ANIMAL CELL
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LEVELS OF STRUCTURAL ORGANIZATION

The levels of organization of a language—Iletters, words, sentences,
paragraphs, and so on—can be compared to the levels of organization of the

human body

There are 6 levels of organization

Chemical level
Cellular level
Tissue level
Organ level
System level
Organismal levels

S
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CHEMICAL LEVEL

This very basic level can be compared to the letters of the alphabet and

includes atoms, the smallest units of matter that participate in chemical
reactions, and molecules, two or more atoms joined together.

Certain atoms, such as carbon (C), hydrogen (H), oxygen (O), nitrogen (N),
phosphorus (P), calcium and sulfur (S), are essential for maintaining life.
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CELLULAR LEVEL

Molecules combine to form CELLS, the basic structural and functional units of an
organism.

Just as words are the smallest elements of language that make sense, cells are the
smallest living units in the human body.

Among the many kinds of cells in your body are

Neuron .,
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Red blood ’
cells
Smooth
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TISSUE LEVEL

Tissues are groups of cells that work together to perform a particular function,

There are just four basic types of tissue in your body:

epithelial tissue
connective tissue
muscular tissue
nervous tissue

Four types of tissue
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ORGAN LEVEL

At this level different types of tissues are joined together.

organs are structures
that are composed of two or more different types of tissues.

They have specific functions and usually have recognizable shapes.

Examples of organs are the stomach, skin, bones, heart, liver, lungs, and brain.
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SYSTEM LEVEL

A system consists of related organs (paragraphs) with a common function.
An example of the system level, also called the organ-system level, is the
digestive system, which breaks down and absorbs food.

Its organs include the mouth, salivary glands, pharynx (throat), esophagus,
stomach, small intestine, large intestine, liver, gallbladder, and pancreas
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ORGANISM LEVEL

An organism, any living individual, can be compared to a book in our analogy.

All the parts of the human body functioning together constitute the total
organism.
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STRUCTURE OF CELL

Protoplasm is the living
substance of the cell, including the ‘
cytoplasm present between the / 2 B
plasma membrane and ) rF O e
nuclear membrane and the g
nucleoplasm contained g
within the nucleus.

PROTOPLASM

NUCLEUS

CYTOPLASM
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PLASMA MEMBRANE

Made up of : extracellular fluid
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CYTOPLASM

Cytosol is jelly like mixture which contains organelles

Cytosol + organelles = cytoplasm

PLANT CELL ANIMAL CELL

FUNCTIONS OF CYTOPLASM:

It is the seat of many chemical reactions required for cells existence




CYTOPLASM

N

ENDOPLASM ECTOPLASM

( inner granular mass ) ( outer clear agranulated area)
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CYTOPLASM

CYTOSOL /\ORGANELLES

FLUID PORTION OF CYTOPLASM.

Nucleus
CYTOSOLIS OTHERWISE CALLED ASHYALOPLASM . .
OR GROUNDPLASM OR MESOPLASM. Endoplasmic reticulum
CONTAINS Ribosomes
Golgi complex
Water (80%) | Mitochondria
lons = - . ; Lysosomes
Glucose Phagosomes
Amino acids Peroxisomes
Fatty acids Centrioles and microtubules
Proteins Filaments and fibrills
Lipids
ATP The term cytoplasm was coined by strasburger
Waste products

PARAPLASMS ( INCLUSIONS ):
Glycogen, Fat globules and Pigments MARS Learning Centre




ANIMAL CELL
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FUNCTIONS OF CYTOPLASM

Most of the important activities of the cell occur in the
cytoplasm.

1.Cytoplasm contains molecules such as  2.Cytoplasm is responsible for giving a

enzymes which are responsible for cell its shape.

breaking down waste and also aid in

metabolic activity. K@ © 0@ Sare:
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3.Brings about exchange of materials
between the cell organelles and

MARS Learning Centre between cells and its extracellular fluid.




FUNCTIONS OF CYTOPLASM

4. The cytoplasmic matrix is always in motion thus helping in distribution of
various materials inside the cell

5. CYTOPLASMIC STREAMING, also called protoplasmic streaming or
CYCLOSIS, the movement of the fluid substance (cytoplasm) within a plant
or animal cell. the motion transports nutrients, proteins, and organelles

within cells.
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ENDOMEMBRANE SYSTEM

Nucleus Cell membrane
Nuclear pore
o i AT mr
! F Rough
endoplasmic
reticulum

endoplasmic
reticulum
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ENDOMEMBRANE SYSTEM

The endomembrane system is defined more accurately as the set of membranes that
form a single functional and developmental unit, either being connected directly, or
exchanging material through vesicle transport.

Step 1. A secretory proteinis synthesized inside the
rough endoplasmic reticulum, migrates through it, and
exits inside a vesicle.

MARS Learning Centre



RELATIONSHIP AMONG ORGANELLES OF ENDOMEMBRANE SYSTEM

&) Nuclear envelope is
connected to rough ER,
which is also continuous

with smooth ER

Nucleus

Rough ER

9 Membranes and proteins

produced by the ER flowin| Smooth ER
the form of transport vesicles < TS G
to the Golgi| Nuclear envelope

Transport
vesicle

a
R

e Golgi pinches off transport
vesicles and other vesicles that
give rise to lysosomes and
vacuoles

() Lysosome available () Transport vesicle carties (5 Plasma Henbiane expands
for fusion with another  proteins to plasma by fusion of vesicles; proteins

vesicle for digestion membrane for secretion are secreted from cell
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ENDOMEMBRANE SYSTEM

ENDOMEMBRANE SYSTEM INCLUDE [~ L f/

NUCLEAR MEMBRANE
ENDOPLASMIC RETICULUM
GOLGIAPPARATUS
LYSOSOMES

VESICLES

VACUOLES

ENDOSOMES

PLASMA MEMBRANE
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Since the functions of mitochondria,

Chloroplast and peroxisomes are not coordinated
with the above components, these are not
considered as part of endomembrane system

Mitochondria and chloroplasts are not integral
parts of the cell, as they contain their own DNA.
They are enclosed by their own membranes whose
function is independent of that of other
membranous organelles. They were infact
parasitic bacteria that later became symbiotic.



