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Cells and Subcellular Organelles

STUDENTS LEARNING OUTCOMES (SLO's) @

After studying this unit, the students will be able to . C?f |
Describe that cells are the basic unit of life with respect to seven erert f life (movement, respiratiy,
homeostasis, growth, reproduction, excretion, nutrition).

State cell theory (including how to validate it and exceptions to it). o \\ v .

Compare and contrast the workings of a light microscope and eIe@ icroscope W(th focus on resolution o

magnification and live vs dead samples. ' | \
Identify the ultrastructure of animal and plant cells.
Describe the structure and functions of cell wall, cell ane and subcellular organelles (endoplasy;

centrioles, nucleus)

Differentiate between prokaryotic and eukaryotic célls With/diagrams.
Explain the structure of the cell membrane and the te niques that can be used to study it.
Define cell signalling. '

Discuss the pathway of a signal from outsi i& e cell to the inside. (protein signal and steroid signal).

Explain the 4 membrane transport m Isms with diagrams (simple diffusion, facilitated diffusion, osmoss
active transport). L g _ ik

reticulum, ribosomes Golgi apparatus, vesicles, lyx , peroxisome, vacuoles, mitochondria, - plasti¢

Describe endocytosis and exo ISwith diagrams.
Compare and contrast simplelitated diffusion.
Define stem cells and advaof using stem cells
Categorize different typ ém cells. 4
Evaluate the advan%'%

L]

isadvantages of using induced Pluripotent Stem Cells.
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SRR ===
living being is composed of cells. Cell lNTR‘?DUCTION
- Cells are the basic unit of life because they form the structural and functional

Every

foundation of all living organisms,
nicellular organisms such a |

In U S amoebas and bacteria, a single cell is capable of carrying out all the essential
. ¢ es5entia

functi

These ’ N
cells work together in a highly organized manner. These cells are specialized to perfor

transportin ' ‘
functioning of the entire organism. Therefore,

Q@ ™m0 an oo

ons necessary for life, including:
Movement
Respiration
Nutrition
Excretion
Growth

Reproduction
Maintaining internal stability (homeostasis) ‘
organisms depend on that one cell to sustain life. In multicellular organisms like plant

nimals, numerous

g nutrients, generating energy and defending the body. Each cell contribute
cells are rightly considered the basic ug

he vital activities that define living organisms.

reproduction, excretion, and nutrition. These
Here's how each property functions through cells:

1.

allt
3.1 CELLS-THE BASIC UNIT OF LIFE ®
gz Describe the seven basic properties of life and explain h e are performed at the cellular
level. K
Ans. All living organisms exhibit seven basic properties of life: t, respiration, homeostasis, growth,
properties not only d iféwput are also performed at the cellular level.

Movement:

Cells can move in various ways. For example, sperm cel 2 using whip-like structures called flagella. White
blood cells move through the bloodstream to fight i ions. Even within cells, organelles shift positions to
fulfill specific tasks, indicating that movement is an essential cellular activity.

nutrients are vital for producing energy, building cellular

2. Nutrition:
Cells absorb nutrients from their surrounding
components, and facilitating various biochéméacﬁons essential for survival and development.

3. Respiration: ,

Respiration is the process through w s generate energy. By breaking down glucose molecules, cells
release ATP-(adenosine triphosphat m is the primary energy currency of the cell. This energy powers all
cellular processes. .

4. Excretion: (b ' :

Cells produce waste as a bypredlict of their metabolic activities. To prevent the accumulation of these toxic
substances, cells expel wasté %- srials through processes like diffusion and active transport.

5. Homeostasis: Cells mai@u -rnal stability, or homeostasis, by regulating the movement of substances
such as ions, water, arm iénts across their membranes. This ensures that the internal environment remains
stable and balance

6. Growth: '

Cellular growth occurs when cells absorb nutrients and convert them into structural and functional
Components, As these components accumulate, the cell increases in size and becomes more complex.
T Reproduction: | '
Cells reproduce in two primary ways: mitosis and meiosis. Mitosis results in the formation of two identical
daughter cells, used for growth, development, and tissue repair. Meiosis, on the other hand, is used in the
Production of gametes (sperm and egg cells) for sexual re roduction, ensuring genetic diversity.
What js considered the basic unit of life? 2. In unicellular organisms, how many cells perform life
) Atom B) M sleculd functions?
: A) None B) A few
D) Many

O Celly”
D) Organ € One ‘/
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3. ‘ Which of the following is an example of a unicellular | 7. What do cells use for energy production?

organism? A) Oxygen B) Water
A) Human B) Amoebay” C) ATPY D) Protein
C) Dog D) Tree 8. Through which processes do cells remoy,
4.  Whatis a characteristic of multicellular organisms? products? . Wasy,
A) Made up of one cell ‘ A) Osmosis and diffusion
B) Have no specialized cells B) Filtration and evaporation
C) Contain many specialized cellsy” C) Diffusion and active transporty”

D) Respiration and excretion

D) Cannot reproduce
What is the function of homeostasis in cells?

5. Which of the following is NOT one of the seven basic | 9.

properties of life? . A) Reproduction B) Movement
A) Divisiony” B) Movement ' C) Maintaining a stable internal environmenty”
C) Homeostasis D) Respiration - D) Making proteins

6. . What enables sperm cells to move? 10. How do cells repr r growth and repain
A) Cilia B) Arms A) Meiosis B) Binary fission
C) Flagellay” D) Legs C) Mitosisv” D) Budding

T
1.  What are cells and why are they considered the basic ulﬁ.o’ life?

Ans. Cells are the basic unit of life becauge they make u very iving organism and carry out alf the
essential functions needed for life. In unicellular organisms such ebas and bacteria, a single cell perforp,
all life processes. In multicellular organisms like plants and a@iﬁerent specialized cells work together
maintain life. :

2. How do unicellular and multicellular organisms di i le of cellular structure and function?

Ans. In unicellular organisms, such as amoebas and bac X\gle cell carries out all the functions necessary for
life. In contrast, multicellular organisms, like plants a niftals, consist of numerous specialized cells that wor
together to sustain life and perform various functic@ ‘

3.  What are the seven basic properties of life exhibi

Ans. The seven basic properties of life are:
1. Movement 2. Respirati
4. Growth -5. - Repro
7. Nutriton - 8. Th

4. What is the role of cells in pei'fo

Ans. Cells perform all the funda
obtaining and utilizing nutrients,
reproducing. ' t)

5. Howdo cells perform t

Ans. Cells are capable of

by all living organisms?

-3. Homeostasis

6. Excretion _
rties define living organisms and are carried out by cel's.
life functions? '

e Sperm cells mo
e White blood c@ | through the bloodstream to fight infections.
* Organelles cells also move to carry out vital internal cellular functions.
- 6. Howdo cel%ry out the function of nutrition? ,
Ans. Cells obtain ndftrients from their environment. These nutrients are used to:
"o Produce energy A
e Build cellular structures
o Drive biochemical reactions
7.  What is cellular respiration and how do cells perform it?
Ans. Cellular respiration is the process by which cells generate energy. During this process, cells break down gluc
to release ATP (adenosine triphosphate), which is the energy currency that powers all cellular activities.
8. How do cells excrete waste materials? .
Ans. Cells remove waste products through processes such as:
o Diffusion
e Active transport

e These mechanisms prevent the buildup of toxic substances inside the cell.
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what Is homeostasis and how do cells maintain it?

. stasls is the ability of ;
ANS. Homeo y of cells to maintain
the movement of substances across their cell r::':: le internal environment (el
ranes, ells achieve this by re
’ gulating

How do cells grow?

Aﬂ.s- Cells grow by:
, Taking in nutrients

. Converting them into various cellular
How do cells reproduce and what components, which results in an |
o at are the types of cell di an increase in size and cellul
ans. Cells reP? oduce through two types of cell division: vision involved? ellular content.
~ Mitosis - produces identical daughter cells Bed -
5. Meiosis - produces gametes (sperm and egg cells) forg ::,‘::::" and repair.
reproduction. O

12, How do cells perform movement?
in various ways. For exampl
ans. Cells move | _ mple, sperm cells u i
bloodstream to fight infecti : se their flagella to swim, Whilg whi
ght infections. Inside the cells, organelles also m: top rhoIte s euioen
e erform vital functions.

through the
43. How do cells obtain and use nutrients?
Ans. Cells take in nutrients from their environment to produce energy, syr (b
essential biochemical reactions necessary for life. ) synQegy cellular components, and drive
iration and why is it important? C)
sevto release ATP (adenosine triphosphate),

14, What is cellular resp
is the process by which cells break down

Ans. Cellular respiration
which is the energy currency  that powers all cellular activi

functions. :
15. How do cells remove waste products?
waste through processes like diffusi ) & active transport, which help in preventing the

Ans. Cells eliminate
accumulation of toxic substances inside th

16. What is homeostasis in cells? _
Ans. Homeostasis refers to the ability of cells to 'r%a stable internal environ
of substances in and out through their mem . S

17. How do cells grow?
Ans. Cells grow by absorbing nutrients and ing them into new cellula

perform their functiens«effectively.

18. What are the two types of cell rep oduction, and how
Ans. Cells reproduce through mito
. Mitosis results in two ide

« Meiosis produces ga

(o B 3.2 CELL THEORY

is process is crucial for maintaining life

e cell.
ment by regulating the movement

r material, which increases their size and

‘are they c!ifferent?

)| @aughter cells and is used for growth and repair.
duction, resulting in genetic yariation.

erm and egg cells) for sexual repro

| Theofy.

g{: Explain the development and main points of the Cel
Ans. Introduction and Background
entists began the use of microscopes to study very small objects. In
f oak tree under microscope. He observed that the

ntury, many sci
hin slice of cork 0
f stem and root of oak tree under microscope.

ke examined a t

" Hooke also examined the pieces 0

de of similar little boxes. He concluded that the parts of plants were made of
ts as “cellulae”. - ‘

At the beginning of 17th ce
1665, English scientist Robert HOO
cork was made of “many little boxes
lc'loe found that these were also ma

mpartments. Hooke named these compartmen
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Little boxes in cork
Piece of cork

Fig. 3.1: Robert Hooke’s microscope and observation

i eries . - .
Furth: ?6';‘;: Dutch scientist Anton van Leeuwenhoek made a better microscope and o@ living cells in porg

zter. He called these cells as animalcules. |
wate in 1803, the French biologist Jean Baptiste de-Lamarck also observed cells when he examined the parts o
" g
animals and plants under microscope. .

Later on, in 1831 the British botanist Robert Brown discovered nucleus " t?‘!b.

Formation of the Cell Theory .
A:::;,ese studies, biologists began to organize information about @838, the German botanist Matthi

Schleiden observed many parts of plants under microscope. He concl x Il plants were composed of cells The
next year, the German zoologist Theodor Schwann concluded the s imals.

In 1885, the German physician Rudolf Virchow (1821-1902) o ed that all cells come from other cells. In
1882, Louis Pasteur provided the experimental proof of this idea. observations were combined to form a bagi
theory about cells. It is called cell theory. : : ,
Main Points of the Cell Theory

it has three essential points:

1. All living organisms are composed of one or Ils.

2. Cells are the basic units of structure and njin an organism.
3. Celis come only from the division of pre- cells.

gi How is the cell theory validat%ugh modern scientific methods?

Ans. Cell theory is validated by several Qsciéntiﬁc techniques: é
1. Microscopy - Light and elect%{croscopes allow scientists to observe cell structures, confirming that al

living things are made of ¢ : '

2. Live-cell imaging and — These methods track how cells grow and divide, proving that new cell
come from existing cell ‘

3. DNA sequencing - at all cells share common genetic materials and biochemical pathways.

4. Cell culture and gineering — Demonstrate that

c cells can grow, differentiate, and reproduce under
laboratory conditidns,/further supporting the cell theory. '

4.  What are the exceptions to cell theory, and how do they challenge the basic principles of the

» Many scientists consider viruses to |i nd
non-living things. | viruses to lie on the borderline between living
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Other acellular entities lik
while viroids consist only of R:\IAMBZ: al:\d lvlrc:mu further challenge cell theary, Prions are made solely of
puir characteristics of Iiving sysllems ':u:h :Z“"Qucellulnr structures, these agents can cause rll'an‘~< au'l' T‘f“’:
' v £l ! 74
g . SR S S o replication (in a host), However, since they are not made up o uf;
M“ochondl"l and Chloroplasts: |
In eukaryotic cells, mitochondria
: and chloroplasts
g o : are organelles that contain th
lc;:ln : Prok.ryotlc vy whi{hfr:xt‘etr::i clell s nucleus.. These features suggest that thay.r'v:aw;;\:':‘ ‘llndd‘!’ g
nto a symbiotic relationship with early eukaryoticycells avt(;\ve rkom -
—a theory known as

.ndosynj
ple that the nucleus controls all aspects of the cell

the princ!
Coenocytic Structures in Fungl and Algae:

Certain fungl and algae possess a structure where multiple nuclel exist within h
re known as coenocytes and lack the typical cell boundaries seen in other or. a’
oplasrnlc mass defies the classical concept of individual cells funclioningga
f life. These organisms function efficiently despite the absence of dj
on of a “cell" as an isolated and independent unit.

structures @
continuous cyt
functional units 0
challenging the definiti
Multinucleated Muscle Fibers in Vertebrates:

_ In vertebrate animals,
fibers function as single coordin
that a single cell should have on
operate as one functional unit, whic

in living organisms.

Conclusion:

These exceptions show :
science with certain organisms and structures that do not fit

deepens our understanding of life and encourages continuou

that while cell theory provides a fou

biosis. The ability of th
ty ese organelles to reproduce independently and carry genetic information challenges

cytoplasm. These
. This multinucleate,
e basic structural and
ellular compartments,

multinucleated fibers. These

muscle cells (myocytes) may undergo fusion to form long,
ated units despite containing multiple nucl Eenomenon challenges the idea

ly one nucleus and function independently.

h complicates the definition of a cell O!&Qallest unit of structure and function

d, these multinucleated structures

tidnal understanding of life, biology is a complex
ifto predefined rules. Studying these exceptions

ment of scientific theories.

B) Cells come from pre-existing cells

1.  Who coined the term “cellulae”?
A) Anton van Leeuwenhoek
B) Matthias Schleiden
C) Robert Hookey” -

D) Robert Brown
2 What did Anton van Leeuwenhoek cal@clls he

observed in pond water?
A) Bacteria B) Organi Q .
D) Anim@s\/ 9.
3. Who discovered the nucleus i
A) Robert Hooke st ownvy”
mis steur

C) Protozoa

N C) Rudolf Virchow
+ According to Schleid &fchwann. all plants and 10.
animals are compos .
2) oy B) Organs
5. V:Cells\/ " D) Tissues
hich scientist proposed that all cells come from
bre-existing cells?
C; :0ben Hooke B) Louis Pasteur 11.
‘. Wlu;J dolf Virchow v D) Anton van Leeuwenhoek
pre gave experimental proof that cells arise from
N o teet
Q So: eft Brown B) Louis Pasteur\/ 12,
5 voien D) Schwann
cell

Whi
th.och of the following Is NOT a pfhlnt of the .

A) All livine sk
Hliving things are made of cells

* ) Cells form through crystallization

of structure and function

dating cell theory through

D) Cells are the basic units

Which tool helped in vali

direct observation?

A) Spectrometer B) Telescope

C) Microscope D) Calorimeter

What method allows scientists to

replication?

A) Photosynthesis

C) Respiration

What does DNA sequencing revea

A) They differ widely in metabolism

B) They all have the same shape

C) They share genetic material and metabolic
pathways

D) They do not reproduce

Which entity challenges

track cell
B) Live-cell imaging v’

D) Gel electrophoresis
| about cells?

the cell theory by not being

made of cells?
A) Bacterla B) Amoeba
C)' Virus D) Protozoa
What Is required by viruses In order to replicate?
A) Sunlight 8) Host celly”
C) Oxygen D) Water
Idered to be:

Viruses are often cons
A) Fully living organlsms
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B) Inanimate chemicals 23. Cell theory states that:
C) On the border of living and non-livingv” : A) All cells have one nucleus
D) Dead bacteria B) All organisms are made of many cells
14. Prions and virolds differ from cells because they are C) The cell is the basic unit of lifev”
made of: D) Viruses are cells
A) Cell membranes 24, Wh.tllct::r::yt;mﬂc of prions makes them EXCeption
B) DNA, RNA, or proteins onlyy” o —
i e e » I:ey hav:o"r:':J O'Seed only of proteiny”
15.  Which of the following is NOT made of cells? B) They are comp g i
i C) They perform photosynthesis
A) Prionsv” B) Algae
i D) They have cell mernbranes
Q) Fungi D) Plants -
16. Which organelle contains its own DNA and can | 25. W::Ic: of t;m following Is not a part of the traditigy,
replicate independently? coll theory? N cer
A) Endoplasmic reticulum  B) Golgi apparatus A) All living things ar e f celts
0) Mitochondrionvy” D) Ribosome B) Cells come frorm.présexisting cells
17. Chloroplasts are believed to have originated from: C) All cells have ¢ @ pllesv”
A) Viruses : B) Prokaryotic cellsy” _ D) The cell |s® ¢ unit of life
C) Multiceliular organisms D) The nucleus 26. Wh_iCh gan are e'xce.ptions to cell theory dus 4
18. The fact that mitochondria and chloroplasts have the'f in ndent replication?
their own DNA suggests: A)Ri and lysosomes
A) They are dead parts of cells ‘ B) ' paratus and ER
B) They perform photosynthesis an hondria and chloroplasts v
C) They once were free-living organismsv” Nucleus and nucleolus
D) They don't perform any function .\, The ability of chloroplasts to replicate independenty
19. Some fungi and algae have structures where: supports which theory?
A) Each cell has a single nucleus _ " A) Modern cell t.heory B) Germ theory
B) Multiple cells fuse to form one . C) Endosymbiotic theoryv”
©) Many nuclei share a single cytoplasmy” D) Atomic theory _
D) Nuclei disappear after division 28. The presence of many nuclei in a shared cytoplasms
20. The condition where many nuclei exist je ared common in:
cytoplasm is: @ 5 A) Bacteria
A) Binary fission B) Cytoplas ion ~ B) Myocytes and someAaIgae\/
) Multinucleated structurey” : C) Viruses : D) Red blood celis
D) Cytokinesis @ 29. Which structure in muscle tissue challenges the
21.  Which of the following cell @ n vertebrates is classic conceptof the cell?
often multinucleated? , ) A) Sarcoplasmic reticulum
A) Neurons » B) Mitochondria
B) Myocytes (muscle ce ' 9 " C) Multinucleated fibery”
C) Red blood cells White blood cells D) Actin filament
22.  Multinucleated @oers challenge the idea that: | 30. Which of the following is a structural featur o
A) Cells do not gro' v prions and viroids?
» Orgapelles ependent : A) Organelles B) Single large cells
C) A single cell h&€ one nucleusy” : C) Nuclei and membranes
D) Cells can't move D) Only protein or nucleic acids v
‘ —
m 1.  Who first discovered cells, and how?

Ans. In 1665, English scientist Robert Hooke 3 thi ;
) Ar : observed a thin sli ic o
noticed it was made up of many little compartments, which he called “ce?llrlea:f L T A e W

structures in the stems and roots of oak trees. .S et aserves s
2. What did Anton van Leeuwenhoek contribute to cell discove ?
Ans. In 1673, Dutch scientist Anton van Leeuwenhoek used an i

water. He called these microscopic organisms anim vhi
alcules, wi i i
3. What was Jean Baptiste de Lamarck's role in the study of c‘::“:’e" Y R

Ans. In 1809, French biologist Jean Baptiste de-Lamarck studi
tudied ~ i icroscof’
and also observed cells, further supporting the concept that cet::;t:\r:r:rl?aa:i:?ar?:?:i t{ssues VR micros?
ving organisms.

]

mproved microscope to observe living cells in POnd

FEeY |
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' R il
ns. In 1831, Robert Brown, a British botanist, discovered the nucleus i
- us ins

who discovered the nucleus and when?

the understanding of cell structure, ide plant cells, contributing significantly ta

5.
Ans- 1838, German b
. n botani
. |2 ioimfiumi Zo;?gésiith:':tet::‘a:ric::elden concluded that all plants are made of cells
, ‘ wan ' 5 T
. Together, their work laid the foundation for tzﬁgﬁltj:ee:.;hm ol animals are also compesed of el
6. what was Rudolf Virchow's and Louis Pasteur’s contribution to cell theory?
Ans.
e In 11356;, Tgﬂ;:fp\;:':how stated that all cells arise from pre-existing cells.
. In 1862, . eur experimentally proved this by demonstrating that life does n ntaneously arise
confirming that cells come only from existing cells. e
7. Whatare the three main points of cell theory?
Raiiiirs CO
1. All living organisms are composed of one or more cells.

Ans.

Ans.

Add

10.

Ans.

11..

Ans,

12,

Ans,

Py

2. Cells are the basic units of structure and function in an organism.
3, All cells arise from the division of pre-existing cells.

Is cell theory universally applicable to all forms of life? ‘
While cell theory is widely accepted and forms the foundation of m8 r logy, there are notable exceptions

where certain biological entities and structures do not fully confom-ci) rinciples.

How do viruses challenge the cell theory? \|
viruses challenge cell theory because they are not ma s calls and cannot carry out life processes
means they do not exhibit the autonomous

®

cells. Because of this, many sc

- independently. They rely entirely on a host cell to replicate, whi
ts’ consider viruses to exist on the borderline

characteristics of living
between living and non-living entities.
itionally, other acellular infectious ag’enté like prions
but are not composed of cells. These agents are
universality of the cell theory. 4
What is unique about mitochondria an h% ,
Mitochondria and chloroplasts are euka ic Brganelles that contain th
replicate independently of the cell’ us. This autonomy suggests that

originated from free-living proka rells through a process known as en
features challenge the idea that all es within a eukaryotic cell are entirely depend

" replication and genetic control.
lenge traditional cell theory?
re a common cytoplasm. This

How do certain fungi and al
Some fungi and algae pos ructural features in which multiple nuclei sha
ded into distinct cells, the cytoplasmic mass contains several nuclei within a

‘means that rather than b
continuous boundary. enocytic structures blur the boundaries of what is traditionally defined as an
&Ig a challenge to the conventional definition upheld by cell theory.

individual cell, there '
Why are muscle ce%)'ofytes) in vertebrates considered an exception to the coll theony?
n vertebrates have the ability to fuse together, forming long multinucleated fibers.

Muscle cells, or myocytes, i
This challenges the concept of a single cell as the basic unit of structure and function, especially in complex
function as a unit despite containing multiple nuclei, which defies the

tissues. These multinucleated fibers -
dlassical idea of cells as independent and individually nucleated units.
3.3 MICROSCOPY

ibute to the discovery and study of cells
copy.

properties of living organisms

ids also display some
ging the

of DNA, RNA, or proteins, further challen

I3sts that makes them an exception to cell theory?
eir own DNA and have the ability to

these organelles may have
dosymbiosis. Their unigue
ent on the nucleus for

? Describe the

d how did it contr

5. What is microscopy, an
nd limitations of light micros

principle, advantages, a
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Ans. Microscopy and Its Importance ; -
Microscopy is the technique of using microscopes to gbserve aqd -StUdya?I:{?s::stutrheast \:ere oz];m:\g;: be Seg,
with the naked eye. The discovery of cells and the exploration of their intern POssibj,
through this technique. .
Working Principle of Light Microscopy R —
Light microscopy, in particular, uses visible light 10 image,
and thegn through two glass lenses. The first lens produces an enlarged imag

further. The resulting image is then seen by the viewer's eye.
Magnification and Resolving Power each up to 1500 times (1 500X), and its resolving power i 0z

pecimens. The light passes through the Objeg
while the second lens Magnifies j |

nification of a light microscope can r_. sohgiecyrigs. doy,

microK;rZa?pm) meaning it cannot distinguish objects smaller than 0.2 pm. One micr q 01 /o,
millimetre. .

Eyepiece ie

(Ocular lens)

Arm »

; Ocular lens
Nosepiece \ /

~——— Specimen

Coarse ad'ust@ \\
' \ Condensor
Fine adj e \

. . . \
?:éi;:rtr::?\ lens . ®\ é?——Objective lens

igf_— Light source

; (b) Workiné Principle of Light Microscope

Fig. 3.2: (a) Major parts of light mic

Uses and Limitations of Light Microscopes :

Light microscopes are particularly Ef@ ewing living organisms. Howevér, most cells are transparent, and
their internal parts are not easily visible ey are colored using special stains. These stains help to distinguish
cellular structures, but the staining proc ically kills the cells, making it unsuitable for observing live specimens.
Thus, while light microscopes offer t antage of observing living cells, their limited resolution and the need for
staining are notable drawbacks. : )

6. Whatis electr?b scopy? Explain the types and uses of electron microscopes.

~ Ans. Electron microscopy ' owerful technique that usés a beam
of electrons instead of i @’produce highly magnified images of

specimens. Unlike [j scopes that use glass lenses, electron
microscopes use m tiC’lenses to focus the electron beam onto a

screen or photo%c ilm. This produces a much more enlarged

image than that pravided by light microscopes. The resolving power _ :r'i::?:d h
of electron microscopes is significantly higher; they can clearly show' Specimen ere
objects as small as 0.2 nanometres (nm), where 1 nm equals Placed here

1/1,000,000 mm. )
However, one major limitation of electron microscopes is that they
cannot be used to observe living specimens. The Preparation of
samples involves procedures like fixing, dehydrating, and coating
which kill the specimen, making live observation impossible, '
There are two primary types of electron microscopes:

Fig. 3.3: Electron microscope
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1. Transmission Electron Microscope (TEM):
M is used to view i :
:Eecimen and Pl‘OVide:h;etlgize;n.'al structures o'f cells. It passes a bearn of electrons through an ultra-thin
P ed images of the internal components of cells. TEM can magnify objects up to

250,000 times.

scanning Electron Microscope (SEM):
SeM is designed for studying the surfaces
layer of metal. When the electron beam hi

of cells or other materials. The sample surface is coated with a thin
ts this metal surface, it is reflected to form an enlarged image of the

surface. SEM can magnify objects up to 100,000 times.

glectron microscopes are invaluable in modern

biology due to their high resolution and magnifying capabilities,

though their use is limited to non-living specimens.

a— -C?
source
Condenser —
lenses

Aperture

enerator

=)

I '—J—— Electron source

al Pm
. s COndO ses o
j I (@wser aperture

A

Amplifier

©
Scanning coil — _”_— Sample
8 — objective lens

Objective lens —

Back-scattered —
electron detector

Sample A

Fig. 3.4: Working principle of; (a) Scanning electr

@ Describe how will you compare the@

Secondary
electron
detector

L objective aperture

]—— Intermediate lenses

’:&:’-_—— Projective lenses

Fluorescent screen
. and camera

oscope; (b) Transmission electron microscope

mlcroécope and electron microscope?

