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1.  HIVisclassified as:
A. Bacteriophage B. Retrovirus C. Oncovirus D. lcosahedrewaruS
2. Allviruses can reproduce within living organisms only, so they are known as:
A. Ectoparasites 8. Obligate intracellular parasites
C. Endoparasites D. Facultative intracellular parasites
3.  Theviruses can reproduce:
A. Without invading any cell B. By mitosis C. In bacterial cell D. By meiosis
4.  Thelife cycle in which phage kills the bacteria is known as:
A. Transduction B. Lytic cycle C. Temperate phage cycle D. Lysogenic Phage
5. Inviruses, a combined structure formed by core (Nucleic ACID. and capsid is:
A. Nucleocapsid B. Envelope C. Prion D. Capsomeres
6. Lysogenic viruses are also known as:
A. Enveloped phage B. Prophase C. Virulent phage D. Bacteriophage
7.  Capsid, the protective coat of a virus is made up of subunits known as capsomeres:
A. Lipid B.RNA C. Protein D. DNA
8.  Among followings, enzyme is naturally found in human immunodeficiency virus (HIv):
A. DNA polymerase B. Reverse transcriptase  C. RNA polymerase D. Ligase
9.  Capsid, the protective coat of a virus is made up of subunits known as capsomeres:
A. Lipid B. RNA C. Protein D. DNA
10. Among followings, enzyme is naturally found in human immunodeficiency virus (HIV):
A. DNA polymerase B. Reverse transcriptase  C. RNA polymerase D. Ligase
11. Rod-shaped bacteria are known as >
A. Spinlla B. Spirochete C. Bacilh D. Cocci
12. During unfavorable conditions certain bacteria produce:
A. Ribosomes B. Mitochondria B. Plasmids D. spores
13. Many bacteria are motile due to presence of:
A. Flagelis 8. Gilia C. Pih D. Microtubules
14, Is an invagination of cell membrane which helps in cell division:
A.Fimbriae B. Mesosome C. Nucleoid D. Endospore
15. Chemical used for destroying agricultural competitors are known as:
A. Antibiotics : B. Disinfectants C. Pesticides D. Chemotherapeutic agents
16. DNA molecule in prokaryotes is:
A. Single, circular, double stranded molecule, not bounded by membrane
8. Double, circular molecule
C. linear, double stranded molecule
D. Single, circular, double stranded molecule membrane bound
17. Nucleoid is a structure NOT found in:
A. Campylobacter B. Spirochete C. Cyanobacteria D. Goblet cells
18. Students were asked to give a guess about a unicellular organism with darkly stained nucleus. Wi
one of the following can be straight away excluded from the list?
A. Paramecium B. Plasmodium C. Amoeba D. Lactobacillus
19. Binary fission is a characteristic cell division NOT found in:
A. Pseudomonas B. Euglena C. Campylobacter D.E. coli
20. In which one of the following shapes, gut living symbiont Escherichia coli is found?
A. Round B. Spiral C. Oval D. Rod
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After studying this chapter, the students will be able to:

~{ CELLS AND SUBCELLULAR
ORGANELLES

_-Studentheamping Quivemes (SLOsiE, "
Describe that cells are the basic unit of lile with respect to seven properties of life (movement,
respiration, homeostasis, growth. reproduction, excreton nutrition).
State cell theory (including how to validate it and excepticns to it!
Compare and contrast the workings of a light nucroscope and electron microscope with focus on
resolution and magnification and live vs dead samples
identify the ultrastructure of animal and plant cells
Describe the structure and functions of ceil wall, cell membrane and subcellular organelles
(endoplasmic reticulum, ribosomes Golgi apparatus, vesicles, lysosomes, peroxisome, vacuscles,
mitochondria, plastids, centrioles, nucleus).
Differentiate between prokaryotic and eukaryotic cells with diagrams.
Explain the structure of the cell membrane and the techniques that can be used to study it
Deiine cell signaling.
Discuss the pathway of a signal from outside the cell to the inside. (protein signal and steraid signal)
Expiain the 4 membrane transport mechanisms with diagrams (simple diffusion, facilitated diffusion,
osmosis, active transport)
Describe endocytosis and exocytosis with diagrams.
Compare and contrast simple and facilitated diffusion.
Deflne stem cells and advantages of using stem cells
Categorize diflerent types of stem cells.
Evaluate the advantages and disadvantages of using induced Pluripotent Stern Cells.

)

In this chapter "Cell and Subcellular Organelles,” we will do a detailed study of cells, the fundamental
units that compose all living things.

Building on our previous knowledge from Grade IX, we will explore the cell theory and examine the
structures of both animal and plant cells.

We'll also discover the vital processes of cell signaling, and the revolutionary potential of stem cells.
Additicnally, we will investigate the mechanisms of membrane transport that are crucial for cellular
function

CELLS - THE BASIC UNIT OF LIFE

Cells: The basic unit of life, making up every living organism.

Unicellular Organisms: In unicellular organisms like amoebas and bacteria, a single cell carries out all
the functions necessary for life.

Multicellular Organisms: The organisms which are composed of many cells such as plants and animals,
are composed of numerous speclalized cells that work together to sustain life

N
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~  Basic Properties of Life:
e All living organisms show the seven basic properties of life.
« These properties actually define living organisms. Cells perform all the fundamental actiities g,
charactenze living organisms.
(i) Movement: Cells can move. X 1. Which of these is a sign y,
* Sperm cells move with their flagella. something is alive?
. ’Nhite blood cells travel through the bloodstream to fight : :: :\:‘:v;i'::f:::gy and can gy
infections. C. Itis made of metal
Inside cells, organelles move to carry out vital functions. D. It does not change at all
(ii) Nutrition: Cells obtain nutrients from their environment to v e
produce energy, build cellular structures, and drive biochemical reactions.
(iii) Respiration: Cells generate energy through respiration. This process breaks glucose to release ATp y..
energy currency that powers cellular activities
(iv) Excretion: Cells remove waste products through diffusion and active transport, preventing toxic buildyp
{v) Homeostasis: Cells maintain a stable internal environment by regulating the movement of substar:
across their membranes.
(vi) Growth: Cells grow by taking in nutrients and converting them into cellular components.
(vii) Reproduction: Cells reproduce through mitosis and meiosis.
* Mitosis produces identical daughter cells for growth and repalr, while meiosis creates gametss
sexual reproduction.

CELL THEORY

»  Historical Background of Cell Theory:

e At the beginning of 17" century, many scientists began the use of microscopes to study very im
objects. A few of them are discussed to here.

(i) Robert Hooke:
* In 1665, English scientist Robert Hooke examined a thin slice of cork of oak tree under microszez
* He observed that the cork was made of "many little boxes".
®* Hooke also examined the pieces of stem and root of oak tree under microscope.
®* He found that these were also made of similar little boxes.

= Cellulate: He concluded that the parts of plants were made of compartments. Hooke named t"
compartments as "cellulae”.

Little boxes in cork

Piece of cork

Figure : Robert Hooke's microscopeand observation
(ii) Anton Van Leeuwenhoek:

>
* In 1673, a Dutch scientist Anton van Leeuwenhoek made a better microscope and observed "
cells in pond water. He called these cells as animalcules.

v
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(iil) Jean Baptist de-Lamarck:
= In 1809, the French biologist Jean Baptist de-Lamarck also observed cells when he examined the
parts of animals and plants under microscope.
(iv) Robert Brown:
» Lateron,in 1831 the British botanist Robert Brown discovered nucleus in the cell.
(v) Matthias Schleiden:
= After these studies, biologists began to arganize information about cells.
» In 1838, the German botanist Matthias Schieiden observed many parts of plants under microscope
He concluded that all plants were composed of cells.
(vi) Theodor Schwann:
s The German zoologist Theodor Schwann concluded the same for animals as was discussed by
Schleiden
(vii) Rudolf Virchow:
» In 1885, the German physician. Rudolf Virchow (1821-1902)
observed that all cells come from other cells.
(viii) Louis Pasteur:
* In 1862, Louis Pasteur provided the experimental proof of vichow idea
= Allthe above observations were combined to form a basic theory about cells. It is called celi theory.
Essential Points of Cell Theory:
. Allliving organisms are composed of one or more cells.
il. Cells are the basic units of structure and function in an organism.
iil. Cells come only from the division of pre-existing cells.

Validation of Cell Theory:
Cell theory can be validated through several observations and experiments,
(i) By Using Microscopes:
* By using light microscopes and electron microscopes, scientists visualize cell structures and find
tangible (Physical/Real) evidence that cells are indeed the structural units of all living organisms.
(il) By Using Techniques:
* Through techniques like live-cell Imaging and genetic studles, scientists can track how cells replicate
and give rise to new cells.
= These techniques validate the principle that all ce!ls originate from pre-existing cells.
(iil) By Using DNA Sequences:
* Techniques like DNA sequencing reveal that cells share common genetic material and metabolic
pathways, reinforcing the notion that the cell is the fundamental unit of life.
(iv) By Using Experiments:
*  Such as cell culture studies and tissue engineering, validate cell theory by demonstrating cellular
growth, differentiation, and reproduction.

Exceptions to Cell Theory:
While cell theory is widely accepted, there are notable exceptions (Excluded).
(i) Viruses + Viroid + Prions:

Check Understanding!
2 How did Rudo!f Virchow help
validate the cell theory?

Viruses challenge cell theory because they are not made of cells and cannot carry out life processes
independently. They require a host cell to replicate and are considered by many scientists to be at
the border of living and non-living entities.
Similarly, prions and viroids show properties of living organism but are not composed of cells. Th.-,
are made of only DNA, RNA or proteins.
(i) Eukaryotic Organelles:

* Mitochondria and chloroplasts have their own DNA and can replicate independently of the cell's
nucleus. This suggests they may have originated from free-living prokaryotic cells.
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(i) Fung & Algae:

= Some organisms, such as certain fungl and algae, have structures where multiple nuclei ¢
within 3 shared cytoplasmic mass These structures blur the boundaries of individual cells as ger.

Dy tra cell theory

(iv) Muscle Cells {Myocytes):

* In vertedrates muscle cells can fuse to ‘orm multinucleated fibres, challenging the concepr oo,
sing'e cell as the basic unit 1n complex tissues.
—_—
MICROSCOPY
—

(1)

”

e Microscopy: The techmigue of using microscopes to observe and
LSy OB edts that are too small 1o be séen with the naked eye 1S
called microscopy.

= Use of Microscope: The discovery of cells and than the further
studies of the internal structure of cells were dependent upon
tre use of microscope.

e Working Principle of Microscope: Microscopes use lenses and
vgnt or electron beams to magnify and illuminate specimens.

L|qht iicroscopy (LM):
In ight microscope, light is used to make tne image cf object.

e Light passes through object and then through two glass lenses.

e One lens produces an enlarged image of the object and the
second lens magnifies the image more.

« Image Formation: After passing through object and lenses, the

wnt forms enlarged clear image of object in viewer’s eye.
Eyepiece Viewe!
(Ocutar lens)
Arm
- \/’———. Ocular lens.
NG~ Nosepreos
ﬁ——.- Objectve lens
. Specimen Opjective 'ens
Dzpvagm _ - " ! Specimen
| Coarse adjustment
Lieht source ..,,\ Condenser
—a ) Fine adjustment
- Light sourca

-~

(a) (b)

Figure: (a) Major parts of light microscope;
(b) Working Principle of Light Microscope

Magnification + Resolving Power of Light Microscope:

« Magnification: The magnification of a light microscope is 1500 X.
It m~13ns it can magnify objects about 1500 times.

« Resolving Power of LM: resolving power of light is 0.2
micrometre (;m) and 1um = 1/1000 mm. In other words, the
ligit microscope cannot distinguish objects smaller than 2um.

3. Which of the following is a mae,

MICroscese;
compared to electron microscopes)

A They are Mmore expensive

B They cannct be used in labs

C. They have lower magnification s

limitation of light

resolution
D They require
operate

specia

traning 1

o~ Magnification and Resolution

s These are two key characteristics of

microscopes.

e Magnification: The

micr

03¢0 |

2bilty to enlarge the image of 3« |

object.

* Different lenses within a m croscepe
offer varying levels of magn ficare-
1t is denoted by the symbo! "
indicating how many times larger e |
image appears compared to tre |

actual size.

o Example: A 10X lens can enlargeal, |

m  object to

10p m, Tou |

magnification in a microscope = |
determined by multiplying e
magnification of all lenses

* Resolution: The ability of microscoce |
to distinguish between two points I
that are close together on an obyee

The greater the resolution, the fre |
the detail that can be observed
» Human Naked Eyes:
human eye has a resolution of aba!

0.1 mm.

The naked |

* In contrast, a light microscepe &
resolve details down 10 approx/nae

250 nm (nanometres).

i

Advantages of LM: Light microscopes are advantageous for viewing living organisms.
Disadvantages of LM: As the living individual cells are generally transparent, their components "

distinguishable unless they are coloured with special stains (coloured chemicals). Staining, howev

usually kills the cells.
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(2) Electron Microscopy (EM):

e In electron microscope, a beam of electrons passes thre
abject. Magnetic lenses focus the electron beam on
photographic film and make much enlarged imags

wer s much preater tr

e Resolving Power: Ils resolving po

|
4 Compare the functions of TEM and '

| SEM im plelrDm MICrOCoDY

r light microscope. It car priy sh

as small as 0.2 nanometre (nm) and 1 nm = 1/1000,000 m
o Drawback of EM: Electron microscope cannot be used for viewing I ~a ) ) RL
methods needed to prepare the specimens
Types of Electron Microscope: (Biologists use two types of -
electron microscopes) i )
(i) Transmission Electron Microscope (TEM): ot )
- »-
» Itis used to view the internal structure of ce!l N
= TEM transmits a beam of electrons through a very thin L .
z LA S, A —
specimen. It can magnify cbjects up to 250,000 times. — s
(1) Scanning Electron Microscope (SEM]: T NT
= |t s used to study the details of surfaces of cells or any other
objects. The surfaces are coated with metal
* When electron beam hits the metal, it is reflacted and makes figure Electron microscope
enlarged image SEMs can magnify objects up to 100,000 times,
¥ i i~
Froctron - £~ : | \ ! / [ a
- ] — s
source ‘ 3 l I
f i ; :
! . | [ -~
[ =4 122} | S , |
Corzenser A 4 i
8 - - | | 241 =
~ | e | g
' | i,’\'«r«\lr‘ Ampiter | ' R
Loetan : |
setes | | ||
4 |
> 9 ©0 1 [S=] [ | - e o s
l Sampie
Objerte iers — - m ) ! = N ¢
| v |
! | emweews —
Back-scaltered l Sz _— | emwrg i
L4 ‘
]
. 4 oncary P! ou ==
Sample e, | s e
)
Fiqure: Working principle of: (3) Scanning elestron m croszcoie (B) 1 FINSmMISSion €lealron MmICroscope
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Difference Between Electron Microscope and Light Mic
Feature/Characteristic | Light Microscope (LM) Electron Microscope (EM)
(1) Source of Light o Uses light (approx, 400-700nm) asan | @  Uses electron beams (approx g
illuminating source nm ) as an illuminating source
' i —\
(1i) Magnification e Lower magnification (usually S00X to o Higher  magnification (diregy
Power 1500X) than an electron microscope magnification is  16000X ang
photographic magnification is
1000000X)
(il) Resolution Power | e« Low resolution (may be 0.2um) o High resolution (may be 0.2 nm)
(iv) Types of Specimen | «  Both live and dead specimens can be ¢ Only dead and the dried
seen specimen can be seen
(v) Specimen e Specimen preparation takes about a ¢ Specimen preparation takes
Preparation time few minutes or an hour several days
(vi) Image Formatien | e Theimage is seen through the ocular ¢ Theimage is recelved onazinc
lens. No screen needad sulphate fluorescent screen

—)
e

STRUCTURE OF CELL

v

Basic Types of Cells:
¢ You know that there are two basic types.of cells: (1) Prokaryotic

(li) Eukaryotic
All bacterla are prokaryotes. Examples of unicellular eukaryotes: Yeast and Euglena
e Examples of multicellular euraryotes: Plants and animals

e Eukaryotic cells are more complex than the prokaryotic cells.