ENDOPLASMIC RETICULUM

ENDOPLASMIC MEANS “WITHIN THE CYTOPLASM”
RETICULUM MEANS “ LITTLE NET”

The term ‘ endoplasmic
reticulum ‘ was coined by
Keith porter.
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ENDOPLASMIC RETICULUM

ENDOPLASMIC MEANS “WITHIN THE CYTOPLASM”
RETICULUM MEANS “ LITTLE NET”

The term ‘ endoplasmic
reticulum ‘ was coined by
Keith porter.
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ENDOPLASMIC RETICULUM

Is a network of membranous tubules and sacs called cisternae.

TWO TYPES
—

SMOOTH ENDOPLASMIC RETICULUM ROUGH ENDOPLASMICRETICULUM
( outer surface lacks ribosomes) ( outer surface contains ribosomes)
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Smooth ER and Rough ER are two distinct forms, though connected to each
other, differ in structure and function.

Ribosomes are also attached to the cytoplasmic side of the nuclear envelope’s
outer membrane, which is continuous with rough ER.

Smooth - »
Endoplasmic
Reticulum .

Nuclear
Pore

_ ' 3
l. ' MU - pa Nuclear

g
Endoplasmic

Reticulum v
Ribosomes

Endoplasmic reticular membrane is continuous with the nuclear envelope, the
space between the two membranes of the envelope is continuous with the
lumen of ER.



ROUGH ENDOPLASMIC RETICULUM

v

WELL DEVELOPED IN PROTEIN

Liver
Stoma

SYNTHESIZING CELLS LIKE

Bile duct \ '"
Gallbladder- /@5; " | “spleen / PANCREATIC AND LIVER CELLS
Buodenum- Small Pancreas

Colon— intestine |
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Secretory
proteins depart.

Proteins are
modified in
the ER.

Ribosome

A ribosome
links amino
acids.

ROUGH ENDOPLASMIC RETICULUM

|

It functions as an intracellular transport
System for various substances.
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Transport
vesicle

Vesicles bud off from the ER.

Protein synthesis

occurs on the surface

of rough ER by ribosomes.
These proteins are either
used within the cell or
exported outside the cell

Rough ER

i
Endo ‘.:.;:':l‘-l“+
reticulum

apparatus



The sequence of events from protein synthesis on the rough ER
to the final distribution of those proteins.

@ Protein-containing
vesicles pinch off
rough ER and

migrate to fuse with
membranes of Golgi
apparatus.

Proteins are
modified within the
Golgi compartments.

Proteins are then
packaged within
different vesicle types,
depending on their
ultimate destination.

PRODUCES

1. SECRETORY PROTEINS
2. MEMBRANEPROTEINS
3. ORGANELLARPROTEINS

ER membrane  Phagosome

Proteins in cisterns "

7 -
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Lysosome
containing acid _
hydrolase
enzymes

Vesicle becomes
lysosome 6

This is the final destination of proteins produced in RER



Rough endoplasmic reticulum gives internal support
to the cytoplasm.

RER
Materials synthesized can be stored in different parts
of ER.

Depending on the metabolic requirements of the cells, the RER and SER are
interconvertible.

Endoplasmicreticulumgivesrise to vacuoles.

Eukaryotic cells which contain very little of ER are

Early embryonic cells
Resting cells
Ova
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SMOOTH ENDOPLASMICRETICULUM: NO RIBOSOMESATTACHED TO ITS SURFACE
CONTINOUS WITH ROUGH ENDOPLASMICRETICULUM

Nuclear envelope

Nucleus

SYNTHESISES LIPIDS, STEROIDS
CARBOHYDRATES AND PHOSPHOLIPIDS

DESTROYS ( detoxification ) POISONS
and drugs.

HELPSIN THE SYNTHESIS OF SEX
HORMONES

N

TESTOSTERONE ESTROGENS

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum

Helps synthesize steroid hormones
of adrenal glands

WHEN WE BREAKTHE ENDOPLASMICRETICULUM IN LABORATORY BY HOMOGENISATION
PROCESS WE GET MICROSOMES.



How does detoxification happen ?

Detoxification usually involves adding hydroxyl groups to drugs, making them

more soluble and easier to flush from the body. The sedative ( the drug taken

for calming and sleep inducing effect ) are examples of drugs metabolizedin this

manner by smooth ER in liver cells. In fact sedatives, alcohol, and many other drugs induce
the proliferation of smooth ER and its associated detoxification enzymes, thus increasing the
rate of detoxification .This, in turn ,increases tolerance tothe drugs,

meaning that higher doses are required to achieve a particular effect, such as sedation.

This could resultin an increased possibility of overdose and increased drug dependence

MARS Learning Centre



Synthesises estrogen

SCROTUM

TESTIS

|

Secretes testosterone

s S




huroral glanas Smooth endoplasmic reticulum helps
| synthesize steroid hormones
of adrenal glands

Kidneys
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©
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Metabolism Summary
Carbohydrates

glucose fructose,
galactose

glycogenesis
Glucose-6-Phosphate

glycogenolysis

2 . Lactic acid

Vas deferens
Testis
Penis

Citric
Acid
Cycle

Electron Transport chain

ATP ATP ATP




The adrenal cortex produces three hormones:

1.Mineralocorticoids: the most important of which is ALDOSTERONE. This hormone helps to
maintain the body’s salt and water levels which, in turn, regulates blood pressure. Without
aldosterone, the kidney loses excessive amounts of salt (sodium) and, consequently, water,
leading to severe dehydrationand low blood pressure.

2.Glucocorticoids: predominantly CORTISOL. This hormone is involved in the response toillness
and also helps to regulate body metabolism. Cortisol stimulates glucose production helping the
body to free up the necessary ingredients from storage (fat and muscle) to make glucose. Cortisol
also has significant anti-inflammatory effects.

3.Adrenal androgens: male sex hormones mainly dehydroepiandrosterone (DHEA)
and testosterone. All have weak effects, but play a role in_early development of the male sex
organsin childhood, and female body hair during puberty.
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OTHER FUNCTIONS OF SMOOTH ENDOPLASMIC RETICULUM

In muscle cells , the calcium ions that trigger contraction are released
from the sarcoplasmic reticulum, a form of smooth endoplasmic reticulum

sarcolemma

> 9 @ @
1) z ey LR 15
@ D W 2 -
@ @ G e Calt @
@ ca i ca sarcoplasmic
T-tubule reticulum
- ~ ~

THETERM ENDOPLASMICRETICULUM WAS COINED BY KEITH PORTER IN 1953



RIBOSOMES

Present on surface of rough ER
Or
Free in cytoplasm

Site of protein synthesis

They are nonmembranous organelles

Smallest organelle
It is also called organelle within an

organelle and Protein factory of cell.