Ans. Light microscopes and electron microscope%ssential tools in biological research, each with unique features,
e

advantages, and limitations. The key differenc
below:

light Microsco

n these two types of microscopes are summarized in the table

[ETectron Microscope

Uses light (approx. 400-700 nm) as an
SOurce

Uses electron beams (approx. 1 nm) as an illuminating source

{\—; ————
Lower magnification (usually 50% 00X) than

|lphotographic magnification is 1,000,000X)

Higher magnification. (direct magnification is 16,000X and

N electron microscope %
L .
X tesolution (may be 0.2 pm)

!

Both |
Ve and dead specimens can be seen

[High resolution (may be 0.2 nm) ]
Only dead and dried specimens can be seen ]

PeCim .
ranr | Preparation takes about a few minutes
N hour

cimen preparation takes several days

Spe
p —

‘The image is —
i seen -
<een peg, dod through the ocular lens. No

The image is received on a zinc sulphate fluorescent screen

ndUsio“. VTSN,

While |;
"nificat 'ght microscopes are easier to use and

allow the observation of living specimens, they are limited in

N and resolution, Electron microscopes, on the other hand, provide much higher magnification and
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resolution, enabling detailed study of cellular ultrastructure, but o
preparation procedures. Each has its own role depending on the req

wOsEf

nly with non-living specimens and more ¢q

. apr e " i mple.
uirements of the scientific investigation, Pley

10.

11.

12.

What is microscopy?
A) Study of weather B) Study of planets
C) Technique to magnify large objects
D) Technique to observe tiny objects using
microscopes
What do microscopes use to magnify specimens?
A) Magnets and chemicals
B) Lenses and sound waves
C) Lenses and light or electron beams»/
D) Radiation and mirrors
Which type of microscope uses light to form an
image?
A) Compound microscope
B) Light microscopey”
C) Scanning microscope
D) Projection microscope 5
How many lenses are used in a light microscope to
magnify the image? .

A) One B) Twov”

C) Three D) Four )

What is the maximum magnification of a light
microscope? ;

A) 200X B) 500X

C) 1000X D) 1500Xy”

What is the resolving power of a light microsc

A) 0.1 mm B) 0.2 mm

€) 0.2 ymy” D) 0.02 ym

1 micrometre (pm) is equal to:
A) 1/10 mm
©) 1/1000 mmy”

A) Bacteria only B) Living organismsy”
C) Rocks and m?nerals
Why do biologists

¢
microscopy?
A) To make cells gro To kill bacteria
C) To destroy cell Qﬂnes 5
D) To distingui &arent cell componentsy”
What is the %vantage of staining cells in light
microscopy?
A) It reduces resolution
B) It increases size of image
C) It kills the cellsy”
D) It lowers magpnification
What does an electron microscope use to form an
image? ‘
A) X-rays B) Light rays
C) Beams of electronsy” D) Heat waves
Which component focuses the electron beam in an

electron microscope?
A) Glass lenses.

ial stains in light

B) Metal lenses

13.

14.

15.

16.

19.

20.

21.

22,

23,

C) Magnetic lensesv” D) Plastic lenses
What is the minimum object size an g
microscope can clearly show?

A) 0.2 mm B) 0.2 ym

) 0.2 nmy” D) 2 pym

Why can’t electron microscopes be ‘used for lving
specimens?

A) Because they produce heat

B) Because of the preparation methodsy”

C) Because they are not'c

D) Because they usesSta

Ctl’bn

B) Technical Electron Measurement

TEM stands for:
A) Total ElectrﬁJ@scope

ectron Microscopev”

C) Trarisgissio
D) ThipsEléetrdn Microscope
TEM to observe:
urface B) Nucleus shape only
Infernal structure of cellsy”
ell movement
ow much can TEM magnify an object?

B) 25,000 times -

A) 1000 times
D) 250,000 timesy”

*C) 100,000 times
SEM stands for: ,
A) Single Electron Microscope
B) Scanning Electron Microscopey””
C) Sample Electron Machine '

D) Structured Electron Microscopy

What does SEM study?
-A) DNA sequencing
C) Internal nucleus
D) Surface details of cellsy” :
What is done to the surface before using SEM?
- A) It is cleaned with alcohol
B) It is stained with dye
Q) It is coated with metaly”
D) Itis heated i
What is the main function of microscopes in biolog)!
A) Measuring weight '
B) Observing large organisms
C) Observing tiny objects invisible to the naked eye v
D) Measuring temperature »
What are the two primary types of microscopes?
A) Solar and lunar microscopes
B) Light and X-ray microscopes
C) Optical and magnetic microscopes
D) Light and electron microscopes v

What does a light microscope use to illymine”
specimens? '

A) Laser light

B) Protein folding

B) UV rays
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C) Visible light\/ D) Infrared rays B) Very low magnification

24. The wavelength of light used in a light microscope is C) Preparation is quick
approximately: D) Preparation is complex and e consurmingy’
A) 1-5nm B) 400-700 nmv” 33.  Electron microscope specime s must be:

C) 100-200 pm D) 800-900 nm A) Frozen B) Live and monng

25. Which type of specimens can be viewed under a light ) Dead and dehydrated
micrescope? D) Transparent and fresh
A) Only dead specimens  B) Only live specimens 34.  How s the iImage viewed in an electron microscope?

C) Only melal-(naled specimens A) Through eyepiece B) Through magmtying glass
D) Both live and dead specimens v C) Through computer

26. Light microscopes are most suitable for: D) On a zine sulphate screen Ve
A) Geological studies B) Nuclear research 35. What is the direct magnifi f an electron
O) Routine biological studiesy” microscope?

D) Viewing metals A) 1500%

27. One advantage of a light microscope is: C) 16000X v 10,0007
A) Needs no lenses B) High cost 36. What Is the photofiraphic magnification of an
() Simple specimen preparationy” electron micros ?

D) Requires vacuum chamber A) 15004 e B) 16000/

28. Electron microscopes use: C) 250000X | % D) 1,000,0004
A) Visible light B) UV light 37. Whatis the reso n limit of a light microscope?

C) Beams of electronsy” D) X-rays O B) 02y’

29. What is the approximate wavelength of the electrons "&' D) 2 mm
used in electron microscopes? ; 38. thewresolution of an electron microscope?
A) 400-700 nm - B) 1nmy” B) 2 pm
) 10 pm D) 0.2 mm D02 nmy”

30. Which microscope offers higher magnification and | 39, t microscopy, the image is viewed through:
resolution? _ A digital display B} A zinc-coated screen
A) Simple microscope B) Light microscope- C) The ocular (eyepiece) lens v
C) Electron microscope\/ D) Hand lens D) A mirror

31. What type of cellular structures can elect Why are light microscopes widely used despite lower
microscopes observe? magnification?

A) Only nuclei B) Ultra-fine str UCthb A) More colorful images  B) Easy to carry
C) Organs D) Macroscopic objec C) More practical and easier for general use v

32. What is a major limitation of electron mic@‘l D) Use electricity
A) Cannot observe dead specimens

1. What is microscopy, is it important in the study of cells?

Ans. Microscopy is the te e of using microscopes to observe and study objects that are too small

to be seen with the n e. The discovery of cells and further studies of their internai structures
became possible only thro use of microscopes. Microscopes use lenses along with light or electron
beams to magnify and ill specimens, allowing scientists to explore the world of ricroorganisms and
cell structures in detail. ,

2. How does a light miér e work?

Ans. In a light microscope, witible light is used to produce an image of the object. The light first passes through the
object and then through two glass lenses. The first lens creates an enlarged image of the object, and the
second lens further magnifies that image. After passing through the object and lenses, the light forms an
enlarged and clear image that is seen by the viewer's eye.

3. What s the magpnification and resolving power of a light microscope?

Ans. A light microscope can magnify objects up to 1500 times (1500X). Its resolving p. wer 15 0.2 micremetre
(m), which means it cannot clearly distinguish objects smaller than that size. (Note 1 uym = 1/1000 millimetre

a (mm)). Thus, while useful for many observations, it has limitations in terms of resolution.

' What are the advantages and limitations of light microscopes when studying cells?
Ans, Light microscopes are particularly advantageous for viewing living organisms, as they aliow tor real-time

observation of life processes. However, most individual cells are transparent, making their ini=ial components
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indistinguishable unless they are stained with special coloured chemicals. Unfortunately, tp,
Process usually kills the cells, so living structures cannot be observed in stained preparations,

5. How does an electron microscope differ from a light microscope in its working principle?

Ans. An electron microscope uses a-beam of electrons instead of light to produce images. Magnetic lenses
used to focus the electron beam onto a screen or photographic film, creating a much more enlargeq id i
compared to what is pcssible with light microscopes. The resolving power of an electron microscope s u
greater, allowing sciertists to clearly ohserve objects as small as 0.2 nanometre (nm). (Note: 1 nmch
1/1,000,000 mm).

6. Can electron microscopes be used to observe living specimens? Why or why not?

Ans. No, electron microscopes cannoi be used to view living material. The preparation methods requiray fr
electron microscopy—such as | ixing, dehydrating, and coating the samples—kill the specimens. Ther efore, or;'
non-living, prepared samples can be observed under an electron microscope. 3

7.  What are the two main types of electron microscopes, and how do they differip function?

Ans. There are two main types of electron microscopes:

1. Transmission Electron Mi:roscope (TEM):
TEM is used to view the internal structure of cells. It works by transmitti)
very thin specimen, allowing scientists to see internal components atg
objects up to 250,000 times.

2. Scanning Electron Microscope (SEM): ’ \0
SEM is used to study the surface details of cells or other % In this technique, the surface of th,
specimen is coated with metal. When the electron beam hi metal coating, it is reflected, creating ,,
enlarged image of the surface. SEM can magnify objects 00,000 times.

3.4 STRUCT ELL

There are two basic types of cells i e, prokaryotic and euka
v" All bacteria are prokaryotes. ,
¥ Yeast and Euglena are examples of unicellu

multicellular eikaryotes. o
¥ Eukaryotic cells are more complex than t rokaryotic cells.
In the following paragraphs, we study the struct esent in cells and their functions.

‘ o @ - CELL WALL 7
g{ Describe the structure ?b ctions of the cell wall in detafl? '

ﬂaini:;

-
=

@ eam of electrons throygy,,
gh resolution. TEM can magnify

——

—

aryotes, while plants and animals are examples ¢f

Ans. Structure of Cell Wall: :
The cell wall is a more or less solj surrounding a cell. It is found in bacteria, fungi, plants, and algae.
e  When a cell wall is remay, sing cell wall degrading enzymes, the remaining components of the cell ar2
called a protoplast. '

a) Primary Cell Wal
The prima i8 the actual cell wall of the cell.

sed of polysaccharides, i.e., ceilulose, hemicellulose, and pectin.
ose microfibrils are aligned at all angles and are held together by hydrogen bonds.
Foteins aie aiso present in primary walls. ' :
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. Middie

: . _}- Lamelly

Pectin

Prirr.,",

C‘O'ﬁ»l_inki Call

(glyr.an b ‘:"I.y"
P”Ul()gp = lasrma

M'('r()'i[)”k - _._}"M"mhr;m B
Fig. 3.5: The co ’
p) Middle Lamella mposition of primary cell wall
The middle lamella s
. a gel
neighbouring cells. gelatinous layer that separates and holds tOimary walls of the

v Itis laid first, formed from s ’
' th i
inside the midkdie kg e cell plate during cytokinesis, and tw cell wall is then expanded

v It contains magnesium and calcium ic aci ’
+ Semodasy Gel Vian pectates (salts of pectic ac‘d). @

In some plant cells, after maturation, a i
- . @ secondary wall is made n the protoplast and
v Secondary cell walls contain lignin, cellulose, and I:yemicellu P P

v Due to the presence of lignin, the secondary wall is more h
plasmodesmata: -

plasmodesmata (singular: plasmodesma) are small channels t I .
plant cells to each other. ectly connect the cytoplasm of neighbouring

v Plasmodesmata penetrate both the primary and s

v They allow certain molecules to pass directly fromi o

v So, they are important in cellular communicati

v Plasmodesmata are formed during cell divisigh
get trapped in the new cell wall.

ry cell walls.
to another.

3.

n parts of the endoplasmic reficulum of the parent cell

Plasma

asmodesma
membrane —

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

Fig. 3.6: The cell walls of two neighbouring cells showing a plasmodesma

The group of algae called diatoms synthesize their cell walls from
silicic acid. The acid is polymerized inside cells, then the wall is
extruded to protect the cell. The synthesis of Silica cell walls
requires less energy. That is why there are higher growth rates in
diatoms, 4
e“(a) Functions of Cell Wall:
Walls have a number of functions:

They provide rigidity to the cell for structural and mechanical support.
hey maintain cell shape and the direction of cell growth, and ultimately the architecture of the plant.
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The cell wall also prevents expansion when water enters the cell.

2
-; Cell walis protect against pathogens and the environment.
5. They are a store of carbohydrates fdf the plant.
’The cell wail of aigac contains cellulose and a variety of glycoproteins.
The cell wall of fungi is composed of chitin, the same carbohydrate that gives strength to the
exoskeletons of insects. . .
The cell wali of prokaryetes (bacteria and cyanobacteria) is composed of peptidoglycan, that is a
single large poiymer of amino acids and sugar. ) . )
The cell wall of archsehacteria is composed of different pelysaccharides and proteins, with no
peptidoglycan.
1. Which of the following is an example of a prokaryotic B) Magnesium ium pectatesy”
organism? C) Iron and zin ates
A) Euglena B) Yeast D) Chleridd andgnitrate salts
C) Bacteriay” D) Plants 12. What, is d between the primary waj ang
2. Which of the following is a unicellular eukaryote? protcplast in some mature plant cells?
A) Bacteria B) Yeasty” A embrane B) Vacuole
C) Plants D) Algae Q\ dary wally” D) Middle lameila
3. Plants and animals a~e examples of: 13. ‘ Wla is lignin’s function in the secondary wall?
A) Prokaryotes B Viruses \c Mzkes the wall softer  B) Reduces rigidity
Q) Unicellular organisras ) Provides flexibility D) Increases rigidity y”
D) Multiceliular eukaryotesy” 4.” Plasmodesmata are:
4.  What makes eukaryctic cells more complex than A) Fluid-filled vacuoles
prokaryotic cells? B) Membrane channels connecting nuclei
A) Simpler structure 8) Lack of organelles C) Channels connecting cytoplasm of adjacent cellsy”
- C) Presence of a nucleus and organellesy” D) Stains used for microscopy
D) Smaller size 15. Plasmodesmata form during:
5. The cell wall is found in a'l of the follo EPT: A) Photosynthesis B) Cell respiration
A) Bacteria B) Algae @ C) Cytokinesisv” D) Protein synthesis
C) Animalsy” Dj Fungi 16. During plasmodesmata formation, which organelie
6.  What is the term for the remaj ponents of a gets trapped in the new cell wall?
ceil after the cell wall is remo w A) Nucleus B) Mitochondria
A) Cytosol @wodesmat_a C) Endoplasmic reticulumv”
C) Protoplasty” ; @efl membrane D) Golgi apparatus
7. The actual cell wall of called the: 17. One of the main functions of the cell wall is to:
. A) Secondary wall B) Middle lamella A) Control cell division
C) Primary wally” D) Outer membrane B) Provide structural supporty”
8. Which of t ing is MOT a polysaccharide C) Assist in protein synthesis
found in the v cell wall? ) D) Generate ATP
A) Celiulos &) Hernicellulose 18. The cell wall helps maintain: .
C) Pectin D; tigniny” A) Internal temperature  B) Hormone levels
9, How are cellulose miztofibrils in the primary wall C) Cell shape and direction of growth/
held together? D) DNA replication
A) lonic bonds B) Hydrogen bondsv” 19.  How does the cell wall help protect the plant?
C) Covalent bonds D) Peptide bonds A) By storing oxygen B) By neutralizing toxins
10. Th_e gelatinous Jaycr Letween primary walls of C) By blocking sunlight
neighbouring plant ceils is called: D) By resisting pathogens and environmental stressv’
M Se.condary wall B) Cell ;.)Iate' 20. The cell wall also serves as a storage for:
C) Middle lamellay” D) Ceil junction A) Fats B) Proteins
11. Which salts are -ommoniv found in the middle C) Enzymes D) Carbohydratesy”

lamella?
A) Sodium and pote:sium peciates

QR
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g

ans. The plasma mfambrane is a fundamental component of all
Skaryotic and eukaryotic cells.. It encloses the internal con?en(t)s af

|| and serveés as a semi-porous barrier that regulates t:
ange of substances be.tween the internal environmen? of the ceﬁ
@3 the ex:grnal surrpund!ngs. This selective barrier ensures proper
e”ularfund'on by controlling the entry and exit

) of molecules
¢ ) .
mosaic Model

pluid -y ' :
|ntrodu'ctlorl. The fluid mosaic model, proposed by S.J. Singer
nd Garth Nicolson in 1972, is the most widely accepted model
exp|aining the structure and behavior of the plasma membrane. '
pefinition: According to this model, the plasma membrane is

rimarily composed of a lipid bilayer made up of phospholipids in
which proteins are embedded in a mosaic manner.

These phospholipids have a phosphate-containingvhydrophilic ("water-loving")

fearing’) tail regions consisting of hydrocarbon chains.

PLASMA MEMBRANE

What is the plasma m
embrane? Explain the fluid mosaic model of the plasma membrane.

. passageways across t

The interior of
hydrophobic.

It repels water-solubie rnolecules that attempt
to pass through it. If a cell was fully encased in
pure lipid bilayer, it would be completely
imperrneable to water-soluble molecules e.g.,
sugars, polar amino acids etc. That is why, in
addition to phospholipids molecules, the
mernbranes also containgspgoteins that provide

lipid bilayer sheet is

i'and hydrophobic ("water-

. \ . : L :
in the bilayer, the hydrophobic tails face inward, away from water, whil%\vdrophilic heads face outward,

jowards the aqueous environme-ants inside and outside the cell. Within this bi
or attached, allowing for dynamic movement and interaction, giving the m

Role of Cholesterol: In eukaryotic cells, cholesterol molecules
of the plasma membrane. These molecules play a crucial role in m
cholesterol prevents the membrane frem becoming too rigid by d
thus maintaining appropriate membrane flexibility and function.

Cell

Nucleus

Globular
protein

Channel

X

mosaic of proteins is embedded
rane its “fluid” character.

ersed within the phospholipid bilayer

ing membrane fluidity. At low temperatures,
tihg the close packing of phospholipid tails,

Globuiar Integral -

protein (integral) Surface protein
: protein

g bilayer _‘ Phospholipid

Fig. 3.7: Structural components of plasma membrane

Hyrdrophilic head

' Hyfdrcphobic tail
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Types and functions of proteins of plasma membrang. tial roles and are either embedded in -

Proteins within the plasma membrane serve varlous.essenli roteins), Thelr positioning is inﬂUenCed b”ayer
(integral proteins) or loosely attached to the surface (pe"phefa ? tions of these proteins include: Y thy
organization of the cytoskeleton beneath the membrane. The major func

i e the movem
* Selective transport: Many proteins act as channels or carriers that regulat ent of $pe

Cifi(

substances across the membrane. The ability to distinguish among differep,
* Structural support: Some proteins anchor the membrane to cells is crucial to life. In aII.ows cells in ,
internal cytoskeletal elements and external extracellular fibers. embryo to sort themselves into tisgyq, ang

*  Cell recognition: Certain proteins on the membrane surface organs. It also helps cells of the iMmmyng

bind with sugar molecules to form identification markers for system to recognize and reject f,

_ . : "eign
cell-celi recognition, cells, e.g, infectious bacteria.
* Signal transduction: Receptor proteins bind to messenger o
molecules like hormones and transmit signals into the cell.

*  Enzymatic activity: Some proteins catalyze specific biochemical reactions at{th&smembrane surface,
Significance of Glycoproteins and Glycolipids in Plasma Membrane ¥ o _
Glycoproteins are proteins with carbohydrate chains attached, an ipids are lipids with attac
carbohydrate chains. These molecules are located on the outer surface of thelplagma membrane and collectively fq,

the glycocalyx. The glycocalyx plays a critical role in cell recc-;nitiomqj‘ < mmunic_ation. Its COI'ﬂpOSiFion Varie;
between species, individuals of the same species, and even among different cell types in the same orgariism, The,
variations allow cells to identify and interact with each other appropﬂxs ’

Transporters Anchors P@ Enzymes
i Extracellular

Space

Fig. 3.8: Majo, of plasma membrane proteins

@ Compare the percentac
membranes of various

Ans. The plasma membrane compositi
the percentage by weight of proteins (i

%’dsition of proteins, lipids, and carbohydrates in the plasm
organelles. ' :

es depending on the type of cell or organeile. Below is a table showing
, and carbohydrates in the membranes of various biological structures:
Protein (f)”@id (%) Earbohydrate (%—)|
Big L 49 48 [ s |
gondria (Outer Membrane) 52 @L 0 |
ria (Inner Membrane)l 76ﬁ| 24 || » 0 |
Bact I 7 25 0 |

These value ect the specialized functions of each membrane, For instance, the inner mitochondﬁal‘
membrane has a veryshigh protein content (76%) due to its active role in electron transport and ATP production.

gﬁ What are the major functions of the plasma membrane in cells? Explain in detail.

Ans. The plasma membrane plays a vital role in maintaining the integrity and functionality of both prokaryotic and
eukaryotic cells. Its major functions include:

1. Acts as a Semi-Porous Barrier:

- . : ' ' f
The plasma membrane serves as a selective or semi-permeable barrier between the internal environment ®

the cell and its external surroundings. It ensures that the internal contents of the cell remain intact 2"
protected.

2. Boundary and Structural Support:

. - I
The membrane acts as a boundary that holds the entire cell together by enclosing the cytoplasm and ?
cellular organelles. It maintains the shape of the cell and offers mechanical support.

s

(
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3. Selective Permeability for Substance
The plasma membrane 5
elements to enter the
homeostasis.

4 Free Movement of Small Molecuies:

small molecules such as o :

;embrane wilftout assistazgsgp(ga:;‘::rz:n‘Idn.oxide (€0;), and water {H,0) can easily pass through the
e a

Regulated Transport of Lange Madondas size and neutral charge.

rger molecules like i i
Lfe?nbrane_ urigiion aml-no acids, glucose,larjnd other sugars are nct able to pass freely across the
n portis regulated by specialized transport proteins. channels, or carriers
5. Membranes Around Organelles in Eukaryotes: e
!n eukaryotic cells, the plasima membrane's function is mirrored by membranes surrcunding some of the
internal organel!es (e.g., nucleus, mitochondria, endoplasmic reticulum). These internaimggembranes regulate
the entry and exit of materials, ensuring functional separation and specializaticn withj

: Exchange:
selectively permeable tos

cell while enabling wasP@C'f‘C molecules. It allows essential nutrients and other

te products to leave. This is crucial for maintaining

wn

_ 12. Describe the major techniques used to study the structure of the plas

Ans. TO understand the complex structure and functions of the plasma membrane,@ al advanced techniques are

employed in biological research. These include:
1. Transmission Eiectron Microscopy (TEM): \l.

This method is used to obtain high-resolution images of the inte tructure of the plasma membrane.
TEM can reveal detailed structural featyres of the lipid bilayer‘ ciated proteins, helping scientists

to study the molecular organization at a very fine scale.
2. Scanning Electron Microscopy (SEM): 0
SEM is valuable for examining the surface topology of h{heir membranes. It provides 3D images of

the outer surface of cells, revealing textures, shapes, and sugface patterns.

3. Confocal Microscopy: . _

This technique uses laser scanning and fluorescent o produce high-resolution and sharply focused
images of the plasma membrane. Confocal micros is particularly useful in cell iraging and localization of
specific membrane components.

4. Total Internal Reflection Fluorescence Micr@scopy (TIRFM): |
TIRFM allows for the visualization of ev urring at or near the cell membrane. it provides high-
resolution images of the plasma memt %nd is especially useful for studying membrane-cytoskeleton
interactions and the behavior of mem proteins. o

5. Atomic Force Microscopy (AFM):

AFM is a powerful too! that g @ topographical images of the plasma membrane at nano-scale
resoiution. It allows scientists to@sure the surface roughness, texture, ard elasticity of cell membranes.

