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BIOLOGY FOR ENGINEERS
MODULE 1

8.1 WHAT IS A CELL?

We know that the body of all living organisms is made up of cells which carryout certain basic
functions. Hence the cells are called “Basic structural and functional units of living
organisms”.

The classical branch of biology that deals with the study of structure, function and life history of
a cell is called “Cell Biology”

¢ Robert Hooke (1665): He is an English scientist who observed honeycomb like dead cells in
a thin slice of cork under microscope. He coined the term ‘cell , which means a small room or
compartment

e Anton Von Leeuwenhoek (1667): First saw and described living cell

e Matthias J Schleiden(1838):a German botanist based on his studies in different plant cells
and Theodore Schwann(1839), a British zoologist based on his studies on different animal
cells formulated 'cell theory’

8.2 CELL THEORY:

Cell theory was formulated by M J Schleiden (1838) and Theodore Schwann (1839). The
main principles of cell theory are

e All living organisms are composed of cells and products of cells

e All cells arise from pre existing cells through the process of cell division

e The body of living organisms is made up of one or more cells

8.3 ORGANISMS SHOW VARIETY IN CELL NUMBER, SHAPE AND SIZE

The invention of electron microscope and staining techniques
helped scientists to study the detailed structure of cell.

The number of cells vary from a single cell to many cells in an
organism. The organisms made up of a single cell are called
unicellular organisms. These are capable of independent
existence. The single cell carries all the functions like digestion,

Staining Technique: It is a technique of
using dyes like eosin, saffranine,
Haematoxylin, fast green, methyleneblue to
colour the parts of cells.

excretion, respiration, growth and reproduction. So, they are rightly called acellular organisms
Eg: Amoeba, Euglena, Paramecium etc.
The organisms made up of more than one cell are called multicellular organisms.
In multicellular organisms the cells vary in their shape and size depending on their function. The
cells are spherical, oval, polyhedral, discoidal, spindle shaped, cylindrical in shape. The shape
of the cells varies with the functions they perform.
Eg: Parenchyma cells — Polyhedral cells that perform storage function

Sclerenchyma cells — Spindle shaped cells that provide mechanical support

White blood cells — Amoeboid cells that defend the body against pathogens

Nerve cells — Long and branched that conduct nerve impulses

Muscle cells — cylindrical or spindle shaped cells concerned with the movement of body
parts
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The size of the cell varies from few micrometers (um) to few centimeters (cm). The size of
bacteria varies from 0.1 to 0.5 pm. The smallest cell PPLO (Pleuro pneumonia like organism) is
about 0.1 p in diameter. The largest cell is an ostrich egg that measures 170 to 180 mm in
diameter. Some Sclerenchyma fibres measure up to 60 cm in length. However the average size
of the cell ranges from 0.5 to 10 um in diameter.

Units of measurement

1cm = 10mm (millimeter), 1mm = 1000 um (micrometers), 1 um = 10000 A° (Angstrom), 10A° = 1nm (nanometer)

8.4 CELL STRUCTURE AND FUNCTION:

A typical cell has an outer non living layer called cell wall. The cell membrane is present
below the cell wall. The cell membrane encloses protoplasm. The protoplasm has a semi fluid
matrix called cytoplasm and a large membrane bound structure called Nucleus. The cytoplasm
has many membrane bound structures like endoplasmic reticulum, golgibodies, mitochondria,
plastids, micro bodies, vacuoles; and non membranous structures like Centrosome and
ribosomes. These are called cell organelles. The cytoplasm without these cell organelles is
called cytosol. The cytoplasm also contains non living inclusions called ergastic substances and
cytoskeleton (microfilaments and microtubules)
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Comparison of plant and animal cell

Plant cell

Animal cell

Cell wall is present

Cell wall is absent

Centrioles are absent

Centrioles are present

Plastids are present

Plastids are absent

Have large vacuole

May have small vacuoles
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1. CELL WALL: Itis an outer non living, rigid layer of cell. It is present in bacterial cells, fungal
cells and plant cells. It is a permeable membrane chiefly composed of cellulose. It gives rigidity,
mechanical support and protection to the cell.

8.5 DESCRIPTION OF THE CELL CONTENTS

Cell wall of bacteria composed of
peptidoglycans or murein complex.
Cell wall of fungi has chitin.

2. PROTOPLAST: It includes cell membrane and protoplasm.

i) CELL MEMBRANE OR PLASMA MEMBRANE: It is a semi permeable membrane present in
all cells. It is present below the cell wall in plant cell and outermost membrane in animal cell. It is
composed of phospholipids, proteins, carbohydrates and cholesterol.

Histococompalibility antegan
Carbotpdna e

Extracellular
Fluid

Palar
magions
rrix el

with wetar

S.J.Singer and G. Nicolson (1974)
proposed Fluid Mosaic model to describe

Momngpodar
ragion the structure of plasma membrane.
rapeals
Mambrane wealer
Cytoaplasm e

Phospholped leyer
FParipheral protain

Fig. 8.3 FLUID MOSAIC MODEL OF PLASMA MEMBRANE

Functions: It allows the outward and inward movement of molecules across it. The movement
of molecules across the plasma membrane takes place by diffusion, osmosis, active transport,
phagocytosis (cell eating) and pinocytosis (cell drinking).

ii) PROTOPLASM: ltis a living substance of the cell that possesses all vital products made up
of inorganic and organic molecules. It includes cytoplasm and nucleus.

Purkinje (1837) coined the term protoplasm. Huxley called protoplasm as “physical basis of
life”

CYTOPLASM: It is the jellylike, semi fluid matrix present between the cell membrane and
nuclear membrane. It has various living cell inclusions called cell organelles and non living cell
inclusions called ergastic substances and cytoskeletal elements. The cytoplasm without cell
organelles is called cytosol.

A. MEMBRANE BOUND CELL ORGANELLES PRESENT IN CYTOPLASM

1. ENDOPLASMIC RETICULUM (ER):

Discovery: Porter (1945)

Endoplasmic reticulum is a network of membrane bound tubular structures in the cytoplasm. It
extends from cell membrane to nuclear membrane. It exists as flattened sacs called cisternae,
unbranched tubules and oval vesicles.

There are two types of ER

Rough ER: It has 80s ribosomes on its surface
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Smooth ER: It does not have ribosomes

Fig. 8.4 ENDOPLASMIC RETICULUM
Functions:
It helps in intracellular transportation
It provides mechanical support to cytoplasmic matrix
It helps in the formation of nuclear membrane and Golgi complex
It helps in detoxification of metabolic wastes
It is the store house of lipids and carbohydrates

2. GOLGI BODIES / GOLGI COMPLEX / GOLGI APPARATUS / DICTYOSOMES

Discovery: Camillo Golgi (1898), an Italian cytologist discovered Golgi bodies in the nerve
cells of barn owl.

Golgi complex has a group of curved, flattened plate like compartments called cisternae. They
stacked one above the other like pancakes. The cisternae produce a network of tubules from
the periphery. These tubules end in spherical enzyme filled vesicles.

Common name: “Packaging centres” of the cell
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Fig. 8.5 GOLGI BODIES

Functions:
e They pack enzymes,proteins,carbohydrates etc.in their vesicles, hence called packaging
centres

e They produce Lysosomes
e They secrete various enzymes, hormones and cell wall material
e They help in phragmoplast formation

3. MITOCHONDRIA / CHONDRIOSOME
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Discovery — Kolliker (1880)- discovered in the muscle cells of insects, Altman called them as
Bioplasts,

Benda (1897) coined the term Mitochondria
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Fig. 8.6 MITOCHONDRION

Mitochondrion is a spherical or rod shaped cell organelle. It has two membranes. The outer
membrane is smooth. The inner membrane produces finger like infoldings called cristae. The
inner membrane has stalked particles called Racker’'s particles or Fo — F; particles or
Claude’s particle or ATP synthase complex. The mitochondrial cavity is filled with a
homogenous granular mitochondrial matrix. The matrix has circular mitochondrial DNA, RNA,
70s ribosomes, proteins, enzymes and lipids.

Common name: Power houses of the cell / Storage batteries of the cell

Functions:
Mitochondria synthesise and store the energy rich molecules ATP (Adenosine triphosphate)
during aerobic respiration. So, they are called “Power houses of the cell”.

4. PLASTIDS:
Discovery: They were first observed by AFW Schimper (1885)
Plastids are present in plant cells and euglenoids.

Plastids are classified into three types based on the type of pigments.

1. Chromoplasts: These are different coloured plastids containing carotenoids. These are
present in fruits, flower and leaves.
2. Leucoplasts: These are colourless plastids which store food materials.
Ex: Amyloplasts: Store starch
Aleuronoplasts: Store proteins
Elaeioplasts: Store lipids
3. Cholorplasts: These are green coloured plastids containing chlorophylls and carotenoids
(carotenes & xanthophylls). Chloroplast is a double membranous cell organelle. The matrix
is called stroma. The stroma has many membranous sacs called Thylakoids. They arrange
one above the other like a pile of coins to form Granum. The grana are interconnected by
Fret membranes or Stroma lamellae or Intergranal membranes or Stromal thylakoids.
These membranous structures have photosynthetic pigments like chlorophylls, carotenes
and xanthophylls (carotenols).They have four major complexes namely, photosystem |
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(PSI), photosystem Il (PSII), cytochrome bs — f complex and ATP synthase. The stroma has
a circular chloroplast DNA, RNA, 70s ribosomes, enzymes and co enzymes. Chloroplasts
help in photosynthesis. (Synthesis of food molecules by utilizing CO,, water and solar

energy)

Common name: Kitchen of the cell

Mitochondria and plastids have their own DNA called organelle DNA and 70s ribosomes. So, they are

able to prepare their own proteins. Hence they are considered as ‘semiautonomous cell organelles’.
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Fig. 8.7 STRUCTURE OF CHLOROPLAST

5. VACUOLES: Vacuoles are single membrane bound sac like vesicles present in cytoplasm.
The plant cells have large vacuole and animal cells may have smaller vacuoles. The membrane
of the vacuole is called tonoplast. Tonoplast is a semi permeable membrane. The vacuole is
filled with a watery fluid called cell sap. The cell sap has dissolved salts, sugars, organic acids,
pigments and enzymes.
There are different types of vacuoles. They are
e Contractile vacuole: These are present in fresh water protozoans and some algae.
They take part in digestion, excretion and osmoregulation (maintenance of water
balance)
e Food vacuoles: These are the vacuoles containing food particles. These are
produced due to phagocytosis of cell.
e Gas vacuoles: These vacuoles contain gases and help in buoyancy.
Storage vacuoles: These function like reservoirs and help in turgidity — flaccidity
changes in plant cells

6. MICROBODIES: These are small, spherical, single membrane bound structures present in
cytoplasm. The different types of microbodies are

a) Lysosomes: Discovery: Lysosomes are first reported by Belgian scientist Christian de
Duve (1995) in rat liver cells. Nivicott (1950) coined Lysosomes
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Lysosome Structure

These are small single membrane bound vesicles filled with hydrolytic enzymes. Lysosomes
are produced from Golgi complex

The Lysosomal membrane is lipoproteinic. It has stabilizers like cholesterol, cortisone, cortisol,
vitamin E which give stability to the membrane. So, the enzymes do not digest the membrane.

