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The cell

[t is the bagic unit
The simplest collection of matter that is alive
*5 The cells are too small to be seen by hacked eye

The parameters of microscopes.

Q) Magnification @  Resolution ® Contrast (Q\:’a\)
The ratio of object’s size toit's  (Clarity) minimum distance between two The difference
real size pointe to be distinguiched. The vigible differences in brightness
You can change it with lenges Depends on of waves between parts of the sample
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light microscope (LM)

A vigible light is passed through the specimen and then through glase lenses
The lenses refract the light in such a way that the image of the specimen is

magpnifiedas it is projected into the eye or into camera

Bright-field

- light passes directly through the specimen };‘,CEQ\
the staing ¢ Lusirequire cell to be preserved (kill them)
e i

Phage- contrast

Variationg in density within the specimen to enhance
contragt in ungtained cells;

thig ig useful for examining living, unstained cells.

fluorescence

locations of specific molecules are
revealed by labeling the molecules with
fluorescent dyes or antibodies

Which absorb the emit visible light

confocal
*  Thelaser used in this microscope —to create a single plane of
fluorescence

A 3-D reconstruction can be created by capturing sharp
images at many different planes,

A standard fluorescence micrograph ¢ blurry becauge out-of-
focus light ie not excluded.
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Scanning electron microscopy (SEM).

Cryo-electron microgcopy (eryo-EM)

Deconvolution
It takes many blurry fluorescent images at different planes ,each one processed

uging deconvolution software
This process removes out of focus light and ereating a much sharper 3-D image

Super -resolution

* individual fluorescent molecules were excited by UV light and their position recorded
Combining information from many molecules in different places "breaks” the
regolution limit, resulting in the sharp image .

Electron microgcope (EM)
focuses a beam of elec- trong through the specimen or onto its surface
Rezgolution is inversely related to the wavelength of the light (or electrong)
a microgcope uges for imaging, and electron beame have much shorter
wavelengthe than visible light.
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3-D emages
Thig SEM shows the surface of cells
Electron micrographs are black and white but are often artificially colorized to highlight particular structures

Trangmigsion electron microseopy (TEM).

* needs a thin section of specimen
-+ itreveals the internal structure

The specimen ig frozen rapidly at temperatures less than ~-[60C ~locking the molecules into ngld state
A beam of electrons is passed through the sample to vigualize the molecules by electron microseopy, and
software i¢ used to merge a serieg of such micro- graphs, ereating a 3-D image like the one below.



cell Fractionation

It is useful technique for studying cell structure

C.CVL‘Q Lt iguaakﬁv\
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The centrifuge:-
A price of equipment that is used to spin test tubes
holding mixtures called ( differential centrifugation )

importance:-

The cell fractionation enables the
regearchers to prepare specific cell
componentg in bulk and identify their
functiong

at each speed — the resulting force
force causes a subset of the cell
components to settle to the bottom
of the tube , forming a pellet.

.
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s At higher speed — results in a pellet consists
.
0% with smaller components
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At the lower speed — the pellet consist the
larger component of the call

Cell Fractionation

A useful technique for studying cell structure and function
is'cell fractionation (Figure 7.4), which takes cells apart
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tures from one anoth

'he piece of equipment that is used
for this task is the centrifuge, which spins test tubes holding
mixtures of disrupted cells at a series of increasing speeds,

a process called differential centrifugation. At each speed, the

(1,000 times the

Cell Fractionation

Application Cell fractionation is used to separate (fraction-
ate) cell components based on size and density.

Technique Cells are homogenized in a blender to break
them up. The resulting mixture (homogenate) s centrifuged.
The liquid above the pellet (supernatant) is poured into
another tube and centrifuged at a higher speed for a longer
period. This process is repeated several times. This process,
called differential centrifugation, results in a series of pellets,
each containing different cell components.