6. X-ray Crystallography:

-

This technigue is emplo lo/determine the atomic and molecular structure of membrane proteins.
Understanding the detai ructure of proteins helps in deciphering how they function in the membrane,
such as in transport o@a reception. ,
7. Lipidomnics: - s
Wer— x hensi ivsis of livids i The ability to distinguish among
comprehensive analysis of lipids in the different celis is crucial to life. In allows

Lipidorics invo%
plasma membrane.dsing tools such as mass spectrometry. This | _ic in an embryo to sort themselves
technique helps identify and quantify different types of lipids and | jnto tissues anc organs. It also h;Ips sl
understand their roles in membrane dynamics and cell signaling. of the immune system to recognize and
8. Fluorescence Recovery After Photo-bleaching (FRAP): reject torsign cells, eg., infectious
FRAP is used to study the mobility and dynamics of membrane lipids | bacteria.
ar)d proteins. A fluorescently labeled region of the membrane is bieached
with a laser, and the recovery of flucrescence is monitored as unbleached molecules move into the bieached area.
This helps in measuring diffusion rates and understanding membrane fluidity. '
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Plasma Membrane

WO

Proteins that catalyze reactions related tq the o
s

1. What is the function of the plasma membrane in all | 11. oxamibeund ara saliot 3
cellls? duces aner : A. Channel proteins B. Structural Proteing '
‘0 Y— 1
: ltt z:closes cell cgrrtents and serves as a semi-porous C Enzymatlc'prutems‘/ D. Messenge.r Proteing ;
barriery” 12. A protein with a sugar chain attached is knowy, . |
C. It forms genetic material A. Glycolipid . Gllycoprotem{ . i
D. It synthesizes proteins C. Glycogen . D.G UCOS? protein .
2. Who proposed the fluid mosaic model of the plasma | 13. A lipid with a sugar chain attached is calleg.
membrane? A. Glycolipid v B. Glycog'er'\ ,
A Watson and Crick C. Lipoprotein D. Glucolipid 1
B. Robert Hooke and Antonie van Leeuwenhoek 14. What term describes the collection of glympmtti |
C. S.J. Singer and Garth Nicolsony” and glycolipids on thg;plasma membrane? . |
D. Schleiden and Schwann : A. Cytoskeleton . Cell coat |
3. What is the primary structural component of the C. Glycocalyxy” D. Endomembrane System
plasma membrane? ‘ 15. Which cell as 49%, protein in its Plism.
A. DNA B. Phospholipids v* membrane t?
C. RNA D. Cellulose A. Bacteria B. Human red blood cg,/
The phosphate end of a phospholipid is: c MitMCRial inner membrane
A. Hydrophobic B. Non-polar D.P '
C. Hydrophilicy” D. Amphipathic 16. W@cenﬂge of lipid is found in the- Outey
5. What part of the phospholipid is hydrophobic? ctj ondrial membrane?
A. Phosphate group B. Glycerol head % ) B. 52%
C. Fatty acid tailsy” D. All of the above , \ 48%v" D.25%
6. In the biiayer of the plasma membrane, hydrophobic Which membrane has the highest Percentage o
tails face: protein?
A. Outward B. Toward cytoplasm A. Bacterial membrane
C. Inwardy” D. The nucleus B. Inner mitochondrial membrane v"
7. What maintains the fluidity of the plasma memb?ane C. Human red blood cell
at low temperatures in eukaryotic cells? D. Outer mitochondrial membrane
A. Proteins B. Ph°5Ph°"Pi<® 18. What is the carbohydrate percentage in bacteriy
C. Cholesteroly” D. Carbohydrat membranes?
8.  The positioning of membrane protei lated to: A. 0%V B. 8%
A. Golgi bodies B. DN C.10% ' D. 25% )
C.Cytoskeletony” D. Ribosomes 19.  Which structure enables selective transport across the
9.  Proteins in the plasma membrand can function as all membrane? .
of the following EXCEPT: ; A. Lipids - B. DNA
A. Channels for transpo ergy storage unitsy” ~ C.Proteinsy” - D. Carbohydrates
C. Enzymes . Receptors ‘ 20.  Glycolipids and glycoproteins vary between:
10. Which proteins I@ nsible for transmitting A. Species ,
signals to the i the cell? . B. Individuals of the same species
A Channel proteins™ B, Carrier proteins C. Different cell types in the same individual
C. Receptor p%ﬂ/ D. Enzymatic.proteins | D. All of the abovey”
“FUNCTIONS OF PLASMA MEMBRANE" AND "TECHNlQUES_ TO STUDY ITS STRUCTURE"
mQs@ 8
1. What s the basic function of the plasma membrane? C. Organelles D. Cell constituentsv’”
A. Protein synthesis B. Energy production 3.  The plasma membrane allows the movement of:
C. Acts as a semi-porous barriery” A. All molecules freely B. Only lipids
D. DNA replication : ) C. Specific moleculesy”  D. Only large molecules
2.  The plasma membrane holds which of the following | 4.

together?

A. Nucleus only B. Cell wall

Which of the following can freely pass through t*
plasma membrane? '

A. Proteins B. Amino acids
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¢ Sugars D. Oxygeny” T
which of the following molecules ; A. Transmission EM B. X-ray Crystallography v
5 regulated by the plasma membrane? N C. SEM D. FRA)I-: .
" A Water - B. Carbon dioxide 14.  Lipidomics primarily involves:
. Amino acids D. Oxygen A. Study Qf proteins B. Study of nucleotides
n eukaryotic cells, membranes are also found: C. Analysis of lipids using mass spectrometry\/
6 4 only outside the cell B. Around n'bosomes. = SACABONRE A
¢. Around internal organelles 15.  The technique that measures mobility of membrane
D around DNA only ' proteins using laser bleaching is:
it A. Atomic Force Microsco
nal organelle m ' Icroscopy
g Th:, :‘tt:_r 9 embranes of eukaryotic cells B. Confocal Microscopy
se . -
N C. Lipidomics :
store water B. Destro - ‘
é" regulate mat erial flowy” W D. Fluorescence Recovery after Photobleaching (FRAP)\/
' Create ribosomes 16. During FRAP, what occurs aftegbleaching a region of
D. ; i : the membrane?
which technique reveals detailed structure of the A. It dies
8. lipid bilayer and proteins? B.FI .
ic Absorption Spectrosco - p il i
A, Aol ;58 4 Py C. Fluorescence recove
g Transmission Electron Microscopy v/ D. Cell lyses
C cgnfoca'l M'CTOSCOP Y " | 17. Which molecu are able to pass freely through the
D. X-ray Diffraction plasma memb ] .
g, §canning Elef:tron M'icroscopy is mainly used to: A. DNA and B. Amino acids and sugars
A View genetic material C. Oxyge d watery” '
g. Examine cell movement D. Lipidsfonly
¢. Study surface .tOP°|°9Y \/ 18. \ e following is NOT a technique used to
D. Analyze protein synthesis » \ s sma membrane structure? -
1. What does confocal microscopy use for image Idarescence Recovery after Photobleaching
creation? ray Crystallography
A UV rays B. Magnetic waves “Gram stainingy”
¢ Laser scanning and fluorescencev” . Lipidomics , _
D. X-rays _ 9." What is the role of the plasma membrane in waste
11, Total Internal Reflection Fluorescence Micros removal?
(TIRFM) provides high-resolution images of: @ A. Prevents it entirely B. Stores waste
A Golgi bodies B. Mitochondria C. Regulates its exit from the cellv”
9 ] )
C. Membrane and its interactions v D. Destroys it using lysosomes )
D. Ribosomes 20. What type of microscopy provides sharp, detailed
12. Atomic Force Microscopy provides: < ! : images using fluorescence and lasers? .
A. DNA sequences B. Topographi nagesy” A. SEM B. Confocal Microscopy v’
C. Heat maps D. Genetic iifgrmation C. TIRF Microscopy D. Brightfield Microscopy
3. Which technique determines t Q mic structure of ' -

membrane proteins? o

- 5
\ CYTOPLASM AND ORGANELLES

‘g 13. Describe 'th&position and functions of cytoplasm.

Ans, The cytoplasm is one of the three major components of a cell, the other two being t
the nucleus. It is a semi-viscous and semi-transparent substance present between the plasma membrane and

nuclear envelope in eukaryotic cells, and fills the entire space beneath the plasma membrane in prokaryotic cells.
The cytoplasm comprises a liquid ground substance called cytosol, which is an aqueous solution containing

Water, organic compounds (such as proteins, carbohydrates, and lipids), and inorganic salts. It serves as the site for

Yarious metabolic reactions, including glycolysis, the breakdown of glucose during aerobic respiration. Furthermore, it

Provides the medium and space for the functioning of cellular organelles. .
Within the cytoplasm, there are discrete structures known as organelles, which perform specialized cellular
nbranes, though exceptions like the ribosome exist, which

functj
archons. Most of these organelles are enclosed by mem
Not membrane-bound.

he plasma membrane and
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Plasma membrane

Cell wall

Chloroplast

Vacuole

" Peroxisome

Cytoplasm

Plasma
membrane

Golgi
apparatus
Rough
endoplasmic
reticulum

Plasmodesmata

Cytoskeleton

Golgé Rough

vesicles f endoplasmic
. erticulum
apparatus

Fig. 3.9: The Ultra-structure of a Plant cell

Nuclear pore
Nuclear envelope -

Nucleolus

Ribosome\ °

Mitochondrion

Smooth
endoplasmic
reticulum

Ribosomes
Nuclear poere

Nuclear envelope

Nucleolus

Nucle

C)O

Peroxisome

Lysosome

Mitochondrion

Cytoskeleton

Cyrbplasm

Smooth ) Centrosome
endoplasmic
reticulum Secretory
vesicle

nucleus usually occupies
administrative center o

@ 0% of the cell’

cells, it is pushed to the side due to the

Nuclear

Envelop
Chromatin
Nucleolus

Endoplasmic
Reticulurr_\

Ribosomes
Fig. 3.11: The structure of nucleus

he Ultra-structure of an Animal cell

y significant organelle found in eukaryotic cells. It is typically located in the

presence of a large central vacuole. The

s volume and functions as the information processing and

Nuclear
Pore
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The two main functions of the nucleus are:
1. Storaqe of the cell’s genetic material (DNA)
2 Coorc_:lmatlon .of cellular activities, including growth
protein synthesis, and cell division - ’

The nucleus contains a semi-fluid matrix known as nucleoplasm, in

Building blocks of DHA and RMNA and ATFs
are allowed to enter into the nucleus
Ribosomal subunits which are built in nuclesh
are the examples of materials that aré

allowed to leave the nucleus and enter the

which chromatin and nucleoli are suspended. Chromatin is a
cytoplasrn

complex of DNA and proteins, and it organizes into chromosomes
during cell division.

T.he nuclﬁolus is al dense, darkly stained structure within the nucleoplasm that manufactures ribosomal
subunits. Usually, one o.r iwo nu'cleoll are present in a nucleus. These are formed at specific regions on chromosomes
led Nucleolus Organizer Regions (NORs), where the DNA encodes ribosomal RNA (rRNA).

cal

Nucleolus

Chromatine Y4 i % 7 Nuclear s @
A Y s " Envelopt
Fig. 3.13: The nucleolus withipa n@
structurally, the nucleolus contains: @
s

. Granular components: composed of fully formed riboso units
. Fibrillar components: made up of rRNA molecules an@ ted proteins
. DNA: which directs the synthesis of rRNA
The nuclear envelope is a double-layered membra
layers is called the perinuclear space and is continuo
division, the nuclear envelope disassembles and reasse
On the inner surface of the nuclear envel e,@ a protein lining called the nuclear lamina, which binds to
chromatin and provides structural support. T r envelope is perforated by nuclear pores, which regulate the
passage of molecules between the nucleus an lasm. These pores allaw small molecules and selectively permit

larger proteins (e.g., histones) to enter. (b

®

at surrounds the nucleus. The space between the two
the rough endoplasmic reticulum (RER). During cell
es in the daughter cells.

clear Membrane

Nuclear
Envelope

Inner Nuclear
Membrane

Nuclear-
Lamina

Nuclear
Basket

Fig. 3.12: The structure of nuclear envelobe and nuclearp ore complex

Each nuclear pore is made of a nuclear pore complex, which includes:
e Annular subunit: surrounds the interior of the pore
~»  Column subunit: forms the walls of the complex
* Ring subunit: attaches to the column on the outer side
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structure on the nuclear side,

Lumenal subunit: anchors the complex to the envelope

Tiny fibrils often extend fiom the complex and form a basket-lil'(e
» aiding in molecular transport. )

chromatin appears as thread-like fibers
composed of DNA and proteins. It is organized into structural units called
nucleosomes, where DNA wraps
interphase, chromatin is
during cell division, it
chromosomes.

Within the nucleus,

around histone protelns: Durtlln,({
dispersed and aclive in various functions, bu

condenses into distinct structures called ey —
Each chromosome has arms (chromatids) and a central po

In cells that produce larga a

At the onset of Mitoss,

The number of chromosomes s species-specific. For example:
* Humans have 46 chromosomes in diploid (non-reproductive) cells

Some ants and roundworms have as few as 2 chromosomes it
* The Indian fern (Ophioglossum reticulatum) has the highest known number, wi

Interestingly, the number of chromosomes does not correspond to the co

Nuclear

Chromatin
Pore

Fiber

Inside the nucleus of every human cé i

feet long DNA. It is subdivided into ividual
molecules (each 1.5 inches lon or each
chromosome.,

I~

L®
4. P2

60 chromosomes
ity of the organism,

Condensed
Chromosome

There are two types of chromatin. Euchromatin is
the genetically active chromatin involved in
transcribing RNA to_produce . proteins. The other
kind of chromatin is termed heterochromatin. Its
DNA is genetically inactive. _ :

mQs

protein, and thus  reqyie, sigums "1\
numbers of ribosomes, th, the "lrflf.:"d!
nucleolus is considerable,

. o .
nucleolus present in cell disapp& 5'”’Jlg|
after division new nucleolys ;. er. iy

5 fey,
from the NORs. My

\.v |

What is the cytoplm%osed of?

A. Only water andga B. Only organelles

C. Cytosol, organellésyand inclusionsy”

D. Plasma and

In eukaryotic cells, the cytoplasm is found between:

A. Cell wall and plasma membrane

B. Nucleus and ribosome

C. Plasma membrane and nuclear envelopey”

D. Mitochondria and nucleus

What is the primary function of the cytoplasm?

A. DNA replication

B. Pretein transport only

C. Providing space for organelles and metabolic
reactionsy”

D. Storing genetic material

Which metabolic reaction occurs in the cytoplasm?

A. Photosynthesis B. Glycolysisy”

C. DNA replication

eukaryotic celi? !
A. Ribosome B. Cytoplasm
C. Nucleolus D.Nucleusv”

6.  What is the nucleoplasm?
A. A type of ribosome
B. A nuclear envelope protein
C. The semi-fluid matrix inside the nucleus v
D. A type of chromatin :
7. What is chromatin made of?
A. RNA and sugars B. DNA and proteins
C. Ribosomes and enzymes D. Lipids and DNA

8. What is a nucleosome?

A. A type of ribosome

D. Protein transcription
5.  Which organelle stores the genetic material of i

|
|
|
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A bead-like structure inade of DNA ;
g  peattin R b the \oplams and histonesy” 15. xvlller.e are nucleoli formed?
D A nuclear pore complex B. Insnde th_e plasma _membrane .
P —— . .In the mltochondna‘ .
9. What‘happens uring cell division? C. At Nucleolus Organizer Regions (NORs) of
A. it disappears B. It forms ribosomes chromosomes
C. It condenses into chromosomesy” , D. In Golgi bodies
D. It becomes part of cytoplasm 16. What type.of RNA is synthesized in the nucleolus?
10. what is the nuclear envelope? A. mMRNA B. tRNA
A, A part of the nucleolus C. rRNAYV” D. SnRNA
8. A single-layered membrane 17. Which of the following are components of the
¢. A double-layered membrane surrounding the nuclear pore complex?
nucleus . A. Centrioles
D. The inner wall of the plasma membrane ' B. Annular, column, ring, and lum ubunits v’
" What connects the nuclear envelope to the C. Ribosomes D. M ondrial cristae
endoplasmic reticulum? 18. What structure forms a b like structure on the
A Chromosomes 8. Cytosol nuclear side of the pore
C. Perinuclear space\/ D. Nuclear pores A. Lipid vesicles B=PNA loops
12. What do nuclear pores regulate? C. Tiny fibrils v’ 0 Histones
A Photosynthesis B. Cell wall growth 19. What are the pNa,chromosome?
¢. Movement of molecules between nucleus and A Nucleotides B. Histones and enzymes
cytoplasmy” C. Chromatfd%%tromere/
D. Ribosome attachment D. Plasma .
13. What is the nuclear lamina? g Exp iom: Chromosomes consi_st of chromatids (arms)
A. A type of nuclear pore ntromere (central point).
8. A fluid in the nucleolus 20. the following statements is true about
C. A protein lining inside the nuclear envelopev” me numbers?
D. A chromosomal component species have the same number
What is the function of the nucleolus? “More chromosomes mean more complex organisms
Chromosome numbers vary by species and do not

14,
A. DNA replication B. Protein folding

C. Ribosome subunit synthesis\/
D. ATP production

correlate with complexity
D. Humans have the least number of chromosomes

EN MIC RETICULUM

@ Describe the structure and
between Rough and S E
Ans. The Endoplasmic Reticulum (Ek)m
that extend throughout the cytoplas

single, large internal space called th
is also connected to the nuclear en
Smooth

Endoplasmic __4
Reticulum :

ons of the Endoplasmic Reticulum (ER). Also differentiate
plasmic Reticulum. .

etwork of flattened sacs and branching tubules, known as cisternae,
ant and animal cells. These cisternae are interconnected and create a
al space, which accounts for more than 10% of the cell's volume. The ER
, providing a communication pipeline between the nucleus and cytoplasm.

Due - .to thair physical
membranous connection, the
lumen of the endoplasmic
reticulum and the space betWeen
the layers of the nuclear
envelope comprise a single
compartment. This close
association enables the
endoplasmic reticulum and the
nucleus to share information in a
very efficient manner.

Rough

Endoplasmic __
Reticulum Ribosomes

Fig. 3.15: Endoplasmic reticulum
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Fig. 3.17: A fluorescence image of en endotheliol cell showing ER (green)

The ER plays a crucial roie in the synthesis, processing, and transport of various biochemical compgu”d_
necessary for cellular function. There are two types of ER: '
* Rough Endoplasmic Reticulum (RER):
The surface of the RER is studded with nbosomes, giving 1t a rough appearance under a microscopg It ;
primarily involved in the synthesis and processing of proteins. During this proceds, ¥ae RER may attach ’

! &
molecules such as sugars to the proteins, then transports thein to required areas of the cell or sends ther, 10 th
Golgi apparatus for further modification.

Iransport vesicle
buds off

Carbohydrate

ecretory protein
inside
Transport vesicle

Ribosome

* Smooth Endoplasmic Reticulum (SE

The SER lacks ribosomes on its surfa aring smoother under a microscope. It is less extensive than the
RER in most cells and performs diff unctions, including lipid. synthesis, carbohydrate “metabolism,
detoxification of harmful substances, Icium storage and metabolism. In muscle cells, the SER is responsible

for releasing calcium ions that triggepffiu contractions. : .
Thus, the ER is a multifunctiona! o% vital to protein and lipid metabolism and maintaining cellular homeostasis.

1.  What are the stru of the Endoplasmic C. Ribosomes on its surfacey” D. Dense fluid
- Reticulum (ER)? ﬁ@ ' 5. What is the main function of the RER?
A. Vesicles E. Cristae A. Lipid synthesis .
C. Cisternaev” D. Granules B. Protein processing and transporty”
2.  The space enclosed by the cisternae of the ER is " C. Detoxification D. Carbohydrate storage
called: 6.  Which organelle does RER send proteins to for
A. Intermembrane space  B. Nucleoplasm further modification?
C. Matrix D. Cisternal spacey” , A. Ribosomes B. Nucleolus
3. The ER forms a connection between which two cell C. Golgi apparatusy” ‘b Lysosomes
structures? 7. What is a major function of the Smooth Endoplasmit
A. Nucleus and mitochondria Reticulum (SER)?
B. Plasma membrane and Golgi body A. Protein synthesis B. Photosynthesis
C. Nucleus and cytoplasmy” C. Lipid productionv” D. Chromosome replication
D. Ribosomnes and lysosomes 8. In muscle cells, what does the SER release to trigge'
4.  What makes the Rough Endoplasmic Reticulum (RER) muscle contractions?
. appear rough? A. ATP B. Potassium

A. Lipid granules B. Enzyme coating C. Calciumy” 4 D. Sadium
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RIBOSOMES
Wwhat are ribosomes "
@ protein synthesis. ? Discuss their composition, location in different cell types, and role in
o

mall, _

S. Ribos m(‘e: a;!eNSA) anc?r:g:elar organellennfound in all ving cells. They are composed of approximately 60%

A al RNA (r Protein Unlike other organelles, nbosomes lack a surrounding membrane and
b0 ong the smallest cell structures. :

Large subunit

Growing
polypeptide

Fig. 3.18: Ribosome translating the mRNA \ "
. ,ukar)'OﬁC cells, ribosomes are either:
"%, Attached to the Rough Endoplasmic Reticulum, forming the RER,
Freely floating in the cytoplasm. @ tion to the most farﬁi:iar cellutar
in prokaryotic cells, ribosomes are only found freely in th atons of ribosomes, they can aiso be
sm. Regardless of location, ribosomes function as the prot nd inside mitochondria and the

0 - : : g
;ﬂdﬁaes of the cell, synthesizing proteins required for various hloroplasts of plants. These ribosomes
. nctions. Cells involved in high levels. of protein synthesis® notably differ in size and makeup than the
‘ ) ribosomes found in cytoplasm, and are more

like those present in prokaryotes.

in eukaryotes, ribosome subunits - are produce the

nucleolus. Ribosomal proteins enter the nucleolus and ith
2\ to form two subunits: a small subunit (40S) and afarg@subunit (60S). These subunits exit the nucleus through
nuclear pores and combine in the cytoplasm tq b otein synthesis. The complete eukaryotic ribosome is

herred to as 80S, based on its sedimentation rate éntrifugation.
In prokaryotic cells, ribosomes are slight
705 sedimentation rate, made up of 30S (smal
subunits. -
Protein synthesis requires three ty
+ mRNA (messenger RNA) bri
from DNA, A
¢+ tRNA (transfer RNA) deliv

pancreatic and brain cells, contain a larger number of ribosor:&

r,wWitha | The proteins that are synthesized by free
50S (large) | ribosomes are for the cell's own internal use.
While the proteins produced by the ribosomes

QNA: . .| bound to RER are transported outside of the
cell.

enetic information

o acids to the ribosome, and

: * rRNA forms the struct% enzymatic core of the ribosome.

ogether, these components% the accurate translation of genetic instructions into functional proteins.
it

Ih'e Svedberg values are not additive i.e. the values of the two subunits of a ribosome do not add up to the Svedberg
sz-ue of the complete ribosome. This is because the rate of sedimentation of a molecule depends upon its size and
ape, rather than simply its molecular weight.
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/@W DSRNA

;_—‘M hat are the subunits of a eukaryotic l’ibosome?

What are ribosomes made of? NA 5. wha A B. 605 and 405/

A DNA and protein g mRNA and R A, 705 and 805 O, 208 and 166

C rRNA and pao(oin\/' D Lipids and sugar ¢ 505 and 305 : . X

. e 2

2.  Ribosomes are most abundant in cells that: ) 6 What is fthe comp:ete sedimentation fate .

A Do photosynthests B. Synthesize proteinsy prokaryol“ ribosomes 705y

C. Store fats » D Perform excretion A 506 B. 705

. - < ( c‘

3. Where are ribosomes made in eukaryotic cells? ¢ 805 0. 60 y |

A Cytoplasm B. G(‘“l'i "l‘l—‘m‘“lm 7. Which molecule brings 3"":’:‘?‘;:/'\ \s/to the ﬂbosonw‘,

C Nucleolusy’ D Nuclear envelope A mRNA ' '
4. What type of RNA provides the instructions for "_' DNA D ATP

protein synthesis? o

A tRNA R. rRNA - 1N ——

MITOCHONDRIA

@role in energy productiop,

lwg 17. What are mitochondria? Explain their structure, unique featur
owh as th uses of the cell becaus_e the.

" ow
Ans. Mitochondria are rod-shaped organelles commoenly kn & g drion is
3
generate ATP (adenosine triphosphate), the primary energy currency of sheVegt. Each mitochon urroundeq

by two membranes: ¢
) m& ecules through.

1 Outer membrane — smooth and acts like a filter to allow sm )
rface area and house importap

2. Inner membrane - highly folded into cristae, whichggr crease su
enzymes and protein complexes involved in cellular r QN\

Ribosomes
O Outer membrane
Inner membrane

Inner-membrane
space :

F@e ~ Cristae
% Fig. 3.19: Structure of a mitochondrion : i
Between these membranes lies the intermembrane space, and inside the inner membrane is the matrix, a fluid-filled
Scientists hypothesize about the origin of mitochondria. According to them, millions of years ago small, free-living prokaryotes

were engulfgd, but ngt .consumed, by larger prokaryotes. The two organisms developed a symbiotic relationship over time, the
larger organism providing the smaller with ample nutrients and the smaller organism providing ATP molecules to the larger

area containing enzymes forthe Krebs cycle and other steps of respiration. N ’
A unique feature of mitochondria is that they contain their ;

' by ' The number of mi [ [ el
own circular DNA, similar to prokaryotic DNA. They also have depends upon the ,::::;;?cn?eq%r;::;nz oaf t;at
thenr.own _ribosomes (70S type) and RNA types, allowing them to cell, and may range from one to thousands.
replicate independently of the cell's nucleus. Mitochondria are found in nearly all eukaryotes:
ot The inner membran.e contains special protein complexes | including plants, animals, fungi, and protists, and

. sTrve as electron carriers in the electron transport chain,'a | are large enough to be observed with a light
cntical phase of aerobic respiration. The cristae are embedded | microscope.
IR
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vith F1 P""t_i‘"es or ATP synthase enzym ~ : .
:ranspon chain. es, which synthesize ATP using the energy derived from the electron

The matrix hosts enzymes th ions i
Zy at catalyze reactions in the Krebs cycle, where carbohydri tes, fats, and proteins are

proken down to release energy.

|n summary, mitochondria are i i
ot At e SOl essential for producing the energy required for cellular activities, and their semi-
no Plex structure make them distinct among organelles.

mAsH

Which feature makes mitochondria  semi-

auto

L/Wh:tfis the primary function of mitochondria?

A. DNA replication B. Protein degradation autonomous?
¢. energy (ATP) productiony” D. Lipid transport A. Double membrane only
;. The inner membrane of mitochondria is folded into: B. Presence of Golgi body
A, Cristae B. Cisternae C. Own DNA and ribosome@
C. Vesicles D. Microvilli D. Fixed position in cyt s
3, The enzymes on the inner mitochondrial membrane 5.  Which type are present In
involved in ATP synthesis are called: mitochondria? Y
A RNA polymerase B. F-1 particlesy” A. 805 (b B. 605
D. 408

C. Histones D. Lysosomes c.70sv °
/’
CHLOROPLAS < ; .

18. What are chloroplasts? Explain their structure an \o in photosynthesis with proper detail.

Ans. Introduction
One of the most important characteristics of plants is

their ability to conduct photosynthesis, which means the
can make their own food by converting light energy i
* chemical energy. This process occurs in almost all

species and is carried out in specialized organglle: kn

itochondria are similar to chloroplasts. Both organelles
convert energy for the cell. Mitochondria perform
aerobic respiration. They generate chemical energy in
the form of ATP by metabolizing sugars, fats and other
chemical fuels with the assistance of oxygen.