The types of Lysosomes are

e Primary Lysosomes: Newly produced Lysosomes from golgibodies

e Secondary Lysosomes (Phagolysosome): These are formed by the union of
phagosome and primary lysosome. It is also called digestive vacuole

o Residual Lysosomes: These are secondary Lysosomes left with undigested
material which is thrown out by exocytosis

o Autolysosomes (Autophagic lysosome): These are formed by the union of
primary lysosome and worn out cell organelles

Common name: Suicidal bags of cell / Time bombs of the cell / Recycling centers

Functions:

They are concerned with intracellular digestion

They contribute to ageing process

They destroy old and non functional cells which bear them. (Autolysis). So they are
called suicidal bags

They break worn-out cells, damaged cells and cell organelles to component molecules
for building new cell organelles. So they are called “ Recycling centers”
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b) Peroxysomes: These oxidize substrates producing hydrogen peroxide and involved in
photorespiration

¢) Glyoxysomes: These store fat and convert it into carbohydrates

B. NON MEMBRANOUS CELL ORGANELLES PRESENT IN THE CYTOPLASM
These organelles do not have any membranous covering. They are Ribosomes and
Centrosome.

1. RIBOSOMES: Discovery: K R Porter (1945) - observed in animal cells, Robinson and
Brown (1953) observed in plant cells, George Plate (1953) - coined the term Ribosome

These are granular, nonmembranous sub spherical structures present in the cytoplasm,
mitochondria and chloroplast. They are also found attached to Rough ER and nuclear
membrane.

The ribosomes are composed of r-RNA and proteins. Prokaryotes have 70s (50s + 30s)
ribosomes in cytoplasm. Eukaryotes have 80s (60s+40s) ribosomes in cytoplasm and 70s (50s
+30s) ribosomes in mitochondria and plastids.

Common name: Protein factories of the cell
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Fig. 8.9 STRUCTURE OF RIBOSOME

Function: These are the sites of polypeptide or protein synthesis

2. CENTROSOME: Discovery: Van Benden (1880)
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Centrosome is found in animal cells and in some motile algae. It is absent in plant cells. It is
present near the nucleus.Centrosome has two cylindrical structures called centrioles
surrounded by a less denser cytosol called centrosphere. The centrioles are arranged at right
angles to one another. Each centriole is made up of a whorl of nine triplets of microtubules.
These microtubules run parallel to one another. The adjacent microtubules are connected by
proteinaceous strands.

] e S

Fig. 8.10 STRUCTURE OF CENTROSOME

Functions:
e They form asters and organize the formation of spindle fibres during cell division.
e They are involved in the formation of cilia, flagella and axial filament in sperms.

NON-LIVING CELL INCLUSIONS

The non living cell inclusions includes ergastic substances and cytoskeleton elements

1. Ergastic substances: These are non living cell inclusions of cytoplasm like reserve food
materials (starch, protein, oils), secretory products (nectar, pigments, enzymes), excretory
products (alkaloids, resins, latex, tannins) and mineral crystals (cystoliths, raphides, druses).

Cystoliths: grape like cluster of calcium carbonate crystals

Raphides: Needle or rod like crystals of calcium oxalate.

The cells containing raphides are called Idioblasts

Druses (Sphaeroraphides): Spherical bodies containing calcium oxalate crystals

Secon ctly
involved in the normal growth, development, or reproduction of an organism, unlike primary
metabolites, The compounds like alkaloids, rubber, antibiotics, drugs, coloured pigments,
scents, gums & spices are called secondary metabolites.

2. Cytoskeleton: It is a complex network of interconnected microfilaments and microtubules
of protein fibres present in cytoplasm. The microfilaments are composed of actin and
microtubules are composed of tubulins.

It helps in mechanical support, cell motility, cell division and maintenance of the shape of the
cell.

B.NUCLEUS (KARYON) (plural — Nuclei)

Discovery: Robert Brown (1831) — discovered in the cells of orchids

Nucleus is a darkly stainable, largest cell organelle present in eukaryotic cells. It is usually
spherical. It may be lobed in WBC, kidney shaped in paramecium.
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Nucleus has an outer double layered nuclear membrane with nuclear pores, a transparent
granular matrix called nucleoplasm or karyolymph, chromatin network composed of DNA
and histones and a darkly stainable spherical body called Nucleolus.

Fig. 8.11 STRUCTURE OF NUCLEUS

e The cells having nucleus are called Nucleated or Eunucleated cells

e The cells which loose nucleus at maturity are called Enucleated cells. Ex: Mammalian RBC,
Sieve tube members of angiosperms

e The cells having incipient nucleus are called prokaryotic cells Ex:Bacteria, Nostoc

e The cells having well defined nucleus are called Eukaryotic cells Ex:Higher plant & animal cell

Nucleolus is called ribosome factory because it is involved in the synthesis of necessary molecules
required for the production of ribosomes — discovered by Fontana

Prokaryotic cell: The cell having incipient or primitive nucleus is called prokaryotic cell. The
nucleus does not contain nuclear membrane. It is genetic DNA or Genophore or Nucleoid or
prochromosome. It has only DNA but not histones unlike eukaryotic cell. Eg: Bacteria, Blue
green algae.

Eukaryotic cell: The cell having the nucleus with double layered nuclear membrane. Nucleus
has chromatin composed of DNA and Histones Eg: cells of higher plants & animals

Function:
¢ Nucleus is the controlling centre of the cell
e |t contains the genetic material DNA which regulates various metabolic activities of the
body by directing the synthesis of structural and functional proteins

CHROMOSOME: The nucleus of a normal or non dividing cell has a loosened indistinct network
of nucleoprotein fibers called chromatin (coined by Flemming). During cell division the
chromatin condenses to form distinctly visible chromosomes.

Discovery: The term chromosome (chroma — colour, soma — body) was coined by Waldeyer
(1888), Discovered by Holf Meister (1848) observed in pollen mother cells of Tradescantia.

T H Morgan discovered the role of chromosome during transmission of characters and called
them as ‘vehicles of heredity’.

A metaphase chromosome has two similar darkly stainable parallel strands called chromatids
held at a point called centromere. Centromere is a less stained primary constricted region
having kinetochores & microtubules. Each chromatid is made up of a highly coiled thread like
structure called chromonema or chromatin fibre made up of DNA and Histones. The coiling of
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chromonema results in bead like structures called chromomeres. At certain regions of
chromosome is a tightly coiled, more stainable less active chromonema called
heterochromatin and the loosely coiled, less stainable more active region called euchromatin.
Chromosomes are classified into different types based on the position of centromere.They are
Telocentric, acrocentric, submetacentric, metacentric chromosomes.

Functions: Chromosomes are the vehicles of heredity.

Chromosome

Mocont Subooacont Acocatic Tkcont

Fig. 8.12 STRUCTURE OFCHROMOSOME Fig. 8.13 TYPES OF
CHROMOSOMES
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Fig. 8.14. ULTRA STRUCTURE OF CHROMOSOME
SUMMARY

The body of all living organisms is made up of one or many cells. The cells vary in their shape,
size and function. A typical cell has cell membrane, cytoplasm and nucleus. Plant cell has a cell
wall outside the cell membrane. The cell wall is a permeable membrane that gives rigidity and
definite shape to the cell. The plasma membrane is a semi permeable membrane that facilitates
the moment of several molecules across it. The protoplasm is distinguished into cytoplasm and
nucleus. The cytoplasm is a semi fluid matrix having living and non living components. It has
many membrane bound cell organelles like Endoplasmic reticulum, Golgi bodies, Mitochondria,
Plastids, Vacuoles and Microbodies. It is also having non membranous cell organelles like
Ribosomes and Centrosome. The cytoplasm has non living cell inclusions like ergastic
substances and cyto skeletal elements. The nucleus has nuclear membrane, nucleoplasm,
nucleolus and chromatin. Each cell organelle performs various functions to maintain the living
state of the cell.

Endoplasmic reticulum has membranous cisternae, tubules and vesicles. It helps in intracellular
transport of substances and synthesis of proteins, carbohydrates and lipids. Golgibodies also
have cisternae, tubules and vesicles. It serves as a packaging industry, produce Lysosomes
and secrete various enzymes. Mitochondrion has outer smooth membrane and the inner
membrane is folded into finger like projections into the matrix called cristae. It helps in the
production and storage of energy in the form of ATP molecules. Plastids are present in plant
cells. Chloroplast has grana and stroma surrounded by two membranes. It helps in
photosynthesis. Vacuoles have the membrane called tonoplast enclosing cell sap. Microbodies
include lysosomes, Peroxysomes and Glyoxysomes. Lysosomes are single membranous
spherical structures containing hydrolytic enzymes. They help in intracellular digestion.
Ribosomes are granular structures having two subunits. They are involved in the process of
protein synthesis. Centrosome has a pair of centrioles surrounded by a lesser denser cytosol
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called centrosphere. Centrioles develop into asters and help in cell division. The ergastic
substances include reserve food, secretory products excretory products and mineral crystals.
The cytoskeletal element has a complex network of microfilaments and microtubules that give
mechanical support to the cell. The nucleus is the largest cell organelle that regulates all the
activities of the cell.

EXERCISE
. Define cell.
. What is cell biology?
. Who formulated cell theory?
. Mention the main principles of cell theory.
. What is staining technique?
. What are unicellular organisms? Give examples.
. What are multicellular organisms?
. What is protoplasm?
. What is protoplast?
10. What is cytosol?
11. Name the membrane bound cell organelles present in cytoplasm.
12. Name the non membrane bound cell organelles present in cytoplasm.
13. Name the non living inclusions present in cytoplasm.
14. Mention the differences between plant cell and animal cell.
15 What is cell wall?
16. What is a plasma membrane?
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17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

What are the functions of plasma membrane?

What is considered as physical basis of life?