Circular
DNA strand

70S ribosomes

Matrix

Cristae

Inner membrane

h\ Outer membrane

First observed by

GEORGEPALADE in animal cells(1953)
Ribosomes were first isolated from

Cell cytoplasm by claude in 1943.
Ribosomes were first observedin plant
Cells by robinson and brown in 1953in
Bean roots.

Smooth endoplasmic
reticulum

BN

Nucleolus

Nucleus

Ribosome (free)
Nuclear envelope

Cell membrane
Rough
endoplasmic
reticulum
Ribosome
(attached)

Centrioles , » CB S Golgi
e g apparatus

Mitochondrion



Ribosomes associated with endoplasmic reticulum synthesize proteins
to be used in the plasma membrane or secretion from the cell( EXPORT) or for
packaging within certain organelles such as lysosomes.

Free ribosomes synthesize proteins used in the cytosol.

Bound and free ribosomes are structurally identical and can alternate between the two roles

Ribosomes are
composed of
ribonucleic acid and
protein
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nucleolus
nucleus

ribosomes

LOCATION OF RIBOSOMES :

Endoplasmic

Freein cytoplasm reticulum

Bound to rough endoplasmicreticulun
Bound to nuclear envelope

Inside mitochondria
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Ribosomes are absent in mature sperm and RBC
They are present both in prokaryotes and eukaryotes

Ribosomes are present within mitochondria - synthesize mitochondrial proteins

They are found in chloroplast.
Ribosomes are formed in nucleolus .

Most abundant organelles of the cell are ribosomes

STRUCTURE OF RIBOSOME

Large
subunit

Small {};

subuni

Ribosome
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Each ribosome is made up with two unequal sub units which join together
only at the time of protein synthesis in the presence of mg2+ ions in

specific concentration.
PRODUCTION OF RIBOSOMES

. Ribosomal proteins, produced in the
cytoplasm, are transported through
nuclear pores into the nucleolus.

2. rBRNA, most of which is produced in the
nucleolus, is assembled with ribosomal
proteins to form small and large ribosomal Cytoplasm
subunits.

3. The small and large ribosomal subunits
leave the nucleolus and the nucleus
through nuclear pores.

4. The small and large subunits, now in the
cytoplasm, combine with each other and
with mRNA during protein synthesis.

Nuclear pore

Large
ribosomal
subunit

(&)

o ‘ Ribosomal ribosomal
proteins from subunit

cytoplasm S

mRBNA
Ribosome
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MEMBRANE BIOGENESIS.

Some of the proteins and lipids synthesized by RER and SER respectively help
in building the cell membrane which is known as membrane biogenesis.

outer face

cholesterol

hydrophillic (polar)
head of phospholipid

integral (intrinsic) proteins peripheral (extrinsic) protein

hydrophobic (nonpolar)
fatty acid tail
of phospholipid

inner face
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GOLGI APPARATUS

stacks of flattened membrane
bound sacs called as cisterns,
associated with vesicles

Converts inactive proteins
to active forms.

They were discovered by camillo golgi

Discovered it in the nerve cells of the
Owl and cat

Cell membrane

Endoplasmic
reticulum /.

ENDOCYTOSIS

EXOCYTOSIS
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GOLGI APPARATUS

stacks of flattened membrane
bound sacs called as cisterns,
associated with vesicles

Converts inactive proteins
to active forms.

They were discovered by camillo golgi

Discovered it in the nerve cells of the

Owl and cat. _ _
Golgi apparatus in plant cells

Is known as dictyosome
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Golgi bodies are pleomorphic structures, because component of golgi
body are different in structure and shape in different cells. It is made of

Four parts — cisternae, tubules, vesicles and vacuoles

Pleomorphism (cytology), variability in the
size and shape of cells and/or their nuclei.
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Golgi bodies package the proteins
synthesized in the ribosomes
( secretory vesicles )

The transport vesicles that are associated with the Golgs
apparatus function to return Golgl resident protens back to
carlier Golgi compartments for reuse. The mechanism by which
proteins move through the Golgl apparatus has been a long-
standing arca of controversy, but the model described here has
considerable support from recent studies.

(S

It is a important site of formation of glycoproteins and glycolipids, cellwall £

cellmembrane and cell plate formation.
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Within the golgi apparatus the carbohydrate moietyis added to the protein materials with
the help of transferases and the glycoproteinis formed.

Cell membrane

Rough
endoplasmic
reticulum

Smooth
endoplasmic
reticulum

MARS Learning Centre



The golgi cisternae are concentrically arranged near the nucleus with distinct
convex Cis or the forming face and concave trans or the maturing face. The cis and
trans faces of the Organelle are entirely different, but interconnected.

Secretory vesicle

F
N\

y “ : ‘ N——
Protein [

export

Transport  gmgoth ER
vesicle

Cisternae

Golgi trans face

apparatus

Transport
vesicle

Plasma membrane




Golgi bodies are absent in prokaryotic cells

Present in all eukaryotic cells ( except sieve tubes of plants, sperms of bryophytes
and pteridophytes, and red blood corpuscles of mammals).

In plant cells, golgi apparatus is formed of a number of unconnected units
called dictyosomes which vary highly in number.

Golgi bodies take part in formation of
acrosome of sperm
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Acrosomal cap of sperm made

of golgi apparatus Layers of ovum

<~Cumulus>| Zoma || Egg cell

layer | pellucida [ membrane
(1) Sperm activated by female
reproductive tract

Flagellum Nucleus Acrosome

(2) Sperm binds zona pellucida

~—— =

(3) Acrosomal reaction

e

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse
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o Primordial follicle
Early

i AT Corpus albicans
primary follicle . TR '
faite @@ /7/; ) Corpus luteum
C 0‘9 B
. S 11 e © L
primary follicle i g7 o ~EN R /
£ \ k AN 2,
\ E. /‘ NN ) 4 \

Graafian follicle\("

OVULATION

Cytoplasm

Zona pellucida

Corona radiata

Perivitelline space
First polar body

Vitelline membrane

Second meiotic
division in process
(metaphase stage)
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LYSOSOMES: DIGEST SUBSTANCES AND FOREIGN MICROBES

THEY ARE CALLED DIGESTIVE BAGS OF CELL \ SUICIDE BAGS/ ACID HYDROLASES

LYSOSOMES WERE FIRSTREPORTED BY CHRISTIANDE DUVEIN 1955

I?Smiom.

vl
X

L
L

v % lysosome

==

Lysosomes are tiny, membrane bounded , vesicular structures of the cytoplasm
which perform intracellular digestion of cell. They contain hydrolytic enzymes.