Chloroplasts perform photosynthesis. They convert
energy from the -sun into the biosynthesis of organic
nutrients using carbon dioxide and water. Like

chloroplasts. _
Presence of Chloroplasts in Plant Structures

All green structures in plants, includin @
ripened fruits, contain chloroplasts. Howev@ ajority of | mitochondria, chloroplasts also contain their own DNA
photosynthetic activity takes place in thedeaves. On average, and are able to grow and reproduice independently of
the chloroplast density on the surf leaf is about | thecell
one-half million per square millime '

Role of Chlorophyll Pigments : -
Chloroplasts contain thedpi ts chlorophyll “a” and chlorophyll “b", which are capable of absorbing the

light energy required for p esis to take place.
Structure of a Chloroplast '
‘ The chloroplast is ellipsoid-shaped and enclosed by two m
is called the inter-membrane space. Inside the inner membrane,
stroma contains dissolved enzymes and makes up most of the chloro
that the outer membrane is more permeable than the inner one.
Thylakoids, Grana, and Lamellae : : '

The inner membranes of the chloroplast lie closely together and fuse along their edg s. This arrangement forms

disk-shaped compartments called thylakoids. Multiple thylakoids stack together to fc n structures called grana

(singular: granum). The lamellae are non-green compartments that connect different gl.‘ 1a together. Each granum

may contain a few to several thylakoids, and a single chloroplast may have a hundred or more grana.

and un-

embranes. The area between these two membranes
a semi-fluid substance called stroma is present. The
plast's internal volume. It is important to note
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Inner
membrane

Lumen
Stroma tamellae  gtroma  Thylakoid

Fig. 3.20: Structure of chloroplast
Unique Features and Furction of Chioroplasts
Much like mitechondria, chioroplasts are unique among organelles becaus ave their own DNA ang Can
reproduce independently of the cel! in which they exist. '
Light is absorbed by chlorophyll molecules embedded in the thylakoid hen these chlorophyll molecyle
absorb light, they emit electrens, which leads to the formation of ATP (:&msme triphosphate).
Using the ATPs produced, the stroma then facilitates the convgrs ow-energy carbon dioxide (C0,) int,

a high-energy compound such as glucose. This is the key .unctlo oroplasts the production of food for the
plant through the process of photosynthesis.

1.  What is the primary function of chloroplasts? ' The outer membrane of a chloroplast is:
A) Respiration B) Protein synthesis A) Impermeable B) Selectively permeable
C) Photosynthesis v D) Digestion C) Less permeable than the inner
2.  Chloroplasts are mzinly found in which part - D) More permeable than the mner\/
plant? . 7. What are the disk-shaped compartments formed by
A) Rocts B) Bark ' fused inner membranes in chloroplasts called?
C) Leavesv” D) Flowers ~ A) Vesicles B) Thylakoidsv”
3.  What pigments are found in chloropl%;t help in - Q) Lameliae i D) Granum
absorbing light? 8. Stacks of thylakoids are known as:
A) Melanin and Keratin \ ' A) Lameliae ' _ B)Cisternae
8) Carotene and Xanthophyil C) Granay” , D) Mitochondria
C) Chiorophyll “a" end Chicro 9.  What connects two graha in the chloroplast?
D) Haemoglobin and Mymlog& : A) Ribosomes ' B) Nucleus
4, What is the shape of 2 plast? C) Lamellaey” D) Vacuoles
A) Round ) Spiral 10. What is produced when chlorophyll absorbs light
C) Ellipsoidv” @ DiRectangular : energy? o
5. The fluid insi e inner membrane of the A) Oxygen “B) ATPY”
chloroplast is ) C) Water ¢ D) Nitrate
A) Plasma 3) Matrix - .
C) Cytosol D) Stromay/ _—
GOLGI APPARATUS

@ What is the Colgi apparatus? Describe its structure, occurrence, and role in cellular processes.

Ans. Introduction

The Golgi apparatus consists of five to eight cup-shaped,
membrane-covered sacs callzd cisternae, which are stacked over each Re::a}ling: . b
other. It is found in the cells ¢f plants, animals, and unicellular | CO'0' 3PParatus was discovered b
eukaryotes. Camillo Golgi. .
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it unicgliular flagellates, the Golgi apparatus may ran
igi apparatuses in a cell varies accordi ; AY tonsist of as many as 60 cisternae The number of
-y Golgi g to lts function For example, animal celt . in bet
ten and twenty Golgl stacks This entire comples 14 typically located close cells gererally contain between
structural Polarity Cis and Tran-. faten %2 to the nucleus

gach Golgi stack has two distinet faces
. The 'cis’ face which is found ne

A the endoplasmic reticyl
The "trans’ face, which 5 positic orene.

ned near the plasma membrane
punction of Golgi Apparatus in Transport and Processing
The Golgi apparatus serves ac the distribution and shipping department of the cell for it5 charne ) products
+ modifies proteins and lipids that 1400 been built in the endoplasmic reticuliym a0 prepares “"" ' d o
« Export outside the cell or | |
« Transport to other locations within the celj

vesicle Transport and Chemical Modification

small vesicles containing proteins, carbohydrates, phospholipids, ard other meol ; off from the ER
“hese vesicles move through the cytoplasm and reach the ‘cis’ face of the Gulgi 399’"36‘
twse with the Golgi body and release their molecular contents

inside the Golgi lumen, enzymes further process these moleculas. They s conYafed into glycoproteins and
9’Y‘°“Pid“ which are crucial components of the cellular structure and function\ @

on arrrval. the vesicies

cbserved 2 structure inside cells and named it as reticular apparatus. He pub unced his discovery in 1398 and the

i ) . 5 2 S ‘
Camillo Golgi was investigating the nervous system by using a new staining 5caue (known as Golg: starng). He |

structure was named after him as the Golgi apparatus. Many scientists ve that what Galgi observed was a real
' organelie and instead argued that the apparent body was a visual @3@riide caused by staining. The invention of the |
- eectron microscope in the twentieth century finally confirmed that the i dpparatus is a cellular organe'le

Incoming —_ Q9 Cis
vesicle - \'

(from ER)

Cisternae v 1

Plasma
membrana

"'““""‘ﬂzc.u.M -
% Fig. 3.21: Structure of Golgi apparatus and its functioning
Final Product and Secretion '
~ The final product is extruded from the ‘trans’ face of the Golgi in the form of a vesicle and is diracted to its
final destination, either inside or outside the cell.
The products that are sent outside the cell are known as secretions. Other praducts me e
* Returned to the endoplasmic reticulum, or
*  Undergo maturation to become lysosomes
*Pecial Functions In Plant Cells |
In plant cells, the Golgl apparatus also produces pectin and other polysaccharides ot o= specifically

::,qtﬂrod for plant structure and metabolism These substances are vital for maintainng cell wall stiength and
erall plant development.

'L" b


https://v3.camscanner.com/user/download

\’ii(tzb@(

1. What are the stacked membrane-bound sacs of the In the Golgl lumen, enzymes convert p -
Golgi apparatus cuiled? A) Amino acids B) Liplds -
A) Cisternae v’ B) Grana C) Glycoproteinsy” 0) DNA |
C) Vesicles ) Thylakoids 7. Products leaving the trans face of the Golgy

2. Where Is the Golgl apparatus typlcally located In a transported v!a: "
cell? A) Ribosomes B) Vacuoles
A) Near the mitochondria Q) Vesiclesy” D) ER tubes
B) Inside the nucleus B.  Secretions are the products that:
Q) Close to the plasma membrere A) Remain in the cytoplasm
D) Near the nucleusy”

B) Enter the nucleus

3. The face of Golgl nearest to the endoplasmic C) Are sent out of thgCe
reticulum is called: D) Stay in the Gol tus
A) Trans face B) Cis facev” 9.  What may ha roducts that are not Secretedy
Q) Outer face D) Inner face A) Destroye
4. The function of the Golgl apparatus Is best described B) Sent to vacuoles
- C) Beome or return to ERy”
A) DNA replication B) Cell respiration ' D) B \hylakoids
C) Distribution and shipping\/ 10. lal substances does the Golgl appanty
D) Protein translation ce in plant cells?
S. What type of vesicles fuse with the cis face of the oteins only B) Nucleic acids
Golgi apparatus? \ Pectin and polysaccharides v

A) Lysosomal vesicles B) Vacuoles

D) Glucose and starch
C) Vesicles from the ERy” D) Ribosomes

OMES

gz_& What are lysosomes and wha@u}or functions in the cell?

Ans. Structure and Location

Lysosomes are spherical organ o@ are bounded by a single membrane. They are present in most
eukaryotic cells. These crgznelies functi igestive compartments of the cell. ;

: @ Membrane

Bil
% ; hayer Hydrolytic Membrane Proteins
. Enzymes

Fig. 3 .22: Structure of lysosome

Abundance in White Blood Cells '
Lysosomes are particulariy numerous in animal cells,

especially in disease-fighting cells such as white blood cells. This Recalling:

is because white blood cells must. digest bacteria, viruses, and Lysosomes were discovered by a Belg""

other foreign intruders that enter the body. scientist Christian René de Duve. They contaif

Role in Autophagy strong dige  : enzymes,

Lysosomes are also involved in breaking down cellular materials that hay xceeded their lifetime or 4

lontger Ius«r:ful This ‘urction is called autophagy, in which the cell digests it  wn components to recycle usé
matenais
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cellular Recycling Function

Lysosomes break down cellular waste
roducts, fats, cal_'bohydrltes, proteins, and other
cromolecules into simple compounds. These
dmple compounds are then transferred back into
the cytoplasm where they are reused to make new

materials needed by the cell.

The cell is safe from the enzymes of lysosomes. These enzymes
require acidic environment (of pH of about 4.8). The Iysosomall
matrix is acidic but cytosol is a neutrai environment. So, even if
a lysosome is ruptured, its digestive enzymes become inactive
and the cell remains uninjured.

Enxym'“‘ Composition

Lysosomes contain about 40 different h
,ndoplasmlc reticulum and then modified in the
protective Membrane

ydrolytic enzymes, all of which are manufactured in the
Golgi apparatus before being sent to the lysosomes.

membrane

Rough
Endoplasmic reticulum

Transport

~
.‘ vesicle

e
: ycomponent
- Secondary

lysosome? m "

Fig. 3.23: Role of lysosome in the break the phagocytosed particle and cellular componént
critical role in protecting the rest of the cell from the harsh

The membrane surrounding the Iysos%
In the mid- 18w century, Belgian scientist Chrism é de Duve was investigating carbohydrate metabolism in liver cells. He
Observed that when cells are damaged in rifuge, they release acid phosphatase. He suggested that this digestive
nzyme was encased in some membrane d organelle within the cell, which he named as lysosome.

is protective barrier, these enzymes could cause significant damage to the

Role in selective cell %4 optosis)
Lysosomes also play n the elimination of whole
cells through a process n as selective cell death or

Programmed cell death (apoptosis). This mechanism is used
b multicellular organisms during their development,

For instance, when a tadpole develops into a frog, the tail of the tadpole is no longer needed. The cells in

© tail are destroyed by the enzymes of lysosomes, demonstrating their role in the developmental remodeling of
Organisms,

Many cells in your brain die during development. This
directed suicide is accomplished by the rupture of the
lysosomes within the cells that are being eliminated.

21. What are lysosomal storage diseases and what are their effects on the body?

Ans. Lysosomal Storage Diseases

Lysosomal storage diseases occur when a patient lacks one 6f the hydrolytic enzymes needed by the lysosome.

As a result, the abnormal lysosomes fill with indigestible substances, which interfere with the normal cellular
Nctions.
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eases

E f Lysosomal Dis
R The lysosome lacks a glyco

e Pompe’'s Disease: : :
n liver cells. This buildup can ¢

{isrupt liver function.

gen-digesting enzyme, leading to the accumulatiq,
of

causing lipids to accumulate in the nerye

glyct;ge::si Disease: A lipid-digesting enzyme is missing, i celly

. -3ac : .

tha: b:ain. This results in damage to the nervous system, mental Folacdetion. snd ey deat ?r:
childhood.

1.  What is the primary function of lysosomes in the cell?
A) Frotein synthesis B) DNA replication
C) Digestion of celiular materialsy”
D) Photosynthesis '

2. Lysosomes are most numerous in which type of cells?
A) Red blood cells B) Muscle cells
) White blood cellsy” D) Nerve cells

3. The process in which lysosomes digest old or
damaged cellular parts is called:
A) Phagocytosis B) Pinocytosis
C) Autophagyy” D) Exocytosis

4. How many hydrolytic enzymes are typically found in

lysosomes? :
A) 10 B) 20
Q) 30 D) 40v”

5.  Where are lysosomal enzymes initially synthesized?
A) Mitochondria B) Golgi apparatus
C) Endoplasmic reticuiumv” .
D) Ribosomes

6. Which disease is caused by a dm
glycogen-digesting enzyme in lysosomes? of ,
A) Tay-Sachs disease B) Zellweger syndrome
C) Pompe’s diseasey” D) Parkinson's diseace

7.  In Tay-Sachs disease, what accumulates in the

Nery,

cells due to enzyme deficiency?
A) Proteins B) Lipids/
C) Glycogen D) Water
8.  What prot Qell from the digestive enzyme, n
lysosomes .
A) C ali B) Cytoskeleton
QL ' membraney”
: D) Mi ndrial matrix
9. role do lysosomes play in the development of,

tadpole into a frog?

issue regeneration B) Tail cell destructiony”
C) Nerve cell formation D) Blood cell production
Lysosomnal storage diseases are caused by the absencs
-of: :
*A) Ribosomes B) Mitochondria

C) Hydrolytic enzymesy” D) Chlorophyll

g@ What are peroxisomes Et@

Ans. Peroxisomes
Introduction :
Peroxiscmes are single m

PEROXISOMES

do they function in a cell?

r Q—bounded crganelles present in all eukaryotic cells. They were discovered by

Christian de Duve, the same @ who discovered lysosomes.

Enzymatic Functions

Peroxisomes contariety of enzymes, many of which are oxidative enzymes. These enzymes perfom

. Plasma

oxidation reactions, @

Bilayer

Urate Oxidase

dvolve the removal of electrons and hydrogen atoms from toxic substances.

Fig. 3.24: Structure of peroxisome

Detoxification Role

~ The main function of peroxisomes is to detoxify harmful substances in thé cell. For example, peroxisome® .
liver cells help to detoxify alcohol and other harmful compounds by oxidizing them.
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pole of Catalase

me peroxisom 3| ; ic 2
50b “s;:n CAat ' is also contain catalase enzymes, which break down hydrogen peroxide 3 foriC ofF 4
of rﬂeta. o] ! alase converts hydrogen peroride into water and oxygen thereh neulraiizing its toxicity 21"
otecting the cell ’
gffects of defects in peroxisomes?
Defects in peroxisomes lead to various metabolic disorders The mot serous arner ther
rome.
zellweger Syndrome
Zellweger syndrome is a congenital disorder (present a1 birth) characterized by 1he
aumber of peroxisomes in the cells It has no cure or effective treatment 2na uzualiy r#50

first year of life.
mQs(Y

roduct

. Zellwmeger

absence or reduced
i« ir death within the

;. Peroxisomes were discovered by: C) Livery” W -
a) Robert Hooke B) Antonie van Leeywenhoek What toxic substance Ome peroxisomes break
Q) Chnistian de Duvev” D) Theodor Schwann down? O
Which of the following is NOT a function of A) Ammonia B) Carbon diowde
peroxisomes? C) Hydrogen peroNe & Tj Urea
A) Alcohol detoxification 6.  Which en;yn%«s hydroger peroxide into wiater
g) Hydrogen peroxide breakdown and oxyg
() Lipid drgestion\/ B) Hycrolase

e
- et
U} Lipase

A) Perox@
D) Oxidation of harmful substances C) €atai
3, What type of enzyme is commonly found in | 7. 3 ndrome is characterized by:
peroxisomes? issing mifochondris

£) Digestive enzymes B) Oxidative enzymesv” educed ribosomes

() Photosynthetic enzymes D) Transport enzymes gphbsence or reduction of parszisernzs v
4 Which organ contains many peroxisomes for ) Enlarged nucleus

detoxifying alcohol?

A) Kidney B) Heart

@)XYSOMES '
@ What are glyoxysomes and whabeir role in plant cells?

Ans. Structure and Function

Glyoxysomes are organelles thE‘E Q}imilar to peroxisomes but are found only in plant ceils. These

organelles contain enzymes that con ids into carbohydrates.
Occurrence in Seeds

Glyoxysomes are most a
germination, these organe
Energy Supply during ion

The converted ca rates serve as the primary energy scurce {or the germinating seed. This energy is
essentizl for the initial stagés of plant growth, before the seedling can perforrn photosynthesis on its own.

in the cells of lipid-rich seeds, such as castor beans and soybeans. During
rt'stored lipids into carbohydrates.

1. Glyoxysomes are found only in: C) Conversion of lip:ds into carbohydratesy”

A) Animal cells B) Bacteria D) Formation of chicrophyll

C) Plant cells+ v D) Fungi 3. In which type of seeds are glyoxysomes most
2. What is the main function of glyoxysomes during abundant?

seed germination? A) Starch-rich seeds B) Water-rich seeds

A) DNA replication C) Protein-rich seeds D) Lipid-rich seedsv”
—__B) Conversion of carbohydrates into fats
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VACUOLES
lg 24. What are vacuoles and what are thelr functions in plant and animal cells?

Ans. Vacuoles are membrane-bounded sacs that serve a

variety of functions in cells. Their roles differ slightly in plant
and animal cells

in Plant Cells

In mature plant cells, vacuoles are usually large and
central. A single large vacuole often develops by the fusion of

different from the surrounding cytoplasm.

Fig. 3.25: Structure
The central vacuole in plant cells plays a signi

of the ceil contents against the cell wall, whic
When a plant receives adequate water, the
increasing turgor pressure and thereby Ainta
integrity of the plant, supported further btt

In addition to structural support, va

Storage of essential and was

the pressure
e cell rigid.
| vacuoles swell,

Recalling:
Vacuoles are fluid filled single membrane boungag
organelles. Cells have many small vacuoles in their
cytoplasm However, when a plant cell matyre

a S itg $
vacuoles fuse to form a single large vacygla mal

smaller vacuoles and can occupy up to 80 percent or more of the cell's volume. This central vacuom
membrane known as the tonoplast, and the material inside the vacuole is called cell sap. The cell sap is 3

chem‘,(an_/

ole in plant cell
ructural

Several materials commonly stored in plant
vacuoles have been found to be useful for

humans, such as opium, rubber, and garlic
flavouring.

in plant cells perform several other functions:

. erials
« Waste disposal g l
« Protection by storing toxi pounds that deter insects and herbivores
« Pigment storage, whi%\tributes to flower coloration to attract pollinators like bees
In Animal Cells:
Vacuoles in ani are much smaller than those in plant cells. They are primarily involved in ¢
temporary stongc&t ial$ and the transport of substances within the cell. : ‘
1.  Which surrounds the central vacuole in | 4. Vacuoles help in maintaining plant structure by
plant celis? regulating:
A) Cell wall B) Plasma membrane A) Osmosis B) Turgor pressurev”
C) Tonoplasty” D) Chloroplast membrane C) Diffusion D) Photosynthesis
2. What is the main substance inside a vacuole called? 5. Which cells contain smaller, temporary vacuoles ©
A) Cytosol B) Cell sapy” storage and transport?
C) Plasma D) Matrix A) Plant cells . B) Fungal cells
3.  Which of the following Is NOT a function of vacuoles C) Animal cells v D) Algal cells
in plant cells? 6.  Whatrole do vacuoles play in flower coloration?
A) Turgq pressure maintenance A) Store water B) Store starch
B) Protein synthesisy” C) Storage of pigments C) Store pigments v D) Produce light
D) Defense against herbivores 7.  What do vacuoles release to deter herbivores?
A) Sugars B) Water /
) Pigments D) Poisonous moleculesy~
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CENTRIOLES

h i .
@ What are centrioles and what is their role in animal and protist cells?

. Centrioles are organelles found in the cells i
ost protists. They are associated with the e . indri
nization of cytoskeletal fibre . asse'mbly and | Centrioles are hollow and cylindrical of grinin
o indlé fibres, which s, especially microtubules | A centriole is made of nine triplets  of
including sP » which play a key role during cell division. microtubules.
structure and Arrangement: : -

In eukaryotic cells, centrioles occur in pairs, located at right
angles t© one another near the nuclear envelope. These paired
Cl,_ntrioles form a structure known as the centrosome.
pole in Cilia and Flagella Formation:

In cells that are ciliated or flagellated, centrioles are essential
for the formation of these structures. Each cilium and flagellum is
anchored by a centriole, which in this context is called a basal body.
Absence in Plants and Fungi:

interestingly, plant and fungal cells lack centrioles and basal
podies. In these cells, the organization of microtubules and spindle
fibres Occurs from other structures within the cytoplasm, not from

centrioles. . ’\ ' _
\() Fig. 3.26: Two centrioles
mAs |
1. Whatis the function of centrioles in animal cells? 3. ml‘l h cells are centrioles absent?
A) DNA replication B) Photosynthesis imal cells B) Protist cells
¢) Spindle fiber formation* v () Plant and fungal cellsy”
D) Protein transport ) Insect cells '
2. How are centrioles arranged in the cell? What structures are formed by centrioles in ciliated
A) Parallel to each other  B)Ina triangle and flagellated cells?
() Randomly scattered @ A) Golgi bodies B) Nucleoli
D) At right angles to each othery” C) Basal bodiesy” D) Ribosomes

CYTOSKELETON

g@ What is the cytoskeletoE @vhat are its major components and functions in the cell?

Ans. The cytoskeleton is a netw otein fibres that extends throughout the cytoplasm of a cell. It provides
structural support, enables move nd is involved in various cellular processes. The cytoskeleton is made up of
three main types of fibres: |

1. Microfilaments:
« Found in all eukapyotic'eells.
» Composed of acti lobular protein, forming solid rods.

s Capable of assembling and disassembling, allowing cells to change shape and move.
* Important during cell division, enabling the dividing cell to pinch off into two daughter cells
+  In association with myosin, microfilaments help in cellular contraction.

2. Microtubules: _ :
s Straight, hollow cylinders made up of subunits composed of alpha-tubulin and beta-tubulin
«  Provide structural support and shape to the cell N :
o Act as tracks or highways for the transport of organelles
* Major components of cilia and flagella, contributing to their structure and movement
* Play a crucial role in forming spindle fibres during cell division

3. Intermediate Filaments:

"« Present only in some higher animal groups
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* Composed of various proteins, the mos.t common being vimentin
* In certain cells, other proteins like keratin (in skin ce
e  Function to maintain cell shape and rigidity ‘
Help anchor organelles, such as the nucleus, in place
Prototilament

lls) may form intermediate filaments

) : 8--f2 nm
“, 7nm - i
. gctin A %
subunit - :
o a tubulin I Fibrous
i T |1 B tubulin subuniit
‘: subunit | :
)
;{ Plasma t

membran
Nucleus

Fig. 3.27: Components of cytoskeleton

B

1. Which of the following is NOT a part of the B) ! s6me replication N
cytoskeleton? ; C lar transport and structure y”
A) Microfilaments B) Microtubules [@ repair
©) Endoplasmic reticulumv” P 2 ich fibres are involved in forming spindle fibery
‘D) Intermediate filaments ring cell division?

2. What are microfilaments made of? , A) Microfilaments B) Ribosomes
A) Myosin : B) Tubulin C) Microtubulesy” D) Tonoplasts

Q) Actiny” D) Keratin 7.

3. Which cytoskeletal fibre is involved in cell movefne
and contraction?

A) Microfilamentsy” B) Microtubules @

Intermediate filaments are mainly found in:

A) All prokaryotes B) Plant celis only
C) Some higher animal cellsy” -
D) Fungal cells

- O Intermediate ﬁlam?ﬂts D) Rihosome 8.  The protein most commonly found in intermediate
4. Microtubules are composed of which t:: yteins? - filaments is:
A) Actin and Myosin A) Keratin ~ B) Actin
B) Alpha-tubulin and Beta-tubulin @ o C) Myosin D) Vimentiny”
) Keratin and Collagen b 9. Which cytoskeletal component -~ helps anchor
D) Myosin and Vimentin organelles like the nucleus?
5. What is the function of %

les? - A) Microfilaments B) Microtubules
A) Protein synthesis

C) Intermediate filaments v D) Actin filaments

CILIA AND FLAGELLA
gz_i Wha®a and flagella, and how are they structured and functionally important in eukaryotic
and p ryotic cells? :

Cilia are rare in plants, However, many protozoans, particularl
mammals have cilia on some cell surfaces. For example, in humans,
they sweep mucus and dirt out of the breathing tubes.

The core of eukaryotic cilia and flagella is called the axoneme. It contains two central microt -'¢
surrounded by an outer ring of nine doublet microtubules. Dynein molecules are located arour M
circumference of the axoneme. These dynein molecules bridge the gaps between adjacent microtubule double ¥
arrangement is referred to by biologists as the "9 + 2 structure.” ‘ :

y ciliates, possess cilia. Larger eukaryotes such &
cilia are found in the lining of the trachea, se®
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pasal body. The basal body has the
of outer filaments is composed of

A plasma membrane sy
ounds i
salt:: E:tfre axoneme. At the base of the cilium is its organizing center called the
SIC structure as the puter ring of the axoneme, but each of the nine sets

three micro .. :
in contrast, prokaryotic flagella hay tubules, rather than a doublet. The basal body is, in fact, a centriole.

and do not contain micrctubule triplets. € a completely different structure. They are built from the protein flagellin

Axoneme

Radial \

Microtubule Spoke Central
Doublet - Microtubule

Plasma Dynein

Arms

OO

AR N

Fig. 3.28: Structure of eukaryotic cilium and ﬂ%x
v

Which of the following correctly differentiates cilia D) Peroxisome

from flagella in eukaryotic cells? 7. Xrotein makes up the prokaryotic flagella?

A) Cilia are longer and less numerous than flagella Dynein -~ B) Tubulin

B) Cilia are shorter and more numerous than flagellay” ) Actin D) Flagelliny”

C) Both are of equal length and number Glhich of the following is absent in prokaryotic cells?
D) Cilia are found in all types of plant cells A) Plasma membrane B) DNA

Where in the human body can you find functi " C) Mitochondriay” D) Ribosomes

cilia? 9.  What term describes the region where DNA is located
A) Inside liver cells B) On skin surface in a prokaryotic cell? Ll

Q) In the lining of the tracheay” . @ A) Nucieolus B) Chromatin zone

D) In red blood cells _ C) Nucleoidy” D) Plasmid

What is the structural core of eukagyogic'eflia and | 10, What is the size range of most prokaryotic cells?
flagella called? A) 10-100 pm B) 1-10 nm

A) Centriole B) Basal @ €) 0.1-1 pm D) 2-8 pmv”

C) Axonemey” D)P i% 11. Which organelle is present in eukaryotic cells but
How are the microtubules in a eukaryotic ahsent in prokaryotic cells?

flagellum’s axoneme? A) Plasrna membrane B) Ribosome

A)S+0 @ 1 C) Endoplasmic reticulumny”

Q9+2v b, ¢ 2+9 ' D) Nucleoid '

What surrounds in cilia and flagella? 12.  Which is a function of dynein in cilia and flagella?