How does rough endoplasmic reticulum differ from smooth endoplasmic reticulum?
Mention any two functions of endoplasmic reticulum.
Mention the components of Golgi bodies.

Name the cell organelle that produces lysosomes.
What are cristae?

Why are mitochondria called Power houses of the cell?
Where are plastids present?

Mention the types of plastids.

What are Chromoplasts?

What are leucoplasts? Mention the types of leucoplasts.
Why are mitochondria and plastids called semiautonomous cell organellels?
Name single membrane bound cell organelles.

Name the membrane of a vacuole.

What is cell sap?

Mention the different types of vacuoles.

What are microbodies? Mention them.

What are lysosomes?

Why are lysosomes called suicidal bags?

Why are lysosomes called recycling centres?

What are ribosomes? Mention the types.

Mention any two functions of Centrosome.

What are ergastic substances? Mention them.

What are secondary metabolites? Give examples.
What is cytoskeleton? Mention its functions.

What is nucleus? Explain.

Why nucleolus is called ribosome factory?

What is enucleated cell? Give examples.

What is prokaryotic cell? Give example.

What is eukaryotic cell? Give example.

Mention the functions of nucleus.

What is chromatin?

What are chromatids?

What is centromere?

What is chromonema?

What are chromomeres?

What is heterochromatin?

What is euchromatin?

Mention the types of chromosomes based on the position of centromere.
Write the common names of following cell organelles.
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ANSWERS
1. Cell is basic structural and functional units of living organisms.

2. Cell Biology is a classical branch of biology that deals with the study of structure, function and
life history of a cell.

3. Matthias J Schleiden (1838): a German botanist based on his studies in different plant cells
and Theodore Schwann (1839), a British zoologist based on his studies on different animal cells
formulated ’cell theory'.

4. The main principles of cell theory are
e Allliving organisms are composed of cells and products of cells
e All cells arise from pre existing cells through the process of cell division
e The body of living organisms is made up of one or more cells

5. Staining Technique is a technique of using dyes like eosin, saffranine, Haematoxylin, fast
green, methyleneblue to colour the parts of cells.

6. The organisms made up of a single cell are called unicellular organisms.
Eg: Amoeba, Euglena, Paramecium etc.

7. The organisms made up of more than one cell are called multicellular organisms.
8. The protoplasm is a semi fluid matrix containing cytoplasm and Nucleus.
9. The content of the cell within the cell wall is called protoplast.

10. The cytoplasm without living cell organelles is called cytosol.

11. The cytoplasm has many membrane bound cell organelles like endoplasmic reticulum,
golgibodies, mitochondria, plastids, micro bodies and vacuoles.

12. The non membranous cell organelles present in cytoplasm are Centrosome and ribosomes.

13. The non living inclusions present in cytoplasm are ergastic substances and cytoskeletal
elements (microfilaments and microtubules).

14.
Plant cell Animal cell
Cell wall is present Cell wall is absent
Centrioles are absent Centrioles are present
Plastids are present Plastids are absent
Have large vacuole May have small vacuoles

15. Cell wall is a permeable, outer non living, rigid layer present in bacterial cells, fungal cells
and plant cells.
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16. It is a semi permeable membrane present in all cells. It is present below the cell wall in plant
cell and outermost membrane in animal cell.

17. Plasma membrane allows the outward and inward movement of molecules across it by the
process of diffusion, osmosis, active transport, phagocytosis (cell eating) and pinocytosis (cell
drinking).

18. Protoplasm is considered as “physical basis of life”, by Huxley.

19. Rough ER has ribosomes on its surface while smooth ER does not have ribosomes.

20.
e It helps in intracellular transportation
¢ It helps in the formation of nuclear membrane and Golgi complex

21. Golgi complex has a group of curved, flattened plate like compartments called cisternae.
The cisternae produce a network of tubules from the periphery. These tubules end in spherical
and enzyme filled vesicles.

22. Golgibodies.

23. The inner membrane of mitochondria produces finger like infoldings called cristae.

24. Mitochondria synthesise and store the energy rich molecules ATP (Adenosine triphosphate)
during aerobic respiration. So, they are called “Power houses of the cell”.

25. Plastids are present in plant cells and euglenoids.
26. The types of plastids are chloroplast, chromoplast and leucoplast.

27. Chromoplasts are different coloured plastids containing carotenoids. These are present in
fruits, flower and leaves.

28. Leucoplasts are colourless plastids which store food substances. The types of leucoplasts
are

Amyloplasts - Store starch; Aleuronoplasts - Store proteins and Elaeioplasts- Store lipids.
29. Mitochondria and plastids have their own DNA called organelle DNA and 70s ribosomes.
So, they are able to prepare their own proteins. Hence they are called semiautonomous cell
organelles.
30. The single membrane bound cell organelles are vacuoles and Lysosomes.

31. Tonoplast.

32. The vacuole is filled with watery fluid called cell sap. The cell sap has dissolved salts,
sugars, organic acids, pigments and enzymes.

33. The different types of vacuoles are
e Contractile vacuole
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e [Food vacuoles
e Gas vacuoles
e Storage vacuoles

34. Microbodies are small, spherical, single membrane bound structures present in cytoplasm.
They are
Lysosomes and centrosome.

35. Lysosomes are small single membrane bound vesicles filled with hydrolytic enzymes.

36. Lysosomes destroy old and non functional cells which bear them (Autolysis). So they are
called suicidal bags

37. Lysosomes break worn-out cells, damaged cells and cell organelles to component
molecules for building new cell organelles. So they are called recycling centers.

38. Ribosomes are granular, nonmembranous sub spherical structures present in the
cytoplasm, mitochondria and chloroplast. The types are 70s (50s + 30s) ribosome and 80s
(60s+40s) ribosome.

39. The functions are,
e They form asters and organize the formation of spindle fibres during cell division.
e They are involved in the formation of cilia, flagella and axial filament in sperms.

40. Ergastic substances are non living cell inclusions of cytoplasm like reserve food materials
(starch, protein, oils), secretory products (nectar, pigments, enzymes), excretory products
(alkaloids, resins, latex, tannins) and mineral crystals (cystoliths, raphides, druses).

41. Secondary metabolites are organic compounds that are not directly involved in the
normal growth, development, or reproduction of an organism, unlike primary metabolites, The
compounds like alkaloids, rubber, antibiotics, drugs, coloured pigments, scents, gums & spices
are called secondary metabolites.

42. Cytoskeleton is a complex network of interconnected microfilaments and microtubules of
protein fibres present in cytoplasm. The microfilaments are composed of actin and microtubules
are composed of tubulins.

It helps in mechanical support, cell motility, cell division and maintenance of the shape of the
cell.

43. Nucleus is a darkly stainable, largest cell organelle present in eukaryotic cells. Nucleus has
an outer double layered nuclear membrane with nuclear pores, a transparent granular matrix
called nucleoplasm or karyolymph, chromatin network composed of DNA and histones and a
darkly stainable spherical body called Nucleolus.

44. Nucleolus is called ribosome factory because it is involved in the synthesis of necessary
molecules required for the production of ribosomes.

45, The cells which loose nucleus at maturity are called Enucleated cells. Eg: Mammalian RBC,
Sieve tube members of angiosperms.
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46. The cell having incipient nucleus is called prokaryotic cell. Eg:Bacteria, Nostoc

47. The cell having well defined nucleus with double layered nuclear membrane is called
eukaryotic cell
Eg: cells of higher plants & animals

48.
e Nucleus is the controlling centre of the cell
e It contains the genetic material DNA which regulates various metabolic activities of the
body by directing the synthesis of structural and functional proteins

49. The nucleus of a normal or non dividing cell has a loosened indistinct network of
nucleoprotein fibers called chromatin. It is a diffused network of chromosomes.

50. A metaphase chromosome has two similar dark, stainable parallel strands called chromatids
held at a point called centromere.

51. Centromere is a less stained primary constricted region of chromosome having kinetochores
& microtubules.

52. Each chromatid is made up of a highly coiled thread like structure called chromonema or
chromatin fibre made up of DNA and Histones.

53. Chromomeres are bead like structures formed due to coiling of chromonema. These occur
in Leptotene stage of meiosis.

54. The chromosome has a tightly coiled, more stainable less active chromonema called
heterochromatin.

55. The chromosome has a loosely coiled, less stainable more active region called euchromatin.
56. They are Telocentric, acrocentric, submetacentric, metacentric chromosomes.

57. a) Golgi bodies — packaging centres
b) Mitochondria — power house of the cell / storage batteries of the cell
c¢) Chloroplast — kitchen of the cell
d) Lysosomes - suicidal bags of the cell / recycling centres of the cell
e) Ribosomes — protein factories
f) Nucleolus — Ribosome factory
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Differences between Eukaryotic Cell and Prokaryotic Cell

Eukaryotic Cell

Prokaryotic Cell

Nucleus

Present

Absent

Number of chromosomes

More than one

One--but not true chromosome:
Plasmids

Cell Type

Usually multicellular

Usually unicellular (some
cyanobacteria may be
multicellular)

True Membrane bound
Nucleus

Present

Absent

Example

Animals and Plants

Bacteria and Archaea

Genetic Recombination

Meiosis and fusion of

Partial, unidirectional transfers

gametes DNA
Lysosomes and peroxisomes | Present Absent
Microtubules Present Absent or rare
Endoplasmic reticulum Present Absent
Mitochondria Present Absent
Cytoskeleton Present May be absent

DNA wrapping on proteins.

Eukaryotes wrap their DNA
around proteins called
histones.

Multiple proteins act together to
fold and condense prokaryotic
DNA. Folded DNA is then
organized into a variety of
conformations that are
supercoiled and wound around
tetramers of the HU protein.

Ribosomes Larger Smaller
Vesicles Present Present
Golgi apparatus Present Absent

Chloroplasts

Present (in plants)

Absent, chlorophyll scattered in
the cytoplasm

Flagella

Microscopic in size;
membrane bound; usually
arranged as nine doublets
surrounding two singlets

Submicroscopic in size, composed
of only one fiber

Permeability of Nuclear
Membrane

Selective

Not present

Plasma membrane with
steroid

Yes

Usually no

Cell wall Only in plant cells and fungi Usually chemically complexed
(chemically simpler)

Vacuoles Present Present

Cell size 10-100um 1-10um
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DIAGRAM.:-

Procaryotic cell

Capsule
Cell wall
Plasma membrane

Cytoplasm

Ribosomes
Plasmid

Pili

Bacterial Flagellum
MNucleoid (circular DNA)

Eukaryotic Cell

Filamentous
Plasmodesmata cytaskeleton
Plasma membrane

Cell wall

Small membranouws
viesicles

Chioroplast

Thylakoid membrane
Starch grain
a Smooth
i endoplasmic
Vacuole reticulum
Vacuole
Tonoplast Ribosomes
Mirechondrion
{mitochondria)
Peroxisome
Cytoplasm
HNucleus
Nuclear pore

Galgi vesicles Nuclear envelope
. MNucleolus |
Golgi body Rough e
(Golgi apparatus)  endoplasmic

reticulum
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The distinction between prokaryotes and eukaryotes is considered to be the most
important distinction among groups of organisms. Eukaryotic cells contain
membrane-bound organelles, such as the nucleus, while prokaryotic cells do not.
Differences in cellular structure of prokaryotes and eukaryotes include the presence
of mitochondria and chloroplasts, the cell wall, and the structure

of chromosomal DNA.