Lysosomal enzymes are proteases, lipases and acid phosphatases , nucleases,lipases
carbohydrases, glycosidases ( active at acidic PH ).



Plasma —-
membrane
' Rough ER

o

Lysosomes contain digestive & Transport vesicle

enzymes capable of digesting
proteins, carbohydrates
lipids.

Foodg

Phagocytosis

LYSOSOMES ARE ABSENT IN BACTERIAAND MATURE MAMMALIAN ERYTHROCYTES
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A. Polygon Shaped  B. Notched Fingers C. Fingers Free

Loss of webbing between fingers during foetal development is due to
lysosomal activity




Lysosomal enzymes are used in the process of apoptosis ( programmed cell
Death) of body tissues

Eg: Gradual disappearance of tail in the tadpole of frog during
metamorphosis is due to lysosomal enzymes.

'

"% N S

Which grow larger as
The hatch Into they fegd on :rlgae and
small, ishlike larvae bits of plant material
called tadpoles. in the water,
Until it reaches : :
its adult bod \ As it begins metamorphosis,
v yAR the t:degole grows hind limbs.

.. .0 P
After both pairs of limbs are

complete and the animal has
exchanqeed its gllls for lungs,
the froglet crawls onto land.

The resorbs the
rest of its tail and
continues to grow.
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Head of a sperm cell releases lysosomal enzymes that help its penetration
of the ovum ( egg ) during fertilisation

A
-
©

Lysosomes are cell organelle with single membrane
covering
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LYSOSOMES ARE OF 4 TYPES ( POLYMORPHIC)

PRIMARY LYSOSOMES Dt s e

Residual body

SECONDARY LYSOSOMES

RESIDUALBODIES

Lipofuscin granule,
partially digested
material

AUTOPHAGICVACUOLES

Secretion of

hydrolytic enzymes
(eg, by osteoclasts)

Polymorphic:
existence of more
than one morphological form)




AUTOPHAGY

The process by which entire worn out organelles
are digested is called autophagy.
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AUTOLYSIS

Lysosomal enzymes may also destroy the entire cell that contains them, a
Process know as autolysis. Hence , lysosomes are called digestive bags.

Lysosomes are sometimes called suicide bags because the enzymes they contain
could digest the whole cell if they burst.

PATHOLOGICAL CONDITIONS
TISSUE DETERIORATION AFTER DEATH
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PEROXISOMES OR URICOSOMES ( MICROBODIES)

SIMILARTO LYSOSOMES BUTARE SMALLER

Contain oxidases enzymes which oxidize various organic substances
Enymes in peroxisomes oxidize toxic substances such as alcohol
Hence abundant in liver

By- product of oxidation reaction is hydrogen peroxide

" 4 e 4
Bilayer QRETE Lot )

Hydrogen peroxide is potentially toxic compound

Urate Oxidase
Crystalline
Core

But catalase in peroxisomes decomposes H202 into water and oxygen.

Peroxisomes self replicate

Common in hepatocytes and renal tubule cells.

Microbodies are thought to arise from ER




PROTEASOMES
DISCOVERED RECENTLY

PROTEASOMES WERE SO NAMED BECAUSE THEY CONTAIN PROTEASES, ENZYMES THAT CUT
PROTEINS INTO SMALL PEPTIDES

THEY DESTROY UNNEEDED,DAMAGED OR FAULTY CYTOSOLICPROTEINS.

Back rigidity

Flexed elbows —fe B
and wrists :it

;;;;

Tremors

in the legs Slightly flexed

hip and knees

Shuffling, short
stepped gait

PARKINSON’S DISEASE ALZHEIMER'S DISEASE
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PROTEASOMES

Some diseases could result from failure of proteasomes to degrade
abnormal proteins.

For example, clumps of misfolded proteins accumulate in brain cells of people
with parkinson’s disease and alzheimer’s disease.

Discovering why the proteasomes fail to clear these abnormal proteins
is a goal of ongoing research.
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GLYOXISOMES ( MICROBODIES )

In plant cells, some organelles show morphological similarities to the
Peroxisomes of animal cells but they contain enzymes of glyoxylate cycle.

They are related to metabolism of fats. Contain enzymes which are associated in
Converting fats into carbohydrates.

The glyoxylate cycle allows fungi, protozoa and plants to convert fats into
Carbohydrates.

Glyoxysomes occurs only in plants especially in fatty seeds ( castor seed ), guard
Cells of stomata and unripe fruits.

They have a single membrane covering.

Sunflower soya bean peanuts



MITOCHONDRIA

Mitochondria were first observed in 1880 by KOLLIKER who teased them
out of muscle cells of insects.

The present name mitochondria was given by CARL BENDA in 1898.
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5.MITOCHONDRIA ( DOUBLE MEMBRANE);

They are rodlike or cylindrical or spherical membrane-bound bodies

Musles, liver and kidneys have large number of mitochondria
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A MITOCHONDRION CONSISTS OF TWO PARTS

1. LIMITING MEMBRANE

2. INNER MATRIX

Outer Mitochondrial Membrane

LIMITING MEMBRANE

Mitochondrial Matrix

Inner Mitochondrial Membrane
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LIMITING MEMBRANE OF MITOCHONDRIA

OUTER MEMBRANE
It consists of an

INNER MEMBRANE

Inner membrane shows many infoldings into the cavity, which are called
mitochondrial Crests or CRISTAE.

inner membrane
Fy F, complexes , outer membrane
—amatrix
DNA
ribosomes «intermembrane space

Folds of cristae ( inner membrane ) provide
an enormous surface area for the

MARS Learning Centre chemical reactions



MITOCHONDRIAL MATRIX

The interior of each mitochondrion is filled with a dense gel like Fluid, the
mitochondrial matrix, which contains circular DNA, RNA , RIBOSOMES and
important respiratory enzymes like that of bacteria.

because they have their
own geneticmaterial (DNA) and are capable of synthesizing proteins required for
their functioning.

intermembrane space

mitochondrial matrix

outer membrane (OMM)

,,,,,,,,

| The outer membrane is like a sieve,
\ eV )8 permeable to all kinds of molecules.

The inner membrane is impermeable

porins  gand highly folded forming cristae.
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Mitochondria self replicate

Mitochondria divide by fission similar to

that of bacteria

MARS Learning Centre

Mitochondrial
chromosome in nucleoid

Mitochondrial
genome replicates.