A) Protein coat B) Capsule A) Protein synthesis

C) Plasma membraney” D) Cell wall B) Energy storage

The basal body of a cilium is structurally the same as C) Connecting microtubule doubletsy”

which cellular organelie? D) DNA replication '

A) Ribosome B) Nucleolus :

S ,[‘ ) 1. What are the two basic types of cells, and how are they different? -
Ans. The two basic types of cells are prokaryotic and eukaryotic.
Prokaryotic cells are simpler and do not have membrane-bound organelles. All bacteria are examples of

prokaryotes. ; .
Eukaryotic -cells are more complex and contain membrane-bound organelles. Examples of unicellular

eukaryotes include Yeast and Euglena, while plants and animals are examples of multicellular eukaryotes.
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2. What s a cell wall, and in which organisms is it found? R -~
Ans. A cell wall is a more or less solid outer layer that surrounds a ce il peljcigidie: using' . w,
algae. It provides support and protection to the cell. When the cell w a
enzymes, the remaining part of the cell is called a protoplast. :
i i ' tructure : .
3.  What is the primary cell wall made of, and what is its s '
Ans. The primary cell wall is the main structural component of a cell wall and is composed of Polysaccharides
as cellulose, hemicellulose, and pectin.
The cellulose microfibrils are arranged at various angles and are held toget!\erfby hydrogen bonds.
Additionally, many proteins are also present in the primary walls to support its function.
What is the middle lamella, and what role does it play in plant cells?

Ans. The middle lamella is a gelatinous layer located between the primary walls of neighboring plant cells,
* ltis the first layer to form from the cell plate during cytokinesis.

* It holds adjacent cells together and contains magnesium and calcium pec@hich are salts of Pectic
acid. ‘

plantg; an

SU(h

4.

The primary wall expands inward from this middle lamella.

5. What is the secondary cell wall, and how is it different from the prima all?
Ans. The secondary cell wall forms after the cell has matured and is IKte‘ een the primary wall and the
protoplast. o
* It contains lignin, cellulose, and hemicellulose. = -
* Due to the presence of lignin, the secondary wall is mqré@han the primary wall, Providing ex
mechanical strength to the cell. | g) '
6.-  What are plasmodesmata and what function do they
Ans. Plasmodesmata (singular: plasmodesma) are smal

nels that directly connect the cytoplasm of
neighboring plant cells. ’

* They penetrate both the primary and seconda @alls.
e They allow certain molecules to pass directly fro e
communication. ' L=
e Plasmodesmata are formed during cell divi
become trapped in the new cell wall.
7.  Outline some main functions of the
Ans. The cell wall performs seveéral critical f
e Provides rigidity to the cell for s
* Maintains cell shape and c
architecture of the plant
e Prevents the cell from bupsti hen water enters

¢ Offers protection agai ogens and environmental stress
» Acts as a storage site Q

cell to another, making them important for cellular

, When parts of the endoplasmic reticulum of the parent cell

al and mechanical suﬁport ) .
" the direction of cell growth, which contributes to the overall

arbohydrates used by the plant
PLASMA MEMBRANE

1. Wh%llﬁ plasma memBrane and which types of cells possess it?
Ans. All

ryotic and eukaryotic cells have a plasma membrane. It encloses their contents and serves
as a semi-porous barrier to the outside environment.

2.  What is the structure of the plasma membrane according to the fluid mosaic model?

Ans. The fluid mosaic model is a widely accepted concept that describes the dynamic nature of the plasm?
membrane. It was proposed by two American biologists, S.J. Singer and Garth Nicolson, in 1972. According 10
this model, the basic foundation of the plasma membrane is a lipid bilayer, made of phospholipids. A collection
of proteins floats within the lipid bilayer.

3.  What are phospholipids and how are they arranged in the plasma membrane?

Ans.

Phospholipids have a phosphate group at one end of each m
their phosphate ends and hydrophobic (“water-fearing"
lipid bilayer, the hydrophobic tails are oriented inwar
outwards, either toward the cytoplasm or the extracellul

olecule. They are hydrophilic (“water-lovi - 2
) along their tail regions containing C-H chains. "€

ds, and the hydrophilic phosphate groups are & ;.Wed
ar environment. : ‘

"""Egradi,,g
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What role does .
,:.ns. In eukaryotes, chgl‘;tsr:)elr:c;'l::x + ohe plasma membrane of eukaryotic cells?
the membrane at low temperatureess are wedged into the phospholipid bilayer. They help maintain the fluidity of

What are the different functio

X ns of plasma me i
ans. Plasma membrane proteins hay CRRSADX P

G e e several functions:
Many function in the selective ctions;

" transport of substan i : . |
me help in a : ces, acting as channels or active transport molecules.
ggme roF:eins ‘aft:Ch;ne.nt of the plasma membrane to the cytoskeleton and external fibres.
Otherspact ak ach with sugars to forra \Wentification marks
receptors, binding to messc: . i i the
cell's interior. 9 eager molecules (e.g., hormones) and tran ng signals to

7. What are glycoproteins and glycolipids, and where are they found?

« Some proteins also perform enzymatic activity, catalyzing reactions related to th: a membrane.
Ans. The outside surface of the plasma membrane has chains of sugars bonded to p@ nd lipids.

e A Qr?teir! with attached sugar is called a glycoprotein.
+ Alipid with attached sugar is called a glycolipid.
g. How do glycoproteins and glycolipids vary and what is their functio

Ans. Glycoproteins and glycolipids vary from species to species, from indiVi wndividual within the same species,
and even among different cell types in the same individual. TIQ) ectively form the glycocalyx, which

functions as cell identification marks recognized by other ce

Table: Membrane Composition by t
Membrane ‘] Proteinj\Lipid ICarbohydrateI
Human Red Blood Cell o |43% ”8% |

IMitochondria (Outer membran % |148% 0% |
IMitochondria (Inner membrahe) 1762 "24% “0% ' l
Bacteria 75%  |25% [jo% |

FUNC F PLASMA MEMBRANE

1. What is the primary role lasma membrane in cells?

Ans. The plasma membrane as a semi-porous barrier to the outside environment. It acts as a
boundary that holds the cell 'constitu'en@ er and separates the interior of the cell from its external surroundings.
2, How does the plasma memb nage the transport of substances into and out of the cell?

Ans. The plasma membrane is s% permeable to specific molecules. It allows essential nutrients and elements
to enter the cell and facilit @ e removal of waste materials. This selective transport ensures that only needed
substances pass throu “harmful or unnecessary substances are excluded. ' '

3.  Which molecules 9mreely across the plasma membrane, and which are regulated?

Ans, Small molecules m oxygen, carbon dioxide, and water can pass freely across the~blasma membrane.
However, larger mdlegules like amino acids and sugars are carefully regulated and cannot cross the membrane
without specific transport mechanisms.

4. Do eukaryotic cells contain membranes around their internal organelles? What is the function of these
membranes?

Ans. Yes, eukaryotic cells have membranes surrounding some of their internal organelles. These internal membranes
function similarly to the exterior plasma membrane by regulating the flow of materials into and out of the
organelles, thus maintaining internal cellular organizatiorand compartmentalization.

TECHNIQUES TO STUDY THE STRUCTURE OF PLASMA MEMBRANE

5.  What is the purpose of Transmission Electron Microscopy in the study of plasma membranes?

Ans. Transmission Electron Microscopy (TEM) is used to reveal the detailed structures of the lipid bilayer and the
proteins associated with it. This technique allows for high-resolution imaging of the internal components of the
plasma membrane. ‘
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rane studies?

to memb i
ontribute urface topology of cells and their membfﬂnes.

g thes
e.

6. row does Scanning Electron Microscopy ¢

i r examinin
Ans. Scanning Electron Microscopy (S!_EM) y g z)ofthe cell surfac
It provides detailed three-dimensional images

nes?
Jasma membra g
in analyzing P detailed image
X f Confocal Microscopy create sharp, ges of ¢
Z- zv h:t 'slthr\:'ﬁr‘:scctxi):'; ouses laser scanning and fluorescence t0
ns. confoca IC

mponents with high clarity.
membrane. It helps visualize the spatial arrangement of mernb;fi\:r:‘:mf;y (TIRFM) sed?
8.  For what purpose is Total Internal Reflection Fluorescence

i~ hiah- tion images of th
i tain high-resolution e pl
Ans. Total Internal Reflection Fluorescence Microscopy 15 used to ob ellular structures. It is especially USefua] M
- membrane and its interactions with the cytoskeleton and other ¢ 3 for

studying processes occurring at or near the membrane surface. ———
9. What docs Atomic Force Micraescopy reveal abm.Jt the plasn;]a, lasma membrane at very high resolut
Ans. Atomic Force Microscopy provides topographical images of the p : on.

. : » . mbrane in fine
‘ i / rface and structural features of the me
helps in studying the physical su e

. ; r
10. How is X-ray Crystalld?graphy used in the cqntext of plafmatr:?tumr:f::; s s T s
Ans. X-ray Crystallography is employed to determine the atomic s . m B ue i
" crucial for understanding the detailed molecular architecture of proteins erb €d with the
plasma membrane. ‘

11. What is lipidomics and how is it used to study plasma membr'anes? ° . e
Ans. Lipidomics involves the comprehensive analysisvof lipids p_resent' in CTth C mbrane. Using techmqges such g
mass spectrometry, it helps identify and quantify various lipi \ les and understand their roles in

membrane structure and function. _
12. What does Fluorescence Recovery after Photo-bleachin :
Ans. FRAP is used to study the mobility and dynamics of bane proteins and lipids. In this technique,
~fiuorescently labeled region of the membrane is in lly bleached using a laser. The recovery of
fluorescence is then observed as unbleached fluoresi olecules move into the bleached area, indicating

he g

easure, and how does it work?

molecular mobility within the membrane.

~ CYTOPLAS@J ORGANELLES
1. What are the main componen chemical nature of cytoplasm? :
~ Ans. A cell consists.of thr_ee_ma'% nents: the plasma membrane; cytoplasm, and nucleus. The

cytoplasm is a semi-viscous and semi-trans substance. In eukaryotic cells, cytoplasm is found between the
plasma membrane and nuclear envelope, prokaryotic cells, it occupies the entire space beneath the plasma
membrane. o ' ;
It is made up of an aqueous grodnd substance known as eytosel, which contains various organelles and other
inclusions. Cytosol is primarily osed of water, in which many organic compounds (such as proteins,
carbohydrates, and lipids) Fganic salts are dissolved, either completely or partially.
2. Outline functions of cytdplagm. ;
Ans. The cytoplasm serves w purposes:
1. It provides spal& proper functioning of cell organelles.
2. It acts as thessite™for numerous biochemical (metabolic) reactions, such as glycolysis, which is the
breakdown o@;se during aerobic respiration. ) ; ‘
3.  What are cell organelies and how are they generally structured? - .
Ans. The cytoplasm contains discrete structures known as organelles, each with specific cellular functions. Most

organglles are'n:nembra!ne—bound, which helps in compartmentalizing different biochemical processes. A
exception to this is the ribosome, which is not enclosed by a membrane. '

1. NUCLEUS

o - ; ' B

1. Write a short note on the structure of nucleus. !
N aASniz. ;Ir;itng::lesusitis. a prorlll'\?nent organelle present in all eukaryotic cells, It is centrally located in animal
A & t|513§/ua y pusheld to the side due to the presence of a large vacuole. The sphericd
wpingh iy £ u .o.Of thg cell's volume. Inside the nucleus is a semi-fluid matrix.called nucleoplasm
e nuclear material exists as chromatin. During cell division, chromatin condenses to form

chromosomes, The n i :
Meinu ehie casiains une st e nucleoli, which are responsible for synthesizing ribosomes.
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R - L e

outline the functions of nucleus.
The nucleus serves as the information
functions:

1. It stores the cell's hereditary material (DNA).

5. It coordinates the cell’s activities, such as growth, protein synthesis, and cell division.
write a short not on envelope,

\ns. The nuclear envelope is a double-layered membrane that encloses the contents of the nucleus during most of

the cell's life cycle. The space between the two layers is known as the perinuclear space, which is continuous
with the rough endoplasmic reticulum (RER).

yuring cell divisio'n, the nuclear envelope disintear~tes and later reforms in daughter cells. On the inner side of the

wclear envelope lies a protein lining called the nustear lamina, which binds to chromatin and provides structural

. Give brief description of nuclear pore complex.

ns. The nuclear envelope contains small openings known as nuclear pores, which regulate, thé exchange of
materials between the nucleus and cytoplasm. These pores are permeable to small fholecliles and allow the

AnS. processing and administrative center of the cell. It performs two major

selective passage of larger molecules such as histone proteins. W
A nuclear pore is @ complex structure made of several subunits: O
« Annular subunit: surrounds the inside of the pore
« Column subunit: forms the wall of the complex \’
« Ring subunit: located on the outer side of the column ® (b’
o Lumenal subunit: anchors the pore complex into the nuclear envelop \
additionally, tiny fibrils extend from the complex and form a basket-lik st@ on the nuclear side.

5. write a short note on structure and function of nucleolus.

Ans. The nucleolus is a darkly stained and prominent structure
contain one or two nucleoli. The main function of the nucleolus,is
which later assemble into functional ribosomes. . Q

Nucleoli form at specific sites on chromosomes called Nucl

regions encodes ribosomal RNA (rRNA). o~

The nucleolus is composed of: :
« Granular components: made of ribosomal sub

o Fibrillar components: consist of raw matq<|al {7

N

within the nucleoplasm. A nucleus may
manufacture the subunits of ribosomes,

rganizer Regions (NORs). The DNA in these

its t at are already formed
RNA molecules and associated proteins
» DNA: related to the synthesis of rRNA '

6. What is chromatin, and how does it rel romosomes? :

Ans. The nucleus contains string-like fiber: chromatin, which is made up of DNA and proteins. Under
microscopic observation, chromatin @ppears as a series of bead-like structures, called nucleosomes. Each
nucleosome consists of a DNA str. ped around histone proteins. V :

is not dividing),, chromatin is dispersed throughout the nucleus as a
r, as 'the cell prepares to divide, chromatin condenses into well-defined

During interphase (the phase when t
tangled network of fibers. @

. structures known as chror FOPINGs. ‘ :
ims, called chromatids, joined at a central point known as the centromere.

Ans. The number of chr mes in the nucleus of a cell is species-specific. For example:

* Human diploid cells (non-reproductive cells) contain 46 chromosomes.

* Some ants and roundworms may have as few as 2 chromosomes.

* The Indian fern (Ophioglossum reticulatum) has the highest known number, with 1,260 chromosomes.
Importantly, the number of chromosomes is not correlated with the complexity of the organism. For instance, a

A chromosome consists of
1. How does chromost‘e ber vary across species, and does it relate to organism complexity?

‘Plant ike the'Indian fern has far more chromosomes than humans but-is not necessarily more complex.

by | 2. ENDOPLASMIC RETICULUM (ER)

1. Whatis the en&oplasmic reticulum (ER)?
Ans. The endoplasmic reticulum is a network of flattened sacs and branching tubules that extends
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sacs and tubules are called Cisternae si
highly convoluted lumen known as . ci:?ulari
£
£

throughout the cytoplasm in both plant and animal .cells. These

cisterna). All cisternae are interconnected, forming a single, large,

space. oo BAP

2.  Whatis ificance of the cisternal space in the o .

Ans. The cistetr:;s:z:ce makes up more than 10% of the total volume of a cell, providing a large Interng) are
various cellular processes. ‘ '

3. How is the ER connected to other cellular structures? ) .

Ans. The cisternae of the ER are connected to the double-layered nuclear envelope, forming a pipeline be“”’eent
nucleus and the cytoplasm. he

4.  What are the functions of the ER in the cell? ) :

Ans. The ER manufactures, processes, and transports a wide variety of biochemical compounds for use inside
outside the cell. g

5. What are the two types of endoplasmic reticulum, and how do they differ cture?
Ans. : ’
e Rough Endoplasmic Reticulum (RER): Its surface is covered with ribos ,'giving it a bumpy aPPearanc,
e Smooth Endoplasmic Reticulum (SER): It lacks ribosomes on its making it appear SMOoothe 5.
more even under a microscope. SER is generally less extensive than RER. "

6. What are the main functions of the rough endoplasmic reticuN&F )?

Ans.
e Production and processing of proteins \®

¢ Addition of other chemicals (e.g., sugars) to proteins
» Transportation of processed proteins to different rq&i’the cell or to the Golgi apparatus for furthe
modification .
7.  Enlist the main functions of the smooth endopla eticulum (SER)?
Ans.
e Production of lipids
Building blocks for carbohydrate metaboli
Detoxification of drugs and poisons &

Storage and metabolism of calcium

In muscle cells, it releases calcium to triigger muscle contractions
| b 3. RIBOSOMES

1. What are riboso de of? :
Ans. Ribosomes are @ anular structures composed of approximately 60% ribosomal RNA (rRNA

and 40% protein. _

2. Areribosomes boun embrane?

Ans. No, ribosomes are n mbrane-bound and are much smaller than other organelles.
3.  Where are ribos@ nd in eukaryotic and prokaryotic cells?

Ans.
¢ Eukaryoti X.'Found attached to rough ER and freely scattered in the cytoplasm
. Prokaryo@lls: All ribosomes are freely scattered in the cytoplasm

4. What is the primary function of ribosomes? : : ;

Ans. Ribosomes serve as the protein production machinery of the cell. They are most abundant in cells active'Y‘
involved in protein synthesis, such as those in the pancreas and brain.

5.  Where are ribosomes produced and assembled in eukaryotic cells?

Ans. In eukaryotic cells, ribosomes are produced and assembled in the nucleolus. Ribosomal proteins enter 1P
nucleolus and combine with rRNA to form the small and large subunits, which then leave the nucleus throu
nuclear pores. «

6. What happens to ribosomal subunits in the cytoplasm? ¥

Ans. In the cytoplasm, the two ribosomal subunits combine to synthesize proteins. When not in use, they €™
separated. .
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which types of RNA assist in protein synthesis?
AT RNA (ribosomal RNA): Makes up the ribosome structure
mRNA (messenger RNA?: Brings instructions from DNA
: {RNA (transfer RNA): Brings amino acids to the ribosome
5 what is the Svedberg (S) value of ribosomal subunits in eukaryotic and prokaryotic ¢ Wis?
Ansi’ EukafY"ﬁ‘f ril?osomes: 80S (composed of 40S and 60S subunits)
Prokaryotlc ribosomes: 70S (composed of 30S and 50S subunits)

4. MITOCHONDRIA

/mat are mitochondria and what is their primary function?
Ans. _Mutochondrta are rod-shaped organelles known as the power generators of th . They pr.Oduc.e
e triphosphate) from oxygen and nutrients through cellular respiration, supplyi rgy for the e

(adenosine
etabolic activities.
;1 What is the structure of a mitochondrion? O
Ans; Two membranes: outer and inner C)
, Intermembrane space: narrow gap between the membranes \o
, Matrix: large internal space beneath the inner membrane . %
. The outer membrane is smooth and acts as a filter X
. The inner membrane is highly folded into structures called cristae tt<|n:c, se surface area.
3, Whatare F1 particles and where are they found? x -
knob-like enzyme complexes called ATP synth cated on the inner surface of the cristae.

Ans: F1 particles are
These enzymes are involved in synthesizing ATP.

4 What are some unique features of mitochondria?

Ans.
. Mitochondria have their own circular DNA, similar@atic DNA

« Contain all types of RNA and 70S ribosomes
« Can replicate independently of the cell
5. What are the major functions of enzymes a

Ans.

¢ Enzymes in the matrix catalyze steps of espiration such as the Krebs cycle
+ Proteins in the inner membrane partici the electron transport chain to generate ATP.

tdins found in mitochondria?

. CHLOROPLASTS

1. What is the main fu f chloroplasts in plant cells?
o ;ns. .Chloroplastsl gnabl epla ts to perform photosynthesis, which is the process of converting light
emical energy. This a@ ants to make their own food.
in ) m:re does Photosyn'th&s rin plants_, and what parts contain chloroplasts?
Howz\z?tthhes:s oceurs 1% plasts founq in all green stn'Jctures.of plants, inciuding stems and unripe fruits.
, the majority of photosynthetic activity takes place in the leaves, where the chloroplast density is about

.

one-half million per square millimetre.
hng ‘g}?at Pigments do chloroplasts contain, and what is their function?
+ “Noroplasts contain pigments chlorophyll “a* and chlorophyll "b", which absorb the |i it energy required for

Photosynthesis.

W . .
h *c‘alt is the structure and shape of a chloroplast?
. (Moroplast is ellipsoid-shaped and enclosed by twe membranes. The space beiween these membranes. is

KNoy :
"N as the intermembrane space. T

" What;
- Ang " tis the stroma, and what does it contain?
T 5 2 . . boia "
'oma is a semi-fluid substance inside the inner membrane of the chloroplast. It contains dissolved

zym 3
1185 and occupies most of the chloroplast's volume.

Ans‘
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Ans.

Ans.

Ans.

Ans.

10.

Ans.

What is the difference between the outer 2nd inner membranes of the chloroplast?
The outer rembrane is more permeabie than the inner membrane. The inner membranes are tightly a550Ciatey

with each other and fuse along their edges to form cempartments.

What are thylakoids, and how are they organized? ' )
Thylakoids are disk-shapad compartments formed by the fusion of adjacent inner membranes. Multipye
ve hundreds of grana,

thylakoids stack *o forri grana (cingular granum), and each chloroplast can ha

What are lamellae in chioroplasts?
Lamellae are non-green stiuctuies that connect two grana wi

How is the chlereplast similar to the mitochondrion in terms
Like mitochondria, chloroplacts have their cwn DINA and can reproduce in
How is light anzrgy converted inte chemical enargy in chloroplasis?

hylakoids, which &

Light energy is abzorbed by ~hlarophyll molecules in the t
1 used in the stroma to conve

formation of ATP. These ATP maiecules are ther

thin a chioreplast.
of genetic material?
dependently of the cell.

¥rons. This leads tg the
-ehergy carbon dioxide int;,

high-energy tompounds like giucose.

6. GOLGI APPARATUS J .

B

S&{ 1.  What is the structure of the Golgi apparatus? » '
Ans. The Goigi apparatus consists of five to eight cup"ﬁ‘a;%v mbrane_—bound sacs called cisternae,
in some organisms IikN lular flageilates, there can be up to 69

2.

Ans. The Golgi apparatus is present in piant cell

which are stacked on tec of each other.

cisternae.

In which fypes of ceils is the Golgi apparatus found? \
s, animal cells; niceilular eukaryotes.

3. How many Golgi stacks are typically present in an eil?
Ans. Animal cells generzlly contzin betweer. ten and twe i stacks.
4 Where is the Golgi apparatus usually located i ell?
Ans. It is usually located riear the nucleus of the cel

5. What are the ‘cic’ and “trans’ faces of the pparatus?

Ans. The ‘cis' face is locatec near the endopias reficulum (ER), while the ‘trans' face is oriented toward the plasma
membrane. ' ~ :

6. What is the primary fuixction of the  apparatus? :

Ans. It acts as the distrinution and shipp enter for the cell's chemical products. It modifies proteins and lipids
from the ER and prepares them for export or transport to other locations within the cell.

7. How do materials reach th apparatus from the ER? .

Ans, Small vesicles con®aining % carbohydrates, and other molecules bud off from the ER and move through
the cytoplasm to the ‘Cis of the Golgi apparatus. where they fuse and release their contents. :

8. What kind of prozessin urs in the Golgi lumen?

Ans. Enzymes in the Gal i7mEn modify the molecules and convert them into glycoproteins and glycolipids.

9. What happens%"e crocessed products in the Golgi apparatus? | ' -

Ans. The processed praducts are ieleased from the ‘trans’ face in vesicles, which then transport them to their final
destinations inside or o1side tha cell. Exported products are called secretions, while others may return to the ER
or become lysosome:. g )

10. What additional cubstances are produced by the Golgi apparatus in plant cells? '

Ans. In plant cells, the Golgi apparatus also produces pectin and other polysaccharides that are essential for plant

structure and metqbcﬁsm
7. LYSOSOMES L ‘ -

@ 1.  What 2ra lysosomes, and what is their primary function?

compagv:éniiysas.gmeshare ??hbericil' or%anelles bounded by a single membrane. They serve as digestive
s within the c2li breaking down various cellular materi :

A 4 aterials, w drates:
proteins, and oit ©vaoomalecules into simpler compounds. B Rachite, . by
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g 0 which types of cells are lysosomes most abundant, and why?
(2 .comes are most numerous in di s , and |
08 s in disease-fighting cells, such as white blood cells, because these cells need to

y<

AR gigest foreign invaders like bacteria, viruses, and other harmful subst
How do lysosomes help in autophagy? rees
3 are involved in breaki
Lys050mes reaking down cellular materi i i
- o e 00 e, 5 Aot kv aut::phaat;;_als that have surpassed their useful lifespan or are no
what happens to the breakdown products of lysosomes?
The preakdown products, such as simple compounds, a i t
Ans used to create new materiais for the cell. P A A A AT W Sy
How many enzymes do lysosomes contain, and where are they made?
Lysosomes contain about 40 different hydrolytic enzyres. These enzymes are produced in the endoplasmic

5. X s

A reticulum and are modified in the Golgi apparatus.

‘ What is the role of the membrane surrounding lysosomes? | ‘

ans. The membrane surfoundmg lysosomes protects the rest of the cell from the harsh di enzymes inside the
lys0sOmes, preventing potentiai damage to the cell. ) 6

What happens in-lysosomal storage diseases? Q
Ans. I lysosomal storage fii5§65§s, a patient lacks one of the hydrolytic enzymes agededh h
the lysosome to fill with indigestible substances, interfering with cellular fun%xi.

e lysosome. This causes

[ ]

Can you provide an example of a lysosomal storage disease and its @ .
ests glycogen. This leads to the

mple is Tay-Sachs disease, where a

_ An example is Pompe’s disease, where the lysosome lacks an enzym
ier 7(
rain damage and early death.