Q. Write details of the structure and the chemical composition of cell walls of eukaryotes ang
prokaryotes.

Cel! Wall:

¢ Cellwallis a maore or less solid layer surrounding a cell.
e Occurrence: It Is found in bacteria, fungi, plants, and algae.

3

e Protoplast: ‘When 2 cel! wall is removed using cell wall degrading enzymes, the remaining components
of the cel' are ~alled a protoplast.

' ]_'L‘:,’,f,‘:,
= S. Which of the following correcty
describes the composition and
function of the middle lamella In
- Primary plant cells?
Cell A. It contains cellulose and gives NEidTi
Wall 10 the cell
3 1 Plazma B. 1t 15 rich in pectin and helgs b7
2 —J}-Membrane adjacent cells together
C It 1s made of lignin and stores wa't
products )
D. It forms only after the secondary »2
is complete ‘

Figure: The composition of primary cell wall
(i) Primary Cell Wall:
e The pnimary v/all 1s the actual cell wall of cell.
* Chemical Composition: 't is composed of polysaccharides i e. cellulose, hemicellulose and pectit
* The cellulose microfibril; are aligned at all angles and are held together by hydrogen bonds
= Many proteins are also present in primary walls.
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() Middle Lamella:

» The midd'e lamella Is a gelatinous layer that separates and holds the primary walls of the
nelghbouring cells
o Itis laid first. formed from the cell plate during cytokinesls,
and the primary cell wall is then expanded inside the middle | 6. Compare the primary and secondary
lamella cell walls In plant cells.
» Chemical Composition: It contains magnesium and calcium
pectates (salts of pectic acid).
(iil) Secondary Cell Wall:
= In some plant cells, after maturation, a secondary wall is made
between protoplast and primary wall.
s Chemical Composltion: Secondary ceil walls contain lignin,
cellulose and hemicellulose.
* More Rigid: Due to the presence of lignin, secondary wall is
more rigid than the primary wall.
o Plasmodesmata (Singular, Plasmodesma): These are small channels that directly connect the cytoplasm

of neighbouring plant cells to each other. Plasmodesmata penetrate both the primary and secondary
cell walls

s Plasmodesmata have caused debate
among sclentists regarding cell
theory. Some scientists suggest that
the celis of higher plants are not
really cells snce they are not
physically separated or independent
from one another

« Importance of Plasmodesmata: They allow certain molecules to pass directly from one cell to another,
So, they are important in cellular communication

Plasma Piasmodesma
membrane

Middle
lamella

B e
co oy -

\ 1 v 3
hhhh Vacuole \MJ
~ ‘/ 2 )
Figure' The cell walls of two neighbourning cells showing a plasmodesma
e s s Cell Will of Diatoms A 3

* The group of algae called diatoms synthesize their cell walls from silicic acd
o The acid 15 polymenzed inside cells, then the wall is extruded to protect tre cell

o The synthesis of Silica cell walls requires less energy. That is why there are higher growth rates
in dlatoms.

Plasmodesmata are formed during cell division when parts of the endeplasmic reticulum of the parent
cell get trapped in the new cell wall.
® Functions of Cell Wall + Rigidity + mechanical Support: They provide rigidity to the cell for structural

and mechanical support; maintain cell shape and the direction of cell growth and ultimately the
architecture of the plant.
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o Prevents From Expansinm: The + 1w 0 <5 prevents expansion wocn waterenters the cel
e Protects Again Pathogen: Cell wal's pretect against pathogens end the crvironment
e Cell Wall: Sto es cartonydrates for the plant.
—_
®  The cell wall of algae contains celiu'ose and a vaniety of glyccaroteins
o Thecell wall of fung s compased of chitin, tae same carbohydrate that gives strength 1o the cace,
of Ingeces
®  The ce!l wall of prokaryotes (bacteria and cyancbacteria) is composed of peptideglycan, that iy 4 ;.
large polymer of ameno aqinis and sugar
e The cell wall of archaebacteria s composed of different polysaccharides and proteins
pectidoglycan
< Plasma Membrane:
All prokaryotic and eukaryotic cells have 4 plasma membrane that | FEIESEETe v TR TSIy
encloses their contents and serves as 2 semi-porous barrer to the | 7. Which feature of the eukarye,
outside environinent plasma membrane allows selectn
transport of materials?
~  Structure of Plasma Membrane:

e Fluid Mosaic Model: Tre fluld mosaic model is a widely accepted
concept that describes the dynamic nature of plesrma membrane.

e !t was proposed by twg American oioiogists S.J. Singer and Garth
Nicolson in 1972,

A. Presence of 5 cellulose layer

B Proten channels and carrier protes
C. DNA embedded inthe membrang
0 Kigid phospholipid tals

e According to the Flud Mosaic Modei: The basi: taundation of plasma membrana is a lipid biisyer,

e This bilaver is made of phospholipids. 2 - o0
Celi

ot proteins fl0at within the lipid Lilaver

Plasma membrar: ]
Carvohycrate Glycoproen !
Guotilar s / .
ot N 8 T i, §
Channet | >
roter
Giycolipid + 7 3 J Chrlestero!
b < \ \
Pasiphern -~ ™ / \
oroten = /1 \ Integral
Tiobula: / QT
orolein (togral Surface  proter.
i 4 protem
Phospholipid

Lipid bilayer |

Mycrophihe hepa

?  Hvaropnobic tail

Figure Structural components of plasma membrane

wou'd be completely
wates-3oluble

agaition  to
molecules, the

Blesaicns Loz

3
fe n

—

[Exercise L0.3)
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, Arrangement of Phospholipids:
- < Ko e \OAD » FIOUD at one "
e The phospholipwds have a phosphate group at one end of each 5 The Intelter o Nald bllover sheat
molecule hydrophobic. It repels water-soluble
e Phospholipids are characternistically hydrophilic {"waterloving™) molecules that amempt to pass
at their phosphate ends and hydrophobic [ water fearning”) through it
along their tail regions containing C-H chains ¢ 12 cell was fully encased in pure lipid
bitaver, it
o In the lipid pbilayer of plasma membrane, the hydrophobic lipid eeshie- 0
tails are oriented ‘nwards and the hydrophilic phosphate groups molecules € g, sugars. polar amino
are aligned outwards, either toward the cytoplasm of the cell or acds etc
the extracellular environment, o That is why, m
phospholipids
, Plasma Membrane of Eukaryotes: mewirones - slse’ contsl  preteins
e In eukaryotes, plasma membranes have cholesterol molecules, that provide passageways across the
wedged into the phospholipid bilayer o
e They keep the fluidity of membrane at low temperatures. Many
proteins float within the phospholipid bilayer of plasma
membrane. Some other proteins simply adhere to the surfaces of | 8. Describe how the plasma membrane
the bilayer. The positioning of proteins Is related to the in eukaryotic cells supports selective
organization of cytoskeleton. Smepest.
Q. Explain the chemical composition and the functions of plasma membrane.
» Functions of Plasma Membrane Proteins:
+ Transport: Many proteins play role in the selective transport of certain substances across the
phospholipid bilayer, either acting as channels or active transport mo'ecules.
¢ Attachment: Some proteins help in attachment of plasma membrane to cytoskeleton and external fibres
» Identification Marks: Some proteins, on the exterior surface, | | 5.0 oo o ¢ stinguish  among
attach with sugars and make identification marks, ditferent cells Is crucial to
e Receptors: Other proteins function as receptors, which bind dllows celis In an embrys to sot
messenger moiecules (e g. hormones) and transmit signals to the ;',”::‘::":""'ﬂ; e b
g 0 heips celts of the Immune system
interior of cell. to recognite and reject foregn cetls
» Catalysts: Some proteins also exhibit enzymatic actwity, e g, infectious bacteria
catalysing various reactions related to the plasma membrane.
Transporters Anchors Receptors Enzymes
ad Extraceliullar
Space
‘ A
' Q1% Cytosol g ;
x v
Figure Major types of plasma membrane proteins
* The outside surface of plasma membrane has chains of sugars bonded to proteins and lipids
Q. Identify the role of glycolipids and glycoproteins as the cell surface markers.

* Glycoproteins + Glycolipid: A protein with attached sugar is called a glycoprotein, whereas a lipid with

attached sugar is called a glycolipid

The glycoproteins and glycolipids vary from species to species, from individual to individual in the same
species, and even from one cell type to another in the same individual. The glycolipids and glycoproteins
[collectively called glycocalyx) function as cell identification marks that are recognized by other cells.
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. Percent by welght _Sﬁ'_"_‘_’ﬂ? L
Protein | Lipld | Carbohydrate o Organelles: The cytoplasm contalns discrete structures which are
wembrne o :3 8 specific for varlous cellular functions and are called cell | y3 wnich nuciear structure controls
. Human redtiosd o ~- organelles the organelles are generally enclosed by membrane the movement of molecules In snd
e Mitochondria (outer membrane) 52 48 0 except few such as ribosome. < :u(‘o”n. nusl‘.:ﬂl o.
i . vlleo vy Nuclear envelop
e Mitochondria (inner membrane) 76 24 0 « The following paragraphs describe the structures and functions £ ‘Clhoarnaihy D Mihoay Aonds
lles.
e Bactena 75 25 0 of Important organelles m\ )
»  Functions of Plasma Membrane: Plasma membeane —

y . Cellval
e AsSemi-Porous Barriers: Plasma membranes serve as semi-porous barriers to the outside environmes

The membrane acts as a boundary, holding the cell constituents together. The plasma membrane ; , .-L""";.-
permeable to specific molecules, however, and allows nutrients and other essential elements to eny.. So——— -
the cell and waste materials to leave the cell. Vacucle R tsonommey
» Molecules Cross Easily: Small molecules, such as oxygen, carbon dloxide, and water, are able to gy T
freely across the membrane.
e Molecules Carefully Regulated: Larger molecules, such as amino | EYTUATY e T o | i g
acids and sugars, is carefully regulated. 8. Acell Is compared to a city. If th | Sty
% nucleus Is the city hall ang
e Eukaryotic cells also have membranes arcund some of their organelles are factorles, what beg
interior organelles, Like the exterior plasma membrane, these represents the cytosol? i HNucieus
membranes also regulate the flow of materials into and out of | A) The roads connecting factories | appanaus P
organelles. ‘B:: 1‘:: all;nf:“:‘h:: T:e,ﬂh.ng i | Figure: The Ultra-structure of a Plant cell
Techniques to Study the Structure of Plasma Membrane: and functions Noclear envelope USes! pore isias
i. Transmission Electron Microscopy (TEM): It can reveal detailed | D) The power lines supplying energy / ke
structures of the lipid bilayer and associated proteins. ]
li. Scanning Electron Microscopy (SEM): It is useful for examining the surface topology of cells and membrargs m:;::.e Lysosome
ili. Confocal Microscopy: It uses laser scanning and fluorescence to create sharp, detailed images of t;
cell membrane. Goigl Mitachond
iv. Total Internal Reflection Fluorescence Microscopy: It is used for high-resolution images of t SpperasD
membrane and its interactions with the cytoskeleton and other cellular components. Rough Cviosheleton
v. Atomic Force Microscopy: It provides topographical images of cell membrane at high resolution m‘fx"
vi. X-ray Crystallography: It is used to determine the atomic structure of membrane proteins. ‘
vii. Lipidomics: It involves the comprehensive analysis/study of lipids in the cell membrane using techniqus m:':;::?nk s s
like mass spectrometry, + reticulum
vili. Fluorescence Recovery after Photo Bleaching: It is used to study the mobility and dynamics ¢f
membrane proteins and lipids Figure : The Uitra-structure of an Animal cell
. , g (1) Nucleus:
e It involves bleaching a fluorescently labelled region of the membrane with a laser and observing th . p
recovery of fluorescence as unbleached molecules move into the area. | * Aprominent nucleus is present in all eukaryotic cells (at
] centre in animal cells while pushed to side in plant cells)
Cytoplasm and Organelles: { 3 i
: 10. How does TEM help study the ¢ The spherical nucleus typically occupies about 10 percent of
e A eukaryotic cell consists of three major components i.e., slssriaenbiane? a eukaryotic cell's volume.
(a) Plasma membrane (b) Cytoplasm (c) Nucleus

e Functions of Nucleus: It serves as information processing
and administrative centre of the cell.
* It performs two major functions:
(1) It stores the cell's hereditary material (DNA).
(li) It coordinates the cell's activities e.g., growth, protein
synthesis and cell division.
¢ Nucleoplasm: The semifluid matrix found inside the nucleus
is called nucleoplasm within the nucleoplasm, most of the
nuclear material consists of chromatin that organizes to form chromosomes during cell division.
The nucleus also contains one or more nucleoll, which synthesize ribosomes

= Cytoplasm: The cytoplasm is a semi-viscous and semitransparent substance. In eukaryotic cells, it
present between the plasma membrane and nuclear envelope.

e In prokaryotic cells, it covers all the space beneath plasma membrane.