Mitochondrion
begins to divide
by binary fission.

3  Binary fission is
completed.

(b) Micrographs of the
process



Plays an important early role in apoptosis( programmed cell death)

Mitochondria may store and release calcium when required.

Mitochondria is absent in red blood cells and prokaryotes.

RBC

APOPTOSIS

- capsule
pilus . P

| |
Sl
W

cell wall

plasma membrane

nucleoid (DNA)

p—

—_— Cytoplasm

ribosomes

-

flagellum —"

PROKARYOTE



FUNCTIONS OF MITOCHONDRIA

I'_ Oxidation ﬁ

C6H1206 + 6 02 6 C02 + 6 H20
‘ Reduction *
Glucose pu— ” Eoovs - Water

Carbon
dioxide

Mitochondrial cristae are sites of oxidation —reduction
reactions.




FUNCTIONS OF MITOCHONDRIA:

Mitochondria are the respiratory organelles of the cells.

The carbohydrates and fats present in the cells are completely oxidized into co2
and H20 with the help of enzymes present in mitochondria.

Mitochondria are called the powerhouses of the cell because during oxidation a large
amount of energy is released which is used by mitochondria for synthesis of
the energy rich compound, adenosine triphosphate ( ATP ).

ATP can be considered as the master molecule of the cell that provides the energy for
various biochemical process hence is called the energy currency of the cell.
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All mitochondria are maternal in origin.

Muclear DNA is inherited Mitochondrial DNA is
from all ancestors. inherited from a single lineage.

#1 M‘ #1 M‘ #'R #T #1 #1

d i

ﬂ M‘ 4 4

o,

MITOCHONDRIAL ' :

DNA CAN BE USED TO TRACE
MATERNAL LINEAGE .

MITOCHONDRIAL DNA IS INHERITED ONLY FROM YOUR MOTHER
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| Grandmother

1

®@ O
.ﬂ.:

Mother

s

Brother  Brother

Passed down from mother to child along the matemal line Mitochondrion
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Although the nucleus of each somatic cell contains genes from both your mother and
your father, mitochondrial genes are inherited only from your mother.

This is due to the fact that all mitochondriain a cell are descendents of those that were
presentin the oocyte ( egg ) during the fertilization process.

The head of a sperm ( the part that penetrates and fertilizes an oocyte )normally lacks
most organelles, such as mitochondria, ribosomes, endoplasmicreticulum, and the
golgi complex, and any sperm mitochondria that do enter the oocyte are soon
destroyed.

Since all mitochondrial genes are inherited from the maternal parent, mitochondrial
DNA can be used to trace maternal lineage ( in other words, to determine whethertwo
or more individuals are related through their mother’s side of the family.
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SPHAEROSOMES

Sphaerosomes occur only in plant cells. They are major site of lipid storage
And synthesis in plants. Bounded by single membrane. Contains 98% fat and 2% protein.

Sphaerosomes also have lysosome like activity so they are also termed as
Plant lysosomes.

Spherosomes are believed to originate from Smooth endoplasmic reticulum.
They occur abundantly in the endosperm cells of oil seeds.

Discovered by Hanstein in 1880.
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CYTOSKELETON

IS ANETWORKOF PROTEIN FILAMENT THAT EXTENDS THROUGHOUT THE CYTOSOL

They are the movers and shapers in the cell
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CYTOSKELETON

There are 3 types

In the order of their increasing diameter, these structures are
1. MICROFILAMENTS

2. INTERMEDIATE FILEMENTS

3. MICROTUBULES

INTERMEDIATE FILAMENTS




Table 7.1 The Structure and Function of the Cytoskeleton

Property
Structure

Diameter

Protein subunits

Main functions

Fluorescence micro-
graphs of fibroblasts,
Fibroblasts are a favor-
ite cell type for cell
biology studies because
they spread out flat and
their internal structures
are easy to see. In each,
the structure of interest
has been tagged with
fluorescent molecules.
The DNA in the nucleus
has also been tagged

in the first micrograph
(blue) and third micro-
graph (orange).

Microtubules (Tubulin Polymers)
Hollow tubes
25 nm with 15-nm lumen

Tubulin, a dimer consisting of
a-tubulin and B-tubulin

Maintenance of cell shape
(compression-resisting “girders”);
cell motility (as in cilia or flagella);
chromosome movements in cell
division; organelle movements

10 um
| —

Column of tubulin dimers

\Tubulin dimer

\B

Microfilaments (Actin Filaments)
Two intertwined strands of actin
7 nm

Actin

Maintenance of cell shape (tension-
bearing elements); changes in

cell shape; muscle contraction;
cytoplasmic streaming in plant
cells; cell motility (as in amoeboid
movement); division of animal cells

Actin subunit
\

ﬁé"“”}} --'I”"‘

Intermediate Filaments
Fibrous proteins coiled into cables
8-12 nm

One of several different proteins
(such as keratins)

Maintenance of cell shape (tension-
bearing elements); anchorage of
nucleus and certain other organ-
elles; formation of nuclear lamina

“t\\\\\\\‘\\\\\\\\\\‘\\\\\\\\\\\\\\‘

Keratin proteins

Fibrous subunit (keratins
coiled together)



FUNCTIONS:
1. MOVEMENT

2. MECHANICAL SUPPORT

MARS Learning Centre

MICROFILAMENTS

CUT SECTION OF CELL

Mitochondrian Nucleus

Cell
membrane

Microfilaments Ribosome Microtubules



With respect to movement, microfilaments are invoved in...

1. MUSCLE CONTRACTION 2. CELL DIVISION 3. CELL LOCOMOTION

Cell locomotion , such as occurs during the invasion of tissues by white blood
cells to fight infection, or the migration of skin cells during wound healing
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Wound Healing

Stratum
basale

: Basement — 38
e membrane ‘"/. T ‘
B e DO il Ty - = e

(a) Division of basal epithelial cells and migration (b) Thickening of epidermis
a cross wound
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Microfilament also provide mechanical support to cell extensions called
MICROVILLI

Microvilli are nonmotile, microscopic fingerlike projections of the plasma
membrane.

Within each microvillus is a core of parallel microfilaments that support it.