. Ans e g
; accumulation of glycogen in liver cells, causing harmful effects. Anot
i missing enzyme prevents the digestion of lipids in nerve celis, lgagi

s

How do lysosomes contribute to the elimination of whole
Ans. Lysosomes are involved in selective cell death, a mechanism i the development of multicellular organisms.

‘ For example, during the development of a frog, lysosomes the cells in the tail of the tadpole.
8. PE MES _

1. What are peroxisomes and what is ﬁ@mry function?
Ans. Peroxisomes are single membran organelles found in all euka:yotic cells. They contain
enzymes that primarily carry out oxidation, removi ons and hydrogens to rid the cell of toxic substances.

2. How do peroxisomes detoxify harmful sul es?
Ans. Some peroxisomes, especially in liver etoxify alcohol and other harmful compounds by carrying out

oxidative reactions.

3. What is the role of catalase en Qpemxisomos?

Ans. Catalase enzymes in peroxiso mk down hydrogen peroxide, 2 by-
water and oxygen.

4. What happens when thevza fects in peroxisomes? , .
Ans. Defects in peroxisomes to metabolic disorders, with one of the most serious being Zellweger syndrome,

a congenital disorde%tl uses a lack or reduction of peroxisomes. This disorder has no effective treatment

product of cellular metabolism, into

and often leads to deathawithin the first year of life.
— 9. GLYOXYSOMES

1.  What are glyoxysomes, and where are they found? '
Ans. Glyoxysomes are organelles similar to peroxisomes but are found only i Hlant cells. They contain

enzymes that convert lipids into carbohydrates.

2. Whatis the role of glyoxysomes in plant cells?
Ans. Glyoxysomes are most abundant in lipid-rich seeds, such as those of castor beans and soybeans. During seed

germination, glyoxysomes convert stored lipids into carbohydrates, providing energy for the growth of the
seedling. 4
3
| Ans Why are glyoxysomes important for seed germination?
) G'Y‘?WSOmes are essential for converting stored lipids into ca
during the early stages of seed germination.

rbohydrates, which are vital tor providing energy
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10. VACUOLES ——]

unded sac found in cells that serves functions like 5t0rage 5

1. What is a vacucle?
‘ Ans. A vacuole ic a membrane-bo

disposal, protection, and structural support.

What is the main function of the central vacuole in plant cells?

ure and stores water, pigments, waste, ang defep
Sivg

2.
Ans. It maintains structural support by regulating turgor press
compounds.
3. What is tonoplasi? . ;
+ encloses the central vacuole in plant cells.
|

Ans. Tonoplast is the membrane tha
4. What is celi sap? |
Ans. Cell sap is the fluid inside the vacucle, chemically different from cytoplasm.

How do vacucies irelp in plant protection?

5.
Ans. They store poiscnous compounds that deter herbivores and insects.

6. How do vacuoles assist in flower coloration?

Ans. They store pigments that give color to flowers and attract pollinators. 0

7. How are vacuoles different in animal and plant cells? < !
Ans. Plant cells have a large central vacuole, while animal cells have sw oles used for temporary storage ang
. '

transport. ‘
T csnrmq@
5 —

1.  What are centricles?
Ans. Centrioles are cylindrical organelles invol d'\ nizing microtubules and forming spindle fibres

Where are centricles located in the cell?

2.

Ans. Near the nuclear enveinpe, usually at right angles to eaeh other.

3. What is the role of centricles in flagellated or cells? .
serve as basal bodies.

Ans. They help in the formaticn of cilia and flagella
4. Do plant and fungal <elis have centrioles
Ans. No, they lack centricies and basal bodies,
5. lated to centrioles
Q’ division; centrioles organize their formation.

What are spindle fibres arnd how are
Ans. Spindle fibres are structures that hélp i
12. CYTOSKELETON
;f , 1. Whatis the cvta ' ’ :
L Ans. A network cf pfoteif fibres in the cytoplasm that supports cell shape, movement, and organele
positioning. % ) 5
2. i ponents of the cytoskeleton?” ‘

What are the three
Ans. Microfilaments, micn s, and intermediate filaments.
@ icrofilaments?

3.  What protein ma

Ans. Actin.
4. Whatis the inn ¢f micrcfilaments?

They help in cefnzv=ient, shape changes, and cellular division.
5. What are microtvon! - rinda of?
Subunits of alpha-tubiulin and beta-tubulin.

6. Namc two functions of tnicrotubules.
They provide structure to the cell and act as pathways for organelle transport.

What is the role of micrctubuies in cell division?

. They form spindle fibres that help separate chromosomes.
What is the funct n of intermediate filaments?
They maintain ¢ell ..1ape and anchor organelles like the nucleus.
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- Ans.

9.
; 10. How does the structure of the basal body differ fron;%

13. CILIA AND FLAGELLA

/:.f What are cilia and flagella?
Ans. Cilium (plural cilia) and flagellum (plural flagella) are locomotor appendages that protrude from

ertain cells. They are thin, tail-like projections extending from the cell body.

How do cilia differ from flagella in terms of structure and number? '
2 cilia are shorter and usually numerous, while flagella are longer but fewer in number.
AnS: are cilia common in plant cells? '
3. No, cilia are rare in plants.

5. A
An which organisms commonly possess cilia?

:'nS- many protozoans (ciliates) have cilia, and larger eukaryotes such as mammals also have cilia on the surface of
some cells. )

g, Where e ci-li_a found in the human body, and what is their function?

A.n‘- in humans, cilia are found in the lining of the trachea, where they sweep mucus and dirt gut of the breathing
tubes. .

6. What is the core of eukaryotic c’ilia and flagella called, and what is its structure? )

ans. The core is called the axoneme. It contains two central microtubules surrounde ah outer ring of nine
doublet microtubules. :

7. Whatare dynein molecules and where are they located in cilia and flagglia?

Ans. Dynein molecules are located around the circumference of the axoneme angdge the gaps between adjacent
microtubule doublets. - . @

g, Whatis the "9 + 2" structure in cilia and flagella? \ |
it refers to the organization of the axoneme with 9 outer doublet ricrgtubules and 2 central microtubules, all -

surrounded by a plasma membrane.
What is found at the base of a cilium and what is its role?

Ans. The base of a cilium contains a basal body, which is the org@ center of the axoneme.
o

neme? _
In the basal body, each of the nine sets of outer fila composed cf threc microtubules (triplets), instead
of the doublets found in the axoneme. - : _

11. What is the basal body structurally equlvaler@

Ans.

Ans. The basal body is actually a centriole.
3.5 PROKA%& AND EUKARYOTIC CELLS
J

@E How do prokaryotic and eukaryotic cells differ in structure and function? Include major
similarities and differences.” y

Ans. Bacteria and archaea are compose! | o prokaryotic cells, whereas all other forms of life, including animals, plants,
fungi, and protozoans, are compo. @ eukaryotic cells. -

Similarities between Prokaryo d\Eukaryotic Cells

i
i
i

Despite differences, b aryotic and eukaryotic cells share certain similarities. Both have ‘DMA as their
genetic material, plasma anes as their outer coverings, and ribosomes for pretein synthesis. -

. Simplicity of Prokaryotic Céfls

However, prokaryotic cells are much simpler than eukaryotic ones. Most prokaryotic cells range from 2 to 8 ym

~ inlength, making them about one-tenth the size of a typical eukaryotic cell. A prokaryotic cell lacks a nucleus. Instead,

]
:

its less extensive DNA is found in a more or less central region called the nucleoid (nucleus-like).
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Capsule

Cell w.lll\ -
Plasma membrane I

Flagelium

Ribosomes
Fig. 3.29: Structure of a generalized prokaryotic c

Absence of Membrane-Bound Organelles
Furthermore, a prokaryotic cell lacks membrane-bounded organel

mitochondria, chloroplasts, Golgi apparatus, lysosomes, and peroxisome
internal support structures.

Prokaryotic Ribosomes and Their Characteristics \
than those in eukaryotic ce
| ryotic cells, The g,

Ribosomes are present in prokaryotic cells, but they are s
values (sedimentation rates) of the smaller and larger subunitg of otic ribosomes are 305 and 505 fespecy.
g ECtya
.‘L

while the complete ribosome has a value of 70S. \ ' ‘
Cell Wall and External Structures < !
ells is a cell wall, but unlike plant cells, jt does
S

Surrounding the plasma membrane of most p

contain cellulose. Instead, it is composed of pepti r,"a single large polymer of amino acids ang Py,

bacteria, the cell wall mey also be surrounded by 6 le and have extensions for attachment called pjj; 5 :; h
iz

pilus).
Structure of Prokaryoti: Flagella and Cell Diyision

Prokaryotic flagella are made of rep
mitosis and meiosis are absent in prokapyetic

division.

as the endoplasmjc -
cytoplasm is a single unit

iits of the protein flagellin and lack microtubuyle triplets
. They divide through a. process called binary fission Ol'.diuq

ote  Eukaryote

Flagellum
waves

Flagellum
spins

& Microtubules

| )\g\ﬁ. M

Cross-section of fla

Membrane > ;
- Microtubules

'9 + 2 array of
microtubules’

Fig. 3.30: Difference between the structures of prokaryotic and eukdryou'c flagella

Comparison Table: Eukaryotic VS Prokaryotic Cells
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u mber

— e =
'Zi,a/rlfdermics leukaqotic Cell
lﬁ;i"d Nucleus j'fresent

e of

More than one

[Prokaryotic ceit

jbbsent

]
e

E—

[:‘ﬂomos"mes . One ~ but not true chremesomes; plasmids
- —_— p—— -
el Type Usually multicellular Usua‘!ly unicgilular (some cyanobacteria may be
- - multicellular)

rotozoans, Aigae, Fungi, Ani N

' ! » Animals, .

gxamP'e Plants 9 Bacteria and Archaea
W el Present Ab
lﬂgi’sﬂﬁs L sent

Microtubuies

m\;dria

Cytoskeleton

Vacuoles

mes

i

Riboso

Go'gi apparatus

|

Ch|orop|asts

1

Cell Division

]IMitosis or meiosis

: lﬂesent ]lAbsent or rare _ J
rEndoplasmic retlculumjllgresent -}{Absent - _“‘é jl]
resent Absent
mgresent TWay be absent ﬁﬁ___,_————‘
]IEesem I[Absent ‘ g
| arger "Smaller ® j‘J
Present ]IAbsent
[|Present (in plants) ||Absenty chiorophyl scattered in cytoplasm ]

sion; mivosis and meiosis absent

Flagelia

Membrane-bound;
arrangement

9+2 microtubu

e

membrane-bound: made of flagellin; nofl
icrotubules

M

cell Wall

T

simpler

Only in plant cells and fungi; chemi

Composed of peptidoglycah

Cell Size

10-100 pm

i

1-10 pm

Which of the followin

g structures is inv

cell division in prokaryctes?

A) Mitosis .
C) Binary fissiony””
Which of the

C) 70S, composed of

a
D) 908, composed of%n

What is the major structural component of the

prokaryotic cell wall?
A) Cellulose
C) Peptidogiycany’”

B) Meicsis

D) Bud C)
following . ¢ tly

prokaryotic ribosomes?

A) 80S, composed of 40S a%
B) 605, compnsed of 30& :

505v
d 455

B) Lignin
D) Glycoprotein

Which cells contain membrane-bound fiageliz with a

9 + 2 microtubule arrangement?

A) Bacterial cells
C) Eukaryotic sperm cel
D) Ail animal cells

Isv”

B) Plant root cells

irect

describes

Which of the following structures are found in
bacteria but not in eukaryotic cells?

A) Cilia B) Piliv”

C) Mitochondria - D) Golgi apparatus

What feature is commonly aksent in the cytoplasm of

prokaryotic cells?

A) Enzymes B) Support structuresy”

C) Water D) RNA

What distinguishes the basal body from the axoneme

in microtubule structure? '

A) The basal body has a 9.+ 0 doublet structure -

B) The basal boay has triplets of microtubules instead of
doublets v’ S

C) Thie axoneme lacks any organized microtubules

D) The basal body contains DNA '

in which of the following crganisms would you most

likely find scattered chlorophyll rather than

membrane-bound chloroplasts?

A) Algae 8) Fungi

C) Bacteriay” D) Plants
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‘ l * ! , How do P okaryotic fla ”e a diffe om eukaryotic ones?
1. ryoti 1 g Il iffer fr ) ' '

A .l' F omplet Iy different structure built from the proteln flage”,n and
ns. Prokaryotuc flagella lave a C plete ; t

contain microtubule triplets. ;
2.  Which organisms are pmade of prokaryotic cells and which are madt;l of eukfal:{:flrce c:(;ls? |
Ans. Bacteria and archaea are made of prokaryotic cells, whereas all other forms of iié ar¢ composed of eukar‘lotic
cells.
3.  What are the similarities between prokaryotic and eukaryotic cellf? ‘ |
Both have DNA as their genetic material, plasma membranes as c'ovenngs, and ribosomes for protein Synthesi;
What are the major structural differences between prokaryotic and eukaryotic cells?
Prokaryotic cells are simpler, smaller (2-8 pm), lack a nucleus, and do not have membrane-bound Organelies jj. .

Ans.

Ans.
mitochondria or ER.
5.  Where is the DNA located in prokaryotic cells?

Ans. In a central region known as the nucleoid (nucleus-like), without a membrane.
6. Areribosomes present in prokaryotic cells? How do they compare with thos eukaryotic cells?

Ans. Yes, ribosomes are present but are smaller. The Svedberg values for the 56' are 305 and 505, wit, the

complete ribosome being 70S.
7.  What is the composition of the prokaryotic cell wali? Q
Ans. It is made of peptidoglycan, a polymer of amino acids and sugars, arfd,does fiot contain cellulose.
8. What additional structures may surround the prokaryotic cell %
Ans. A capsule and pili (singular: pilus), which help in attachment.  ©
9. How do prokaryotic cells divide, and what cellular process
Ans. They divide by direct division (binary fission). Mitosis - nd

3.6 CELL SIG

bsent in them?
e absent.

main steps involved in cell signaling?

@E What is meant by cell signaling? Wha%
Ans. Cell signaling is the ability of cells to respc:@ li from their environment by producing specific cellﬁla.r

responses. It involves the transmission of signals /een cells through a series of molecular events that often lead to

a cellular response. @
The main steps of cell signaling include:
1. Signal Reception: -~

Cell signaling begins when a si@olecule (ligand) binds to a receptor on the membrane of a target cell,
t

These receptors are typically -embedded in the cell membrane, but some may also be located inside

the cell. Each receptor is specific to a particular ligand.
2. Signal Transduction: @ '

After the ligand bind receptor, the receptor undergoes a’conformational change that activates an

_intracellular signali ay. This usually involves a series of interactions and modifications that create a
signaling casca plifying the signal. Small. molecules like cyclic AMP (cAMP), calcium ions, and inositol
- triphosphate é act as second messengers, transmitting the signal.from the receptor to the target

molecules in e cell.

3. Cellular Response: .
The signal transduction pathway can lead to changes in gene expression, turning specific genes on or off. This

may result in various cellular responses such as cell growth, division; differentiation, or lapoptosis
(programmed cell death). Other responses .include changes in metabolism, enzyme activity, or the opening

and closing of ion channels. '
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signal \ r

—

SIGNAL
@ recerrion

Signal
molecule

(Ligand)
Receptor

O signaL € CELLULAR
TRNSDUCTION RESPONSE

” Ky
’.-’.". —p ?qRuponse

; Relay molecules in L P :
Binding of signal * intracellular pathway l
to its receptor

Cytoplasm

Cell membrane 3‘; J
Extracellular space ‘
Fig. 3.31: Steps of cell signalling
“30. Describe different pathways by which cell signals are transmitted fro de to inside of 2
cell? :
5. cell signaling pathway§ transmit signals from the outside of the cell to its interi Qting in specific cellular
tponses. There are two main types of signaling pathways: { )
;,r'otein/peptide signaling M .
it involves water-soluble signaling molecules that cannot pass through t a membrane. When 2 peptlde
o protein ligand approaches the cell surface, it binds to a specific receptér,on plasma membrane. This blr_\dlng
causes 3 conformational change in the receptor protein, activating it. Th ted receptor then triggers a series of
(eactions inside the cell. These reactions generate second mess lile cyclic AMP (cAMP), which initiate
changes such as alterations in gene expression, metabolism, cell gr ivision, or apoptosis.
' T N—— L
Extracellular - £ > §
space @ nd

nessenger

Peptide )

Re¢€ -'
SIGNAL |

RECEPTION

steroid signaling QQ o ,

It involves Iipophilic%m ng) hormones that can diffuse through the plasma membrane of the target cell.
Once inside the cell, th% id molecules bind to specific intracellular receptors located in the cytoplasm or
nucleus. This forms an a receptor-hormone complex. If the complex forms in the cytoplasm, it moves into the
nucleus. Inside the nucleus, the complex binds to specific DNA sequences in the target genes. This interaction
requlates the transcription of these genes, leading to either an increase or decrease in the production of specific
proteins. ;
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extraceliular Cytoplasm
—— SIGNAL
F— TRANSDUCTION
o 1™ P
o -@—
SIGMAL el AN
RECEPTION compies

Muelets
Gene express o

Fig 3.33: Steroid signalling pathway

Qs

—

What is the primary purpose of cell signaling?
To destroy harmful celis

o transport nutnents
To respond to environmental stimufiy”

Yo store energy

A) A type of enzyme
g, A signal molecule that binds to a receptory”
C, A transport protein

type of cell organelie

Where are most cell signaling receptors located?
A} in the nudeus
§) On the plasma membrane v’
O In the mitochondna

D) in the nbosomes

What happens during signal reception?

A) The cell divides

E) The ligand binds to its specific receptory”

() Proteins are broken down @

D) DNA is replicated
What is the next step after signal

A) DNA replication B) Prote esis
C) Signal transductiony” D) Cdl d
What dunge occurs in

Q:onal change)y”

tor during signal

A) it becomes inactive
B) it changes shapa (

Cltis dxoested

D) it moves

Which of the isasecondmessengerincell
signaling?

A) DNA B) RNA

C) cAMPY D) ATP

What is the role of second messengers?

4) Destroy the ligand

B) Amplify and transmit the signal inside the celly”

C) Block the receptor

D) Repair the cell membrane

What may result from the final step of cell signaling?
A) Cell mermnbrane rupture

B) Change in gene expressiony”

C) Chromosome duplication

10.

11.

ey are too small
) They are charged and water-solubley”
C) They are already inside the nucleus

-D) The cell shrinks
14.

Q) Proteins
15.

. C) By diffusion across the membranev”

16.

17.

18.

D) Ribosome formation

Which of the followi OT a possible “
signaling? oSt of oy |
4
A) Apoptosis B) Cell division {
C) Muscle con r D) Protein d"'murauen/ |
What type éjqnﬂmg molecules are Prm...l
pepti
A) LupNJ?e B) Water-soluble /
C)N D) Stercid-based

n t proum/peptide signals pass thy
membrane? ough e

D) They are lipid-soluble |
What happens when a protein signal binds ¢, & |
receptor?

A) The ligand enters the cell

B) The receptor is destroyed

C) The receptor activates internal sngnalmg\/

What are steroid hormones made of?

A) Water B) Lipidsvy”

D) Carbohydrates
How do steroid hormones enter the target cell?
A) Through protein channels

B) By endocytosis

D) With the help of ATP

Where do steroid hormones bind inside the cell?

A) Cell membrane B) Mitochondria

C) Intracellular receptors in the cytoplasm or nucleus: /
D) Ribosomes

What forms when a steroid hormone binds te lll

receptor?

A) An enzyme B) A hormone transpor
C) A receptor-hormone complex\/

D) A DNA molecule

What is the function of the receptor-hc !

complex in the nucleus?
A) Breaking down proteins
B) Activating enzymes
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19.

£

ARS-
Ans.
Ans.
Ans.
Ans.
Ans.

Ans.

Ans.

10.

Ans.

1.

Ans.

12.

Ans.

13.

Ans.

¢) Binding to DNA to regulate transcription v

i lucose
p) Transportind g
Wwhich type of signaling uses second messengers like - :’;‘:'r ce;lular processes can be affected by cell
AMP? aling
;\) cteroid signalling B) Direct DNA signali A) Only movernent
oratein/peptide signaling v signaling B) Grawth, division, differentiation, or apo tosisv”
¢) Protein/pe} signaling o b t‘. | ! , or apop
; iges i
1. What is cell signaling? 9RO, : D) Osmosis only

D) Passive transport

Ans. Cell signaling is the C i

- el responseg - invLol[\J/:iLi;Sn;yt WhICh. cells respond to stimuli from their environment, leading t0
. 1% S ransmission between cells through a series of molecular events.

what is the first step in cell signaiing? gnaseresoIm

The first step is signal reception, where a signal molecule (li i ifi brane

st - acule (ligand) binds to a specific receptor on the mem

What are receptors in cell signaling, and where are they found?

Receptors are usual.|y proteins that are either embedded in the cell membrane or located inside the cell. Each

receptor binds specifically to a particular ligand.

What happens during signal transduction? "

After the llgapd binds to t_he rgceptor, the receptor changes shape and activatés an intracellular signaling

pathway. This involves a chain of interactions called a signaling cascade that affi the signal.

What are second messengers; and what is their role in signal transduction?
Second messengers such as cyclic AMP (cAMP), calcium ions, and l&grsmit signals from the receptor t0
target molecules inside the cell, helping carry the message deeperdnt

What is the final step of cell signaling, and what occurs durin \ -
The final step is the cellular response, which may involve ¢ha g) gene expression, resulting in cell growth,

division, differentiation, apoptosis, changes in metabolis activity, or ion channel behavior.
pathways of Cell Signals from Outside to Inside

What is the purpose of signaling pathways in cells? Q _
These pathways transmit signals from the cell's exteri s interior, leading to specific cellular responses.

What are protein or peptide signaling molecu
They are water-soluble signaling molecules th ndt pass through the plasma membrane.

How do protein/peptide signaling molemn ansmit signals into the cell? _
They bind to specific receptors on the nembrane, causing a shape change in the receptor that activates
it This starts a series of internal reactio oducing second messengers like CAMP.

What are the possible results of protei /peptide signaling? . o _
It can lead to changes in gene e n, metabolism, cell growth, cell division, or apoptosis.

What are steroid hormone: ow do they enter cells?
Steroid hormones are lipgphiliesfat-soluble) and can diffuse through the plasma membrane of target cells.

What happens after hormone enters the cell?
rin the cytoplasm or nucleus, forming a receptor-hormone complex.

It binds to a specifi

How does the r &-hormone complex affect the cell? 7

It enters the nuc@(if not already there) and binds to specific DNA sequences in target genes, regulating their
transcription and changing the production of certain proteins. .

ell.

3.7 MEMBRANE TRANSPORT MECHANISMS

g@ What are membrane transport mechanis;ms, and why are they important for cellular fqnctions?

Ans. Membrane transport mechanisms are processes that regulate | \wpije exchanging matter  with  cells’
the movement of substances in and out of cells. These movements aré | enyironment, plasma membranes maitain
crucial for various cellular functions such as nutrient uptake, waste | equilibrium inside the cell as well as outside. ’

elimination, gas exchange, and signal transduction.
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Ine plasma membrane plays a key role in this regulation. It acts as a selective barrier, allowin

substances to enter or leave the cell, thereby maintaining the internal environment of the cell—alsq kn;;:cmt
homeostasis. | s
Through membrane transport, the cell can acquire essential nutrients, remove harmful waste Prodyc

communicate with its surroundings. This ensures that the cell can function efficiently and respond to e""ifonm'e:?d
3l

changes. _
Membrane transport is divided into two major types. b

1. Passive Transport — which does not require energy.

2. Active Transport - which requires energy (usually in the form of ATP).

32. What is passive transport? Describe its types with examples.

Ans. Passive transport is the movement of molecules across the plasma membran_e withogt any energy input fro
the cell. It relies on the natural motion of particles and occurs along the concentration gradient, meaning SUbStan(“

move from areas of higher concentration to areas of lower concentration.

There are two main types of passive transport:
Diffusion | o Q |

Diffusion is the net movement of a substance (usually a liquid or gas) fr@ gion of higher concentratioy, .
one of lower concentration. Since this movement does not require e and occurs naturally alg

concentration gradient, it is categorized as passive transport. For examplégxygen and carbon dioxide gases Mo

across cell membranes through diffusion.

Facilitated Diffusion

In facilitated diffusion, specific mole
transported in or out of the cell with the h
proteins present in the plasma me

transport proteins assist the molecules 2 ing down

Transport
el : protein

'{t}ew:ggaﬁon “gradient (fro h to low
“==oncentration), and no energy is us process. i
The rate of facilitated diffusi epends on the
s e T
@ A - Fig. 3.35: Facilitated diffusion
Channel Proteins: '
These protein e hydrophilic channels through the membrane, allowing certain molecules or ions to pass.

They may be gated (opén or close in response to stimuli like voltage, ligand binding, or mechanical stress) or non-
gated (always open). Examples include:

* lon channels for Na* (sodium), K* (potassium), Ca?* (calcium), and CI- (chloride).

* Aquaporins that enable rapid movement of water molecules.

Carrier Proteins (Transporters): X
These proteins bind to specific molecules and change their shape (conformational change) to :ry the
molecules across the membrane. They are highly selective for the substances they transport. Carrier pr.. .ns can
become saturated, which means their rate of transport reaches a maximum when all binding sites are  upied
Examples include: '
*  Glucose transporters for transporting glucose.
* Amino acid transporters for moving specific amino acids.
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us, passive transport plays a vital role in moving essential substances like gases, water, glucose, and ions in and out
of the cell without using cellular energy. ' :

33. Desgribe the different types of transport across the plasma membrane in detail.

ns. bt
: simple and Facilitated Diffusion

Cells often need to move substances in an mbrane. TWO Irigsiecs o
and out through the plasma me ow substances

but they

yansport mechanisms involved in this process are simple diffusion and facilitated diffusion. Both all
1o move from a region of higher concentration to a region of lower concentration without using energy;
differ in their mechanisms and the types of molecules ...ey transport. '
Here is a detailed comparison: ~

Simple Diffusion [Facilitated Diffusion

Substances move from higher concentration|[Substances move from higheg ncentration to lower
|[to lower concentration directly through thejiconcentration through @ ic transport proteins
lipid bilayer of the plasma membrane. embedded in the plasnia membrane.