Cytosol: Cytoplasm consists of an aqueous ground substance, known as cytosol which contains 3 varleh

of organelles and other inclusions Cytosol contains water in which many organic (prote™

carbohydrates, lipids) and inorganic salts are completely or partially dissolved.

e Importance of Cytoplasm: The cytoplasm of the cell provides space for the proper functioning of
organelles and also acts as the site for various biochemical (metabolic) reactions for example Glycols*®
(breakdown of glucose during aerobic respiration)

Figure: The structure of nucleus

— /
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Q.  Discuss nuclear envelope and nuclear pore complex in detail.
»  The Nuclear Envelope and Nuclear Pores:
T . -mmmm.
. he nuclear envelope is a double-layered membrane (ha{l 12. What 15 the importance of
encloses the contenrts of the nucleus during most of the cell’s pores in cellular functiony
Iifecycle,
. o o 3 \
= Perinuclear Space: The space between the double layersiscalled [ g 0 biocks of Dna and &y,
the perinuclear space and is connected with the rough ATPs are allowed to enter .
endoplasmic reticulum. nucleus
e During ceil division, the nuclear envelope disintegrates, but | © "'b‘l“°"“a"“"“"“W’“m'u, s
nucleoh are the
reforms in the daughter cells . materials that are allomed 1, ;.
* Nuclear Lamina: On the inner side of nuclear envelope, there is the nucleus and enter the ¢y
a protein lining, called nuclear lamina It binds to chromatin to
give it structural support.
Quter Nuclear Membrane
..@ Nuclear
T4 Envelope
&< Inner Nuclear
Membrane
Annular
Subunit tu
Nucl'ear Lamina
Basket
Figure: The structure of nuclear envelope and nuclear pore complex
e Nuclear Pores: The nuclear envelope has tiny holes known as nuclear pores.
~ Importance of Nuclear Pores:
| lls th duce large 2mourt
» These pores regulate the passage of molecules between nucleus | ° o", °°p:o'm: p";n: §
and cytoplasm. Nuclear pores are permeable to small molecules sigrificant hvirbiers of ribosones
Some larger proteins, e.g., histones, are a'so allowed to enter the size of the
into nucleus. considerable
e Nuclear Pore Complex: A nuclear pore is made of an elaborate | * At the onset of mitosis, the 37
lled th 1 I | d of nucleolus present in cell disappein
structure called the nuc ear. pore comolex. It 1s composed o Shdlafied division. riew:uceohs
several subunits. These are given As; formed from the NORs
(a) Annular Subunit: Surrounding the inside of the pore.
(b) Column Subunit: Making the wall of the complex.
(c) Ring Subunit: Attached to the outer side of the column subunit.
(d) Lumenal Subunit: Anchoring the pore complex into the nuclear envelope.
. dres
»  Tiny fibrils usually extend form the complex and make a basket-like structure on the nuclear sice¢
complex.
~  Nucleolus:
e As Dark Stain: The nucleolus is a prominent darkly stained structure in the nucleoplasm.
e Number: There may be one or two nucleoli in a nucleus.
* Nucleoli manufacture the subunits that combine to form ribosomes.

Nuclear Organizer (NORs): Nucleoli are formed at certain sites in chromosome, called Nut™
Organizer Regions (NORs). The DNA found at NORs encodes the ricosomal RNA (rRNA).

SCHOLAR <2 BIOLOGY (11")
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Two Regions of Nucleolus:

r
o The nucleolus consists of: (i) Granular Region (ii) Fibrillar Region components, and DNA
(i) Granular Region: The granules consist of nbosomal subunits that have already been formed
(ii) Fibrillar Region: The fibnis are composed of the raw
matenals of ribosome subunits ie, rRNA molecules and Chedk Understanding!
13. which of the followlag correctly
sociated proteins.
5 i describes the function of the
nucleolus?
A) Cnrematin storage
8) DNA packaging
C) Ribosomal RNA synthes:s
D) Membrane transport
® Inside the nucleus of every human
cell there is a 6 feet long DNA.
~ e it is subdivided into 45 indradual
™~ i molecules (each 1.5 inches long), one
. s for each chromosome
Figure: The nucleolus within a nucleus %
Q. Describe the structure, chemical composition and function of chromosome. xeorcise L.Q
» Chromatin and Chromosomes:
. Chromat'm: Nycleu.s contains string-like fibres, collectively called Types of Chromatin
chromatin. It is composed of DNA and proteins. o/ There are two types of chromatin
e Nucleoplasm: The structure of chromatin reveals that it is made | (i) Euchromatin: it is the genctcally
of a series of bead-like structures, called nucleosomes. In a active  chromatin  invoived in
nucleosome, DNA strand wraps around groups of small proteins :,""o:‘c‘:":"“g RNA* %o produce
!
called histones. (i) Heterochromatin: The other kind
¢ During interphase (when the cell is carrying out its normal of  chromatn s termed
functions), the chromatin is dispersed throughout the nucleus in heterochromatin. Ity DNA s
" stically i A
the form of a tangle of fibres. genetically inactive.
e Chromosome: When the cell begins to divide, all chromatin
strands are compressed into specialized structures, the chromosomes
¢ Chromatid + Centromere: A chromosome is made of arms, called chromatids, and a central point, called
centromere.
Nucl Telolmere
uclear o
Pore Chromatin =4
Centromere
¢\ - Arm
Histones R
3
*'&' Condensed
Chromosome
Figure: Condcnsation of chromatin to form a chromosome
5

Chromosome Numbers in Different Organisms:

The number of chromosomes within the nuclei of an organism's cells is species-specific.
Human diploid cells (those that are not gametes) have 46 chromosomes.



78

Chapter 03 » Cells and Subcellular Organy

(2) Endoplasmic Reticulum (ER):

e The chromosome number may be as low as 2, as in some ants and roundworms, or more myyy,

a thousand, as in the Indian fern (Ophioglossum reticulatum) which has 1,260 chromosomes
e It means that the number of chromosomes in a species does not correlate to the complexity of the gy,

s A network of flattened sacs and branching tubules that extends nmmm-
14. Explain  the  function

throughout the cytoplasm in plant and animal cells is called - i v
Endoplasmic Reticulum. These sacs and tubules are collectively :'::t'e'can“ of the peringy,
called cisternae (singular cisterna)

Smootn

Endoplasmic .\ / <

e Due to their physical membr g,
connection, the lumen of »
endoplasmic reticulum and 1., -
between the layers of the »
envelope comprise 3
compartment.

e This close assocfation enayy ¢,
endoplasmic  reticulum ang
nucleus to share information i ..,
efiicient manner.

Engoplasmic v
Reticulum Ribosornes ——

Figure: Endoplasmic reticulum
* Cisternal Space: All cisternae are interconnected so that the ER has only one large and highly convg
lumen, called cisternal space. It takes up more than 10 percent of the total volume of a cell.
* The cisternae are also connected to the double-layered nuclear envelope. So, the ER provides apg:',
between nucleus and cytoplasm,
e The ER manufactures, processes, and transports a wide variety of biochemical compounds for usz ;2
and outside of the cell.

Q. Describe the structure and functions of smooth and rough endoplasmic reticulum. m
»  Types of Endoplasmic Reticulum:
® There are two kinds of Endoplasmic reticulum:
(i) Rough Endoplasmic reticulum
(1i) Smooth Endoplasmic reticulum
(i) Rough Endoplasmic Reticulum:
= The surface of rough endoplasmic reticulum (RER) is covered
with ribosomes, giving it a bumpy appearance when viewed
through the microscope. Figure: A fluorescence imagec!s
» Importance of Rough Endoplasmic Reticulum: Siiosbaliat colt stwowing 2 g

e Protein Synthesis + Processing: Rough endoplasmic reticulum Is involved mainly in the productin::
processing of proteins. During processing of proteins, RER adds other chemlcals (e.g. sugars) to prote”

e Transport of Proteln: Then RER transports the processed proteins to areas of the cell where they ¥
needed, or sends them to Golgi apparatus for further processing and modification.

* Smooth endoplasmic reticulum
much more extensive in the ¢¢5
which do lot of lipid ¢
carbohydrate metabolism (brain a4
muscle) or detoxification (liver)

SCHOLAR <+ BIOLOGY (11%) 79

(i) smooth Endoplasmic Reticulum:
s The surface of smooth endoplasmic reticulum (SER) lacks ribosomes. So, it appears more even under
the microscope. In most cells, it is much less extensive than the rough endoplasmic reticulum

5, Importance of Smooth Endoplasmic Reticulum:

« Lipids Production: Smooth endoplasmic reticulum s chiefly 15. Which statement about the sternal
involved in the production of lipids, building blocks for . ‘wn'e (c.‘ﬂrmal space) is uL,SE’

4 A t i3 the fluid filled space thin the
carbohydrate metabolism, and the detoxification of drugs and oo T
poisons. B) Itis continyous with the perinuclear

o Storage + Calcium Metabolism: Smooth endoplasmic reticulum soace
also plays a role in various cellular activities by storing calcium | ': ; "”"J‘ NeE In grensin modiication

. i nd folding
and doing calcium metabolism. In muscle cells, SMOOth | 1) 11 s (ncared between the rmer sad
endoplasmic reticulum releases calcium to trigger muscle outer mitachondrial membranes
contractions ’
o . + .
Q. Explain the structure, chemical composition and function of ribosomes. [Exercise LO.4)
(3) Ribosomes:

e All living cells contain ribosomes that are tiny granular structures composed of approximately 60
percent ribosomal RNA (rRNA) and 40 percent protein.

e Non-Membranous: Ribosomes are not bound by a membrane and are much smaller than other
organelles.

e InEukaryotic Cells: Ribosomes are mainly found attached to rough endoplasmic reticulum and some are
scattered freely.

« Inprokaryotic Cells: All ribosomes are freely scattered in cytoplasm

» Functions of Ribosomes:

e Machinery of Protein: Ribosomes serve as the protein production machinery for the cell. They are most
abundant in cells that are active in protein synthesis, such as pancreas and brain cells. A typical cell
contains several thousand ribosomes but some cell types may have a few million ribosomes.

» Production of Eukaryotic Ribosomes:

e Eukaryote ribosomes are produced and assembled in the nucleolus. Ribosomal proteins enter the
nucleolus and combine with rRNA strands to create the two ribosomal subunits (one small and ane large)

e The ribosome subunits leave the nucleus through the nuclear pores. In the cytoplasm, beth subunits
combine for the purpose of protein synthesis. When protein synthesis is not being done, the two
subunits get separated.

Large subunit
Presence of Ribosomes in Organelies
e In addition to the most familiar
Gro““ng cellular locations of ribosomes, they
: polypeptide can  also be found nside
y mitochondria and the chloroplasts of
plants

e These ribosomes natably differ in size
and makeup than the ribosomes
Small subunit found in cytoplasm, and are more like

those present in prokaryotes

Figure: Ribosome translating the mRNA
»

Mechanism of Protein Synthesis:
® Protein synthesis requires the assistance of two other kinds of RNA molecules in addition to rRNA
* Messenger RNA (mRNA) provides the instructions, which it has taken from the DNA

¢ Transfer RNA (tRNA) brings amino acids to the ribosome, Once the chain of amino acids has been
synthesized, the ribosome releases it.



» Site of Cellular Respiration: Mitochondria are the sites of cellular
respiration. They generate adenosine triphosphate (ATP) from
oxygen and nutrients. ATP is the chemical energy "currency" of
the cell that powers the cell's metabolic activities.

e Enzymes in the matrix catalyse some of the steps of cellular

80 Chapter 03 » Cells and Subcellular Organey,
s - . *\
»  Sub-units of Ribosomes: o The proteins that are syathes zoq
* The subunits of a ribosome are described by their Svedberg (S) tree nibosomes are for the ceils o,
Can
values, which are based upon their rate of sedimentation in 3 fnteinasuse;
centrifuge ¢ While the proteins produced b, the
ge. nbosomes bound to BER an
* The complete ribosorne in a eukaryctic cell nas a Svedberg value transported outside of the cej)
of 80 S.
* Smaller Sub-Unit: The smaller subunit has value of 40 S
* Larger Sub-Unit: The larger subunit has 60S.
*  Prokaryotic cells, on the other hand, contain 705 nbosomes, each of which consists of 330 S and 5 50¢
subunit.
Q. Describe the basic structure of a mitochondrion, from outside inward.
(4) Mitochondria:
e Mitochondria (sing, mitochondrion) are rod-shaped organelles that are considered the poyy
generators of the cell
»  Structure of Mitochondrion:
® A mitochondrion is 1 re is a e
c_ ondrion is bounded by two membranes. There Svedberg Valoes:
narrow intermembrane space between the two membranes. | The Svedberg values are not adgine
Beneath the inner membrane, there is a larger internal matrix. Le. the values of the two subunsy i
* Outer Membrane: The outer membrane is smooth and acts like a ribosome ‘l"’ "°‘f add up to the
a sieve, filtering out molecules that are too big. fl:e;t;:f‘ e e
* Inner Membrane: The inner membrane is highly convoluted | « This is because the rate of
and forms many infoldings called cristae which increase the sedimentation  of a2 molecys
surface area. depends upon its <ize and shape
4 rather than simply its molecular
»  Structure of Inner Surface of Cristae: weight.
e F-1 Particle: The inner surface of the cristae has knob-like
-extensions into the matrix, known as F-1 particles. These Hypbthesisof Origin' Mitochondrion
particles are actually the enzymes called ATP-synthase. Other | » Scientists hypothesize about the
complexes are also found in inner mitochondrial membrane, origin of mitochendna.
i ; =
which serve as electron carriers in electron transport chain. Wraeotingates then, milns o yars
. ago small, free-living prokaryotes
* Differences from Other Organelles: Mitochondria are different were enguifed, but not consumed, by
from most other organelles. larger prokaryotes.
e A mitochondrion has its own circular DNA (similar to the DNAof | * e WO organims Efuopte
i £ . symbiotic relationship over time, the
prokaryotes), all kinds of RNA and 70S ribosomes. larger organism providing the smaller
e A mitochondrion can replicate independently of the cell. with ample nutrients and the smelier
. " " organism providing ATP molecules
»  Importance of Mitochondria:

the larger one.

S

Check Understanding!

16. What are the specific functions ¢f
smooth endoplasmic reticulum?
S e

respiration like Krebs cycle. Other proteins that function electron transport chain are found on the innéf

membrane.
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Figure: Structure of a mitochondrion

Chloroplasts:

Mos! impertant Feature of Plant: One of the most imperitant
charactenstics of plants is their ability to conduct photosynthesis
ie, to make their own food by converting light energy into
chemical energy. This process occurs in almest all plant species
and is carried outin specialized organelles known as chlcroplesis
Location of Chloroplast: All of the green structures n plants,
including stems and unnipened fruit, contain chloroplasts, but
the majonty cf photosynthetic activity in most plants occurs in
the leaves.

On the average, the chloroplast density on the surface of a lear is
about one-half million per square millimetre.

Pigments Present in Chloroplast: Chloroplasts contain the
pigrnents chlorophyll “a" and chlorophyll “b", which are able to
absorb the light energy needed for photosyntnesis to occur.

Structure of Chloroplast:

Intermembrane Space: The ellipsoid-shaped chloroplast is
enclosed by two membranes and the area between the two
membranes is called the intermembrane space.

Stroma: A semi-fluid called stroma is present inside the inner
membrane. It coritains dissolved enzymes and comprises most of
the chloroplast's volume. The outer membrane is much more
permeable than the inner layer.

Thylakoid: The inner membranes lie in close association with one
another and fuse along their peripheries. In this way, two adjacent
membranes form a disk-shaped compartment called thylakoid.

Grana: Many thylakoids form stacks called grana (singular granum).