Because they greatly increase the surface area of the cell, microvilli are
abundant on cells involved in absorption, such as columnar epithelial

cells that line the small intestine,
Microvilli
Microvilli

N i Cell membrane
&l/*-f Mitochondrion
- MICROVILLI
VILLUS Golgi apparatus

Nucleus

Rough
endoplasmic

. . . reticulum —
Cavity or lumen of intestine Intestinal epithelial cell




Intermediate filaments, they are found

Actin in parts of cells subject to mechanical stress:

filaments

Microtubu " iti
O They help stabilize the position of organelles

such as the nucleus and help attach cells
to one another.

Centrosome

Muclear

lamina Animal Cell Micrograph

filaments
Nucleus

Cell nucleus

Keratin
intermediate
Filament
Network

Figure 2
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MICROTUBULES

The assembly of microtubules begins in an organelle called the CENTROSOME.

The microtubules grow outward from the centrosome toward the
periphery of the cell.

Mitochondria

Intermediate

filament Plasma

membrane
Ribosomes

Rough endoplasmic
reticulum

/

Nucleus

Nucleolus /[ )f ,r’ - l‘ Microfilament
Chromatin — “ ‘) ’0 / § /

Golgi .
apparatus

) >~ . Og
Golgi vesicle \ Q\\\ @ &

Cytoplasm Vacuole

Smooth endoplasmic
reticulum

Secretory vesicle

Peroxisome

Microtubules help determine cell shape.

They also function in the movement of organelles such as
secretory vesicles
chromosomes during cell division
cilia and flagella
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CENTROSOME

The dense region of the cytoplasm containing the centrioles is known
as centrosome.

Also known as MICROTUBULE ORGANISING CENTER ( MTOC)

Located near the nucleus, the centrosome consists of a pair of

— T

CENTRIOLES PERICENTRIOLAR MATRIX

Animal cell
lyscsome  rihosomes

centricls /
centrosome _
[

peroxisome
”,

cilium
cell membrang

smaaoth
endoplasmic
reticulum

=
[
o
i
o
=
oo
1]
3
-
nucleus

e DISCOVEREDBY VAN BENEDEN

rough
endoplasmic

reticulum
Giolgi

apparatus mitochondrion

secretory vesicles cytoplasm



CENTROSOME

FUNCTIONS

Direct the construction of cytoskeleton (L @i ...,

Determine the shape of the cell

Centrioles

Helps in cell movement
Helps transport materials within the cell

Help set up mitotic spindle during mitosis
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CENTRIOLES

EACH ANIMAL CELL, WHICH IS CAPABLE OF DIVISION, POSSESSSES
TWO CENTRIOLES WITHIN THE CYTOPLASM. IT IS NON MEMBRANOUS.

EACH CENTRIOLE PRESENTS TWO CYLINDRICAL BODIES WHICH ARE PLACED AT
RIGHT ANGLES TO EACH OTHER.

THE WALL OF THE CYLINDER PRESENTS 9 LONGITUDINAL BUNDLES AND EACH BUNDLE IS
COMPOSED OF 3 MICROTUBULES (ORGANISATION LIKE THE CARTWHEEL(9+0))

Animal cell
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FUNCTIONS OF CENTRIOLES

At the time of cell division, centrioles move to the opposite
poles and form asters that organize into spindle fibres.

Centrioles giverise to cilia and flagella in animal cells

PROPHASE METAPHASE ANAPHASE
chromosomes

centriole

chromatids

“n.______._,_//i\ / f.

TELOPHAS E_ INTERPHASE
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CILIA AND FLAGELLA

HAIR LIKE OUTGROWTHS FROM CELL MEMBRANE
THEIR CORE IS CALLED THE AXONEME. WHICH CONTAINS MICROTUBULES

THE AXONEME HAS 9 PAIRS OF DOUBLETS OF RADIALLY ARRANGED
PERIPHERAL MICROTUBULES, AND A PAIR OF CENTRALLY LOCATED MICROTUBULE.

THIS IS KNOWN AS 9+2 ARRANGEMENT

THE CENTRAL MICROTUBULESARE CONNECTED BY BRIDGES AND ARE ENCLOSED BY
SHEATH., WHICH IS CONNECTED TO ONE OF THE TUBULES OF EACH PERIPHERAL
DOUBLETS BY A RADIAL SPOKE. THERE ARE 9 RADIAL SPOKE

PERIPHERAL DOUBLETS ARE ALSO INTERCONNECTED BY LINKERS

BOTH THE CILIUM AND FLAFELLAEMERGE FROM BASAL BODY, WHICH HAS CENTRIOLE
LIKE STRUCTURE.
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9 + 2 arrangement

Cilia and Flagella Structure

S

Microtubule Spoke
cro u e
Doublet i oenuE

Microtubule
w (Axoneme)

.mﬂ

Basal B(')dy (Kinetosome)
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CELL ;nucLEus

CONTAIN GENES AND CONTROL CELLULAR ACTIVITIES

Nuclear pore

Nuclear
envelope

First discovered and named by ROBERT
Nigisolus BROWNin 1831

Chromatin

Nucleoplasm
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NUCLEUS ( DIRECTOR OF CELL)

WAS FIRSTDISCOVERED
BY ROBERTBROWN IN 1831

CONSISTS OF

1. NUCLEARENVELOPE

The name chromatin was

given by flemming because

3. NUCLEAR SAP the material of nucleus was
stained by basic dyes

4. CHROMATIN THREADSIN A RESTING CELL, OR CHROMOSOMES IN A DIVIDING CELL

2. NUCLEOLUS




1.NUCLEAR ENVELOPE ( DOUBLE MEMBRANE ):

Two membranes are separated by a narrow space known as perinuclear cisterna

Outer membrane is studded by ribosomes and is derived from rough endoplasmic
reticulum Of cytoplasm

Inner membrane is ribosome free

Nuclear pores ( 80nm, 3000 to 4000 pores ) are present in nuclear envelope
and are formed by the fusion of outer and inner nuclear membranes

Nuclear pores act as a diaphragm for nuclear — cytoplasmic exchange ( allows the
passage of Mrna, rrna, trna are transmitted from nucleus to cytoplasm but
lysosomes are prevented from entering the nucleus)

Outer

Membrane
- Nuclear

Pore
Complex

.
Perinuclear L
Space .

Inner
Membrane




MARS Learning Centre



2. NUCLEOLUS: ( contains RNA ( ribosome ) granules and proteins )

Nucleoli ( nonmembranous organelle ) which produce ribosomes. Nucleus has one
or more nucleoli. Ribosomal RNA is synthesized here.