=]
It is a passive transport mechanism, requiring]it is also a passive\fansport mechanism and does not

Typically involves small, nonpolar molecules||Primarily inv ar or charged molecules, such as
such as oxygen, carbon dioxide, and lipid- ids, and ions, which cannot easily|

soluble substances. - hvdrophobic core of the lipid bilayer.

be affected by the number and
ity of transport proteins: and can reach a

The rate depends on the concentration

Rate (] i e i

. a > ' H c

— g;t:frr:,ert:g:::;ature, and theA permeability, ijum rate when. all transport proteins an
', aturated. : :

2. Osmosis ; '

Osmosis is the passive transport of water mo iculés across a | The term tonicity refers to the relative
selectively permeable membrane. In this process, V% uses from | concentration of solutes in the solutions.
an area of higher water concentratio ower solute | Hypertonic solutions are those in which
concentration) to an area of lower water co tion (or higher | more solute is present.
solute concentration). This movement does uire energy. Hypotonic solutions are those with less
«. Direction of Water Movemefit: Water moves from a solute. .
hypotonic solution (low _. ute! concentration) to a Isfotonic solutions have equal concentrations
hypertonic solution (high soluteleoncentration). & Jlpes. -
"o Selectively Permeable IQ fne: Osmosis occurs through membranes that allow only certain substances,
such as water, to pass while restricting others. ‘ '
t

¢ Importance of O
water content in A . :

¢ Aquaporins: T re special membrane proteins that facilitate rapid water transport across the
membrane. They regulate the hydration and volume of cells efficiently.

e Factors Influencing Osmosis: The osmotic gradient (difference in solute concentration) and the
membrane’s permeability to water determine the rate and direction of osmosis.

essential for maintaining cell turgor in plant cells and balancing internal
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Fig. 3.36: Qsmosis at molecular level
usmotic Apphied
pressure pressure

Osmotic
pressure

Concentrated Concentrated

solution N solution
Contaminants iy Contamimant 2 50

Semipermeable g%'is;i;er Semiperi 8

Membrane Menfibran

Wate«rﬂow \ Water flow

- Osmosis O Reverse Osmosis

1 Reverse osmosis ‘ &
It is a widely used technology for punfymg by’ removing contaminants and impurities. Unlike natural

osmosis, which moves water from a lower o avhigher solute concentration, reverse 0smosis applles external
pressure to push water through a se dtmeable membrane from a higher to a lower solute concentration.

This process effectively filters out disso 31 and other impurities, providing clean and safe drinking water.
tr

Reverse osmosis is commonly used in eatment plants, desalination facilities, and even in household

water purification systems.

3. Active Transport
Active transport refers
concentration to higher co

o Carrier Protems

. Sodium-Potas
o Ina % “nerve cell, the pump actively transports so

pota ions (K*) into the cell.
o This helps maintain higher concentrations of K*

cell.
o This process uses ATP (adenosine tnphosphate) as an energy source.

vement of substances against the concentratmn gradient, i.e, from lower
tion, and it requires energy (usually in the form of ATP).
d proteins in the plasma membrane use energdy to transport- molecules

p This is a well-known example found in nerve cells.
dium ions (Na*) out of the cell and

inside and lower concentrations of Na* inside the
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Fig. 3.37: Active traasport through carrier proteins

4, Endocytosis ' : ‘ O

endocytosis is a type of active transport used to move large or bulky materials i@\e cell.

o The ends of this pouch then seal to form a vesicle. o

o Mechanism: » \; -
.o The plasma membrane invaginates (bends inward) and forms a W round the material.
o The vesicle detaches from the plasma membrane and move'QN e cytoplasm.

+ Types of Endocytosis:

o Phagocytosis: The cell takes in solid material (ofte N o as "cell eating").
o Pinocytosis: The cell takes in liquids in the form of ts (also called "cell drinking").

Endocytosis allows the cell to ingest nutrients, remove debr@ interact with its external environment
effectively. : ' ~

|

| Receptor-mediated endocytosis ' LDL particle °
Specific receptor proteins of plasma membrane e

pick up material from outside and pinch inside to . : ‘
form a vesicle. For example, the cells of liver ha Protein
receptor proteins for cholesterol. Cholesterol

circulates in our blood in the form of low-densi

‘ Iipoproteins (LDLs). The receptor proteins

Phospholipid 2
outer layer Plasma
Chloesterol . mf*‘f‘.,bra"e '

: a Receptor
plasma membrane of liver cells, recognize-anddke protein
up LDLs from the blood by receptor-me@i ' : Vesicle
endocytosis CYTOPLASM :

Yocytosis - Q Y ‘

EXO S N s 1+ m '
i paztezs[s is the process th% ich bulky materials are exported out of the cell. In this process, the material
M) inside a membr& nd vesicle. This vesicle then' moves toward the plasma membrane, fuses with it,

Eleases its contents i ext »

Serete ygaf e extracellular environment. Exocytosis helps the cell get rid of waste materials or
" &ful substances su hormones and enzymes.
Nelusion . . :

Al L gt e .
e om::;?e t"a.'_TSme mechanisms—simple diffusion, facilitated diffusion, osmosis, active transport, and
Propey inter:flay a \ital roie in regulating what enters and exits the cell. These processes ensure that cells maintain
: al conditions, which is essential for their survival and functioning. i
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packed in vesicle

Fig. 3.38: (A) Endocytosis,

s

Qutside of cell

Ny

What is the primary function of membrane transport
mechanisms in cells?

A) Protein synthesis : i

B) Movement and locomotion - @

C) Regulation of substance movement in and out :
 cellsv” ;

D) Energy production

Which structure is responsible for r ing the

entry and exit of substances in the ¢ ’

A) Nucleus B) Cyto %

C) Ribosome D) Plas mbrane v~

How many main types o‘ vnbrane transport

mechanisms are there? '

A) One oy

C) Three ) Four

Which type of tra uires cellular energy?

A) Passive transp% B) Osmosis

C) Facilitated diffusi D) Active transport v

What is passive transport?

A) Movement with energy -
B) Movement of proteins only

C) Movement without energy v

D) Movement with enzymes

In diffusion, molecules move from:
A) Low to high concentration

B) High to low concentration v

C) Neutral to acidic environment

D) Membrane to nucleus
Diffusion is a type of:
A) Active transport

B) Facilitated transport
C) Passive transport v/{ 4

D) Osmotic process

10.

11.

12,

13.

14.

15.

Facilitated diffusion involves:
A) Direct energy usage

- B) Movement through cytoplasm

C) Use of transport proteins

..D) Endocytosis

Facilitated diffusion - differs from simple diffusi
because it:

A) Requires more ATP

B) Involves transport proteins v

Q) Is slower

D) Moves against concentration -

The rate of facilitated diffusion depends on:
A) Temperature B) pH level

C) Number of transport proteins v

D) Cell age

" Channel proteins form: /
A) ATP B) Hydiophilic channé®
C) Protein fibers D) DNA strands

What do gated channel proteins respond to?
A) DNA changes B) Hormone lavel 0
C) Specific stimuli y* ~ D) Light exposuré
Aquaporins are specific for transporting:

A) Proteins B) lons

C) Water molecules v~ D) Glucose via 4

Which is an example of ions transporte
channels?

A) Glucose B) Sodium (N2 /
C) Oxygen D) Lipids

Carrier proteins transport substances by

A) Filtering through the nucleus
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16

17.

2.

2.

2.

i &

L

% Which type of transport moves Subs

2,

B) changing their.shape v

0 Destroying toxins

D) greaking them down

roteins are highly:

A Non-selective B) Specific v~
¢) Slow D) Random
saturation of carrier proteins means:

A) Al proteins are inactive

p) Protein has melted

() Maximum transport rate is reached v

D) pH is too high

Glucose is transported into cells by:

A) Osmosis B) Aquaporins
() Glucose transporters v D) lon pumps
Amino acid transport is carried out by:

A) Lipid channels B) Aquaporins
¢) Amino acid transporters v ;
D) Lysosomes :
Which of the following is NOT involved in passive

transport?
A) Diffusion B) Facilitated diffusion

() Channel proteins D) ATP usage v/

Which of the following is a passive transport
mechanism?

A) Endocytosis ~ B)Active transport

©) Simple diffusiony” D) Sodium-potassium pump
Facilitated diffusion uses which of the following
components?

Carrier p

A) Lipid bilayer only B) Vesicles

C) Carrier proteinsy” D) Ribogomes

Which molecule typically uses simple

cross the plasma membrane?

A) Glucose B) Amino acids

0 Sodium ions D) Oxygeny”

In osmosis, water moves from:

A) Hypertonic to hypotonic solution

B) Higher solute to lower solute concent

C) Hypotonic to hypertonic solution

D) Inside to outside of the cell alwa -

s against the

concentration gradient?

A) Simple diffusion \ﬁtated diffusion

alssmOSiS %Bctive transporty”
ich of these processes does not require ATP?

. N Sodium-potassium pump

,

B) Endocytosis
3 Osmosis
hat ty
= 'ype of molecules
gci!-tfeted diffusion?
Slpud—soluble molecules
I>r(;}all Nonpolar gases
ar or charged molecules v’
tA fragments : :
A) Nur::,f'm the rate of simple diffusion?
€r of transport proteins

D) Phagocytosis
are usually transported by

29.

30.

31.

32.

'33.

34.

35.

37.

38.

39,

40.

41.

42.

«+) DNA concentration
C) Concentration gradient and temperature\/

D) Ribosomal activity
Which protein helps in ra)jid transport of water
across membranes?

A) Enzyme B) Ribosome

Q) Aquaporin\/ D) Myosin

Which of the following best :efines phagocytosis?

A) Transport of ions

B) Engulfing of solid particlesy”
C) Movement of gases D) Diffusion of liquids

What forms during endocytosis to carry materials
inside the cell? '

A) Nucleus

C) Ribosome
Which process is described
A) Phagocytosis

C) Exocytosis
Sodium-potassiuNrw
A) Facilitated dif%

C) Simple dif?l..x

Which

soluti s a lower solute concentration?
A) Hype ‘ B) Hypo_tonir.\/
Ol ic © D) Acidic
c

w factor ‘can limit the rate of facilitated
on? .
brane cholesterol o

ell drinking”?
focytosisy”
D) Active transport
is a type of:

B) Osmosis _
D) Active transport\/

osmosis? ;
A) Completely permeable  B) Selectively permeable v
C) Impermeable D) Rigid

Which process requires invagination of the plasma
membrane? - )

A) Simple diffusion B) Endocytosis v

C) Osmosis D) Facilitated diffusion
Which of these is a form of bulk transport?

A) Osmosis B) Endpcytosis\/

C) Facilitated diffusion D) Aquaporin activity

Which ions. are involved in the sodium-potassium

‘ . %umber of available transport proteins/
: - ) ATP cqncent_ration D) pH value . ¢
g 6." What best describes the plasma membrane during
diffusion -

pump?
A) H* and CI° B) Na® and K'v”
C) Ca* and Mg*' D) O* and Fe’

Which of the following pre cesses help plant cells
maintain turgor pressure?

A) Active transport I inccytosis

[. simple diffusion

C) Osmosis i
What is the main purpose of execytosis?

A) To import nutrients into the céil

B) To divide the cell iy

C) To export bulky materials out of th= el v’

D) To transport DNA C g

" During exocytosis, where is the

initially stored?
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43,

T ————

S
44, Whatlis released during exocytosis?

A) Chromosomes B) ATP molecules
C) Bulky cellular contentsy”

D) Nucleic acids

A) In the nucieus 1) in the mitochondria

O lIna vesicley’ D) In the cytoskeleton

What happens when the vesicle reaches the plasma
membrane in exocytosis?

|
A) It dissolves inside the cytoplasm 45. Where are the contents re “1’"’ during exocytqgy)
B) It replicates A) Into the nucleus B) Into the mitochongria
Q) It fuses with the membrane ard releases contents v C) Into the extrace“U'af enw‘roflﬁment\/
] —— D) Into the endoplasmic reticulum

- \

1. Why is the mavement of substances in and out of cells lmportant?. o
. Ans. The movement of substances is crucial for nutrient uptake, waste elimination, gas exchange, ang

2.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

signal transduction. which are essential for proper cellular function.

\h;hich structure controis the movement of substances in and out of the cell?

The plasma mzmbrane regulates the movement of substances in and out of the

What is the main purpese of membrane transport mechanisms?

Membrane transport mechanisms help the cell maintain homeostasis, acq@@rients, remove waste produc
and communicate with its environment.

What are the twe main types of membrane transport mechanisn\.
The two types ate passive transport (does not require energy) arlc@ ansport (requires energy).

PASSIVE TRANS
What is passive transport? :
Passive transport ic the mevement of molecules across $ma membrane without using cellular energy.

What are the types of passive transport?
The main types are diffusion and facilitated diffusio O ‘

What is diffusion? :

Diffusion is the nat movement of a substance (USudlly aliquid or gas) from an area of higher concentration to
area of lower concentration, along its concentgation gradient.

Does diffusion require energy from the hy or why not?

No, diffusion does nct require energy it occurs naturally along the concentration gradient.

What is facilitated ciffusion? ' ‘
Facilitated diffusicn is the move substances across the membrane with the help of transport protei

. from higher to lower concentration, yithout energy usage.

10.

Ans.

11.

Ans,

12.

Ans.

13.

‘Ans.

14.

Ans.

15.

Ans.

16.

Ans.

Why is facilitated diffusio onsidered passive transport?

Because it does not use ¢ nergy, even though it requires transport proteins.

What does the rate off; ated diffusion depend on? ,

It depends on the n@of ransport protein molecules available in the membrane.
What are the t %ﬁu types of transport proteins involved in facilitated diffusion?
The two main t\,‘@re channel proteins and carrier proteins (transporters).

CHANNEL PROTEINS
What do chanriel proteing da?

Channel picteins form hydvophilic channels across the membrane, allowing specific molecules or jons 10 P
through. . '

What is the difference between gated and non-gated channel proteins?

0

. . o in of
Gatgd channels open or close in response to specific stimuli, while non-gated channels remain |
continuously.

What are some exainples of substances that pasi through channel proteins?

. - | o'
Examples include ions like Na' (sodium), K' (potassium), Ca®* (calcium), CI" (chloride) and water (thro
aquaporins).

What are aqu- »orins?

Aquaporins are special chiannel proteins that facilitate the rapid transport of water molecules.
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CARRIER PROTEINS (TRANSPORTERS)

How do carrier prot.eins transport substances?
" They bind to a specific molecule, change their sha
AnS: the membrane.

Are carrier proteins spec':ific to the molecules they transport?
" yes, carrier proteins are highly specific to the molecules they transport.
Ans what does it mean that carrier proteins can become saturated?

! it means there is @ maximum rate of trans
An: pe transported at that moment.

what are examples of substances transported by carrier proteins?

:c:s Examples incluce glucose (via glucose transporters) and amino acids (via amino acid transporters).

{” 1. What is simple diffusion? iah
‘f)"\lr Ans. Simple diffusion is a passive transport process in which substances movegfegm“an area of higher

ncentration to an area of lower concentration directly through the lipid bilayer of the plasra mbrane.
. Whatis facilitated diffusion?

ans. Facilitated diffusion is also a passive transport process where substances mov@n higher concentration to
lower concentration with the help of specific transport proteins embedded % ma membrane.
®

pe (conformational change), and 1 ove the molecule across

port when all carrier proteins are occupied and no more molecules can

3. Does simple diffusion require energy? -

Ans. No, simple diffusion does not require any energy input from the cell as it i@ssive_ transport mechanism.
4 Does facilitated diffusion use energy? ' \

Ans. No, facilitated diffusion is also a passive process and does not re i@gy.
5. What types of molecules move through simple diffusion? (.

Ans. Simple diffusion typically involves small, nonpolar molecules's oxygen, carbon dioxide, and lipid-soluble
substances. o

6. What types of molecules move through facilitated di ?

Ans. Facilitated diffusion primarily involves polar or char molecules like glucose, amino acids, and ions that
cannot easily pass through the hydrophobic part of embrane. ‘
What factors affect the rate of simple diffusio

Ans. The rate of simple diffusion depends on the

I.Q*ation gradient, temperaturs, and the permeability of the
membrane, _ '

What affects the rate of facilitated diffu :

The rate of-'facilita_ted diffusion is influg y the number and availability of transport proteins, and it can
. "¢ach a maximum rate when all trans omteins are saturated.
* What is osmosjs? ;Q :

Ans, Osmosis s the process by whi

Ang,

_ r molecules diffuse across a cell membrane from a region of higher
Concentration to a

.- region of | centration. It is a type of passive transport and does not require energy.
- : wfm does the direct mmosis depend?
* e direction of 0Smosis

- s on the concentration of solutes on both sides of
1 o @ hypotonic solytj

. solute concentration) to a hypertonic solution (high
b, 3t type of membrane does osmosis occur through?

Mmosi : ' s
5°|utess Occurs through a selectively permeable membrane that allows water to pa s while restricting many

the membrane. Water moves
so'ute concentration).

R

hy i "
i, Osﬂfolssi 9smosis important for cells? _
y el * I8 crucial for maintaining cell turgor in plant cells and for regulating the ir. 2rnal water balance in all
* Whay ¢
a
B The osmm?rs influence the direction and rate of osmosis?
OSmog; Otic gradien

s t and the permeability of the membrane to water influence (e direction and rate of
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14. What are aquaporins and what is their function?

Ans. Aquaporins are specialized proteins that facilitate the rapid transport of water molecules across gy,
membrane, helping in the regulation of cellular hydration and volume.

Ul

15. What is active transport?
Ans. Active transport is the movement of substances across the plasma membrane from a region Of oy,
concentration to a regict of higher concentration using energy (ATP). ;

16. How does active transport cccur through carrier proteins? .

Ans. Carrier (transpoit) proteins in the plasma membrane use energy to move molecules against the Concentryy,
gradient. An example is the sodium-potassium pump in nerve cells.

17. What does the sadium-potassiura pump do in nerve celis? o ' )

Ans. In resting nerve cells, the sodium-potassium pump uses ATP to maintain higher concentrations of K* ang lowg

concentrations of Na' inside the call by actively moving Na* out and K" into the ¢
18. What is endocytosis?

i
Ans. Endocytosis is the srocess in which bulky materials are moved into the

c the invagination of the Plasm, ‘
membrane, forming a vesicle that carries the material into the cytoplasm.
19. What happens during endocytosis? ‘ ’

Ans. During endocytosis, a portion of the membrane folds inward, trawa’ ial from outside, and forms a sesje;
vesicle that detaches and moves into the cytoplasm.

20. What are the types of erdocytosis and how do-they différ?\(b
Ans. The two types of endocytosis are: ' C)

Phagocytosis, where the celi takes in solid materials. \t ' ,
Pinocytosis, where the cell takes in liquid in the form s. :

1.  What is exocytosis? '
‘material is exported out of the cell.

Ans. Exocytosis is the process through whi

|
2.  What type of materials are transported thr ocytosis? - ;
Ans. Bulky materials such as proteins, waste pro , and secretory substances are transported through exocytoss. |
3.  How is the bulky material prepared f ytosis? |

Ans. The bulky material is packed inside

4.  What happens tc the vesicle during
Ans. The vesicle moves toward the pl

% embrane and fuses with it.
5. What happens after the vesi es with the plasma membrane?
Ans. After fusion, the vesicle re

ifs contents into the extracellular environment.
6. Why is exocytosis impui or the cell?
Ans. Exocytosis is importa;

removing waste, releasing hormonies and enzymes, and maintaining cell surface

& : 3.8 STEM CELLS BN
‘g 34, Whatae s

stein cells? Describe their types, uses, and categories based on origin.
Ans. Definition and Characteristics of Stem Cells ' J
Stem cells are special celis in the body with the remarkable ability to develop into many different WP;;‘
specialized cells. They are undifferentiated cells, which means they have not yet developed into specific cell o
When a stem cell divides, each new cell can either remain a stem cell or become a specialized cell like a muscle
red blood cell, or brain ceil. \

Types of Stem Cells Based an Differentiation Potential

Stem cells are classiiied into different categories based on how many types of cells they can become:
1. Totipotent Stem: Cells of¥
T_hese stem ceils can differentiate into all possible cell types, including both embryonic and extra-emb”
tissues (like pl=centa). For example, a zygote and the cells from its first few divisions are totipotent.
2. Pluripotent’S 'm Ceils
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These celi> <an develop into almost any type of cell in the body, excluding extra-embryonic tissues. An
example of pluripotent stem cells is the cells from an early embryo.
Multipotent Stem Cells

These stem cells can become a limited range of related cells. For instznce, hematopsietic stem cells (found
in bone marrow) can differentiate into red blood cells, white blood cells, or platalets
oligopotent Stem Cells

These stem cells can produce a few different types of cells, usually within z specific tissue type. Eramples
include adult lymphoid or myeloid stem cells.

5. Unipotent Stem Cells ' ) B

" These cells can form only one type of cell, which is their own type. However, they still quaiify as stem celis
because they can self-renew. An example is aduit muscle stem cells.

Uses of Stem Cells .
siem cells are highly valuable in medicine and research for various purposes:

1. Regenerative Medicine . g ‘
Stem cells can be used to repair or replace damaged tissues and organs. Tr being st-udled for
treating conditions such as spinal cord injuries, type 1 diabetes, Parkinson’s di ¢and heart disease.

2. Drug Testing and Development o
Scientists can differentiate stem cells into specific types of cells and use tn\t@ create models of human
diseases. This helps in testing how drugs affect human tissues and red::ce‘U se of animals in testing.

3. Personalized Medicine : :
By using stem cells derived from a patient’s own body, doctors can@p personalized treatments. This
minimizes the risk of immune rejection and makes the therap sﬁ more effective.

35. How are stem cells categorized based on their originMAlso siaborate their advantages and
disadvantages. o .
hos. Categories of Stem Cells Based on Origin :

Stem cells are also categorized based on where ‘they come from;

1. Embryonic Stem Cells (ESCs) ,
ESCs are obtained from the inner cell mass o ocysts (an early-stage embryo). These cells are

tT:ﬁpom and can differentiate into nearly ali @ f body cells. They are highly versatile for research and
rapy. : )
h;“:d Concerns: Their use involves the dest n of human embryos, which raises ethical issues. They also
) ¢ a risk of forming tumors (teratom% immune rejection.
Adult Stem Cells (ASCs) '

. stem cells are found in vari tissues, such as bone marrow, fat, and blood. They are
Adva [neanlnr? thley can be limited range of cells related to their tissue cf origin.
Yantages: Less ethical contr nd lower risk of i jecti i
ot o Q OF Immune rejection, especially when taken from the
antages: They ar isolate, difficult to grow, and have limited potential compared to

3 SMbryonic stem cels,

Aregu aCflls ha!:e creatéd ip the Iéb by reprogramming adult somatic cells using specific transcription
o"hgu o:lt m :behave like pluripotent stem cells. They are similar in function to ESCs.
No destruction of embryos, so no ethical controversy
N be made from 3 Patient’s own cells - low immune rejection risk

° Ca ,
lsady : 'F:;elgpgrzrate tissues (e.g. heart or nerve cells) for treatment of serious diseases

::pmgramming can cause genetic changes
» '?3d to formation of tumors (teratomas)

n':u ?ﬁcult to control and guide their differentiation
’ Ng proper functionality of the new cells remains a challenge

Q 0 0o o
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Bone-marrow
derived stem cells

N
=

stem cells

4.

What is the main characteristic of stem cells?
A. They cannct divide

B. They always become muscle cells

C. They can develop irto many different cell typesy”
D. They only produce red blood cells

Which type of stera cell can differentiatedintoyall
possibie cell types?
A. Unipotent

B. Multipote @
C. Totipotenty” D. Plunpote
The zygote is an example of a:

A. Muitipotent cell B. Tot ell\/

C. Unipotent cell D. Oligopétent cell

Which stem cells can beco ealmost any type of cell,

but not extra-embryoni

A. Totipotent Iunpotent/
C. Multipotent 3, Oligopotent
Hematopoietic are an example of:

A. Unipotent st B. Pluripotent stem cells

C. Multipotent %ells\/ D. Totipotent stem cells
Which stem cells can produce only one specific type
of cell?

A. Oligopotent B. Unipotenty”

C. Pluripotent D. Multipotent

Which stem cells are derived from early embryos?

A. Adult stem cells B. Pluripotent stem cells
C. Embryonic stem cellsy”

+ D. Induced pluripotent stem cells

What is a major ethical concern of using embryonic
stem cells?

‘A. Expensive process

B. Requires destruction of embryosv”
C. Cannot differentiate D. No medical use

Induced pIunpoten

10.

1.

12.

13.
14.
15.

16.

17.

~ C. Cannot divide

Fibroblasts (ki

Blastocyst

bryonic

. stem cell stem cella
Fig. 3.39: Stem cells - SOI"'-.-‘S.G"

dult stem cells are found in: ¢
A. Only the brain B. Only in embryos
C. Bone marrow, fat, and blpod\/

D. Umbilical cord only

Which stem celis are muitipotent and found in

_adults?
A. ESCs
C.iPSCs

B. ASCsy”
D. Totipotent

. Which stem cells are created by reprogramming adult

cells in the lab? -

A. Pluripotent B. Embryonic

- C.Induced pluripotenty”  D. Oligopotent

A benefit of using iPSCs is that they:
A. Are multipotent B. Avoid ethical concemSv/

D. Are found in embryos

Which stem cells can cause teratomas if net p
controlled?

A. ASCs

B. ESCs and iPSCsv”
C. Unipotent

D. Totipotent only
Which is a use of stem cells in medicine?

A. Cooking B. Fuel generation
C. Regenerative therapyv” D, Photography

Which of the following is NOT a category
differentiation potential?
A. Totipotent

B. Dormantv”
C. Pluripotent

_ D. Oligopotent

What Is a disadvantage of adult stem cells?