Lamellae: The lamellae are the non-green compartments that connect two grana. Each granum may
contain a few to several thylakoids, and a chloroplast may contain a hundred or more grana. Like the
mitochondrion, the chloroplast is different from most other organelles because it has its own DNA and

reproduces independently of the cell in which it is found.
Outer Grapum

Figure: Structure of chloroplast

Presence ofMitochondriain Cell

e The number of niitochondria present
in a cell gepends upon the metabolic
requirements of that cel!, and may
range from one 10 thousands

e Mitochondria are found in nearly all
eukaryotes, including plants, animals,

and protists, and are large

€nough 1o oe opbserved with a light

microscoge

tungs

o (el

s of plants and many protists have

three typess of plastids i e,
(1) Chigroplasts (W) Chromoplasts
(1) leucoptasts

e The colour'ess leucoplasts  are
involved In the storage and yellow-
tored coloured chromoplasts give
colours to plant parts

. « and choloplast

e Hoth organclies convert energy for
the celi. Mitochondna perform
acrobic respiration They generate
chemicai energy in the form of ATP by
metabolizing sugars. fats and other
chemical fuels with the assistance of
oxygen Chlgroplasts perform
photosynthesls

They convert energy from the sun
into the Dbiosynthesis of organic
nutrients using carbon dioxide and
water .

Like ritochondna, chlcroplasts also
contain thewr own DNA and are able
1o grow and reproduce
independently of the cell
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~  Absorption of Light by Chlorophyli:

+  Light is absorbed by chiorophyll molecules embedded in the thylakoid disks. When these chiorogy,
molecules absorb light, they emit electrons and thus ATPs are formed. Using these ATPs, in the strop,
low-energy carbon dioxide is transformed into a high-energy compound like glucose.

o \
Q. Explain the structure, and functions of Golgi complex. m
4_"\

(6) Golqi Apparatus:

» Cisternae: Golgi apparatus consists of five to eight cup-shaped, S
membrane-covered sacs ca2lled cisternae that are stacked over | « Golgi apparatus was discovereg |,
esch other, Camillo Golgl.

Golgi apparatus is founc n the ¢alls of plant, snimal and | * Camillo Golgi was investigating th
a Kk } y nervous system by using 3 ne,
c2nular eukarvotes staining technique (known as Goig

e Insome unicallnlar flagellates, the Golgi apparatus may consist of staining).
£0 cisternae. Similarly, the number of Golgl apparatuses inacell | « He observed a structure inside cels
varies according to its function and named it as reticular apparatys

: " + He publicly anncunced hils discovery

s Animal cells _senerally contain between ten and twenty Golgi 11890 58 the SS7UETre Was e
stacks in their Golgi apparatus. This complex is usually located after him as the Golgi apparatus
close to the nucleus. » Many scientists did not believe tha

x Fac f . what Golgi observed was a real
= i Go'g' Apparatus organelle and instead argued thatthe

» Each Golgi stack has twao distinct faces. apparent body was a visual distortca
(1) The 'cis' face is found near the erdoplasmic reticulum caused by staining. The invention ¢f

s y . he el i 4 I
(ii) The 'trans’ face is positioned near the piasma membrane. BReIclecon S copes i
»  Functions cf Golgi Apparatus:

« >hipping Department of Cell: The Golgi apparatus is the distribution and shipping department for the |
~ell's chemical products.

s Modification of Protelns & Lipids: It medifies proteins and liplds iat nave been built in the endoplasmic
reticulum and prepares them for export cuiside the ce!! or for transport to other locations in the cell

e 5mali vesicies that contain proteins, caroohyaiates, phespholipids ana other molecules, bud off from
the ER. These vesicles move through the cytoslasm until they reach the ‘cis’ face of Golgi apparatus

e The vesicles fuse with Golgl apparatus and release teir ..olzcules into It. Here, the compounds ar
turther processed.

Formation of Conjugated Molecules: Enzymes present in the Golgi lumen convert them int
giycoproteins and glycolipids
Incoming —__g o Cis Face
vesicle N
Check Understanding!
17. What Is the primary function cf
centrioles In animal cells?
A. DNA replication
B. Protein synthesis
C. Spindle fiber formation guring ¢*
division
D. Energy production |
Fig' » Structure of Golgl apparatus and Its fﬁncliol:lﬁ
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The product is exported from the 'trans’ face of the Goly apparatus 03 vescle and direcred to its final
destination inside or outside the cell. i

The exported products are known as secretions. Other products endoplasmic
reticulum or may undergo maturation to become lysosomes. In ad<iton, the Golgi apparatus in plant

cells produces pectin and other polysaccharides specifically needed for piant structure and metabolism

are returned to the

mribe the formation and functions of lysosomes.

Pitces Lo

(7) zsosomes

Single Membranous: Lysosomes are cpherical organeile sl:——u -a"-r-mnw
bounded by a single memgr -2 PR

Act as Digestive Compartment: They serye s o ‘ 3 ife
¢ mpartments of the cell Vain ¢ gest
Piasent in Abundance: Lysosoraes are found in most e karyntic

cells. In animals, they are most numerous In disezse-fightin~ ” »
cells, such as white blood cells. This is beczuse white biood ¢ '« must digest materizls ke bactera,
viruses, and other foreign intruders.

» Importance of Lysosomes:

S

They are also involved in breaking the cellular materials that hav.
longer useful. In this regard, the lysosomes perform autophagy.
Break Cellular Wastes & Macromolecules: They break down cellular waste products, fats,
carbehydrates, proteins, and other macromolecules into simple compounds, which are then transferred
back into the cytoplasm for making new materials r

exceeded their lifetime or are no

Q. Hoew Cells are Protected against
lysosome enzymes?

e The cell is safe from the enzymes of

These enrymes require

audic environment (of pH of about 4.8)

lysosomes.

e The lysosomal matrix is acidic but
cytosol Is a neutral environment. So,
even Il 3 lysesome is ruptured,
gigestive enzymes become inactive
and the cell remains uninjured

ins

Figure: Structure of lysasome
» Enzymes Present in Lysosomes:

Check Undérstanding!

18. How do microfilaments contribute
to ce!l movement?

Lysosomes have about 40 different hydrolytic enzymes, all of
which are manufactured in the endoplasmic reticulum and
modified In the Golgi apparatus.

Protect From Damage: The membrane covering of the lysosome protects the rest of the cell from the
harsh digestive enzymes contained in the lysosomes, which would otherwise cause significant damage.

Work of de-Duve on lysosomes

® In the mid-18th century, Belgian
scientist Christian Reneé de Duve was
investigating carbohydrate
metabolism in liver cells

Romn ER

e He observed that when cells are
damaged in the centrifuge they
release  acd phosphatase He
suggested that this digestive enzyme
was encased in some membrane
bounded organelle within the cell,
which he named as lysosome

Figure: Role of lysosome in the breakdown of the
phagocytosed particle and cellular component
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~  Discases Caused by Lack of Lysosomal Diseases:
* Siorage Diseases: In lysosomal storage diseases the patient lacks

one of the hydrolytic enzymes of lysosome. The abnormal
lysosoine fills with indigestible <ubstances, which interfere with
cellular functions

e [xamples:

(i) Pompe's Disease: lysosome lacks a glycogen-digesting
enzyme. So, harmful amounts of glycogen accumulate in liver
ceus in this disease.

e Many cells in your brain de ¢,
development. This directeg,, . ¢
accomplished by the rugyy,, L,'j‘

lysesomes within the cells s,
being eliminated “

—_—

fii) Tay-Sachs Disease: An essential ipiddigesting enzyme is missing. Accumulation of these lipigs., .
ierve cells of brain damages the nervous system, causes mental retardation, and death iy &

hiichoed
mechamism used by multice!lular organisms in their development.

lysoscmies.

(8) Peroxisomes:

» Enzymes Present in Peroxisome:

Cause of Cell Death: Lysosomes also function in the elimination of whole cell. Selective cell deyp,

Example: When a tadpole develops into a frog, the cells of the tail are destroyed by the enzm,,.

Single Membranous: Peroxisomes are single membrane bounded organelles in ali eukaryotic cells
Discovered By: These were discovered by Christian de Duve, who also discovered lysosomes.

P2ioxisomes contain a variety of enzymes. Many of these enzymes are oxidative that carry out oxig:-

e, the removal of electrons and hydrogens. These enzymes primarily function to rid the cell of 1,

substances,

by carrying out their oxidation,

Detoxifications: Peroxisomes, such as those in liver cells, detoxify alcohol and other harmful compoy |

|

Scme peroxisomes contain catalase enzymes, which break down hydrogen peroxide (a com~:

wpreduct of cellular metabolism) into water and oxygen.
2H,0, -2, 2H O+ 0,
Wwater Owrgen

Figure: Structure of peroxisome
h Nefects Due to Peroxisomes:

|

> Check Understanding!

19. Which cof the following bz
describes the movement of cila!
Undulating like a wave

Rotary spinning

Rhythmic back-and-forth beatsy
Random vibration

onm»

Zellweger Syndrome: Defects in peroxisomes cause a number of metabolic disorders. The most s
of these disorders is Zellweger syndrome, which is characterized by absence or reduced numbe*

peroxisomes in the cells.

It is congemital disorder (present at birth) and has no cure or effective treatment and usually ¢

death within the first year of life.

(9) C!yoxysomes
Glyuxysomes are similar to peroxisomes but are found only in plant cells. These organelles €™

enzymes that convert lipids into carbohydrates.
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L]
seed germination.

(10) Vacuoles

(11)

v

These are membrane-bounded sacs.

o Functions of Vacuoles: Vacuoles function in several ways.

o Vacuole of Plant: in mature plant cells, a single large vacuole
provides structural support, as well as serves functions in

4 storage, waste disposal, protection, and growth.

« Vacuole in Animal: Vacuoles in animal cells, however, are much

smaller, and are more commonly used to temporarily store

materlals or to transport substances.

Formation of Central Large Vacuole:

They are most abundant in the cells of lipid-rich seeds (e.g. castor beans and soyabeans)
During germination, these organelles convert stored lipids into carbohydrates that provide encrgy for

o Vacuoles are filled single
membrane bounded organelies. Cells
have many small vacucies in their
cytoplasn

o Mowever, when 3 plant coll matures
ns small vacuoles fuse to form 2

single large vacuole

« Many plant cells have a large, single central vacuole. This large vacuole slowiy develops by fosion of
smaller vacuoles. It takes up most of the spaca in the cell (80 percent or more). The vacuole in plant cells

is enclosed by a membrane called tonoplast

e Cell Sap: The material inside the vacuole is called cell sap. The cell sap differs markedi; from the

surrounding cytoplasm.

e The central vacuole in plant cells plays an important structural
role for the plant. This role of the vacuole Is related to its ability
to control turgor pressure.

e Turgor Pressure: Turgor pressure makes the rigidity of the cell.

e Under optimum conditions, a plant receives adequate amounts
of water and the centrai vacucles of its cells swell as the liquid
collects within them. It creates a high turgor pressure, which
helps to maintain the structural integrity of the plant, along with
the support from the ceil wall.

« Vacuoles Store Pigments: Vacuoles also often store the pigments
that give certain flowers thelr colours, which aid them in the
attraction of bees and other poliinators.

* Vacuoles Release Poisons: Vacuoles also release molecules that
are poisonous to various insects and amimals, thus discouraging
them from consuming the plant.

Centrioles

* Inthe cells of animals and most protists, centricles are organelles
assoclated with the assembly and organization of the fibres of
cytoskeleton i.e., microtubules (including spindle fibres).

* Ineukaryotic cells centrioles occur in pairs.

* The two centrioles are located at right angles to one another
near the nuclear envelope

Importance of Centrioles:

* Formation of Cilia + Flagella: In ciliated or flagellated cells
centrioles are involved in the formation of cilia and flagella.

* Basal Body: Each cilium and flagellum Is anchored by a centriole,
known as basal body.

* Thecells of plants and fungi lack centrioles and basal bodies, and
their microtubules and spindle fibres are organized from the
structures of cytoplasm.

e Several materials com nty stored
in plant vacuoies have been found to
be useful for humans. such as opium

rubber, and gartic Havourin

Figure: Structure of vacuole i plant cell

e Centrioles are hollow and cylindrical
organelles. A centriole is made of

nine trip'ets of microt

bules
ubules

Figure. Two centricics
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e fibros that make the ‘y(odu' leton.

3@ N Cyto
NMicroniame
. These are pre n all eukaryotic cells.
*  Structure: iicroflaments are solid rods made of a globular protein, called actin.

* Importance M

plasm. Cytoskeleton includes the following typec

Stilaments disassemble and reassemble and help the cells 1o change shap. , d

move Microfilaments also enable a dividing cell to pinch off into two celis. In association -

myosin, microfilaments hel
Microtubules:

= These straight, hollow cylinders are composed of subunits.
Each subunit is made of two different tubulin proteins known
as alpha-tubulin and beta-tubulin.

pin cellular contraction.

cilia?

Check Understandingl.
20. How does the 9+¢2 3rrangeme..
contribute to the function of moy,

®  Microtubules give structure and shape to a cell.

* They also serve as highways for the transport of organelles. Moreover, microtubules are the ;-
components of cilia and flagelia.

* They participate in the formation of spindle fibres during cell division.

Intermedlate Filaments:

»  Thece are found veor ¢ higher animal groups.
*  Theydre made of siiferent proteins but the most common type of protein subunit is vime
have 3o hisn \ f ~ron
. 3 male: § k { eratin
*  Importancs r maintan cell shape ond rigidily, and ser
J':(}_,-tuu 1hi uclt
tilament
ETRRTET Y 7 gt . ‘
S L, S et %\Jzé_ (2 | §rmeer, ;
¢ I - e il
A é Ht 4 - o~
N 1 & Foroee o “‘,'\' 2 1;‘\/\‘
e . \ ¢
» Tubuln — }>b : atuhulin - Eibrous
i [ ihin
| subunit i subunit
Piatima

Nucle

[ i mbrane

us

Figure: Components of cytoskeleton

(13) Cilia_and Flagella

——

Cillum (plural cilia) and flagellum (plural flagella) are the locomotory appendages that protrude f0°

certain cells

Thin + Tail Like: They are thin, tail-like projections extending from the cell body.
Cilia are shortin length and are usually numerous in number; while flagella are longer but less numerc:

in number. Cilia are rare in plants

Many protozoans (ciliates) possess cilia. Larger eukaryotes such as mammals have cilia on some ¢¢
surfaces. For example, In humans, cilia are found in the lining of the trachea where they sweep mut

and dirt out of breathing tubes.
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% Basal Body of Cilium:

Axoneme: The core of eukaryotic cilla and flagella
is called axoneme. It contains two central
microtubules that are surrounded by an outer ring
of nine doublet microtubules. Dynein molecules
are located around the circumference of the
axoneme. These dynein molecules bridge the gaps f
between adjacent microtubule doublets. ( AN
Biologists refer to this organization as a "9 + 2" ( o \
structure. '

A plasma membrane surrounds the entire axoneme.

Assramae
e ——
4 L me \
- dad B
/ 7 Mas ot Jruie Spore

Cartrat
Lnutiet

M rotubuie

Plavma

-
MeTLAENE —

.

Figure: Structure of eukaryotic cilium and flagelium

« Basal Body: At the base of the cilium its organising
centre, called basal body, is present.

e Basic Component of Basal Body: Basal body has the same basic structure of the cuter ring of axoneme,
but each of the nine sets of outer filaments is composed of three microtubules, rather than a doublet
of microtubules.

¢ The basal body is actually the centriole. Prokaryotic flagella have a completely different structure built
from the protein flagellin.