Prokaryotes were the only form of life on Earth for millions of years until more
complicated eukaryotic cells came into being through the process of evolution.
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1.34.5 Cyanide and Isocyanide Groups

Inisocyanide (R~N=C) both carbon and nitrogen atom of —~CN group are sp hybridized
and include one sigma bond which is formed by overlapping of sp hybrid arbitals and two
pi-bonds formed by the sideways overlap of 2p atomic orbitals. Nitrogen atom containing
a lone pair of electrons in sp hybrid orbital points away from the molecule.

1.3.4.6 Nitro Group

It is an ambient nucleophile. When the linkage of a group is through oxygen atom

(R—O—N=0), the group is known as nitrite, and when the linkage is through nitrogen
atom {(R=NQ;), it is known as nitro. :

1.3.4.7 Amines

These are derivatives of ammonia in which one H atom is replaced by alkyl or aryl group
and they are classified as 1°, 2° and 3° amines. The simplest aromatic amine is aniline.
The nitrogen atom in amine is sp? hybridized forming tetrahedral arrangement. Three

vertices of tetrahedron are occupied by three substituents and fourth by lone pair of
electrons. This geometry is known as pyramidal.

% Carbohydrates

Carbohydrates or saccharides are an important non-nitrogenous group of natural products.
They are widely distributed in nature, especially in plants. Most commonly known
as sugars, they constitute the most abundant class of biomolecules. Carbohydrates are
called the hydrates of carbon, because they contain hydrogen and oxygen in the same
proportion as in water, having the general formula G, (H;0),,. Although a large number
of compounds correspond to this formula, still there are several exceptions, for example
2.deoxyribose, CsH 0Oy Moreoverall compounds conforming to the formula C, (H,0),
are not necessarily carbohydrates, for example formaldehyde (HCHO) and acetic acid
(CH3COOH). This definition, obviously, is not appropriate for such compounds, which
are really not carbohydrates, even though these fall under the general formula. Therefore,
the carbohydrates may be defined as polyhydroxy aldehyde or ketone or substances that
yield these on hydrolysis. o

1.4.1 Classification

Carbohydrates are divided into two main classes: sugars and polysaccharides. Sugars are
further subdivided into two major groups:

1. Monosaccharides: These are the simplest sugars which cannot be hydrolyzed into

smaller molecules. The general formula is CoH;z,0,, where n varies from 3 to 7. The
most important are the pentoses and hexoses.

2. Oligosaccharides: They consist of short chain {2-1C) monosaccharides joined
together by glycosidic bonds. The most abundant are the disaccharides, which consist
of two monosaccharide units. Sucrose or cane sugar is one typical disaccharide, which |
consists of the six-carbon sugars, D-glucose and D-fructose.

Polysaccharides, on the other hand, are carbohydrates which yield a large numbﬂl!-l
of monsaccharides on hydrolysis. The most widely spread polysaccharides have general

formula (C4H10Os )a- A group of polysaccharides which are not widely spread in namure:
Is the pentosans (CsHaOy)s. o R
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1.4.1.1 Menosaccharides

-

T

ketose). Glycer]
~ Idehyde (aldose) or polyhydroxyketone ( - Glyceralg,
E?;:etaiif;}fsﬁtjs a thtec-carhon aldotriose and dll?yjrc;;yac:rt:;: 1; 1.-3 ketors

Pt'ldﬂ;f.:s with four, five, six and seven carbon atoms are ca ed a n]: 3melc] k:ptnmsc"
aldohexoses and aldoheptoses, respt:i:]tivel','. Squllarly ketoses can ben tOtetrose,

oses and ketoheptoses. o _

ketﬁfﬁfﬂ::ﬁﬁes contain one or mofe asymmerric {chu‘al} carbon .at.;lu-.m Gly.
ceraldehyde contains one chiral carbon; therefore, it has two cjlfferent optical isomey
designated as D-glyceraldehyde and L-glyceraldehyde, nonsuperimposable mirror ifmage,

On the other hand, dihydroxy acetone does not contain a chiral carbon atom; [hf:refore‘
it exists only in one form.

CHO CHO CH;OH
] | i
H=C-0OH DH-—?—H Cr:=ﬂ
I
CHOH CH0OH CH;OH
D-Glyceraidehyde  L-Glyceraldehyde Dihydroxyacetone

Six-carbon sugars are most abundant in nature; two five-carbon sugars, ribose and

deoxyribose, are important structural components of RNA and DNA, respectively.
Four-carbon and seven-carbon sugars

play important roles in photosynthesis and other
metabolic pathways. J

Cyclic Structure of Monosaccharides: Five. and six-carbon sugars occur predomi-
nantly as cyclic structures rather than an open structure. The cyclization takes place due
to interaction between the functional group at C.1and C-5 to form a cyclic hemiacerl
in case of aldohexases. Ketohexoses forms a

chiral center called the anometic carbon.

: The cyclic sugars exist in two different forms
esignated as « and B, called anomers of each other,
The two forms are

identical in chemical
pounds are called pyr

anoses because they

composition. The six-membered
ormation of pyranose structure of D.

ring com-
resemble the

six-membered ring pyran. The
of hemiacetal formation, which

as fu

- embered rings known
compound furan. € 2 hemiketal 1'“]‘3EL‘. because

they resemble five-membered ring
General reactions for ketal and acetal formation are given by
ﬁ OH OR
H—ﬂH-i-Fh—'c"Hz — F|1‘*C"Flz +AOH R "'(!.:_ “
. o | H L
Alcohol  Ketone Hemiketal H::
08 OH OR
A~OH+R,—C=H ~¢ OO,
1 —— H] C —'H e HI— G-—-H h
Alcohol  Aldehyde Hemlacetal ; T Acetai s
ity .

visit aminotes.com for more...



—

Figure 1-1
D-glucose.

Open form of
D-Glucose

'?HzDH ® CH,OH
O OH H °C

Wi N L/ \
H H |
4C H O 4C C1
ik /| o Py
HO $C 3C H HO 3C

. : : H OH
Formation of twoforms of - ’ el : . o
= p-D-Glucopyranose o-D-Glucopyranose

The six-membered pyranose structure is not planar, Generally, the Haworth projection
formula is used for showing different forms of monosaccharides. In most sugars it occurs
in the chair conformation, while in some it exists as boat form. These are represented by
conformational formulas. -

It is difficult to isolate o and B forms of a sugar. Both forms show murarctation. When
monosaccharide is dissolved in water, the optical rotatory power of the solution gradually
changes until it reaches a constant value, A freshly prepared solution of glucose has’
a specific rotation of +112° and when this solution is allowed to stand, rotation falls ;

1o +52.7° and remains constant at this value, This corresponds to about 38% of the

a-isomer and 62% of B-isomer.
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GHO-{CHOH)4CH,0H —= HOH:C CHO + 3Hz0
CH,COCH,CHCOOH + HCOOH + €O +CO2
CHO HO—CH HotI:Hz
H- tt::—DH Q_ OH ti‘.--‘ o]
H-::-a!;.:—H oH H-::I—l::—H :_;:Ho-:i:—-H e
H—C—OH H—C—OH H*?—DH
H—ll':—DH H—l::-—cH H-:I:—UH
éHEDH CHZCH CH20H
Trans-Enediol D-Fructose
HO -—ﬁ:H 0 =?H
HD—? Hu—?—ﬂ
HO— {I: —H HO— ?'— H
H—?—OH H—l;.:-—ﬂH
H—?*DH H—?—DH
CH,OH CH,OH
Cis-Enediol D-Mannosée

Figure 1-3 lsomerization of D-glucose by dilute alkali.

1.4.1.2 Oligosacchandes
Oligosaccharid
linkages. Those
monosacchatide units joined toget

es contain 3—10 monosa
of importance ate

formed when a hydroxyl group of one monosacc
two types of natural disaccharides, reducing

the other monosaccharide. There are
nonreducing.

Reducing Disaccharides:

1. Maltose: It is a disacchatide compos
a (1 — 4) glycosidic bond. The o re

C(1) of the left glucose

The second residue is a hemiacetal

group attached to its anomeric carbon can have
left glucose represents the nonreducing end while the right
aldehydic group, therefore, constitutes the reducing end. Since the
a potential aldehydic group, therefore,
F.chling'n solution, farms oxime and osazone.
:mn with bromine water, it gives maltobionic acid C;1Hz;0m1- On acety
someric octa-acetyl derivatives are formed. This shows 2

group in the molecule:

disace
her covalently by glycosidic bond. Glycosi

ccharides joined together covalently by glyo?sidif
[wo

harides. Disaccharides are :qmpuﬁtd of tw
dic bond i8
bon of

haride reacts with anomeric ¢ar o

ed of two D-glucose residues joined rogethe! by
fers to the configuration of the anomeric €27

residue, which exists asan acetal and has a fixed conhguration:
and has a variable configuration.

