino acids as preserved in the 

gene. For example, the hormone insulin has two polypeptide chains.

2. Secondary structure: It refers to local folded structures that form within 

a polypeptide due to interactions between atoms of the backbone. It 

does not  involves R groups. It may be of an α helix or a β pleated sheet. 

Both structures are held in shape by hydrogen bonds, which form 

between the carbonyl O of one amino acid and the amino H of another. 

3. Tertiary structure: The overall three-dimensional structure of a 

polypeptide is called its tertiary structure. The tertiary structure is 

primarily due to interactions between the R groups of the amino acids.. 

4. Quaternary structure: some proteins are made up of multiple 

polypeptide chains, also known as subunits. When these subunits come 

together, they give the protein its quaternary structure.

Amino Acids & Proteins
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Polypeptide Formation

. 

Amino Acids & Proteins

Secondary structure of polypeptidePrimary structure of polypeptide

Tertiary  structure 

of polypeptide

Quaternary  structure 

of polypeptide
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Polypeptide Formation

Amino Acids & Proteins

Structural modification of polypeptide chains

Occurs in ER and Golgi complex (post-translational modification)
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Nucleotides and Nucleic Acid

 Nucleotide is a basic building block of nucleic acid.

 It is chemically a nucleoside linked to a phosphate group.

 It consists of a sugar molecule (ribose in RNA or deoxyribose in DNA) 

attached to a phosphate group and a nitrogen-containing base.

 Besides the building block of nucleic acid, it is important for energy 

currency in the metabolism, and structural component of a variety of 

enzymes cofactors and metabolic intermediates.

 It is the important for genetic codes that lead to accurate sequence of 

polypeptide chains.

 Segments of DNA specifying the synthesis of a functional protein or RNA 

product are called genes. 

 The storage and transmission of biological information are the main 

functions of DNA, while RNA has diverse types and functions.

 Ribosomal RNAs (rRNAs) are structural and catalytic components of 

ribosomes. Messenger RNA (mRNAs) carry genetic information specifying 

the sequences of proteins. Transfer RNAs (tRNAs) are adaptor molecules 

that participate in translating the information in mRNA.
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Nucleotides and Nucleic Acid

Nucleoside

Sugar Base

Nucleotide

Ribose

Phophate

Deoxyribose

DNA RNA

Nucleic acid

Deoxyribose

Ribose
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Nucleotides and Nucleic Acid

Structure of nucleoside/nucleotide

 It is composed of three components, i.e., a nitrogen containing base, a 

pentose sugar, and one or more phosphate groups.

 In the absence of phosphate group, the molecule is termed as nucleoside.

 The nitrogenous bases are derivatives of pyrimidine and purine joined 

covalently (at N-1 of pyrimidines and N-9 of purines) in an N-ß-glycosyl

bond to the 1’ carbon of the pentose sugar.

 The phosphate group is esterified commonly to the 5’ carbon.

 Water is removed in the formation of the N-ß-glycosyl bond.
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Nucleotides and Nucleic Acid

Structure of nucleoside/nucleotide

Nucleoside and Nucleotide Mono-nucleotide derivatives
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Nucleotides and Nucleic Acid

Purine and pyrimidine

 Easily distinguished by remembering ‘three S’, i.e., structure, size and 

source.

 Structure: Purine is a double carbon-nitrogen ring structure with four 

nitrogen atoms, while pyrimidines are single carbon-nitrogen ring with two 

nitrogen atoms.

 Size: Purine are bigger in size compared to the pyrimidine molecules.

 Source: Purines, i.e., adenine and guanine are found in both DNA and 

RNA both, likewise pyrimidine cytosine is found in both DNA and RNA, 

while pyrimidine uracil is found only in RNA & thymine is only in DNA.

 Both purine and pyrimidine ration is fixed in a polynucleotide – Chargaff’s 

Rule.
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Nucleotides and Nucleic Acid

Purine and pyrimidine
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Nucleotides and Nucleic Acid

Minor Bases

 Both DNA and RNA contain some minor 

bases.

 It is the product of modification, such as 

methylation (most common).

 Mainly found in tRNA.

 There are two ways of modification –

modification directly in the ring or modification 

outside the ring (exocyclic).

 Inside ring modification is denoted by simply 

position of c-atom in the ring, while in 

exocyclic modification, the C-position in ring 

is superscripted.
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Nucleotides and Nucleic Acid

Structure of nucleoside/nucleotide

Ribonucleotide Deoxyribonucleotide

Polyribonucleotide Polydeoxyribonucleotide

RNA DNA
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Nucleotides and Nucleic Acid

Nomenclature of nucleoside/nucleotide
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Nucleotides and Nucleic Acid

RNA (Ribonucleic Acid)

 RNA is a polymer of ribonucleotide, i.e. it contains adenylate, guanylate, 

cytidylate and uridylate molecules bound by covalent bonds known as 

phosphodiester linkages (5‘ phiosphate group of one to 3‘ hydroxyl group 

of other).

 It is single stranded unlike to DNA and found in various types in the cells, 

such as messenger RNA (mRNA), ribosomal RNA (rRNA), transfer RNA 

(tRNA), small RNAs, etc.

 Messenger RNA that is complimentary to one of the DNA strand and 

loaded with genetic information necessary for protein synthesis.

 Ribosomal RNA in association with ribosomal proteins form ribosomes. It 

is responsible for binding of tRNA and proper movement of mRNA in the 

ribosomes. It catalyzes the assembly of amino acids into protein chains.

 Transfer RNA is the RNA molecule having folded structure which 

transport amino acids from the cytoplasm of a cell to a ribosome.
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Nucleotides and Nucleic Acid

Types of RNA
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Nucleotides and Nucleic Acid

DNA (Deoxyribonucleic Acid)

 It is a double helix formed  by pairing of bases present in the 

complimentary nucleotide molecules.

 The double helical nature of DNA is proved by X-ray crystallography by 

Rosalin Franklin (Francis Crick, James Watson, and Maurice Wilkins 

shared the Nobel Prize).

 It is a polymer of deoxyribonucleotide, i.e. it contains deoxyadenylate, 

deoxyguanylate, deoxycytidylate and deoxythymidylate molecules bound 

by covalent bonds known as phosphodiester linkages (5‘ phosphate group 

of one to 3‘ hydroxyl group of other).

 The nitrogenous bases of the two separate polynucleotide strands are 

bound together, according to base pairing rules (A with T and C with G), 

with hydrogen bonds to make double-stranded DNA.

 The two strands of DNA run in opposite directions to each other and are 

thus antiparallel (one is 5‘→3‘ and other is 3‘→5‘).
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Nucleotides and Nucleic Acid

Structure of DNA

Chromosome
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Nucleotides and Nucleic Acid

Types of DNA
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Nucleotides and Nucleic Acid

Types of DNA



Praveen Deepak, Assistant Professor of Zoology, Swami Sahjanand College, Jehanabad

Food Pyramid
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