A. Easily available B. Pluripotent nature

C. Hard to isolate and culture v

D. Derived from embryos st
Stem cells are useful for drug development be®*
they:

A. Destroy tissues B. Form zygotes
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. Stem cells can be derived from a patientb

¢. Can model diseasesv”  D. Can't divide A. Enzymes B. Hormones

18. Wwhat makes personalized medicine using stem cells C. Specific reprogramming factorsv”
Possibh? o D. Vitamins
. A Their ability to change color ’ . ] s?
g Their shape . 20. What is the functlonﬁuf pluripetent stem cel
C. Deriving them from a patient's own cellsy” o B c.m.e Sy o ol B30y
o hits B. Cannot divide
; D. Availability of ro-bots C. Become almest any cell in the body\/
19. Which transcription factors are used in creating D. Die quickly
iPSCs? .
=A ] 1. Whatare stem cells? )
Ans. Stem cells are unique cells with the remarkable ability to deveiop into many different types of cells
in the body. When a stem cell divides, it can either remain a stem cell or Lecome a specialized cell such as a
muscle cell, red blood cell, or brain cell. , ‘
Categories of Stem Cells Based on Differentiation Potential
2. What are the major categories of stem cells based on their ability to form diﬂ@ pes of cells?
Ans. The categories are:
- Totipotent: Can become all cell types (e.g., zygote and early divisions of zy ote)o '
pluripotent: Can turn into almost any cell (e.g, cells from the early embryo): 2 :
Multipotent: Can become a closely related family of cells (e.g., hematopoi m cells).
Oligopotent: Can differentiate into a few different types (e.g., lymphoidhor fyeloid stem cells).
Unipotent: Can produce only one type of cell but can self-renew (e.@ muscle stam cells).
Uses of Stem Cells ' \ ;
3. How are stem cells used in regenerative medicine? .
Ans. Stem cells are used to repair or replace damaged tissues gans. They are being tetted or used to treat
spinal cord injuries, type 1 diabetes, Parkinson’s disease, art disease. ~ :
4.  How are stem cells used in drug testing and devel t? :
Ans. Researchers use differentiated stem cells to create diséase odels for more accurate drug testing and to reduce
the use of animal models. T ‘ .‘ hc ' -
5. i

What is the role of stem cells in pe;sonalizw cine? :

ells, which reduces the risk of immune rejection and makes
therapies safer and more effective. ' | '
Categories of Stem Cells Based on Ori

6. What are embryonic stem cells (ESCs) st ‘ .

Ans. ESGs are derived from the inne ss of blastocysts. They are pluripotent, meaning they can differentiate
?nto nearly all cell types. Howe ir use raises ethical concerns and carries the risk of tumor formation and
immune rejection. : ‘ '

7. What are adult stem ce )?

‘Ans

. ASCs are found in v& sues like bone marrow, fat, and blood. They are muitipote‘nt and can become
e

certain related cell hey involve fewer ethical issues and lower immune rejection risk but have limited

potential and are h 'to isolate,

8. What are induced pluripotent stem cells (iPSCs)? .
Ans. iPSCs are created by reprogramming adult somatic cells in a lab to become pluripotent using transcription
factors. They behave similarly to embryonic stem cells. :
‘ Advantages and Disadvantages of iPSCs
A. What are the advantages of using IPSCs? ; Eh
NS, IPSCs avoid ethical issues related to embryos, can be made from a patient's own cells (reducing immuné
10 fejection), and can potentially regenerate tissues and organs. '

What are the disadvantages of using iPSCs?
. T!\e reprogramming process can introduce genetic changes. iPSCs may form tum
difficult to guide them to become fully functional, specific cell types that work corre

ors (teratomas), and it is still
ctly in the body.

|
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-SOLVED EXERCISE
MULTIPLE CHOICE quesTions |

Tick (v") the correct answer.

s DNA?
1. Which one of the following eukaryotic cell structures does l:lOt contain
(@) Nucleus (b) Mitochondrion
(¢) Endoplasmic reticulumy” (d) Chloroplast —_—
2. Which of the following is not an accurate description of a chromos
(@) ltis a coloured body localized in the nucleus
(b) It is a protein and nucleic acid complex

(€) It is the cellular structure that contains the genetic matez:IChEd ——.
(d) In eukaryotes, it is composed of many DNA molecules a
3. A centriole is an organelle that is:

i ' lasm :
(@) Present in the centre of a cell's cytop . .
(b) Composed of microtubules and important for organizing the spindleffibrésy”

(¢) Surrounded by a membrane

®
(d) Part of a chromosome : @\ -

~

4. The rough endoplasmic reticulumis: ..
(@) An intracellular double-membrane system to which riboso \ attachedv”
(b) b) An intracellular membrane that is studdgd with micro
() ¢) A membranous structure found within mitoch \
(d) d) Only found in prokaryotic cells . ' -
5. In the nucleus of eukaryotic cells, the genetic Gr | is complexed with protein and organized into

linear structures czlled: .
(a) Centrioles Histones
(c) Chromosomesy” : d)Plasmi .
6.  Which of the following' statements doesinotapply to the nuclear envelope?
(a) Itis a.double membrane -

(b) It is continuous with the endoplasn gticulum
(0) !t has pores through which mat @ enters and leaves

(d) It has infoldingg to form cristd@a
7. Lysosomes are formed by buddingfrom which cellular organelle?
(a) Smooth endoplasmic reti (b) Golgi apparatus v
(c) Rough endoplasmic rétiéulem (d) Nucleus , '
8.  All peroxisomes car is function:
(a) Break down fa
mitochondri

(b) Digest matr

r structures

mino acids into smaller molecules that can be used for energy production by -

lecules using the hydrolytic enz

mes they contai
(©) Synthes mb y y contain

rane components such as fatty acids and phospholi ids.

: (d) Control theflow of ions into and out of the cell D
. How would the ab i i e
oty ea §ence of peroxisomes in. a cell affect its Metabolism, and what would be the ?

Eg)) TEe cell would be unable to carry out oxidative p

The cell i

s \\:vvzz:j :\ccurtlulat.e hdd | Ing to oxidative stress and potential cellular damag®
) ave impaired protein s i i

@ e g e p ynthesis, leading to muscle weakness.

: uce lipids, causing memb i o
10. ; ' 9 membrane instabi|
Which of the fol) s not apply to chloroplasts? ity

and the enzymes required for Photosynthesis.

an internal membrane system consisting of thylakéids.

(©) They synthesize ATP.
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(d) They are bounded by two membranes, the inner of which is folded into the cristae.v”

what is the correct sequence of membrane compartments through which a secretory protein moves
{rom synthesis to release from the cell?

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

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

() RER — Golgi — Cell membrane -» SER

(d) RER — SER — Golgi apparatus — Cell membraney”

How does the process of facilitated diffusion differ from active transport?

11.

i (@) Facilitated diffusion requires energy, active transport does not
(b) Facilitated diffusion does not require energy, active transport does v
() Both processes require energy
(d) Both processes do not require energy .
| SHORT ANSWER QUESTIONS | &
1. Compare the resolution and magnification of light microscope and electron/microscope?
ans. A light microscope uses visible light and lenses, offering up to 1500X magnificatio a resolution of 0.2
micrometres (um). It is suitable for viewing living cells but cannot show v ine details. An electron

microscope uses electron beams, providing magnification up to 1,000,000%,and arésolution of about 0.001
micrometres (1 nanometre), allowing detailed observation of cell structure&ﬁequires non-living, specially
prepared specimens. , L & @ :
2. State the cell theory. How we can validate it? What are the exce \ to cell theory?
Ans. Cell Theory states that: : . 6
1. Allliving organisms are made up of one or more cells.
2. The cell is the basic unit of structure and function in living orgafists.
3. Allcells arise from pre-existing cells. :

Validation: ;
Cell theory is validated through extensive observations microscopes and experiments showing that all
organisms consist of cells and that néw cells form by thg"8iyision of existing ones.

Exceptions to Cell Theory: ' ' '

1. Viruses, prions, and viroids are not made of ¢ cannot carry out life processes independently.
2. Mitochondria and chloroplasts have their 8 m and replicate independently.
3. Multinucleated cells like some fungi, algae uscle fibers challenge the idea of one nucleus per cell.
The table below compares the process ofydiffusion, facilitated diffusion and active transport.Fill in the
blank cells, using the words“YES"” or “ L&’

3

ess '
Description i imple Diffusion | Facilitated Active Transport
' : ‘ i Diffusion _ .
Is ATP required? No . : No Yes
Are carrier proteins 1% No Yes Yes
Is direction ransport | Yes Yes No
always from hj o lower ' :
” | concentration?
a‘:tkei?‘c:mze the organelles as (i) single membrane bounded, (i) double membrane bounded and (iii)
9 any membrane.

S. H
@) Single Membrane Bounded Organelles:

g"dQPIasmic Reticulum (Smooth and Rough)
olgi Apparatus
ySosomes

l""Eroxisomes

" v z
| (ij DOuMaCUOIes (in plant and fungal cells)

€ Membrane Bounded Organelles:
tochondria
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Chloroplasts (in plant ceus)
Nucleus
(iii) Organelles Lacking Any Membrane:
Ribosomes
Centrioles . .
Cytoskeleton (microtubules, microfilaments, intermediate filaments)
Nucleolus (within nucleus)
These classifications are based on the structural features of each organelle and are important for undemandmo
their functions and origins.

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

Ans. Transport: Some proteins act as channels or carriers to help move substances (like ions, glucose, or aming aciy
across the membrane.
Cell Signaling: Receptor proteins in the membrane receive chemical signals @ermones) from outside g,
cell and transmit them into the cell to trigger a response. -

6. State two features that mitochondria have in common with prokaryot

Ans. Two features that mitochondria have in common with prokaryotes are: @

1. Presence of circular DNA: Like prokaryotes, mitochondria cxai‘ ir own circular DNA, which is ng

enclosed within a nucleus. ]
2. Independent replication: Mitochondria can repllcate mdgp@ y of the cell's nucleus, similar to hos
prokaryotic cells divide.
7.  List three ways in which prokaryotic cells differ from euk: ic cells.
Ans. Three ways in which prokaryotic cells differ from eukaryoti are: ‘
1. Nucleus: Prokaryotic cells lack a true nucleus; their is located in a region called the nucleoid, wher
eukaryotic cells have a membrane-bound nucleus '
2. Organelles: Prokaryotic cells do not contain
apparatus), while eukaryotic cells have well-
3. Size: Prokaryotic cells are generally small compared to the larger eukaryotic cells.
8.  List the structures and molecules, whic oss the nuclear envelope.
Ans. The following structures and molecu oss the nuclear envelope:

1. RNA molecules (e.g., mRNA, tR ) - exit the nucleus to participate in protem synthesis.

Qrane,-b,oun'd' organé|les (e.g., mitochondria, ER, Goig
membrane-bound organelles.

2. Proteins (e.g., enzymes, h|s anscription factors) — enter the nucleus to perform various 1
functions.

3. Ribosomal subunits - sy zed in the nucleolus and transported to the cytoplasm.

4. lons and small molec ass through nuclear pores by passive diffusion.

5. Signal molecules -
9. Distinguish each of t
a- exocytosis and

sterond hormones, which mfluence gene expressmn inside the nucleus

b- phagocytosi nocytosis
c- peroxisom lyoxysomes
Ans. a) Exocytosis vs Endocytosis
T [_c;aturL][ Exocytosis P, ‘Endocytosis
|Deﬂmt|on Iﬁixpellmg materials out of the cell Taking materials into the cell
e

: Pla ial formi
Mechanism|[Vesicles fuse with plasma membrane ves?:l‘:s membrane engulfs material

ﬁrpose__l Secretion of substances (e.g., hormones)||Uptake of nutrients, fluids, or particles
b) Phagocytosis vs Pinocytosis

r' Feature | Phagocytosis N

Type of material taken|[Large particles or microorganismsl|Extracellular fluid and dissolved substance

Process hame ~|"celt eating" |["Cell drinking" j

Vesicle formed JlLarge vesicles called phagosomesl Small vesicles

i

i
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€) Peroxisome vs Glyoxysome
e B Peroxisome B IL Glyoxysome |
e |

|
Jnction Break down fatty acids, detoxify hydrogen pmltionvert stored lipids into carbohydrates“

7

during seed germination

'y

: : S |
lFound in s e'ukaryot|c cells |IFound in plants and some fungi _n
‘Enzymes present [Catalase and oxidases JlEnzymes of glyoxylate cycle J

70, Whatare the main functions of lysosomes?

Ans: Lysosomes are membrane-bo.und organelles that contain digestive enzymes to break down macromolecules,
damaged organelles, and foreign particles. They play a key role in intracellular digestion and recycling of cellular
components, often referred to as the cell’s “suicide bags” due to their role in autolysis.

1. pescribe the role of the Golgi body in forming lysosomes. )

ans: The Golgi body is respansible for modifying, packaging, and sorting proteins and lipifls.Ng plays 2 key role in
forming lysosomes by enclosing hydrolytic enzymes in vesicles, which then bud lysosomes used for
intracellular digestion. ‘

12. Whatare histones? Where are these found in eukaryotic cells? - e ;

Ans: Histones are positively charged proteins that help in the organization and pac@ of DNA into structural units
called nucleosomes. They are found in the nucleus of eukaryotic cells an%e ential for the condensation of

s

DNA into chromatin.
13. What do you mean by “stem cell”? What are the main usages of ste
Ans: Stem cells are undifferentiated cells that have the potential to de
They are widely used in regenerative medicine, tissue repair, ap
Parkinson’s due to their ability to divide and replace damag
14. The following diagram shows the structure ofBa mitoch

é
?

into different types of specialized cells.
atment of diseases such as leukemia and

Ans: See Diagram 3.19 Topic 4 Mitochonf)'

15. The diagram below shows an elec micrograph of a cell.
e = ) x k

~ %

L Label the parts of the cell.

_b§| the Parts of the Cell (based on the image):
his s a typical animal cell. The structures are identified as follows
Nucleolus - g

(Match the numbering):
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Nucleus -

2

3. Rough Endoplasmic Reticulum (RER)
4. Smooth Endoplasmic Reticulum (SER)
5. Nucleoplasm

6. Golgi Apparatus

7. Ribosomes

8. Mitochondrion ’

9. Nuclear Pore

10. Lysosome

b- What evidence can be seen in the diagram that suggests that the cell is metabolically active
and involved in secretion of enzymes?

Ans: b. Evidence of Metabolic Activity and Enzyme Secretion:
e The presence of numerous mitochondria indicates hlgh energy dema
metabolically active.

The well-developed Rough Endoplasmic Reticulum (RER) and Gol(}parafus show that the cell is
actively synthesizing and processing proteins, including enzymes. x

e The presence of vesicles and lysosomes indicates intracellular nd enzyme secretion or digestion.

tra
These features collectively suggest that the cell is involved in proteesis, quiﬁcation, packaging, and
secretion of enzymes, which are all S|gns of high metabolic actnvnty " . :

esting that the cell js

Q1. Write details of the structure and the chemical e
prokaryotes.

Ans. Cell Wall of Prokaryotes
Structure:

Most prokaryotes (like bacteria) have a rigi d
The bacterial cell wall is not composed of ce
peptidoglycan (also known as murein), |
The wall is porous and allows the pa
protection.

e Two types of bacterial cell walls gnized based on Gram staining:

o Gram-positive bacte_@mk layer of peptidoglycan.

o Gram-negative bact hin layer of peptldoglycan and an outer membrane containing
Iipopolysacch 1, dek.( PS).

Chemical Composntion ' \
. Peptldoglycan Iex polymer made of sugars and amino acids. -

o Suga% etylglucosamine (NAG) and N-acetylmuramic acid (NAM) form alternating chains.
. o These chains are cross-linked by short peptides, providing strength and rigidity.

In archaea, the cell wall lacks peptidoglycan and may contain pseudopeptldoglycan polysaccharldes.
glycoproteins, or proteins, depending on the species.

Cell Wall of Eukaryotes

Note: Not all eukaryotic cells have cell walls. For example, animal cells lack cell walls, while plant cells, fungi. and
some protists have them. '
1. Plant Cell Wall
Structure:
e The cell wall is rigid and multi-layered.

o . Primary cell wall: Thin and flexible, formed dunng cell growth.

o Secondary cell wall (in some cells): Thicker, formed after the cell stops growing
¢ The wall lies outside the plasma membrane
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al Composition:
Cellulose: Main structural component - a polysaccharide made of B-1,4 linked glucose units.
Hemicellulose: Branched polysaccharides that bind with cellulose fibers.
pectin: A gel-like polysaccharide that helps in adhesion and hydration.
Lignin (in secondary walls): Provides rigidity and water resistance.

, Proteins and enzymes are also embedded in the wall matrix.
2, Fungal Coll Wal
gtructure: :

. Rigid and multilayered, surrounds the plasma membrane.
chemical (_ompc?sition:

_ o Chitin: Main component - a polysaccharide i -de of N-acetylglucosamine.

+ Glucans: Branched polysaccharides (B-glucans). .

» Proteins and glycoproteins. g
3. Algal Cell Wall
structure and Composition: T

o Similar to plant cell walls but may contain additional polysaccharides such as:

Chemic
[}
[}
.

o Agar, carrageenan, alginate, silica, or calcium carbonate, dependin pecies.
Summary '\
Organism Type]| Main Cell Wall Component® .
Bacteria [lPeptidoglycan (murein) -~ ("N
Archaea ||Pseudopeptidog
@s ' [[Cellulose, hemicellul
Fungi _||chitin, glucans ¢
Algae [lcellulose + oth

Q2. Explain the chemical composition and the functions of membrane.

Ans. See Question number 9, 10 and 11 7
Q3. Identify the role of glycolipids and glycoproteins a t
Ans. Role of Glycolipids and Glycoproteins as Cell Surface:
1. Glycolipids: ' Y o D !
* Structure: Glycolipids are molecules compd$ed@f.a lipid and one or more carbohydrate chains attached.
¢ Location: They are found on the outer lea Q the plasma membrane, with the carbohydrate portion
extending into the extracellular space. "N\
¢ Function as Cell Surface Markers: B
o Cell Recognition: Glycolipi as identification markers that help cells recognize each other,
‘especially during tissue f¢ nm ion and immune responses.
o Cell Communication;Theyparticipate in cell signaling by interacting with other cells or with
external molecules,m, R "
o Stability and Pro et bn:"They contribute to membrane stability and can help protect the cell from
harsh environpiéntal conditions.

2 Glycoproteins:
: Structure: Glycoproteins consist of a protein core with one or more carbohydrate (sugar) chains attached.
. Location; These are also found on the outer surface of the plasma membrane. :
Function as Cell Surface Markers:
© Immune Response: Many glycoproteins act as antigens (such as blood group antigens), enabling the
immune system to distinguish self from non-self.
©  Cell Adhesion: They play a key role in cell-to-cell adhesion, allowing cells to bind to one another
and form tissues. - -
© Receptor Functions: Some glycoproteins function as receptors, helping cells respond to hormones,
Neurotransmitters, or pathogens. £,
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hemical compositionvand function of ribosomes.
Q4. Explain the stn,::;:lr‘e;sc | N
~y Z;t Iﬂzliftrllv?slt’:jucture, and functions of Golgi complex. |
g;s ;;;’:Sr:t:;nenst;:;lz;:: chemical composition and function of chromosome.
ngs ;Lsc?n::sr:ﬁflgau? ,el;e\:e:zpe and nuclear pore complex in detail.
Er;s ii;;::aﬁs;ﬁ:;,’Gu;;zie;;(iaratus is inv.olved in making cell secretions.
g;s ‘I:)fslanbi ’t\&]siructure and functions of smooth and rough endoplasmic reticulum.
gr;; SEiEp\Qa?SS:i:: !;:;:bi; 1|§'sosomes and peroxisorp
z‘;sl ;e:sgﬁiitf:ezz:.bcﬁ:s of the three fibres that make the cytoskeleton.

es in regulating the amoun cellular contengs.

i O
. See Question number .
2:52 Des?ribe the formation and functions of lysosomes. |
Ans. See Question number 20

Q13. Compare mitochondria and chloropiasts as the organeiles th

‘mvolved in cellular energetics,
Ans. : ' = - e =
Feature | Mitochondria ] Chloroplasts i
| . . N . : . S
! . Site of aerobic respiration: converts otesynthesis: converts solar energy into
Jr—— glucose into ATP (energy) cal energy (glucose)
E'P = Found in all eukaryotic ceils (plants nd only in plant cells and some protists (eg,
i - animais, fungi, protists)

lgae)

Energy Conversion \Cinvert chemical energy fro

J
- 3 . 3 ) Se
into ATP »\C:nvert light energy into chemical energy (glucose)
. Produces ATP through oxi i ‘ ; 3 ;
nergy O t tosynthesis
gy Outpu phosphorylation \iroduces glucose and oxygen during pho osyj
— 7
!M’ub_oes not contain pi ts j\@ntains chlorophyll and other pigments i
iistructure T Double membra inner Double membrane, with internal stacked membranes
ulb _m;embrane fol O cristae -_||lcalled grana {thylakoids) in the stroma P
\Matrix or Intemalj 3 %&here Krebs cycle ;
t : i Ivin cycle occurs
E&L‘N - ® . 'C:ntams stroma, where the Calvin cy i
iD_NA and 3 ‘? own DNA and ribosomes Contains its own DNA and ribosome's (semi-
Ribosomes (sediZaytdhomous) . autonomous) A
i LN2ymes for Krebs cycle and electron Enzymes for light and dark reactions of ?
\Key Enzymes ! gn =
| S ¢ transport chain photosynthesis R
\Origin
{(Endosymbiosis)
—") __|j@er

: v : v tic
Believed to have originated from Believed to have originated from photosyl"‘he
aerobic bacteria |

bacteria (cyanobacteria) l/
Q14. Describe th

e basic structure of a mitochondrion, from outside inward.
Ans. See long question number 17
Q1s. Describe

he pathway of pr tein si
Ars. See lon oot vpamede

gnal and steroid signal from outside of a cell to in_Side‘
9 question number 30
Qie. Categorize 3

nd explain different types of stem cells.
Ans. Seea long Question number 34 2
Q17. What are the advantages and disadvantages of using induced Pluripotent Stem Cells?
Ans. See long question number 35 ’

!
{
|
|
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I INQUISITIVE QUESTIONS

., Ifa researcher observes that a certain cell type has an exceptionally large Golgi apparatus, what can be

m}erred about the function of this cell? |
AnS-lThe cell is heavily involved in secretion or modification an

Justification:

The Golgi appar
destinations, inc.
exporting materials,
secreting hormones). 4
5. Ifasignaling molecule

action within the target cell? \ 7 .
nds to intracellular rece\Es,.often in the cytoplasm or

d packaging of proteins and lipids.

teins and Iipid.é for delivery to targeted
rocessing and

r endocrine cells

atus functions in modifying, sdrting, and packaging pro
luding secretion outside the cell. An enlarged Golgi typically indicates a high rate o
as seen in glandular cells (e.g., pancreatic cells that secrete digestive enz

is lipid-soluble, k- a steroid hormone, what is the ly mechanism for its

. Ans. It diffuses through the plasma membrane ard bi

. nucleus. , &
Justification: o : \m
Lipid-soluble molecules can pass through the lipid bilayer of the cell m b@? thout the need for surface
- receptors. Once inside, they bind to specific intracellular receptors, ar&& ting complex oftenactsas a

yranscription factor to regulate gene expression directly.

3. Why do we categorize endocytosis and exocytosis in acti port?‘ : :
Ans. Because they require energy in the form of ATP to move @ varticles or volumes against a concentration

gradient or across the membrane.

Justification: - - ’ b A

Endocytosis and exocytosis involve the remodeling of the el membrane and the movement of materials in bulk (e.g.,
embrane structure and transport vesicles, qualifying it

vesicles). This process needs cellular energy (ATP) t m@
as a form of active transport. '
4 Justify why the membrane may be descri bﬂuld. TN

.Ans, The membrane is described as fluid becau@aspholipids and proteins move laterally within the layer,

gving it flexibility and dynamic behavior.
lustification:© . . ke : :
:scsc:rgu?g to the Fluid Mosa!c Mf:del, @ bilayer is not rigid; lipids and proteins can drift laterally. This fluidity is
emb: ‘;; for membrane function, incl he movement of materials, membrane fusion, and the functioning of

ed proteins. Cholesterol an@ es of fatty acids also influence this fluidity. . '

B
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Self-Assessment Unit 3

Max. Marks: 28 Time allowed 60 Mins ' prp——
Q1. . Each of the following question has four options. Select the corr
1. Which of the following eukaryotic cell structures lacks DNA?

(@) Nucleus (b) Mitochondrion (c) Endoplasmic reticulum  (d) Chloroplast

2. Which of the statements below is incorrect regarding chromosomes?
(@) They are colored bodies located inside the nucleus _
(b) They are complexes made of proteins and nucleic acids
() They carry the genetic information of the cell _
(d) In eukaryotic cells, they consist of multiple DNA strands linked together
3. What accurately describes a centriole within a celi? @
(2) Found at the center of the cytoplasm . o
* (b) Built from microtubules and helps organize spindle fibers during division
(c) Enclosed within a membrane _ ; O
(d) Functions as a part of a chromosome -
4. The rough endoplasmic reticulum (RER) can be best described x.

(a) A membrane-bound system inside the cell with ribosomes attac _
(b) An organelle containing microtubules ' °

(c) A folded membrane found within mitochondria (d) Pr y in prokaryotic organisms
5. Inside the eukaryotic nucleus, DNA and protein are organizedijinto:

(a) Centrioles (b) Histones M) osomes (d) Plasmids

6. Which feature is not true about the nuclear envelo

(@) It is made of two membranes t connects to the endoplasmic reticulum

7. Lysosomes originate by budding off from whi llular organelle?
(a) Smooth endoplasmic reticulum (b) Golgi complex
(c) Rough endoplasmic reticulum - (d) Nucleus
8. Which of the following functions is carri ut by all peroxisomes?
(a) Degradation of fats and amino agids itochondrial energy production
(b) Hydrolysis of large molecules usi Q mes
() Synthesis of phospholipids a acids
(d) Regulation of ion transport aer, ‘embranes
9. What would likely happen if a cell lacked peroxisomes?
(a) ATP generation via oxidati osphorylation would fail
(b) Hydrogen peroxide wccumulate, causing oxidative damage
(c) Protein synthesis be disrupted, leading to muscle issues
(d) Lipid productio stop, weakening the cell membrane
10.  Which of the is not a correct feature of éhloroplasts?
(a) They perfo tosynthesis using chlorophyll and enzymes
(b) They hav koid membranes inside
(c) They produce’ATP
(d) Their inner membrane forms cristae-like folds
Q2. Write short answers to the following questions.
1. Compare the resolution and magnification of light microscope and electron microscope?

2. State the cell theory. How we can validate it? What are the exceptions to cell theory?
3. State two functions of the proteins in the plasma membrane.

4. State two features that mitochondria have in common with prokaryotes.
5. What are histones? Where are these found in eukaryotic cells?
Q3. Write detailed answer to the following question.
1. Identify the role of glycolipids and glycoproteins as the cell surface markers.
2. Describe the pathway of protein signal and steroid signal from outside of a cell to inside.

(€) It contains pores that allow transport in and oua ) It has folds that form cristae -

(10)(1:]0)

(5)(2:10)
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