The hydrox!

either @ or B configuration The
tcnﬂal

glucose has a Po
disaccharide hss .
the disaccharide is a reducing sugar- Je redu®

onide”

It also shows mutarotation- X
the presence nfcli"‘tﬂ
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a(1—4) Glycosidic bond

SCH,0OH
H /5 O\H
4 H 1
OH H
HO
a -4
H OH
Figure 1-4 Maltose [D-a-D—GIumpymnmﬂ o-D-Glucose o-D-Glucose
(1 - 4) a-D-Glucopyranose]. (acetal) ~ {hemiacetal)

2. Lactose: Lactose is the main carbohydrate in milk. It is composed of galactose and
glucose. These are linked through B (1 — 4) glycosidic bond, where S refers to the
conhguration of the anomeric carbon of galactose which exists as an acetal. There
exists two forms of lactose {o and #) based on the configuration of the anomeric
carbon of glucose which exists as hemiacetal, Because of the property of the glucose,
lactose has a potential aldehyde group and is a reducing sugar. It reduces Fehling's
solution and forms an osazone and oxime also undergoes mutarotation. On oxidation
with bromine water, lactobionic acid Cy3H3;0y3 is formed which on hydrolysis yields,
D-gluconic acid and D-galactose. :

Lactase, an enzyme present in the intestinal villi, catalyzes the hydrolysis of lactose. [n
some adults the deficiency of this enzyme causes a build up of lactase when milk products
are ingested. This is because the enzyme is necessary to degrade lactose so that it can
be absorbed in the intestine and can be acted upon by the lactase of intestinal bacteria
producing hydrogen, carben dioxide and organic acids that lead to digestive problems,
such as bleating and diarthea. This is known as lactose intolerance.

p{1—=4) Glycosidic bond
CHOH

H - OH H OH
Figure 1.5 Lactose [O-#-D-Galactopyranosyl p-D-Galactose - a-D-Glucose
(1= 4) «-D-Glucopyranose). (acatal) (hemiacetar)

Nonreducing Disaccharides: Sucrose {cane sugar) is made of a-D-glucose and B8-D-
fmctose.uc;fu?:nse is a pyranose and fructose is a furanose. The a C-1 of glucose is linked
to § C-2 of fructose through a glycosidic bond. Sucrose is nonreducing because both

anomeric groups are involved in the glycosidic linkage.

1.4.1.3 por saccharides ..o i <
4 These are carbohydrates which yield a large number of monosaccharides on hydrolysis.

These have been further classified as:
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4
HO

o1~ 2) Glycosidic bond
SCH,0H :
0 H 1CH,0H.-0 H
H 1 2 H ?
OH H/—0—N{_-_y cH.OH
3 2 3
" o GE-F ::ta:elt * Figure 1.6 Sucrose [O-ar-D-Glucopyranasy]
oy n i
’ ?aﬂﬁﬁ " e (1~ 2) p-D-fructofuranoside]

1. Homopolysaccharides: They contain only. a single type of monosaccharide. Some

Zs

homopolysaccharides serve as storage forms [starch‘ and glyc]i:g]en} an}i nltlhnlzrs 5.:;
as structural component in plant cell walls and animal exoskeletons {cellulose
chitin). |
Heteropolysaccharides: They contain more than one kind of mqnnsaFcharlde,
hemicellulose, xyloglucan, pectin and agarose in plants and hyaluronic acid, chon-
droitin, dermatan, keratan and heparin éulfares in animals,

Homopolysaccharides
Storage Polysaccharides

1.

Starch: It is the most abundant polymer of glucose, synthesized and stored in mest Uf
the green plants in special starch granules. These granules, which are formed within
the membrane-bound plastids, have characteristic appearance and shape. The sie

- and shape of starch granules vary from plant to plant, Starch occurs both as a linear .

2. Amylose: It consists of l'-Eﬁ'ldl.IEﬁ-l‘lI'lkEd by means of & (1 — 4) glycosidic bonds. Such

within each chain and by & (1 — 6
:Et'l:i;:c]tén Hr: r:ErTut evcaﬁ,r':!lcl;:li residues along the o (1— 4) chain, Most starche!

- 0se an i ; jes of
o ik oo 1D 90% amylopectin but there are special varieties O
contains only amylopectin. Dj
in the relative amouns of 3
two polymers.,

Glycogen
It is the maijn starage polys

accharide |
structure of glycogen 1 sl mhande tl'n animal cells (liver and skeltal fnuscles). The
subunits of glucose wi

compated to amylopectin, By

polymer, amylose, and a branched polymer, amylopectin., Both types of starch consist
entirely of D-glucose, - :

chains vary in r_nglecular weight from a few thousand to over a million. Owing to @
(1— 4) E}ECD&IdIE l::cnds. each glucose residue is anpled with Tespect to next, causing
a tumning in the chain and forming a regular helical configuration.

In amylopectin glucose residues are linked together b} a (1 — 4) glycosidic bonds
) glycosidic bonds at branch points. Branching in

- Waxy maire lacks amylose and
hes arise mainly due to differenc®
and also due to chain length of thes

fferences in cereal starc
mylose and amylopectin

tha :
th (1 6) braerp ] CPectin: 1t isa polymer of s (1 — 4) linked

¢hing. Glycogen is more extensively

starch, glye : ; Points occur after a s
* well-fed Iivc‘rg;:d“mﬂhlfr::u:mlml cells in granley oot < rY 8-12 residues and ike

- svmthesis and degradation. .lnd are tightly bound to ulés age Sbecrved 7

. =

SO sesnaaistledor
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o(1—4) Glycosidic bond

LQQlQ@Q g

Amylose :
af{1-=4) Glycosidic bond

Qé@ng - o{1—6) Branch points

Amylopectin

Fipure 1-7 Linear o-amylose and branched amylopectin.

Cellulose

Cellulose is a fibrous, water-insoluble'substance and is mainly responsible for the structure -
of cell walls of plants. It is a linear polymer consisting of long chains of 10,000-to 15,000
B-D-glucose units. Glucose residues in cellulose are joined together by £ (1 — 4) link-
ages. These chains are closely attached to one another by intermolecular and intramole- -
cular hydrogen bonds and van der Waals’ forces. On complete hydrolysis with strong
mineral acids, cellulose yields only D-glucose while on partial hydrolysis, cellobiose (a
reducing sugar) is obtained. The most stable structure of cellulose converts the chains
into sheets which are stacked to form fiber.

B{1-=4) Linkage _
o 0 o o o
Yo T oK ol oK. o
_ ) o
Figure 1.8 Cellulose.

Et::?n resembles cellulose in both structure and function. It consists of a linear chain
of a derived monosaccharide, N-acetyl-8-D-glucosamine and is joined together by 8
(1 —» 4) glycosidic linkagé instead of B-D-glucose unit found in cellulose. Chitin plays
a structural role and has got a fair amount of mechanical strength, as the individual
chains are held together by hydrogen bonds. Chitin is a major constituent of the hard,
homy exoskeletons of insects, lobstets and crabs. Like cellulose it is also a very abundant :
polysaccharide found in nature. 1
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CH,0H CHOH CH,OH -
0 H H
A H 0
0 H
i\D o HA OKOH H OH 4 N

H HN-G-CHyH HN—':'.II-CH:;H HN‘ﬁ'C”ﬂ
Il
0 0 ©

Figure 1-9  Structure of Chitin. : ]

Heteropolysaccharides: These type of polysaccharides contain repeating units of d
ferent kind of monosaccharides. The most important heteropolysaccharides found i
animals are: hyaluronate, chondroitin, dermatan, ketratan and hep:irin s,.uI.fates.

Hyaluronate is mostly found in connective tissue, the symonial fluid of joints, the vir..
ous humor of eye and cartilage. It is a polymer of glucuronic acid and N-acetylglucosamine,
and has a molecular weight of several millions. Chondroitin and dermatan sulfates are |
similar polymers but with substitution of N-acetylgalactosamine and a-L-iduronic aci |
and with sulfate ester group.

Keratan sulfates have no uronic acid and their sulfate content is variable. Heparin, 2

widespread component of cell surface, has a more variable composition, and is composed
of few N-acetyl groups and fewer N- and O-sulfate groups.

Plant heteropolysaccharides

One of the heteropolysaccharides present in plants is gums, with branched structure
containing D-galactose, L-arabinose, L-thamnose and D-glucuronic acid. Hemicellulose
is nnz:nther hetropolysaccharide which is composed of D-glucose, D-xylose and L-fucose.
Pectin of higher plants contain B (1 = 4) linked polygalactouronates intercepted by

occasional f (1 — 2) linked L-thamonose residues A i
- Agarose is composed of D-galactos
and 3-6 anhydro-L-galactose joined together by 8 (1 — 4) |i:1.!~:e‘¢g-::.pﬂ5 a

Amino Acids and Peptides

Snﬂi‘ltl:\;[;t;;ﬁ laril.': i‘lﬁ low rfmlr:cala;l we;ght biomolecules which are the basic monometic
-l proteins whether from bacres : o S i
acids. These amino acids are i s Oranimal origins, consist of 20amin®

covalently linked in cha i *
- T ract : w
consisting of two or more amino acids ate kn s synenthedhorc 2

containing large number of amino acids, are k own ;;55 p;[lmtidts.‘s-{mw:ver, [gng ch:ig:;
Proteins, amino acids are also building blocks of a la Polypeptides or proteins. Besi
CTIZYMesS, hntmcnes.. antibioti

rge number of com ds, namelfs
cs and POy e
activiry, many other compounds having specific biologics!
As indicated by name, amino acids are bj - :

acidic and amine : ;
to the same aﬂi‘:’“ﬁ - oy (ae

dic) and amino (amine

15 trach
the sidechain of the 23?;:agﬁtﬁﬁmﬂ“$"[}g Fﬁl't of the molecule, lig;u:upp?r;‘:uﬁmtﬂ
and the e-amino group are jonized. Pl .U, the physiological pH, both the a-carboxt!
| COOH H Ay
vl I
i H:N-—:‘I,:--H
. B N acamon.
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cOO CHZOH All the standard amino acids except glycine have
uA % 0y HA G - an asymmetric carbon atom, that is the ar-carbon is at-
HH H H tached to four different groups, therefore, the a-carbon
H |HO H is a chiral center. Like the three carbon sugar glyceralde-
H OH H NHCOCH; hyde, which exists in D and L configuration. All amino
Hyaluronate aclds exist in two stercoisomeric forms. However, in
' protein all amino acids except glycine are present in
co0- CH,080,~ L-stereoisomers. -
O 0
H H o, HO H a- , I|l|3'!..".'fﬁ.'-'H ?DDH
oH HA | | H A | HN=C=H  H=C-NH;
H 'DH . H NHCU‘CH; ! GH; GHa
Chondreitin-6-sulfate : L-Alanine D-Alanine
CHzDg GHEDE’}GT 1.5.1 Classification of Amino Acids
HO 4 HH O- All the standard amino acids have e-carboxyl and «-
H H " 0 OH H A aminogroups, the two functional groups. Additionally,
i these may have a third functional group as sidechain, its
H OH H  NHCOCH, chemical nature varies widely on the basis of sidechain
Keratan sulfate \ (R}. The amino acids may be categorized in four classes:
H CH050y" 1. nonpolar or hydrophobic;
H CDG'D HH O H 2. polar but uncharged {neutral);
a OH H Y Q OH H 0- 3. negatively charged;
H OSOy H NHSOs 4. positively charged.
1511 N / Hydrophobic Ami i
—— enpolar or Hydrophobic Amino Acids

This class includes four amino acids with aliphatic
“0sS GH,OH sidechain {alanine, valine, leucine, isoleucine) and rwo

H
o i 0 with aromaric moiety {phenylalanine and tryptophan).
H/coo-"~j07 ©H 0- Methionine contains sulfur while proline has a cyclic
OH H A4, H 4 sidechain; these are also in this group.
H NHCOCH;

H OH 1.5.1.2 Polar but Uncharged (Neutral) Amino Acids

Dermatan sulfate Glycine, serine, threonine, cysteine, tyrosine, as-
paragine and gluramine are included in this class. The
polarity of serine, threonine and tyrosine is due to the
presence of hydroxyl groups. The polarity of asparagine
and glutamine is due to amide group and that of cysteine is due ta thiol group. Cysteine
oceurs in protein in two forms either as cysteine itself or as cystine with a disulfide bridge.