Also, proteins imported from cytoplasm are assembled with RNA into LARGE AND
SMALL RIBOSOMAL SUBUNITS IN THE NUCLEOLUS.

These subunits then exit the nucleus through the nuclear pores to the cytoplasm,
where large and small subunit can assemble into a Ribosome

Nucleolus disappears during prophase and reappears during telophase of cell

d iViSion ENuclear
nvelope

Nucleolus was discovered by Fontana

Endoplasmic — i S SE eSS
Reticulum .

MARS Learning Centre Ribosomes



Each ribosome is made up with two unequal sub units which join together
only at the time of protein synthesis in the presence of mg2+ ions in

specific concentration.
PRODUCTION OF RIBOSOMES

. Ribosomal proteins, produced in the
cytoplasm, are transported through
nuclear pores into the nucleolus.

2. rBRNA, most of which is produced in the
nucleolus, is assembled with ribosomal
proteins to form small and large ribosomal Cytoplasm
subunits.

3. The small and large ribosomal subunits
leave the nucleolus and the nucleus
through nuclear pores.

4. The small and large subunits, now in the
cytoplasm, combine with each other and
with mRNA during protein synthesis.

Nuclear pore

Large
ribosomal
subunit

(&)

o ‘ Ribosomal ribosomal
proteins from subunit

cytoplasm S

mRBNA
Ribosome
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3. NUCLEARSAP: (it is a fluid containing proteins)

The colourless dense sap presentinside the nuclear envelope is known as nuclear sap
or Karyolymph or nucleoplasm.

NUCLEAR SAP

Nucleus

Nuclear pore

Nuclear envelope

Centrosome
Nucleolus

Lysosome

Rough ER

Ribosome

Smooth ER

a~ Chromatin

< 2 .\ - L - ~ - 1 < ’/
% — ‘ b g \ - ’
. . {/" e\l - I - —
Mitochondrion S/ o . ,:\ ~— 8 - = = Plasma membrane
\ o
l\

Cytoskeleton

Peroxisome Cytosol

MARS Learning Centre Golgi apparatus




4.CHROMATIN THREADS AND CHROMOSOMES:

Chromosomes are chemically made up of DNA and histone proteins.

Chromatin is present inside the nucleus as a thread like structure ( FOUND IN
THE RESTING PHASE OR INTERPHASE)

Chromatin is formed of DNA and some basic protein called histones.

Chromosomes Chromatin




4.CHROMATIN THREADS AND CHROMOSOMES:

During cell division , chromatin condenses into rod like bodies called chromosomes

Fragments of DNA molecule is called genes

Genes are passed from parents to offsprings through sperm and egg

So genes are called hereditary unit and DNA is called hereditary material
Chromatin and Condensed Chromosome Structure

Telolmere

Nggl;ar Chromatin

Fiber

Condensed
Chromosome

genes present in the cytoplasm ( plasmagenes)
are found in mitochondria, plastids and are

inherited via egg cytoplasm.
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DNA is packed with proteins
to form strands of chromatin.

Two
chromatids

MARS Learning Centre

'When mitosis is about to
begin, the chromatin packs
even more tightly, giving rise

to a visible chromosome.




Chromosomes Chromatin
* Tightly packaged DNA  « Unwound DNA

* Found only during cell  + Found throughout
division Interphase

Nuclear envelope




Perinuclear space

mRNA

Chromatin
Nuclear pore

Nucleoplasm (karyoplasm:
nuclear sap)

Nucleolus

Nuclear membrane

/K ER attached to nuclear membrane

Fig. 2.24: Structure of nucleus




THE PLASMA MEMBRANE

The plasma membrane, a flexible yet sturdy barrier that surrounds and
contains the cytoplasm of a cell, is best described by using a structural model
called the fluid mosaic model ( proposed by singer and Nicolson ).

The plasma membrane is the outer living boundary of the cell.

This is also called cell membrane or plasmalemma.

It is selectively permeable membrane that allows the flow of only some
substances, into the cell and out of the cell.
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STRUCTURE OF THE PLASMA MEMBRANE
The Lipid Bilayer

The basic structural framework of the plasma membrane is the
lipid bilayer, two back-to-back layers made up of three types of
lipid molecules—

Phospholipids
Cholesterol
Glycolipids

About 75% of the membrane lipids are phospholipids, lipids that contain
phosphorus.

Present in smaller amounts are cholesterol (about 20%), a steroid with an
attached!OH (hydroxyl) group,

and various glycolipids (about 5%0), lipids with attached carbohydrate groups.
MARS Learning Centre



The bilayer arrangement occurs because the lipids are amphipathic (am-fe™-PATH-ik)
molecules, which means that they have both polar and nonpolar parts.

In phospholipids, the polar part is the phosphate containing “head,” which is
hydrophilic (hydro- _ water; -philic _ loving).

The nonpolar parts are the two long fatty acid “tails,” which are hydrophobic (-
phobic _fearing) hydrocarbon chains.

outer face

hydrophilic (polar) head ,
_ i hydrophobic
f phospholipid (nonpolar}

fatty acid tai
gf phosgholipid

integral (intrinsic) proteins peripheral (extrinsic) protein

Inner face



Because “like seeks like,” the phospholipid molecules orient themselvesin the bilayer
with their hydrophilic heads facing outward. In this way, the heads face a watery fluid one
either side—cytosolon the inside and extracellular fluid on the outside.

The hydrophobic fatty acid tails in each half of the bilayer point toward one another,
forminga nonpolar, hydrophobicregionin the membrane’sinterior.
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Arrangement of Membrane Proteins

Membrane proteinsare CLASSIFIED AS INTEGRAL OR PERIPHERAL
according to whether they are firmly embedded in the membrane.

Integral proteins extend into or through the lipid bilayer among the fatty
acid tails and are firmly embedded in it. Most integral proteins are
transmembrane proteins, which means that they span the entire lipid
bilayer and protrude into both the cytosol and extracellular fluid.

Carbonhyarates g

Peripheral

Phospholipid
Bilayer

Peripheral
Protein

Integral Channel
Protein Protein
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PERIPHERAL PROTEINS are not as firmly embedded in the membrane.
They associate more loosely with the polar heads of membrane lipids or
with integral proteins at the inner or outer surface of the membrane.