PROKARYOTIC AND EUKARYOTIC CELLS
« Bacteria and archaea are made of prokaryotic cells.
e All forms other than bacteria & archae are g
Cel wald

v

Characteristics of Prokaryotes:

composed of eukaryotic cells.

Both prokaryotic and eukaryotic cells have
DNA as their genetic material; both have
plasma membranes as their coverings; and
both have ribesomes for protein syrthesis.

Plasma membrang

Nutlesid [DNA)

Prokaryotic cells are much simpler than
eukaryotic ones.

Size of Cell: Most prokaryotic cells range from
2to 8umin length i.e., about one-tenth of the Figure: Structure of a generalized prokaryotic cell

size of a typical eukaryotic cell. .

Lack Nucleus: A prokaryctic cell lacks a nucleus. The much less extensive DNA cf prokaryotic cell s
present in the more-or-less central region known as nucleoid (nucleuslike).

Lack Membranous Organelles: A prokaryotic cell also lacks other membrane-bounded crganelles like
endoplasmic reticulum, mitochondria, chloroplasts, Golgi apparatus, lysocomes, peroxisomes etc. The
entire cytoplasm of a prokaryotic cell is one unit with no internal support structures

Smaller Ribosomes: Ribosomes are present in prokaryotic cell but these are smaller in size than those
of eukaryotic cells.

Svedberg Values of Ribosomes:

The Svedberg values (sedimentation rates) of the smaller and larger subunits of ribosomes of prokaryotic
cells are 30S and 50S respectively. The sedimentation rate of a complete ribosome is 70S.

Cell Wall of Prokaryotic Cell: Surrounding the plasma membrane of most prokaryotic cells is a cell wall
but it does not contaln cellulose. It composed of peptidoglycan that is a single large polymer of amino
aclds and sugar.
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Capsule + Pili: In bacteria the cell wali may also be surrounded by a capsule and may also have Extensigs,

for attachment known a5 pili (singutar pilius)

Prokaryotic Flagella: Thay are made of repeating units of the protein flagellin and they do not cgqy,,
microtubule triplets.

Cell Divislon: Mitos's and melasis are missing in prokaryotic cell and it divides by direct division (binary fissian)
Difference between Eukaryotic and Prokaryotic cells

Charactaristics

__ Eiaryote Cel

<N %

o Prokaryotic Cali

{ Q

Distinct Nucleus Present Absent

Number of More than one One-but not true chromosome: Plasmids

chromosomes

Cell Type Usually multicellular Usually unicellular (some cyanobacteria maybe

multicellular)

Example Protozoans, Algae, Fungi, | Bacteria and Archaea o
Animals, Plants

Lysosomes and Present Absent &

peroxisomes ——

Microtubules Present Absent or rare

Endoplasmic Present Absent

reticulum

Mitochondria Present Absent ]

Cytoskeleton Present Mav be sbsent o

Vacucles Present Present ﬁ

Ribosomes Larger Smaller T

Golgi apparatus Present Absent

Chioroplasts Present [in plants) &bsert: chlcrophyll scattered in the cvtoplasm

Cali Division

Mitosis or meiosis

Mitosis and meiosis are missing; cell divides by drrect
clvision {(Dinary fission)

Flagella Membrane bounded; Not membrane baunded; made of repeating units of
contzing (wo central fiagaliin; do not contain microtubule tripiets
microtubules surrounded
by an outer ring of nine
doublet microtubules

Celi wall Only in plant ce'ls and Composed of peptidoglycan (a single large golymer of
fungi (chemically simpler) | amino acids and sugar) -

Cell size 10-100 um 1-10 um

Pmicaryoty Cuwaryote
777 rem
o

.

Figure: Difference between the structures of
prokaryotic and eukaryotic flagella
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CELL SIGNALLING

« Cell Signalling: The ability of cells to respond to stimuli or changes occur in environment producing
cellular responses is calied cell signalling.

« Importance: It involves the transmission of signals between cells through a series of molecular events,
often leading to a cellular response.

= Steps of Cell Signalling: (Mechanism of Cell Signalling)
(i) Signal Reception:
= (Cell signalling begins when a signal molecule (ligand) binds to a receptor on the membrane of a
target cell. These receptors are typically proteins embedded in the cell membrane but can also be
located inside the cell. Each receptor is specific to a particular ligand.
= Ligand: A molecule that binds to a specific receptor, triggering a cellular response or signaling
pathway.
(ii) Signal Transduction:
= Once the receptor binds to the ligand, it uncergoes 2
conformational change (change in shape or structure) that
activates an intracellular signalling patnway. This often
involves a series of interactions and modifications, creating a
signalling chain or sequence that increases the signal. Smal!
molecules like cAMP {cydlic AMP}, caicium ions, and inositol
triphosphate (iP3) can act as second messengers,
transmitting the signal from the receptor to target molecules inside the cel
(iit) Cellular Response:

e Signal Transduction: A process by
vihich 3 cell converts an external
signals into a specific celiciar
response often through a series of
molecular interaction

The signal transduction pathway often teads to changes in gene expression, turning specific genes
on or off. This can result in various cellular responses, such as cell growth, divisicn, cifierentiation,
or apoptosis (programmed cell death).

» Signalling can also lead to changes in cellular metabolism, enzyme activity, or the cpening and
closing of ion channels.

SIGNAL
O secevrion
__ Sagradd
) . Check Understanding! <0 71
A € 21, Where are 2dult stem cells (ASCs)
3 : i commonly found?
0 . ‘ gt / A) Umbilical cord only
] 4 8} Embryo
Mn
A~ C) Tissues like bone marrow and skin
g -
Birding af uanal D) Brain only
O s recepon

Cetlingm dars -

Extraceihtar space

Figuro: Steps of cell signalling

[Eercise LQ15)

Q. Describe the pathway of proteln signal and sterold signal from outside of a cell to inside.

—

S Pathways of Cell Signals from Outside to Inside

Cell signalling pathways involve the transmission of signals from the cell's exterior to its interior, resulting in
a specific cellular response.

Main Types of Signalling Pathway:
There are two main types of signalling pathways based.

Y
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(i) Protein/Peptide Signalling: (Water Soluble)
= Proteln or peptide signalling molecules are water-soluble, so they cannot_ Pass through Plass,
membrane. When such ligand approaches the cell surface, it binds to its spacm? receptor on piyg,
membrane. This binding causes a conformational change in the receptor protein and activates y
* The activated receptor triggers a series of reactions within the cell. These reactions generate secer
messenger like cyclic AMP (cAMP) which starts changes e.g., changes in gene expression T,
pathway can lead to changes In metabolism, cell growth, division, or apoptosis.
CYTOPLASM / NUCLEUS
Receptor __8Bignal TRnsduction ‘ Collilis
\ Ralay molecules “ respanse
~o-(~0 ©)
( ;\/
O 10' 1t 10 Cellular activity Is Inl(llmfi
tl the action o
hpoe'z:.::' Number of molecules activated \ "‘";"::o : dvv‘:es:e:g::
Flgure: Protein/peptide signalling pathway
(i) Steroid Signalling: (Lipophilic: Lipids Loving)
*  Steroid hormones, being lipophllic, can diffuse through the plasma membrane of the target cel
= They bind to specific Intracellular receptors located in the cytoplasm or nucleus, then binding res..
in the formation of active receptor-hormone complex (RHC) which moves into the nucleus if itaz
not already there.
= |nside nucleus, the receptor-hormone complex binds to specific DNA sequences in target genes.
*  This binding regulates the transcription of these genes, leading to increased or decrea§ed product:
of specific protelns.
CYTORLASM / NUCLEUS
,3:,':;':, 9 Cellular
response
<\
O 2/ .
t =t Complex binds to sites {
Steroid on chromatin, activating
hormaoe t mRNA transcnption |
Hormone-receplor complex |
v
Figure: Sterold signalling pathway j
4—_'l
|
MEMBRANE TRANSPORT MECHANISMS (MTM) |
)
—
e The movement of substances in and out of cells is crucial for « While exchanglng matter w.,m; |
cellular functions. These movements are done for nutrient environment, plasma mtrr-t:""
uptake, waste elimination, gas exchange, and signal maintain equilibrium inside th ¢
transduction. as well as outside o it
¢ Cells rely on the plasma membrane for regulating the movement
of substances in and out of the cell.
» Importance of Membrane Transport Mechanism:

* Membrane transport mechanisms are essential processes that enable the cell to maintain homeos®®
acquire nutrients, remove waste products, and communicate with its environment.

SCHOLAR "2 BIOLOGY (11")
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» Types of Membrane Transport Mechanism:

» These mechanismsinclude two mechanismsi.e, passive transport (which requires no energy input)
active transport (which utilizes energy)

(1) pPassive Transport

pefinition: The movement of molecules across plasma membrane
without any expenditure of energy is called passive transport

22. What is the malin limitation of adu
stem cells compared to embryon

» Types of Passive Transport: s

The following are the types of passive transport.
(i) Diffusion
= Definitlon: The net movement of a substance (liquid or ges) from an area of higher concentratis
to one of lower concentratlon is called diffusion.
= Because a cell does not expend energy when molecules diffuse across its membrane, the diffusic
of molecules is a type of passive transport.

o T Ka |
N DR T LAy
D3 SRR R
G 2 i

Figura: Ciffusion of twio types of molecules
(h) Facilitaied Diffusion
* Definition: A Type of passive transport
tran.ported across the membrane with th- help of carier protoing Tty
located at plasma membranc :,,,-.,".’ 'S f_lr\;.
* When a transport protein helps & substance to inc /¢ wo its  CXIDOBOOGIRSO0

. =
'

concentration gradient (from higher to lowe:r concentration), the e |
process is called facilitated diffuslen. It is also a type of possive
tre- _port because no encrgy is used in facilitated aiffusion. The rate of
facilitated diffusion depends on how many transport-protein molecules
are available in the membrane.
»  Proteins Involve in Facilitated Diffusion:
* The main types of transport proteins involved in facilitated diffusion are:
(a) Channel Proteins (b) Carrier Proteins
(a) Channel Proteins:
" The proteins which form hydrophilic channels across the membrane that aliow specific molecule
or ions to pass through.
* They can be gated or non-gated. Gated channels open or close in response to specific stimuli (suc:
as voltage changes, ligand binding, or mechanical stress).
* Examples: Include ion channels (allow the passage of specific ions e.g., Na*,K*,Ca?*,Cl7) ans
aquaporins which facilitate the rapid transport of water molecules.
(b) Carrier Proteins (Transporters):
* The proteins which bind to the specific molecule they transport, undergo a conformational change
and move the molecule across the membrane.
* They are highly specific for the molecule they transport.
* They canbecome saturated, meaning there is a maximum rate of transport when all carrier proteins
are occupied.
* Examples: Glucose transporters which facilitate the transport of glucose.
" Amino Acld Transporters: Transport specific amino acids into or out of the cell.

1 which mclecule

A ghidll o
VA OS P e
e « 9
mamur.e &

Figure: Facilitated diffus
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Difference between Simple and Faclli

tated Diffusion

" Facllitated Di%uston

wsie o fese s simple Diffusion 7
Mechanism o Substances move from higher | * Substances ~move from  higher
concentration to lower concentration concentration to lower concentration
directly through the lipid bilayer of through specific transport proteing
plasma membrane. embedded In plasma membrane.
% —
I. Energy e It is a passive transport mechanism, | e It Is also a passive transpon

Requirement

requiring no energy input from cell.

mechanism and does not require
energy.

Polar: Primarily involves polar ¢

>

ii. Typesof « Non-polar: Typically involves small, | e
Molecules nonpolar molecules such as oxygen, charged molecules, such as glucose,
carbon dioxide, and lipid-soluble amino acids, and ions, which cannot
substances. easily pass through the hydrophobic
core of the lipid bilayer.
iii. Rate of e The rate depends on the|e Theratecan be affected bythe number
Movement concentration gradient, temperature, and avallability of transport proteins
and the permeability of the and can reach a maximum rate when
membrane. all transport proteins are saturated.
(iii) Osmosis

= Definition: The process by which water molecules diffuse
across a cell membrane from an area of higher concentration

to an area of lower concentration is called osmosis.

= No Energy Required: Because water is moving from a higher
to lower concentration, osmosis does not require cells to
expend energy. Therefore, osmosis is the passive transport
of water.

* Direction of Osmosls: The directicn of osmosis depends on | *
the concentration of solutes on the two sides of membrane.
Water always moves from hypotonic solution (with lower

e The term toniclty refers to (he
relative ccncentration of solutes in
the solutions.

o Hypertonic solutions: In which more
solute 1s prasent

* Hypotonlc solutlons: In which less

solute is present.

Isotonic solutlons: Which have equal

concentrations of solutes insice &

outside

solute concentration) hypertonic solution (with higher
solute concentration).

= Osmosis occurs through selectively permeable membrane, which allows water to pass whil
restricting many solutes.

Importance of Osmosis:

e Maintain Turgor Pressure:

Osmosis is crucial

for

maintaining cell turgor, which is vital for plant cells, and for
balancing the internal water content In cells.

e The direction and rate of osmosis are Influenced by the
osmotic gradient and the permeability of the membrane to

water.

e Aquaporins:

Specialized proteins

called

aquaporins

facilitate the rapid transport of water molecules across the
cell membrane, ensuring efficient regulation of cellular
hydration and volume.

Z I
g [2) » i‘
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16mign $
3] 5 a|
e - b Roniding u
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T © =
x ° a ]

Selecuvely ‘! Solute molecule with
permeable ——,  clysler of water molecu'és
membrane g E—

——————r
NET FLOW OF WATER

Figure: Osmosis at molecular leve!
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Reverse Osmosis: (RO)

« Awidely used technology for purifying water by removing contaminants and impurities is called reverse
osmosis.

* Unlike natural osmosts, which moves water from a lower 10 a higher solute concentration, reverse
0smostis applies external pressure to push water through a semi-permeabie membrane front 3 higher to
a lower solute concentration. This process eflectively filters out dissaived saits and other impurities,
providing clean and safe drinking water.

e Use of RO Reverse osmosis is commonly used inwater treatment plants, desalination facilities, and even
in household water purification systems.
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witer Fon Waler fom
=
Dsmosis Reverse Osmosis

(iv) Active Transport
¢ Definition: The movement of substances across plasma membrane from lower concentration to
higher concentration with the expenditure of energy is known as active transport.
Types of Active Transport:
Following types of active transport occur through plasma membrane
(3a) Active Transport Through Carrier Proteins
* In this process, carrier (transport) proteins in the plasma membrane use energy to move the
molecules against the concentration gradient
* Example: The membranes of nerve cells have carrier proteins in the form of "sodium-potassium
pump".
* Ina resting (not conducting nerve impulse) nerve cell, this pump spends energy (ATP) to maintain
higher concentrations of K*and lower concentrations of Na* inside the cell. For this purpose, the
pump actively moves Na*to the outside of the cell and K*to the inside of the cell.