Figure 1-10 Repeating disaccharide units
of heteropolysaccharides.

1.5.1.3 Negatively Charged {Acidic) Aminc Acids
I "]'h}; class ?nc]udes amino acids in which both the groups are negatively charged.

1.5.1.4 Positively Charged {Basic] Amino Acids T
The amino acids of this class have a net positive charge. Lysine has a sécond amino group ™.
known as g-amino group on aliphatic chain. Areinine and histidine” have 'P""-,':‘-il'f_‘-"l_ﬂ_‘j':
charged guanidino and imidazole groups. : e g T
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5 AMINO ACIDS AND PEPTIDES

+ 23
----------- ili'c')&'_‘““'"“""'I""“"“"E : - [P —— - am E
i
HN*—G—H H;-,N'-rl.:—H HaN*=C=H  H.N*-C=H I-;;N"‘-?-H
CH: CHp ™Y (o T P (i cH;
| 1
- N NH C—NH—
coo CH, Ha - i CH
CCO- Iﬂ 2 e NH
Aspartic acid Ghulamic acid NHz
Lysine Aiginina Histidina
ipure 1.12  Structure of tivel 5 T
fh?rgn.l amino acids at pH ?Eé!a[‘mﬂ;n Figure 1-13  Structure of positively charged amino
outside the box is sidechain.

acids at pH 7.0. Portion outside the box is the
sidechain. .

Although there are 20 standard amino acids but some amino acids undergo maodification

after their incorporation into protein. The number of such modified amino acids

large. Some of the prominent of these modificd amino acid residues are 4-hydroxyproline,

5-hydroxylysine, phosphoserine and N-formylmethionine. .
On the basis of nutritional value, the amino acids have been categorized as essential and .

nonessential amino acids. In fact all amino acids are essential as building blocks of proteins.

However, the term essential means the amino acids which cannort be synthesized by an or-

ganism or cannot be synthesized at an adequate rate or are in insufficient quantity and are
obrained through dier.

is quite

Adults require nine (histidine, isoleucine, leucine, lysine, methio-
nine, phenylalanine, threonine, tryprophan and valine) essential amino acids, while infants
and growing children require 10 amine acids (the extra amino acid is arginine),

5.2 Physical Properties
5.2.1 Solubility .
Amino acids contain multiple charged groups, therefore,

generally soluble in polar solvents (water and ethanol),
solvents (chloroform, benzene, hexane and ether). The

also reflects the high energy needed to disrupt the ionic
.2.2 Optical Isomerism

with certain exceptions are
but are inscluble in nonpolar
high melting point (=200 °C)

forces.

All amino acids excepr glycine have an asymmetric o-
two stereoisomeric forms (D and L isomers) depending
- is identical to that of D-glyceraldehyde or L-glyceralde

1.5.2.3 Absorption in Ultraviolet Region
All amino acids show an appreciable absorption in the far ultraviolet (<220 nm) region.
However, some of them absorb between 250 and 300 nm owing to the presence of chro-
mophore like the phenyl radical (tyrosine) or the indole ring (tryprophan), permitting
the rapid estimation of protein spectrophotometrically.

1.5.2.4 Acid-Base Behavior
Amino acids contain ionizable functional groups, therefore,

cule is a function of pH. Both the a-amino and a-carboxyl
pH giving net charge +1, but at high pH both groups |

carbon, therefore, they exist in

on whether the spatial structure
hyde, and show optical activity.

the net charge of the mole-
groups are protonated at low
ase a proton giving a molecule

visit aminotes.com for more...



——
net-1 charge, acarboxyl group is a stronger acid than amino group; it first loses its prot

as the pH increases. From this, it may be concluded that an intermediate form of amip,

acid is produced which has both a negative and a positive charge. The intermedigy,
compound is known as Zwitterion (dipolar form). Zwitterion is amphoteric in nature an

the net charge is zero.

H H !I-I
I i - i L
HyNt—C—COOH =—— HN*—C—CO0~ === HN—-C—COO"
! +H* | +H* |
R R R
Cation (acld pH); Zwitterion; Anion {alkaline pH):
nat charge = +1 net charge =0 net charge =~1

1.5.2.5 Isoelectric Point
The pH at which a molecule has zero net charge is known as isoelectric point (pl). Al

amino acids, peptides have net positive charge at pH below the pl and a net negative
charge at a pH above pl. The solubility is minimal and do not migrate in an electric

field.
The dissociation of various amino acids may be studied by adding HCI or NaOH 10

the solution and measuring the pH after each addition. Plots (ritration curves) of varyiné
shapes are obtained depending on whether the amino acid is acidic, basic or neutral.
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1.5.3.3 Reactions of the R Group
The sidechains (R group) of amino acids show qualitative reactions. The thiol group
of cysteine can be oxidized and cysteine-cystine system can act as hydrogen d-:‘mGF or
acceptor. The disulfide bridge is important for three-dimensional structure of proteins.
Hydroxyl group of tyrosine can be esterified by phosphoric acid to yield phosphotyrosine.

1.5.4 Peptides

Peptides and proteins are linear sequence of amino acids joined together by li'f!lﬂ'ti‘dE
bonds. It is a covalent bond formed between the a-amino group of one amino acid and
the acarboxyl group of other amino acid to yield a dipeptide:

0 0
HN' —CH—C—0" +HN* —CH—-C—0"
Ry Rz
I I
| HN" = CH--C - NH—CH—C—0"+H,0
Ry ; R;
Peptide bond

Once two amino acids join to yield dipeptide, it has got a free amino group at one
end and free carboxyl group at the other end. These groups can in tum be linked to
othet amino acids by a peptide bond to yield a long unbranched chain of amino acids
to form olipapeptides (upto 2-10 amino acid residues) and polypeptide (=10 amino acid
residues), Since in polypeptides the a-carbon exists as tetrahedron, therefore, the carbon
backbone of these chains exists as a zig-zag structure.

The peptide bond exists as a resonance hybrid because the carbon and nitrogen exhibit
partial double bond character due to the closeness of the carboxyl carbon—oxygen double
bond. The configuration of atoms around double bond exists in two geometrical isomers
(cis and trans). The peptide bond is made up of CO-NH, which is relatively rigid and
planer, as the C—N bond length is shorter than normal C—N single bond, although
free rotation can take place about C,-N and Cy-C bonds, permitting adjacent peptide

O o
I | +
—C=N= == —[;:=1;|—
H

units to be at different angles. The hydrogen of the amino group will be located trans
to the oxygen of the carbonyl group rather than cis. The polypeptide chain can form
different conformation in the protein and can form different structures of proteins.

i W 0
—NH—CH—C—NH—-CH-C—NH—CH—C—NH—CH----

o n 7 lal "

|
. i R _
: -c—munmmm‘\l‘r— rotation abrit Cq—N and Gy —C bonds -
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The polypeptide chain folds up to form different conformations in thepruffe
different structures. Four levels of structures — primary, secondary, tertiary and sqr
quaternary — have been proposed.

1.5.4.1 Physical Properties of Peptides | ;
Peptides have only one free a-amino and one free a-carboxyl at the terminal end)
in amino acids, these groups also ionize in peptides. They have characteristic ‘titrg
curves and isoelectric pH. T
Peptides show characteristic properties of free amino, carboxyl and also of sidechys
(R group). Peptide bonds are hydrolyzed by boiling with strong acid or base to yield free

amino acids:

H O H H H

I ] H.0 | I
"HH;;—?—C—NH—?— coOQ0- — H—?—COU'-# Flg—?—COO"

R Ry +*NHg *NH,

Peptide bonds can also be hydrolyzed by proteases, for example trypsin and chy.
motrypsin. Trypsin hydrolyzes peptide bonds on the carboxyl side of lysine and arginine:

R—=Lys—Ala—R; —— R—Lys— COO" + NH*; — Ala—R,

Chymotrypsin hydrolyzes peptide bonds on the carboxyl side of aromatic residues
(phenylalanine, tyrosine and tryprophan):

\

R=Phe—Try—R; —— R—Phe=C0OO"+NH'3 —Try—R

The other important reactions of peptides are with FDNB, dansyl chloride and

phenylisothiocyanate. These chemicals are used in determining the N-terminal of
polypeptides.

*LS., Heterocyclic Compounds and Secondary Metabolites

Heterocyclic compounds are cyclic compounds with the ring containing carbon and
other elements, viz. nittogen, sulfur and oxygen. Important amongst these are five-
six-membered heterocyclic compounds. Purine is o bicyclic compound of a six- and fiver
membered het:mc?rchc ring fused together, involving carbon atoms 4 and 5. Howeve: 1
secondary metabolites are specialized products (nucleotides, plamerits: hormones; sl
loids, terpenoids and coenzymes) which are required in minute quam.ities by the celland |
synthesized by specialized secondary pathways which are not sa well understood. rl i

1.6.1 Purine and Pyrimidine Bases _ .
- There are three major pyrimidines - cytosine (C

), thymine (T) and uracil (U)—and t%0 3
major purines — adenine (A) and guanine {G) - in nucleic aci;;‘ ﬁﬁc;;ﬁ,ﬁﬁiﬂ and
purines are plnner due to the presence of conjugated double bonds and are weak bases. Alr

these bases undergo (keto-enol tautomerism, involving the shify of o hydrogen). OWlf

. totheir aromatic character they absorb ultraviole light. However, the absorption spf
" wvary with pH. "
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Figure 1-14 Major purines and pyrimidines in DNA and RNA.