Integral Peripheral
membrane protein membrane protein

Carbohydrate chain
' \

sanne Glycoprotein —» <+ Glycolipid

i T N
ARTHATTANT

‘ AR
UV s, A

Many membrane proteins are glycoproteins, proteins with carbohydrate
groups attached to the ends that protrude into the extracellular fluid.
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The glycocalyx is a carbohydrate-enriched coating that covers the outside of
many eukaryotic cells and prokaryotic cells, particularly bacteria. When on
eukaryotic cells the glycocalyx can be a factor used for the recognition of the
cell. On bacterial cells, the glycocalyx provides a protective coat from host
factors

Extraceliular
fluid I 0
(outside of
cell)

Sugar molecules

Glycolipid - )
2O
9.9

.0
Proteins, )
() - Glyco-

protein

Protein
fibers

Cytoplasm
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FUNCTION; MAINTAINS SHAPE OF CELL
CONTROLS PASSAGE OF SUBSTANCES IN AND OUT OF CELL
FORMS SENSORY SURFACE MOSTLY IN NERVE AND MUSCLE CELLS
SELECTIVELY PERMEABLE OR SEMI — PERMEABLE MEMBRANE.

MADE UP OF LIPIDS , PROTEINS AND CARBOHYDRATES.

Huydrophilic
tegion of protein

| Phosphalipid
bilayer

Hydraphobic
| | regqion of protein
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Most of the cells posses single nucleus and are called uninucleated

Certain protista such as paramecium are binucleated ( have 2 nucleus )

Cells of bone marrow , striated muscles, certain algae and fungi possess many
Nuclei and are called multinucleated.

STRUCTURE OF A PARAMECIUM
cilia
trichocyst
canals of contractie contractile vacuole
vacuole
food vacuole
large nucleus
micronucleus
oral groove
endoplasm
gullet
ectoplasm

RBC are non nucleated, hence
DNA is absent.

““““““

SKELETAL MUSCLE




CONTRIBUTIONS OF SCIENTISTS IN THE FIELD OF CELL BIOLOGY

Observed dead cell

“m Jfﬁ%’i H/
e

1\-\) ~'4¢f’1
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Called it cellulae ( cell) in his book
MICROGRAPHIA
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LEEUWENHOEK WAS THE FIRSTTO SEE A LIVE CELL\ ROBERT BROWN DISCOVERED NUCLEUS

HE WAS THE FIRSTTO OBSERVE SINGLE CELLED PROTISTS,BLOOD CELLS AND BACTERIA




* Born: December 7, 1810
* Died: January 11, 1882

* German zoologist

* Concluded that all animals
are made of cells.

* Contributed to the creation
of the cell theory

hapc AW N comypecpl o/ 357 0000EE0es)

DISCOVERED PLASMA MEMBRANE/
CONCLUDED THAT PRESENCE OF CELL WALLIS A UNIQUE FEATURE OF PLANTS



Matthias Schleiden

* Born: April 5, 1804
* Died: June 23, 1881

 German botanist

* Discovered that all plants
were made of cells

T —— * Contributed to the creation
of the cell theory
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Ernst Haeckel

Haeckel established that nucleus stores
And transmits hereditary traits.

Louis Pasteur established that
life originates from pre- existing
life.

MARS Learning Centre Louis Pasteur



Why it matters .. .. Inthe mid-1600s, Robert Hooke, Curator of Instruments

for the Royal Society of England, used the newly invented light microscopes to study
biological materials.

When Hooke looked at thinly sliced cork from a mature tree through a microscope, he
observed tiny compartments . He gave them the Latin name cellulae, meaning “small
rooms” —hence, the origin of the biological term cel/l. Cork consists of the walls of
dead cells, which is what Hooke was observing.

1665 — Robert Hooke

Observed cells in cork.
Coined the term "cells”.

Cork Cells
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Reports of cells also came from other sources. By the late 1600s, Anton van
Leeuwenhoek, a Dutch shopkeeper, observed “many very little animalcules, very
prettily a-moving,” using a single-lens microscope of his own construction.
Leeuwenhoek discovered and described diverse protists , sperm cells, and even
bacteria, organisms so small that they would not be seen by others for another
two centuries.
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In the 1820s, improvements in microscopes brought cells into sharper focus.
Robert Brown, an English botanist, noticed a discrete, spherical body inside
some cells. He called the body a nucleus.

In 1838, a German botanist, Matthias Schleiden, speculated that the nucleus
had something to do with the development of a cell.

The following year, zoologist Theodor Schwann of Germany expanded
Schleiden’s idea to propose that all animals and plants consist of cells that
contain a nucleus.

He also proposed that even when a cell forms part of a larger organism,
it has an individual life of its own.
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However, an important question remained: Where do cells come from?
A decade later, from his studies of cell growth and reproduction, the German
physiologist Rudolf Virchow proposed that cells arise only from preexisting cells by

a process of division.




Thus, by the middle of the nineteenth century, microscopic
observations had yielded three profound generalizations, which
together constitute what is now known as the cell theory:

CELL THEORY:

1. All organisms are composed of one or more cells.

2. The cell is the basic structural and functional unit of all
living organisms.

3.Cells arise only from the division of preexisting cells.

Credit for developing cell theory is usually given to three scientists

THEODOR SCHWANN
MATHIAS JACOB SCHLEIDEN
MARS Learning Centre ~ RUDOLPH VIRCHOW




10m¢§

| Human height .
Tmi

— Length of some
. nerve and o &
[ muscle cells °>’~

0.1m} A —
—— Chicken egg T -
: g

1cmi -
- Frog egg

1Tmm¢

100 pum

Most plant and
- | animal cells

Nucleus
Most bacteria

Mitochondriowy;

100 nm ;—-Smallest bacteria
} Viruses

- Ribosomes
Oinm iboso! %

Proteins ﬁ
Lipids

Light microscope

Electron microscope

1nm

} Small molecules 5
' 8

0.1 nm E-Atoms

MARS Learning Centre



Mycoplasma , a bacterium known as PPLO ( Pleuropneumonia - like organism ) is
the smallest known cell.

An ostrich egg is the biggest animal cell.
The nerve cells are the longest in human body, measuring up to 90 cm in length.

In plant kingdom, Acetabularia ( an alga ) consists of a single cell which measures
about 6 to 10 cm in length.
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Double membrane bound
organelles

Single membrane bound
organelles

Nuclear envelope
Mitochondria
Chloroplasts
leucoplasts

Lysosomes
Spherosomes
Glyoxysomes
vacuole

Ribosomes, centrioles, microtubules and nucleolusis not membrane bound

Microtubules are structures presentin

Cilia

Flagella
Centrioles
spindle fibres

They are also the part of fibres found in cytoskeleton.
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