A\

| Outside cell

Transport * @ ® ®
protein

Plasma A o ¢

membrane » I *9 £°% .' P. o o ©
Na' . N e . 02 ®
Cytoplasm ATP  ADP °

Figure: Active transport through carrier proteins
(b) Endocytosis
* In endocytosis, bulky materials are moved Into the cell across plasma membrane. During
endocytosis a portion of plasma membrane invaginates (depressed inward). The material from
outside is taken inside the invagination, and its ends seal. Thus, a small vesicle Is formed. It detaches
from the plasma membrane and moves into cytoplasm.
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Types of Endocytosis:
The two common forms of endocytosis are: (1) Phagocytosis
(i) Phagocytosis: In phagocytosis cell takes in solid material.
(i) Pinocytasis: In pinocytosis cell takes in liquids in the form of droplets.

Receptor-Mediated Endocytosis >

¢ Specfic receptor proteins of plasma membrane pick up matenal from outside and pinch inside to form

(1) Pinocytosis

a vesicle,
e Example: The cells of liver have recepter proteins for cholesterc!
e Cholesterol circulates in our blond in the form of low-density-lipoproteins (LDLs)
The receptor proteins of plasma membrane of liver cells, recognize and take up LDLs from the tiocd &y
receptor-mediated endocytos's.
LOL panicla Phosphalipid

,‘{‘ii culer layer
F;;_;}l Chioestecc!
Protein Py
£

€N -
Receptor I
protein
Vst
CYTOPLASM Vesicle

(c) Exocytosis: -
= Definition: A process through which bulky material Is exported out of cell is called exocytosis.

* In exocytosis, the bulky material is packed inside a membrane and a vesicie is formed.
* The vesicle moves to the plasma membrane and fuses with it to release its contents into t
extracellular environment.

1
Ouscoofcal |

Flgure: (A) Endocytosls, (B) Exocytosis

STEM CELLS

—

¢ Stem Cells: The cells which have remarkable ability to develop into many different cell types in the &
are called stem cells.

Mechanism To Produce New Cells:

¢ When a stem cell divides, each new cell has the potential either to remain a stem cell or to bec?™

specizlized cell.
* Examples: Such as a muscle cell, a red blood cell, or a brain cell.
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Categorize and explain different types of stem cells.

Q.
7

Major Categories of Stem Cell: (On the Basis of Types of Cell)

The following are the major categories of stem cells on the basis of the number of types of cells which they
can make.

I. Totipotent: A type of stem cells which can differentiate into all possible cell types

Example: Zygote and the cells produced by the first few divisions in zygote.

Pluripotent: These cells can turn into almost any cell.

Example: Cells from the early embryo

Multipotent: These celis can differentiate into a closely related family of cells

Example: The hematopoietic stem cells can become red and white blood cells or platelets
Oligopotent: The type of stem cells which can differentiate into a few different cell types.

Example: Adult lymphoid or myeloid stem cells
Unipotent: The sem cells which can only produce cells of one kind, which is their own type. However,

they are still stem cells because they can renew themselves.
Example: Adult muscle stem cells.

2 Uses of Stem Cells

I. Regenerative Medicine: Stem celis have the potential to repair or replace damaged tissues and organs.
Therefore, they are used for treating conditions such as spinal cord injuries, type 1 diabetes, Parkinson's
disease, and heart disease

il. Drug Testing and Development: By differentiating stem cells into specific cell types, researchers can
create models of human diseases, allowing for more accurate testing of drug effects and reducing the
reliance on animal models.

ill. Personalized Medicine: Stem cells can be derived from a patient's own cells, reducing the risk of immune
rejection when used in treatments. This personalized approach can lead to more effective and safer
therapies.

o Categories of Stem Cells: (On the Basis of Their Origin)
The following are the major categories of stem cells on the basis of thelr origin.
(i) Embryonic Stem Cells (ESCs):
* Orlgin: ESCs are derived from the inner cell mass of blastocysts (early-stage embryos).
* These stems cells are pluripotent, meaning they can differentiate into nearly all cell types in the
body.
* Characteristics: They have high differentiation potential, making them extremely versatile for
research and therapy.
* Ethical Issues: Ethical concerns of using ESCs Iinclude the use of human embryos, risk of teratoma
formation, and potential immune rejection

(ii) Adult Stem Cells (ASCs)

* Occurrence: These stem cells are found in various tissues throughout the body, such as bone
marrow, fat, and blood.

* They are multipotent, meaning they can differentiate into a limited range of cell types related to
their tissue of origin.

*® Less Ethical Issue: Using them involves less ethical controversy, lower risk of immune rejection when
derived from the patient’s own tissues.

*® Limitation: They have limited differentiation potential and are harder to isolate and culture.

Q.

= __Whatare the advantages and disadvantages of using induced Pluripotent Stem Cells?

(iil) Induced Pluripotent Stem Cells (iPSCs)

*  Synthesis or Origin: They are generated in the lab by reprogramming adult somatic cells to a pluripotent
state using specific transcription factors. They are pluripotent, similar to embryonic stem cells.
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= Advantages of Using IPSCs: They do not have the ethical controversies linked to embryonc
cells, as they do not require the destruction of embryos s
= Origin: They can be generated from a patient’s own cells, minimizing the risk of immune reject.
* Uses: They offer potential for regenerating damaged tissues and organs (e.g., new hean cau;l
patients with heart disease or new neurons for patients with neurodegenerative conditions)
* Disadvantages of using iPSCs: The reprogramming process can introduce genetic changes tht s

affect 1PSCs.
*  Effects: They couid form tumours (teratomas) when transgianted into patients. Directing iP5
differentiate into specific, fully functional cell types remains a compiax task. ;
= [tis still difficult to ensure that these ceils function properly.

Fiorotlasts (skin)

Blastocysi

Bore-marow A
derved stem cells |2
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% o 0 N - |
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)' Reprograrmisrg 4 |
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/ SR |
Sy "E =\ ‘ |
v § »-ﬂ_a\l_f \
Adult Induced plunpotent  Embryonic |
stem celis stem cells stem celis |

Option

Explanaticn

These are signs of life: movement, energy use, and growth.

s.Q

Ke stated that new cells come only from existing cells, supporting the third part of the
theory.

Light microscopes are limited by the wavelength of visible light, which restricts
maximum magnification 1o about 1000 - 1500x and resolution to 200 nanometers.

5.Q

TEM (Transmission Electron Microscope): It provides detailed images of the inten:

structures of thin cell sections.

SEM (Scanning Electron Microscope): It produces 3D images of the surface of specime-

by scanning them with electrons.

Main Difference: TEM looks inside the cell, while SEM looks at the surface. =

The middle lamella is the outermost layer found between the primary cell walls of adjace”
plant cells and composed of pectin, a sticky polysaccharide, which functions to “glue’ @
together, providing mechanical strength and cohesion to plant tissues. —

s.Q

Primary Cell Wall: Thin, flexible, and malnly made of cellulose; forms during cell growt’
Secondary Cell Wall: Thicker, stronger, and contains cellulose, hemicellulose, and figr*
forms after the cell stops growing.

Function: Secondary walls add mechanical strength and support, especially in ¥
plants.

"
Protein channels and carriers in the plasma membrane enable selective transpo"
recognizing and transporting specific molecules, ensuring controlled entry ﬂd_e__"L/
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o Integral proteins act as channels and carriers for specitic molecules
sa e Cholesterol in the membrane maintains fluidity and stability, -
8. : e The selective permeab:lity allows nutrients in and waste out.
e Itenables cell signalling and communication in multicellular organisms.
c e The cytosol is the fluid portion of the cytoplasm where organelles are suspended and
9. cellular activities occur=-just like land supports a city’s infrastructure
s.Q e TEM tronsmits electrons through thin sections of the membrane, producing high-
10. 5 resolution images that reveal its layered structure ana embedded proteins.
B o The nuclear envelope has nuclear pores that regu'ate transpurt of RNA, proteins, and
11. other molecules.
e Nucicar pores allow rogulated exchange of molecules between the nucleus and
- sa cytoplasm.
2 { e They are vital for RNA export, protein import, and nuclear-cytoplasmic communication
e Without them, essential gene expression processes would be disrupted.
13. C * The nucleolus is responsible for synthesizing rRNA and asscmbm{nbosomal subunits.
¢ The perinuclear space is the gap between the inner and outer membranes of the nuclear
18 s.Q envelope.
a : e Itis continuous with the lumen of the endoplasmic reticulum. 7
e [t plays a role in transport and membrane communication betyseen the nucleus and ER.
15. D e The sternal (cisternal) space belongs to the ER, not the mitochondria.
e [t synthesizes lipids and sterold hormones.
16 5.Q e It detoxifies drugs and toxins, especially in liver cells.
; X e It regulates calcium ion storage, critical in muscle function. .
e It also contributes to carbohydrate metabolism in some cells. ;
17. o e Centrioles organize microtubules to form the mitotic spindle, c&clal during mitosis
18 5.Q ¢ Through actin polymerization and interaction with myosin, they enable cellular extensions
and contractions. ) 2
19 C e Cilia move substances by coordinated, rhythmic beats, such as!clearmg mucus from the
respiratory tract.
20 s.Q e The 942 arrangement of microtubules supports efficient, cqprdinated movement by
: allowing dynein arms to generate force for bending.
21, Cc e ASCs are multipotent cells located in specific tissues and help in‘repai and regeneration.
e Multipotency: ASCs can only form a limited range of cells relat‘d th,'leir tissue.
e Examples: Bone marrow stem cells mostly become blood cells.
22. | s.Q |e Limitation: This restricts their use in forming other body tissuess
e Ethlics: They don’t raise ethical issues like ESCs, '
¢ Immune Compatiblility: They’re less likely to cause rejection ifkra plants
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MULTIPLE CHOICE QUESTIONS (MCQS)T m

Which one of the following eukaryotic cell structures does not contain DNA?
(a) Kucleus (b) Mitochondrion (c) Endoplasmic reticulum  (d) Chloroplast

Wt ich of the following is not an accurate description of a chromosome?
{a) It is a coloured body localizec in the nucleus
(D) I* 15 a protein and nucleic aud complex
=) 't s the cellular structure that contains the genetic material
[¢) v eukaryotes, it is composed of many DNA molecules attached end to end

A ceontriole is an organelle that is:

(a) Present in the centre of a cell's cytoplasm

(b) Composed of microtubules and iImportant for organizing the spindle fibres
(¢) Surrounded by a membrane

(a) Part of a chromosome

The rough endoplasmic reticulum is:

(3) An intracellular single-membrane system to which ribosomes are attached
(b) An intracellular membrane that is studded with microtubular structures
(c) A membranous structure found within mitochondria-

(0) Only found in prokaryotic cells

in the aucleus of eukaryotic cells, the genetic material Is complexed with protein and organizedinto e
structures called:
(«) Centrioles (b) Histones (c) Chromosomes

Which of the following statements does not apply to the nuclear envelope?
(a) It 1s a double membrane

.0) 1145 continuous with the endoplasmic reticulum

(] 1t has pores through which material enters and leaves

(d) 1t has infoldings to form cristae

Lysosomes are formed by budding from which cellular organelle?

(a1 -mooth endoplasmic reticulum (b) Golgl apparatus

{c) Rough endoplasmic reticulum (d) Nucleus

(d) Plasmids

All peroxisomes carry out this function: )
(3, Break down fats and amino acids into smaller molecules that can be used for energy productio’
mitochondna
(b) Digest macromolecules using the hydrolytic enzymes they contain
(c) Synthesize membrane components such as fatty aclds and phospholipids
(d) Control the flow of ions into and out of the cell
How would the absence of peroxisomes in a cell affect its metabolism, and what would be the
symptoms?
(a) Tt _llwould be unable to carry out oxidative phosphorylation, leading to reduced ATP Pmd“‘f‘”
{b) The cell would accumulate hydrogen peroxide, leading to oxidative stress and potential cellular dar
(c) The cell would have impaired protein synthesis, leading to muscle weakness.
(d) The cell would fail to produce lipids, causing membrane instabllity
Which of the following does not apply to chloroplasts?
(3) They contain chlorophyll and the enzymes required for photosynthesis.
(b) They contain an internal membrane system consisting of thylakoids.
) They synthesize ATP.
(d) They are bounded by two membranes, the inner of whirh is folded into the cristae.

[z

11.
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W‘wt is the correct sequence of membrane compartments through which a secretory protein moves from
synthesis to release from the cell?

(a) SER = Golgi apparatus — RER — Cell membrane

(b) Cell membrane — Golgi apparatus —» RER — SER

(c) RER = Golgi — Cell membrane -+ SER

(d) RER — SER — Golgi apparatus — Cell membrane

12. How does the process of facilitated diffusion difter from active transport?

(a) Facilitated diffusion requires energy, active transport does not

(b) Facilitated diffusion does not require enargy, active transport does
(c) Both processes require energy

(d) Both processes do not require energy

Answer KeyWith'Explanations. ==

Endoplasmic reticulum ERis involved in protein and lipid synthesis but does
not contain DNA
2. (d) In eukaryotes, it 1s composed of | e Eukaryotic chromosomes consist of a single, long
many DNA molecules attached DNA molecule, not many attached end-to-end
end to end
3. (b) Composad of microtubulesand | e Centricles are made of microtubules and play a key
important for organizing the role in celi division.
spindle fibres
4, (a) An intraceliular double- * RER has ribosomes on its surface and is involved in
membrane system to which protein synthesis
ribosomes are attached
5. (¢) Chromosomes + Chromosomes are DNA-protein complexes found in
the nucleus, organized for cell division and function
6. (d) It bas infoldings to form cristae [ e  Cristae are structures in mitochondria, not in the
nuclear envelope
7. (b) Golgi apparatus e The Golgi apparatus packages and buds off
lysosomes containing digestive enzymes
8. (a) Break down fats and amino acids | «  Peroxisomes break down fatty acids and amino
into smaller molecules that can acids, producing hydrogen peroxide, which is then
be used for energy prqducnon by detoxified.
mitochondria
9. (b) The cell would accumulate e Peroxisomes break down hydrogen peroxide;
hydrogen peroxide, leading to without them, it accumulates and causes oxidative
oxldative stress and potential stress and cellular damage.
cellular damage
10. (d) They are bounded by two e Chloroplasts do not have cristae; cristae are folds of
membranes, the inner of which is the inner membrane of mitochondria, not
folded into the cristae. chloroplasts.
11 (d) | RER — SER — Golgi apparatus = | e Proteins are synthesized in the RER - transported
Cell membrane to SER - modified in Golgi apparatus - secreted via
cell membrane,
12, (b) Facilitated diffusion does not e Facilitated diffusion is passive (no energy), while
require energy, active transport active transport requires energy to move substances
L o does against their gradient,

R S
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SHORT ANSWER QUESTIONS

Q.1 Compare the resolution and magnification of light microscope and electron mlcroscope?—\

Ans. EiChec 1
Characteristics Light Microscope Electron Microscope
(i) Magnification Power |« Lower magnification (usually | e Higher magniflcatiom

magnification is 16000 ..
photographic magnification is 100060y

S00X to 1500X) than an electron
microscope

—

(ii) Resolution Power | Low resolution (may be 0.2pm) | »  High resolution {may be 0.2nm)
Q.2 <2t the cell theory. How we can validate it? What are the exceptions to cell theory? Lo
e —

An:. Essential Points of Cell Theory:

i.  Allliving organisms are composed of one or more cells

1. Cells are the basic units of structure and function in an organism

ii. Cells come only from the division of pre-existing cells

Validation of Cell Theory:

Cell theory can be validated through several observations and experiments.