1.6.1.1 Nucleosides :
Sugar and a base combines through a B-glycosidic bond involving anomeric carbon of

sugar and N(9) of purine or N(1) of pyrimidine. AZT (3'-azido-2",3' dideoxy thymidine},
a synthetically prod uced structural analog of dideoxy thymidine, is used to treat AlDS,

iHz ts 0
¢ HiC
NFEIC N 3cH ? NH -
I I SCH , | /L

HE?‘;‘}B ;.’G-..i"'f L

N N 0 ‘N
HOH,C 50 HOH,C 50 HOH.C O
*KH HAY “KH HAY H H
H, >H H, 2H H H
N H

H:uhr; L3 Structures of OH OH OH OH N-=N'=

nuc 3 (in‘case of deoxyribose . —

P ; : Purine Pyrimidine ~Azido-2',3’ dide
Ha+t.'-'. is substituted by H) and e rocleoeide i

thymidine (AZT)

1.6.1.2 Nucleotides

These are the phosphoric esters of nucleosides. Depending on the nature of suga
will get ribonucleotides and deoxyribonuclectides. The ribonucleoside has three posi-
tlons (2, 3’ and 5') which can be phosphoerylated, while a deoxyribonucleoside can be
phosphorylated at two positions (3' and 5'). Ester formation can occur at more than one
position on the same ribonucleoside or deoxyribonucleoside. Esterification can also occur

- at two positions on sugar molecule yielding a eyclic phosphodiester. Besides purine and
pyrimidine nucleotide, both DNA and RNA contain minor puine and pyrimidine bases,
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Figure 1-16 Phosphoric estess of nucleoside.
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(AMP) (ADP)
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ny 1p e
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on O o H H
H H
OH OH
Adanosine-5"-triphosphate
{ATP})

Figure 1-17 Nucleotides formed by joining phosphare groups.

Phosphate group can be extended by anhydride linkages so that two or even thr
phosphate groups are linked at one position in the sugar molecule in the same mucleosk
Besides these nucleotides a number of compounds that have same chemical parts
nucleotide in their structure, for example coenzymes nicotinamide adenine nucleots
(NAD), nicotinamide adenine dinucleotide phosphate (NADP) and flavin adeninedi*
ucleotide (FAD).
Nuceloside-5'-diphosphates and 5'-triphosphates are strong acids, and form complex®
- with divalent metal Mg?* and Ca®*. ATP is a carrier of phosphate and P‘.r'r':’F'}"mPi."m-ht}!l
many enzymatic reactions involved in energy transfer. ADP and UDP are specific cam
of sugar residues in the biosynthesis of polysaccharides. Nucleotide triphosphates e
as energy-rich precursors of mononucleotide units in the biosynthesis of nucleic acids..
1.6.2 Isoprenoides

I?P’E“Did compounds are widely distributed in plant kingdom, with a wide "Wﬂ
fv structures and functions. The high levels of some of these compounds present §
rpentine ofl gave them an alternative name - terpenoids; the two terms ﬂzﬂ 43

interchangeably. It is difficult to cover i i
: A _ all aspects of the chemistry and biochemisti -
:itrpenmds as they are widely distributed in large number of flowering plants. The M

tl:empr:m: n%l—?f a],hEast all terpenoids gives isoprene, made up of five carbons, 8% onf
- Lhis led to the suggestion that all narurally occuring terpenoids 8¢=2
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Lipids — Classification, Structure and Function

Lipids are heterogenous organic compounds insoluble or sparingly soluble in water, but
soluble in nonpolar solvents such as chloroform, ether and benzene. These solubility
criteria are not absolute. Lipids were therefore, defined as compounds containing in
their molecule an aliphatic chain {consisting of -CH;-) of at least eight carbon atoms.
However, there are exceptions to this rule. Lipids are important dietary constituents, not
only because of their high energy value, predominantly in the form of triacylglycerides,
“but also because both lipids and lipid derivatives serve as vitamins and hormones and
provide essential fatty acids present in the fat of natural foods. Lipids also serve as
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components O biologica: membranes and also has several prr:&te,r:twgm

anunals and birds.

1 Classification of Lipids
Lipids can be classified into three major categories:

1. Simple lipids: Esters of fatty acids with various types of alcohols.

2. Complex lipids: Esters of faty acids with alcohols cnmplexed witha n{)::rllpld muittf:_. _
3. Derived lipids: This includes diverse group of compounds (Pmﬂﬂf;lﬂ“d‘“ﬁ' fat-soluble
vitamins, steroids, etc. ) :

The principal component of most lipids are the farty acids which have a l:tmg hydro-
carbon chuin witha rerminal carboxylic group ar one end. Most of the fatty acids havean

ms arranged I an upnbranched chain. The fatty acids have
been further classified as sarurated and unsaturated. Sururated fatey acids have no double
haonds between the carbon atoms and have peneral formula CH:(CH2 }HCDDH, where
s is an even number. The maost common fatry ucids present 10 a1l animal and plant fats
are palmitic acid, (:H;{CH:}HCOOH, arud stearic acid, CH;[CH;]MCC}DH. Longer
chain fatty acids, upte 36 carbon atoms, are present in nUIMETOUS cells. Sarurated fatty
acids with less than cight carbon atoms arc liquid at plw:-;inlngica] pH, whereas those
which contain more than ten carban atoms are wlid. Small amounts of branched 2
even cyclic fatty acids also oceur in nature.

Unsarurated fatty acids conrain one OF MOre Jouble bonds. They arc aumbered from
the terminal carboxyl (C1) to the CHy group. The double bond is indicated by the sign
A, accompanied by the number corresponding to first carbon atom participating in
double bond formation. Double bond may also be indicated by . Unsaturated fatcy aci
can exist as gEOMELric isumers (cis or trans conformations). However, in all biglgg{ca]
un:ﬁ:!tur‘.-'ltfd fatty acids, the dauble bond has a cis-conhguration. The unsaturated farty
an:thds may further be classified as: monounsaturated for example palmitoleic and olei¢
acid have one site of unsaturation. Palmitoleic acid has 16 carbon while oleic acid hes
18 carbon fatry acid with one unsaturation site between carbons 9 and 10.

even number of carbon ato

Palmitoleic acid: — CHy(CH2);CH=CH(CH,);COOH(CI® 1A% or (1629)
Oleic acid: — CHy(CH,);CH=CH(CH,); COOH(CIS : 14°%) or (189)

Fnl','-.msa[unttd fatt id ed 8t
i atly aclas have two 0 '
Noact L e ek ?lu "4 , r more double bonds which are scparat

Linoleic acid: CH1[CH1];CH=CHCH1CH=CH[CH2}?CDOH (CI8 Iﬂ"“?.

Linolenic acid: CH}CH;CH:CHCH CH= = CO0.
3 2 H = H
is. g,|1,|.5} CHCH;CH_CH{CH;]T

Chain length and the numbe
r of double bonds are im i o
nsaturated fatty acids. Shorter the chain Fii:iéu:;: Toj::ttftm:’n:lﬂ‘
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OH
|
CH3— (CH)s—CH—CH; —CH=CH— (CHz)y —COOH
Ricinoleic acid '
0 H H
7 ||
CHa—(CHz)y—CH—CH—CH;—C=C— (CH,);COOH
Vemolic acid

1.1 Simple Lipids
In living cells the concentration of free fatty acids is generally low; they mostly occur
as esters which constitute parts of simple and complex lipids. In simple lipids, esters of
fatty acids with various alcohols are formed. If the alcohol is glycerol, we call the ester

as neutral fats or simply fats, if the alcohol has long chain of hydrocarbon, instead of
glycerol, the esters formed are known as waxes.

Glycerides: Glycerides ot acylglycerol are formed by the esterification of alcohol groups

of glycerol by fatty acids, these are mono-, di- and tri-acylglycerides depending upon the
nutmber of OH groups of glycerol esterified. Acylglycerols have further been classified as
simple triacyl glycerol which contain same kind of fatty acid at all the three position,
for example tristearin contain three stearic acid where as triolein has three oleic acid
residues. Mixed triacylglycerols contain two or three different types of fatty acid residues
and are named according to their attachment on the glycerol molecule.

0
1CH2UH EHE_D_S_-Hi
2CHOH CH—0O— 2: —R;

| 1
3CH.CH CH—0—C—R;
Glycerol Triacy! glycerol

Waxes: In general waxes are esters of long-chain saturated or unsaturated fatty acids
(Ci4 to Cyg) with long chain alcohols (Cis to Ciz). These are chemically inert. The

serve as protectant to plant from water loss and from abrasive damage. Waxes also l::l‘-ilr
an important role in providing a water barrier for insects, birds and animals. o

1.7.1.2 Complex lipids
The class consists of a lipid moiety and a non-lipid component that may be a small
molecule or a macromolecule. Major classes of complex lipids are glycero !'Tmphal'mis
sphingophospholipids, glycolipids, lipoproteins and proteolipids. 4 B

Glycerophospholigids: These are found in high <o ions i I
aubn::‘.'_lu'lar membranes of all living organisms, lngwhic?lcxgr?;tot;mm?dstc:mﬁ
ester linkage 1o C-1 and C-Z of glycerols and a high polar group is attached to the Cg

{sterecspecific number 3) through a ph i ¢ g - R
R acgid.a phosphodiester linkage. The main building block of
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: l'i‘ngDH O

HO CH O : tltll C]:Hz—ﬂ—[l.'l}—m
EHE—D—%—D’* : Hz—c—o—?—u L;;I,.
0~ CHE—D—F;'—Q-
o-
Glycerol-3-phosphata Phosphatidic acid

Hydrogen in phosphatidic acid can be substituted by a number of alooimlgt

COmmon oNnes arc:

(i) Ethanol amine: HO—CH,—CH;—N*Hj, which yields phmphatid?lﬂtm

(ii) Choline: HO-CH; —CH;—N*(CH;);, the substitution yields p
choline, also called lecithins. -
(iii) L-serine: HO—CHz—CH—N'Hs, the substitution yields phosphatidylserine.

coo-
- 8
O CI.T-H a—O0—C—HRy
n
R;=C—0— I‘i.:‘l'l O
CH— D-—*I-r 0 =CH,—CHzN'H,
o
Phosphatidyl ethanolamine
0
]
ﬂ EHE_U*G_H|
i |
CEab R
GH;—G'—F;—O—CHz“ﬂHz—N'lCth
o
Phosphatidy! cholina (Lecithin)
0
] .
?l‘iz D_C"'HI
Rz —&—-0- 'I:!:H 0 "NHy
GHE—D—F-D-*GHE-CH - CO0
Cl'
Phasphatidyl serine

Myo-inositol (phosphatidyl inositol) can have a number of i 2 ohatk
phosphorylation yields polyphosphatidyl inositols, phosphatidyl EITCEIUL ‘P
gl',-ccml which are commonly known as cardiolipins.

anf- g |
'$phingophospholipids: These are membrane lipids, which are cnmpﬂ“liﬁ Aty ¥
cule of sphingosine, a long chain amino alcohol, one molecule of long ¢ r.:ﬂﬂﬂ of ,.'. )
and a polar head group, joined together by gl?u:ﬂldlc linkage in some

visit aminotes.com for more...



phmphndie.ster linklage. %en a fatty acid is attached In amide linkage the resulting
cpmpuund is -::er?.midfi Sphingo phospholipids are formed from ceramide by esterifica-
tion of phosphoric acid by either serine, ethanol amine or choline. e

ti:H=cH--:cH;_],z-—c:H, :I:H=cH—{cH2]u—-CH3'

?HDH ?HGH ﬁ
'-I‘eHN“He. {'I.‘.HNH--G-FI .
CH-CH CH;0H
Sphingosine Ceramide
[;:.H =CH—(CHz}i2 —CHj
fron o
CI:H NH G? R
CH—0 -T — (0 —CH,—CH;—1» " (CH3)z

op
Phosphocholina

Glycolipids: Glycolipids are the derivatives of carbohydrate and glyceride and do not
conrain phosphate. A common ex ample is galactosyldiacyl glycerol found in higher plants
and also in neural tissue of vertebrates. Glycolipids containing di and trisaccharides also
exist. Gangliosides constitute oligosaccharide derivative of ceramide that contain at least

one residue of N-acetyl neuraminic acid.

Lipoprotein: Lipoproteins consist of lipid components, triacyl glycerol, phospholipids
and cholesterol or cholesterol ester. The protein components have a relatively high
proportion of non-polar amino acid residues responsible for binding of lipids. Plasma
proteins have been classified on the basis of their density in to five broad categories,
chylomicrons, very low density lipoproteins (VLDL), intermediate density lipoproteins
(IDL), low density lipo proteins (LDL) and high density lipoproteins (HDL).

Plasmalogens: Theseare phospholipids with ether linked fatty acids. These are present

in animal tissues and nicellular organisms. The major difference between phospholipids

and plasmalogens is that the fatty acid at C-1 (Snl) of glycerol contains either an O-alkyl
or O-alkenyl ether species. The most potent biological molecule is platelet activating

factor (PAF) which is a choline plasmalogen in which C-2 (Sn2) position of glycerol is

esterified with an acetyl group in place of a long chain fatty acid.

1.7.1.3 Derived Lipids
Derived lipids constitute compounds of diverse groups which include prostaglandins,
isoprenoids, fat soluble vitamins (A, D, E and K) and steroids.

1.7.2 Functions of Lipids .
Lipids participate directly or indirectly in caveral metabolic activities of animals as well

as plants. They serve as a major source of energy in animals and plants. Triglycerides
are broken down to generate encrgy, they also protect animals from mechanical injury.
Triglycetides are stored in oil seeds, provides energy and bicsynthetic precursors dur-
ing germination. Derivatives of fatty acids such as prostaglandihs, thromboxanes and
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at of adrenocorticotropin hormone (4500)*;

insulin — 5733) and bacterial ferredoxin (about 6000). Other common proteins are
1,000,000) and

obin (66500), enzyme urease (483000). iso-citrate dehydrogenase (
~myate dehydrogenasc complex (4,600,000). Being macromolecules proteins are not freely

form colloidal complex with the same. Chemically a protein is made of
ns additionally contain phospho-

minimum molecular weight of a protein is th

jnsulin (bovine
- human haemog]

soluble in water but
carbon, hydrogen, nitrogen, oxygen and sulphur. Some protei

rus, iron and other elements.
proteins are variously folded linear polymers of amino acids. The linear polymers of amino

acids are called polypeptides. A protein may have one polypeptide (monomeric proteins, €.8.,

myoglobin, ribonuclease), two polypeptides (e.g., insulin) or more (24 in ribulose biphosphate
carboxylase and 72 in pyruvate dehydrogenase complex). A protein having two Or mare polypep-
i (22 and 31 in the two

ides is called oligomeric protein. A polypeptide contains from a few
polypeptides of human insulin, 21 and 30 in bovine insulin, 97 in spinach ferredoxin) to a few
hundred amino acid residues (582 in human serum albumin). The amino acids are linked serially

by peptide bonds (—CONH—) formed between amino group (—NH;) of one amino acid and
carboxylic group (—COOH) of the adjacent one. The sequence of amino acids present in 2
polypeptide is specific for a particular protein. The distinctive sequence of amino acid units is
governed by the codon sequence of the gene OF cistron that controls its formation. Only some
720 amino acids are used in the synthesis of all types of proteins. This is similar to the formation

of innumerable words from a limited number of alphabets. In a polypeptide of only 100 amino
ments or types of polypeptides. This ac-

acid residues, there is possibility of 201% arrange
* counts for thousands of specific proteins found in each of the living species as well as those of

the past species.

Organisation (Levels of Structure)
A protein can have upto four levels of organisation— primary, secondary, tertiary and

quarternary.

1. Primary Structure. It is the description of basic structure ofa protein. This includes
number of polypeptides, number and sequence of amino acids in each pglyp_gp_ﬁd;: The latter is
metiﬁllf{b}"[}r{m through transcription and transiation. Specific amino acids
determine _}l&_ﬁ_p_ﬂlt_cs_\y_h_ﬁg'pynlypcplidg:i are to bend or fold and where the p_it_"fcmnt‘f!cngltis‘wu]
be attracted to_each other. The distance between {wo adjacent peptide bonds is about 0.35 nm,

2 Secondary Structure. It is the development of new stearic relationships of amino acids
present in the linear sequence inside the polypeptides. Some of the new relationships are of
regular nature and give periodicity to the structure. There are three types | of secondary struc-

_tures— o-helix B-pleated and collagen helix. The and B terms simply designamﬁc—first and
the second type of secondary structures discovered in pmtcins.l In o-helix the E‘IEPﬁﬂC
cl’l_:_!_ln is coiled 591::._11_13, _genersllll;r in “.E],'“ handed manner. At places the helix is less reg!,ﬁ:r: '
T-ﬂ—l:l:l'_l_ ing rand_um_g_ﬂﬂ_s._'!"h; helix is st_ahl_h:ed li:ly hydrogen bonds between oxy gen of car oxylic.
group (—CO group) of one amino acid residue and >NH group of next fourth amino acid
Ei;.sidduc._ﬁctually_ all the u}ain chai_n__—CD and ;-LI‘QH_ gr““PS-ﬂ-T—F-Ll!."i-ﬁ;g;:_ﬁ:iﬁnEgE' e T
cqi]: secondary stru_.:_:i;ﬂ:_ls_f ::-_und m_s:vcral proteins, ¢.g., keratin (hair), myosin, tropomyosin
(both muscles), epidermin (skin), fibrin (blood clot). Two or more polypeptides can further coil
around each other to form cables. This gives helica) strand. R

In.p-pleated_secondary structure Iwo or more ivocoiide dhii il =
mh" Itn_bﬂnﬂi—ﬁ-ﬁhc:ﬁs,pmduc:d instead of ap?-lgse::d:;h_ﬂ_lHE_gc; il:_ﬁﬂ:gg;q;@ by_.
'--ﬂul mt’ i n . llel_ﬂ’lih,g.,cljttgu_a-kérﬁiin ] ,..""",'"- ,""':""""*E- o i
. =~ tig-' ﬂbmtn U‘f slik]' l-n Sﬂmﬂ m!iéimb! DO'H DFE ‘#_n]m'l ‘ll.. W ".m—'-.--' T. H LF

ﬁ!’ﬂ_ﬁﬁummm. '
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d structure in other parts, €.8.,
helix. '

aralle] strands with b-pleate
y three strands or polypeptides coiled

e
ortion and bent to form two of more P .
i]:i(::unuclcas:. b-pleated proteins are more extended than the ones having a-

In collagen of tropo-collagen helix there are generall
around one y the establishment of hydrogen bond between

»NH— group of g d with —CQO group of the other two0 strands,
There is also a locking effe proline residues (Fig. 6.6).

another. The coil is strengthened b

lycine residue ©
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Structure. There is bending and folding of various types to form spheres,
rods or fibres. It furEher bnngs new stearic relationships of amino acids specially those which
arc far apart . the linear sequence. The active sites (e.g., polar side chains) of the protein are
often brought towards l!'lE surf:l:ce. Certain other side chains (e.g., hydrophobic) are brought to
(he interiof of the protein. Tertiary structure is stabilized by several types of bonds— hydrogen
bonds, ionic bonds, Van der Waal’s interactions, covalent bonds, hydrophobic bends (Fig. 6.7).
Tertiary structure gives the protein a three dimensional conformation (Fig. 6.8). g

' |
+
n NH'_] =
Hydrogen o lonic
Bond 6 I Bond
¢ |
Hydrophobic ’,ﬂ"""{tﬁ i l
Bond 4 | ﬂ"’ﬁ"- S CH.,OH Waals
J  CHagh, ) Covalent Van der Wa
i 1 'i Bond Interaction -
I‘ ILH:"I:} fﬁl H CH:GH
.. Ha -

Fig. 6.7. Various types of bonds or interactions found during the coiling of polypeptide.

In protein structure, covalent bonds
are the strongest. They are of two types.
peptide bonds and —S—5— (disulphide)
bonds. Yonic bonds or electrostatic bonds
occur due to  attractive force between
oppositely charged ionised groups 2.8
—NH;* and —COO". Hydrogen de-
velop due to sharing of H* or proton by
two electronegative atoms. Van der Waals
interactions develop with charge fluc-
tuations between two closcly placed
groups (e.g., —CH,OH and —CH,0H)-
Hydrophobic bond is formed between tWO
nonpolar groups. It helps in excluding

water in that area and increasing com-
paction.

The bonds required to form tcﬂl';;nr;
structure can be easily broken by 118 ' ryoglobiri
Chergy radiations, high temperature, dras- Fig. 6.8, Tortiary structir® of m; yogho’
tic changes in pH and salts of heavy ' g denataration. Proterer o
metals, 'lgh'u pmzcss of degrading the tertiary structure :: ::E‘:'Ew ttm-p,m.jr_lg'iqyﬁf"g
2130 be precipitated or coagulated by scveral chemi?af the bonids requl red for B8 bt
Temoval of denaturing agent Causes rc-cstnhhshml:nt ﬂﬂ L o g 2
t“ﬁ“? structure. The phenomenon is called renafuration.
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