(i) By Using Microscopes: By using light microscopes and electron microscopes, seientists visualizs
structures and find tangible (Physical/Real) evidence that cells are indeed the structural units of 31 5
organisms.

(i) By Using Techniques: Through techniques like live-cel! Imaging and genetic studies, scientists cantrn
how cells replicate and give rise tu new cells.

* These techniques validate the principle that all cells originate from pre-existing cells,

(iii) By Using DNA Sequences: Techniques like DNA sequencing reveal that cells share common ger:
material and metabolic pathways, reinforcing the notion that the cell is the fundamental unit of Ife

\v! By Using Experiments: Such as cell culture studics and tissue engineering, validate cell theory!
demonstrating cellular growth, differentiation, and reproduction.

xceptions to Cell Theory:

While celi theory is widely accepted, there are notable exceptions (Excluded).

(i) Viruses + Viroid + Prions: Viruses challenge cell theory because they are not made of cells and e
carry out |/fe processes independently. They require a host cell to replicate and are considered by m*
scientists to be at the border of living and non-living entities. Similarly, prions and viroids "
properties of living organism but are not composed of cells. They are made of only DNA, RNA or prote”

(1i) Eukaryotic Organelles: Mitochondria and chloroplasts have their own DNA and can replicate indeperé:™
of the cell's nucleus. This suggests they may have originated from free-living prokaryotic cells.

(iii) Fung & Algae: Some organisms, such as certain fungi and algae, have structures where multiple 1
coexist within a shared cytoplasmic mass. These structures blur the boundaries of individual ¢¢

defined by traditional cell theory.

(iv) Muscle Cells (Myocytes): In vertebrates muscle cells can fuse to form multinucleated fibres, chaliz"i’
the concept of a single cell as the basic unit in complex tissues. >

The table below compares the process of diffusion, facilitated diffusion and active transport. Fillin®

Q.3
blank s, using the words "YES" or "NO". R
Ans. | Process .
A
‘ Simple Facilitated ;
l Degcription Diffusion Diffusion Transpel
| Is ATP required? No No :::
| Are carrier proteins involved? No Yes
Is direction of transport always from higher to lower NO
i Yes Yes
concentration? I

-
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Q4 Categorize the organelles as:

(i) Single membrane bounded

(ii) Double membrane bounded {iii) Lacking any membrane

—

Ans.

Fsﬁgle Membranous Organelles | Double Membranous Organelies | Non-membranous Organelles ]
Endoplasmic Reticulum * Mitochondria e  Ribosomes
(ER) ¢ Chlcroplasts (only in plant ¢ Centrioles
Golgi Apparatus cells and some protists) e Cytoskeleton (microtubules,
Lysosomes *  Nucleus mucrofilaments,
Peroxisomes intermediate tilaments)
Vacuoles (in plant and * Nucleolus (though present
fungal cells) inside the nucleus, it is not

membrane-bound)

Q.5 State two functions of the proteins in the plasma membrane.

Ans. Two Functions of the Proteins in the Plasma Membrane:

Transport: Many proteins play role in the selective transport of certain substances across the
phospholipid bilayer, either acting as channels or active transport molecules

Attachment: Some proteins help in attachment of plasma membrane to cytoskeleton and external fibres
Identification Marks: Some proteins, on the exterior surface, attach with sugars and make identification marks

Q.6 State two features that mitochondria have in common with prokaryotes.

Ans. Two Common Features in Mitochondria and Prokaryotes:

U

(i)

DNA:

Mitochondria contain their own circular DNA, simitar to the DNA found in prokaryotes like bacteria Tt
supports the endosymbiotic theory

70S Ribosomes:

Mitochondria possess 705 ribosomes, which are typical of prokaryotes, rather than the 805 (bosom
found in the eukaryotic cytoplasm

Q.7 List three ways in which prokaryotic cells differ from eukaryotic cells.

Ans.

Prokaryotic Cell Eukaryotic Cell

—

Cell Type: Organism made up of eukaryotic
celis Is called eukaryotes

Cell Size: Mostly 10— 100 um in diameter
Form of Ovganism: Unicellular, filamentous,
simple multicellu'ar, truly multicellular
Nucleus: Well defined nucleus is present
Genetic System: DNA with in nucleus |
Large ribosomes (103)

Mitosis present

Cell divides by mitouis & meiosis

Cell wall mainly composed of cellulose (Plants)
& of chitin (Fungy)

fukaryotic celi memoranes have cholesterole.
Examples: Anirnzls, Plants, Fungi and Protists,

Cell Type: Organisms made up of prokaryotic .
cells are called prokaryotes
Cell Size: Average diameter of 1 =10 ym .
Form of Organism: Uniceliular or filamentous, |
Nucleus: No well defined nucleus is present
Genetic System: DNA in suspended form
Smaller ribosomes (705).

Mitosis absent.

Cell divides by binary fission.

Cell wall made up of polysaccharide chains. | »
covalently bonded to amino acids forming | e
peptidogiycan or murein
Prokaryotic cell membranec does not have .
cholesterol. .
Examples: Bacteria and cyanobacteria (Bive
green algae).

* & 9

———
Q8 Ust the structures and molecules, which can cross the nuclear envelope.

Ans. Structure of Nuclear Envelope:

The nuclear envelope is a double-layered membrane that encloses the contents of the nucleus during
most of the cell's lifecycle.
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+  Perinuclear Space: The space between the double layers is calied the perinuclear space and is Connes,
with the rough endoplasmic reticulum.

e During cell division, the nuclear envelope disintegrates, but reforms in the daughter cells

e Nuclear Lamina: On the inner side of nuclear envelope, there is a protein lining, called nuclear |3~
binds to chromatin to give it structural support. )

o Nuclear Pores: The nuclear envelope has tiny holes known as nuclear pores.

Name of Molecules Cross the Nuclear Envelope:

e Here are molecules that can cross the nuclear envelope through nuclear pores:

e mRNA (messenger RNA): Carries genetic information from the nucleus to the cytoplasm for p.,.,.
synthesis.

e tRNA (transfer RNA): Synthesized in the nucleus and exported to the cytoplasm to help in transia ..

* Ribosomal subunits: Assembled in the nucleolus and exported to the cytoplasm for protein synthe,

* Proteins (e.g., histones, DNA/RNA polymerases): Imported from the cytoplasm into the nugle,; .
perform various nuclear functions ‘

Q.9 Distinguish each of the following pairs. o
8. exocytosis and endocytosis b. phagocytosis and pinocytosis C. peroxisome and glyoxysory
Ans. a. exocytosis and endocytosis s
Exocytosis Endocytosis 5
*  The outward transportation of materials | ¢ The inward movement of the maleriTls;
from the cell then such process is called Infolding of cell membrane in the form ¢
exocytosis e.g. transport of waste material or vacuole or vesicle is known as endocytosis.
secretions across the membrane ¢ Importance: Cells such as amoebae or wh:
. importance: Exocytosis is essential for various blood cells extend portions of their cytoplair
bodily functions, such as neurotransmitter known as pseudopodia (or “falze feet’)
release at nerve synapses and secretion of enclose and ingest a target, subsequenty
substances lixe sweat from sweat giands. forming an internal compartment called @
phagosome.
b. phagocytosis and pinocytosis
Phagocytosis Pinocytosis
e If the solid particles are taken in the cell such | » If the liquid material is ingested in the cell ther
process or movement is  known as the process is known as pinocytosis.
phagocytosis. ]
c. peroxisome and glyoxysomes
Perozisome Glyoxysomes ]
* Occurrence: Found in both animal and plant | ¢ Occurrence: Found only in plant ¢
cells. especially in fat-storing seeds.
* Main Function: Breakdown of fatty acids and | « Main Function: Conversion of fatty acids "™
detoxification (e.g, hydrogen peroxide via sugars via the glyoxylate cycle.
catalase). * Key Enzymes: Contain enzymes of the ghon'?
* Key Enzymes: Contain catalase and oxidases. cycle (e.g., isocitrate lyase, malate synthase)
* Role in Metabolism: Involved in detoxification | ¢ Role in Metabolism: Important during s
and lipid metabolism germination to provide energy. >,
Q.10 What are the main functions of lysosomes?) i
Ans. Main Functions of Lysosomes:

e Break Cellular Wastes & Macromolecules: They break down cellular waste products
carbohydrates, proteins, and other macromolecules into simple compounds, which are then transe™
back into the cytoplasm for making new materials.

SCHOLAR & BIOLOGY (117)
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Hydrolytic Enzymes: Lysosomes have about 40 different hydrolytic enzymes, all of which are
manufactured in the endoplasmic reticulum and modified in the Golgi apparatus

Protect From Damage: The membrane covering of the lysosome protects the rest of the cell from the
harsh digestive enzymes contained in the lysosomes, which would otherwise cause significant damage

m;ribe the role of the Golgi body in forming lysosomes.

Ans. Role of Golgi Bodies in Forming Lysosomes:

step 1: Synthesis of hydrolytic enzymes takes place in the rough endoplasmic reticulum (RER)
Step 2: These enzymes are transported to the Golgi apparatus in vesicles

Step 3: Inside the Golgi, enzymes are modified, sorted, and packaged into small vesicles

Step 4: These vesicles bud off from the trans face of the Golgi and mature into primary lysosomes

Lysosomes are now ready to fuse with other vesicles to digest materials inside the cell

Q.12 What are histones? Where are these found in eukaryotic cells?

Ans. Histones:

Histones are positively charged proteins that help in the packaging and organization of DNA into
structural units called nucleosomes in eukaryotic cells. They play a key role in gene regulation and
chromatin structure.

Location in Eukaryotic Cells: Histone proteins are found inside the nucleus, where they are closely
associated with DNA to form chromatin.

Q.13 What do you mean by "stem cell"? What are the main usages of stem cells?

Ans. Stem Cells:

The celis which have remarkable ability to develop into many different cell types in the body are
called stem cells

Uses of Stem Cells:

Regenerative Medicine: Stem cells have the potential to repair or replace dimaged tissues and orzans
Therefore, they are used for treating conditions such as spinal cord injuries, type « d
disease, and heart disease.

Drug Testing and Development: By differentiating stem cells into specific cell types, researchers can
create models of human diseases, allowing for more accurate testing of drug effe ts and recucing the

abett

" reliance on animal models

Personalized Medicine: Stem cells can be derived from a patient's own cells, reducing the risk of immune
rejection when used In treatments. This personalized approach can lead to more effective and safer
therapies.

Q.14 The following diagram shows the structure of a mitochondrion. Name structures A to G.

Ans. A.DNA
E. Inter Membrane space

——

D. Inner Mernbrane
G. Cristae

C. Matrix
F. F, portion of FoF,-ATPase

B. Ribosomes
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Q.15 The diagrarm below shows an electron micrograph of a cell.

a. Label the parts of the cell.
b. What evidence can be seen in the diagram that suggests that the cell is metabolically active and involyy |

in secretion of enizymes? |
Ans. a. Label the parts of thecell: |
| Goxp Apparatus |

— \ e
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/ PR ke
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L ) ~ e 3
\ O& &7, ey
D v 4bo3
R VN ____.-/ :_.' 'Eb:ﬂﬂ»es o)

b.
(I) Abundant Rough Endoplasmic Reticulum (RER): The preserce of weli-developed RER indicates aclie
protein synthesis, especially of enzymes, since ribcsomes on RER translate mRNA into poiypeptid

chains for ,ecretion.

(ii) Prominen: Golgl Apparatus: The Golgi apparatus processes, packages, and modifies proteins i ‘

secretory vesicles. Cells secreting enzymes have a large, aciive Golgi compiex to ensure efficient daivery
of enzym zs outside the cell

(1ii) High Mitochondrial Density: Secretion is an anergy-intensive process. Numerous mitochondria indicaie
high AT? production, supporting energy demands for synthesss, packaging, and transport of enzymes

Lo |

Q.1 Write details of the structure and the chemical composition of cell walls of eukaryotes and prokaryotes:
Ans. See Page No. (70)

LONG ANSWER QUESTIONS

—
Q.2 Explain the chi*mical composition and the functions of plasma membrane. -
Ans. See Page No. (i'3) —
Q.3 Identify the rolc: of glycolipids and glycoproteins as the cell surface markers. N

Ans. See Page No. (7:!) —

SCHOLAR “Z BIOLOGY (11") o1
m;phiﬂ the structure, chemical composition and function of ribosomes

Ans. See Page No. (79)

ﬁ!aln the structure, and funciicns of Golgi complex

Ans. See Page No. (82)

mesaibe the structure, chemical composition and function of chromosome

“Ans. See Page No. (77)

3,7 Discuss nuclear envelope and nuclear pore compiex in detail.

‘Ans. See Page No. (76)

Q.8 Explain how Golgi apparatus is involved in making cell secretions.

In-s. Role of Golgi Apparatus in Making Cell Secretions:

o Receiving Proteins: Proteins and lip:ds synthesized in the endoplasmic reticulum (ER) are sent to the
Golgi apparatus in vesicles.

¢ Modification: Within the Golgi, these molecules are chemicaily modified (eg., glycosylation,
phosphorylation) for proper functioning.

o Sorting and Packaging: The modified products are sorted and packed into new vesicles according to
their destination.

o Vesicle Transport: Secretory vesicles bud off trom the trans face of the Golgi.

» Exocytosis: These vesicles fuse with the plasma membrane and reiease their contents outside the cell
as secretions.

» This is how the Goigl apparatus plays a central role in the processing and secretion of cellular produci

Q.9 Oescribe the structure and functions of smooth and rough endoplasmic reticuium.
Ans. See Page No. (78)

Q.10 Explain the role of lysosomes and peraoxisomes in regulating the amounts of cellular contents.
Ans. Role of Lysosomes and Peroxisomes in Reguiating Celluiar Contents:
i. Lysosomes = Intracellular Digestion:
* Contain hydrolytic enzymes that break down worn-out organelles, proteins,
macromolecules.
* Helpregulate cellular contents by removing damaged or excess components
* Play a key role in autophagy, recyciing useful cell materials.
* Prevent accumulation of waste by digesting harmful substances.
il. Peroxisomes - Detoxification and Lipid Regulation:
* Contain enzymes fike oxidases and catalase that break down fatty acids and toxic substances (e g.,
hydrogen peroxide).
* Help regulate cell metabolism by controlling lipid levels and oxidative stress.
= Convert long-chain fatty acids into smaller molecules for energy or turther processing
* Protect cells by neutralizing reactive oxygen species that could damage cellular structures.
* Together, lysosomes and peroxisomes maintain cellular balance, prevent damage, and support cell
health by regulating the quality and quantity of cellular components

and other

Q.11 Describe the structures of the three fibres that make the cytoskeleton.
Ans. See Page No. (86)

Q.12 Describe the formation and functions of lysosomes.
Ans. See Page No. (83)
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Q.13 Compare mitochondria and chloroplasts as the organelles that are Involved in cellular energm

—_

Ans. Comparison of Mitochondria and Chloroplasts in Cellular Energetics:
i. Type of Energy Conversion:
* Mitochondria: Convert chemical energy from glucose into ATP through cellular respiration,
* Chloroplasts: Convert light energy into chemical energy (glucose) through photosynthesis
il. Energy Source:
* Mitochondria: Use glucose and oxygen as energy sources.
= Chloroplasts: Use sunlight, water, and carbon dioxide for energy production.

ili. Main Function in Energetics: |
* Mitochondria: Serve as the powerhouse of the cell, providing usable energy (ATP).
= Chloroplasts: Serve as the site of energy capture, storing energy in glucose.

iv. Presence in Cells:

*  Mitochondria: Found in all eukaryotic cells (plants, animals, fungi, etc.).
= Chloroplasts: Found only in plant cells and some protists.

v. ATP Production: |
= Mitochondria: Directly produce large amounts of ATP.
= Chloroplasts: Produce ATP during photosynthesis, but it is mainly used within the chloroplast 1

make glucose.

» Both organelles are double-membraned and contain their own DNA, reflecting their essential rolesin |
cellular energy management.

Q.14 Describe the baslc structure of a mitochondrion, from outside inward.
Ans. See Page No. (80)

Q.15 Describe the pathway of protein signal and steroid signal from outside of a cell to inside.
Ans. See Page No. (89)

Q.16 Categorize and explain different types of stem cells,
Ans. See Page No. (95)

Q.17 What are the advantages and disadvantages of using induced Pluripotent Stem Cells?

Ans. See Page No. (95)
-|

Q.1 If a researcher observes that a certain cell type has an exceptionally large Golgi apparatus, what canbe |
inferred about the function of this cell?
Ans. (i) Active in Protein Secretion:
=  Alarge Golgi apparatus suggests the cellis producing and secreting large amounts of proteins.
« Common in cells like plasma cells (antibody production) and pancreatic cells (digestive enzymes)
(ii) Intensive Processing and Packaging:
= The Golgi modifies proteins and lipids (e.g., glycosylation, phosphorylation).
* jts enlargement indicates heavy traffic of materials needing sorting and packaging.
(iit) Hormone or Mucus Production:
=  Seenin cells like endocrine cells (hormones) and goblet cells (mucus).
= These secretory cells rely on the Golgi for exporting complex substances

INQUISITIVE ANSWER QUESTIONS

e

SCHOLAR 2 BIOLOGY (11*) 107

—
Q2 Hfa signaling molecule is lipid-soluble, like a sterold hormone, what is the most likely mechanism for its
actlon within the target cell?

Ans. If a signaling molecule is lipid-soluble like a steroid hormone, the most likely mechanism for its action
within the target cell involves:

« Diffusion through the plasma membrane due to its lipid-soluble nature

e Binding to intracellular receptors located in the cytoplasm or nucleus

s« The hormone-receptor complex then enters the nucleus (if not already there)

« It binds to specific DNA sequences, acting as a transcription factor

e This leads to activation or repression of specific genes, altering protein synthesis

e The resulting proteins change the cell’s structure or function in response to the hormone

Q.3 Why do we categorize endocytosis and exocytosis in active transport?

“Ans. Endocytosls and exocytosis are categorized as active transport for the following reasons:
e Both processes require energy in the form of ATP to move large molecules across the cell membrane
e They involve membrane remodeling, such as vesicle formation (in endocytosis) and fusion (in exorytosis)
e Materials are moved against concentration gradients, which passive transport cannst achleve
» Endocytosis helps in importing large particles {e.g, nutrients, pathogens) into the cell
o Exocytosis allows cells to export substances like hormones or enzymes.
s Due to their energy-dependent nature, they are classified under active transport mechanisms,

Q.4 Justify why the membrane may be described as fluid.

Ans. The membrane is named “fluid” because of the following key reasons:
e Phospholipids are not fixed; they constantly move sideways within the layer, creating a fluid-like motion.
e Proteins float and move within the lipid bilayer, similar to objects dnfting in a fluid
e The membrane behaves like a viscous liquid, ailowing components to rearrange and adact easily.

¢ Thisconstant lateral movement gives the membrane a fluld consistency, rather than being static or soiid

Q.1 Which property of life Is demonstrated when an amoeba divides into two daughter cells?
A) Respiration B) Growth C) Reproduction D) Nutrition
Q.2 What observation would most directly support cell theory?
A) Viruses reproducing B) Cells forming spontaneously
C) All living things made of cells D) Plants using sunlight for energy
Q.3 Which experiment supports the idea that cells arise from preexisting cells?
A) Pasteur’s swan-neck flask experiment B) Griffith’s transformation experiment
C) Mendel’s hybrid plant crosses D) Miller-Urey’s early Earth simulation
Q.4 Why are electron microscopes preferred for viewing subcellular structures?
A) Use natural light B) Allow color imaging  C) Offer higher resolution D) Require staining only
Q.5 What distinguishes plant cell ultrastructure from animal cells?
A) Presence of centrioles B) Presence of cell wall and chloroplasts
C) Absence of mitochondria D) Absence of Golgi apparatus
Q.6 What s a defining ultrastructural feature of animal cells?
A) Large central vacuole  B) Chloroplast C) Centrioles

Q.7 Which function is associated with lysosomes?

A) Energy production
C) Digestion of cellular waste

ADDITIONAL MCQs

D) Cell wall

B) Protein synthesis
D) Lipid storage
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Q.8 Which structure is found in eukaryotic but not in prokaryotic cells?
B) Cytoplasm C) Nucleus

Q.9 Why arc prokaryotes more efficient in reproduction?
A) More organelles B) Larger in size C) Simpler cell structure

Q.10 What technique is most suitable to study membrane proteins?
8) Protein electrophoresisC) Cell fractionation

A) Plasma membrane D) Ribosomes

D) Eukaryotic DNA

D) Gel cr-romatogr,)phv

A) Electron microscopy

Q.11 Which molecule is most likely to initiate cell signaling?

A) Enzyme B) Hormone C) Organelle D) Water
Q.12 Which structure is key in signal reception?

A) Ribosome B) Receptor protain C) Mitochondria D) Vacuole
Q.13 Which signal enters the cell directly?

A) Steroid hormone 8) Peptide hormone C) Neurotransmitter D) Insulin

Q.14 Which transport method requires energy?

A) Simple diffusion B) Facilitated diffusion
Q.15 In facilitated diffusion, molecules move via:

A) Lipid bilayer only B) Channel or carrier proteins C) Vesicles
Q.16 Exocytosis involves:

A) Engulfing solid particles B) Releasing contents outside the cell

Q) Pinching of Golgi bodies D) Mitochondria! division

Q.17 What differentiates facilitated diffusion from simple diffusion?
A) Needs membrane proteins B) Requires energy
C) Occurs in solids D) Only In prokaryotes
Q.18 Which molecule is most likely to use facilitated diffusion?
A) Oxygen B) CO, C) Glucose
Q.15 One advantage of using stem cells in therapy Is:
A) Inability to form tissues
C) Can regenerate damaged tissues

C) Osmosis D) Active transport

D) Golgi bodies

D) Urea

B) Rejection risk is high
D) immediate death of cells
Q.20 Which type of stem cell can become any cell type in the body?

A) Multipotent 8) Unipotent C) Totipotent
Q.21 What type of stem cell can only form one type of cell?

A) Pluripotent 8) Multipotent C) Unipotent
Q.22 What is 2 major risk of using iPSCs?

A) Cancer formation B) No differentiation C) Viral infection

~ . ANSWER KEY

D) Pluripotent
D) Embryonic

D) Rapid aging
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ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 What are the three main points of modern cell theory?
Ans. Three Main Points of Modern cell Theory:
e Al living things are made of cells.

e Cells are the basic units of structure and function
e Allcells come from pre-existing cells

Q.2 What is the main principle behind how a light microscope works?

Ans. e Light Source: It uses visible hight to illurninate the specimen
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o Lenses: Glass lenses bend (refract) the light to magnify the image.

¢ Magnification: It can magnify objects up to around 1000 times,

¢ Usage: Commonly used to observe cells, tissues, and microarganisms

¢ Limitation: It cannot show very small details lie viruses or DNA strands

mpialn the main features of the Fluid Mosaic Model of the plasma membrane.
‘Ans. Main Features of the Fluid Mosaic Model:
e The plasima membrane is made of a phospholipid bilayer with embedded proteins.
e 'Fluid" means components can move laterally within the layer,
e 'Mosaic' refers to the patchwork of proteins scattered in the lipid layer.
o This model expiains membrane flexibility, self-repair, and selective transport.

Q.4 Describe three major functions of membrane proteins in the plasma membrane.

“Ans. Three Major Functions of Membrane Proteins:
e Transport: Channel and carrier proteins move ions and molecules across the membrane.
¢ Receptors: Bind specific signaling molecules (e g, hormones) to trigger cellular responses.
¢ Enzymatic Activity: Some proteins catalyze reactions right at the membrane surface.

Q.5 How are iPSCs produced in the lab?

Ans. * Source:iPSCs are made by reprogramming adult cells, like skin or blood cells
e Method: Genes like Oct4, Sox2, KIf4, and c-Myc are introduced to the cells.
¢ Pluripotency: They gain the ability to become any cell type, like ESCs.

e Advantages: iPSCs avoid ethical concerns linked to embryo use.
¢ Applications: Useful for research, disease modeling, and personalized medicine

Q.6 Describe the structure and function of the nucleolus.

Ans. Structure and Function of the Nucleolus:
¢ The nucleolus is a dense region inside the nucleus without a membrane.
o It has two main reglons: the fibrillar center (site of rRNA synthesis) and granular component
(ribosome assembly)
e |t produces rRNA and assembles ribosomal subunits.

Q.7 Define the endoplasmic reticulum and explain its basic structure.
Ans. Endoplasmic Reticulum:
* The endoplasmic reticulum (ER) is a network of membrane-bound tubules and sacs called cisternae.
e Itis continuous with the nuclear envelope
¢ Theinner fluid-filled region is known as the cisternal space
¢ ER exists in two forms: rough and smooth, performing distinct functions

Q.8 Role of Stroma in Chloroplast Function.
Ans. Role of Stroma In Chloroplast:

e The stroma is the fluid-filled space surrounding thylakoids. It hosts the Calvin cycle, where CO; is fixed
into glucose using ATP and NADPH produced in the light-dependent reactions.
* Enzymes like RuBisCO and components for starch synthesis are also located here.

Q9 Why do plant cells have more active Golgi bodies during cell wall formation?
Ans. Active Golgi Bodies During Cell Wall Formation

* Production of Polysaccharides: Golgi bodies synthesize and package polysaccharides like pectins and
hemicelluloses, essential components of the plant cell wall.

¢ Vesicle Transport: They form vesicles that transport these cell wall materials to the plasma membrane.
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«  Cell Wall Assembly: The delivered materials are secreted outside the cell, contributing to the byg,.
and strengthening of the cell wall '
« Increased Demand: During cell wall formation, the need for these substances rises, making Golgi b,
more active. |
— |
T —

Q.10 How do lyscsomes help maintain cellular homeostasis?
Ans. Role of Lysosomes in Maintaining Cellular Homeostasis:

s Waste Breakdown: Lysosomes digest and break down unwanted cellular debris and damages
organelles |

* Recycling Materials: They recycle useful molecules back into the cell for reuse.
e Pathogen Defense: Lysosomes destioy invading pathogens like bacteria.

¢ Regulating Cellular Environment: By controlling the removal of waste and recychng, lysosomes b,
maintain the cell's internal balance and health

|
|
|

—

Q.11 Why are glyoxysomes absent In mature plant cells?
Ans. Absence of Giyoxysomes in Mature Plant Cells:

* Role in Seed Germination: Glyoxyscmes are primarily aclve in young, germinating s2eds to conyen |
stored fats into sugars. ‘

* Function Completion: Once the seedling develops and starts photosynthesis, the need for glyoxysems;
decreases.

* Replacement by Other Organelles: Mature cetls rely more on chloroplasts and mitochondria fer energ, |
so glyoxysomes disappear.

—

Q.12 Why are embryonic stem cells considered pluripotent?
Ans. Why Embryonic Stem Cells Are Considered Pluripotent:
» Ability to Differentiate: Embryonic stem cells can develop into almost any cell type in the body

* Origin from Inner Cell Mass: They come from the inner cell mass of the blastocyst, which gives nse
all tissues.

e Versatility: Unlike multipctent cells, they are not limited to a few cell types.

¢ Pluripotency Definition: Their capacity to form cells from all three germ layers (ectoderm, mesodern
endoderm) maxes them pluripotent.
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Total Mark: 30
mcle the correct option. (1x6=06)
I, Which of the following Is not an accurate description of a chromosome?

(a) 1t Is a coloured body localized in the nucleus
(b) Itis a protein and nucleic acid complex
(c) Itis the cellular structure that contains the genetic material
(d) In eukaryotes, it is composed of many DNA molecules attached end to end
ii. Therough endoplasmic reticulum is:
(a) Anintracellular single-membrane system to which ribosomes are attached
(b) An intracellular membrane that is studded with microtubular structures
(c) Amembranous structure found within mitochondria
(d) Only found in prokaryotic cells
lii. Which of the following statements does not apply to the nuclear envelope?
(a) Itis a double membrane
(b) Itis continuous with the endoplasmi~ reticulum
(c) It has pores through which materiai cnters and leaves
(d) It has infoldings to form cristae
Iv. All peroxisomes carry out this function:
(a) Break uown fats and amino acids into smzller molecules that can be used for energy production by mitechondria
(b) Digest macromolecules using the hydrolytic enzymes they contain
(c) Synthesize membrane components such as fatty acids and phospholipids
(d) Control the flow of ions into and out of the cell
v.  Which of the following does not apply to chloroplasts?
(3) They contain chlorophyll and the enzymes required for photosynthesis.
(b) They contain an internal membrane system consisting of thylakoids.
(c) They synthesize ATP.
(d) They are bounded by two membranes, the inner of which is folded into the cristae
vi. How does the process of facilitated diffusion differ from active transport?
(a) Facilitated diffusion requires energy, active transport does not
(b) Facilitated diffusion does not require energy, active transport does
(c) Both processes require energy
(d) Both processes do not require energy
Q.2 Write short answers of the following questions. (2x8=16)
I State the cell theory. How we can validate it? What are the exceptions to cell theory?
Il.  Categorize the organelles as (i) single membrane bounded, (ii) double membrane bounded and (i) lacking
any membrane.
lil. State two features that mitochondria have in common with prokaryotes
iv.  List the structures and molecules, which can cross the nuclear envelope
V.  Describe the role of the Golgi body in forming lysosomes.
vi.  What do you mean by "stem cell"? What are the main usages of stem cells?
vii. Role of Stroma in Chloroplast Function.
vin

Why are embryonic stem cells considered pluripotent?

Q3 Extensive Questions.

(4x2=8)

(a)
(b)

Discuss nuclear envelope and nuclear pore complex in detail.
Describe the pathway of protein signal and steroid signal from outside of a cell to inside.