—_
& |
Homogenization /

Homogenate

——Tissue
cells

Centrifuged at

Centrifugation
force of gravity)
for 10 min
Supernatant

poured into next

\ Differential

centrifugation

20,000 g
20 min

Pellet rich in
nudei and
cellular debris

150,000 g
3hr

Pellet rich in

mitochondria

(and chloro-

plasts if cells

are from a plant)

Pellet rich in

“microsomes”

(pieces of plasma <

membranes and

cells' internal \?

membranes) Pellet rich in
ribosomes

Results In early experiments,
researchers used microscopy to
identify the organelles in each
pellet and biochemical methods
to determine their metabolic
functions. These identifications
a baseline for this method, enabling

resulting force causes a subset of the cell components to
settle to the bottom of the tube, forming a pellet. At lower
speeds, the pellet consists of larger components, and higher
speeds result in a pellet with smaller components.

Cell fractionation enables researchers to prepare spe-
cific cell components in bulk and identify their functions,
a task not usually possible with intact cells. For example,
on one of the cell fractions, biochemical tests showed
the presence of enzymes involved in cellular respiration,
while electron microscopy revealed large numbers of
the organelles called mitochondria. Together, these data
helped biologists determine that mitochondria are the
sites of cellular respiration. Biochemistry and cytology
thus complement each other in correlating cell function
with structure.

today's researchers to know which cell fraction they should
collect in order to isolate and study particular organelles.
MAKE CONNECTIONS /f you wanted to study the process of
translation of proteins from mRNA, which part of which fraction
would you use? (See Figure 5.22.)
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Pro karyotes R
@ Nonucleus  sbHucagn=Fiamy, g
The DNA is unbounded region called nucleoid

nucloid

@ No membrane- bound organelles
But its eytoplagm ign't a formless soup — there are some regions of prokaryotes
are surrounded by proteins — where specific reactions take place.

examples :
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Eukaryotic celle “frue mudbd .1 =

@® Thereis nucleus

The DND ig bounded by two layer

membrane

<2

@ lthas amembrane-banded organelles

Examples
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# what is the mayor difference between prokaryotic and eukaryotic calls?
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Comparing Prokaryotic and Eukaryotic Cells
All cells share certain basic features: They are all bounded by a
selective barrier, called the plasiamenbrarie (or the cell mem-
brane). Inside all cells is alsemifluid, jellylike substance called
@ytosol, in which subcellular components are suspended. All
cells contain @Far0S0MES, which carry genes in the form of
DNA. And all cells havelfiliasoiés, tiny complexes that make
proteins according to instructions from the genes.

A major difference between prokaryotic and eukaryotic
cells is the location of their DNA. In a eukaryotic cell,
most of the DNAis in an organelle calleqthe uucleus, which
is poUnded by a double membrang (see Figure 7.8). Ina
prokaryotic cell, the DNA is concentrated in a region that

is not membrane-enclosed, called the nucleoid (Figure 7.5).
QLY



functions as selective membrane allowes passages of enough oxygen, nutrients and wastes to serviette entire cell

the ratio of surface area s critical

Becauge each square micrometer of membrane only can pass a limited amount of part isles per
second.

the metabolic requirements of the cell set upper limits on size

[f we increase the size — the volume will be highly increase as well as the cell's requirements

— BUT the surface won't be enough to provide all cell's requirements

Surface area increases while
total volume remains constant

!
5
Note I
.. T . 1
the lower limit of the cell's size pregent on bacteria called Total surface area ¢
[(height X width of 1 side) 6 150 750
mycoplasmas The smallest cell X 6 sides X number of cells]  units? units? units?
Have diameters between O.l and [.O micrometer
: : Total volume
But it have enough DNA to program metabolism and enough enzymes and Ithelghit X widihi length 1 125 125
enough other cellular equipment to carry out the necessary activities of 1 cell) X number of cells] unit3 units® units3
the typical bacteria are [-5 micrometer in diameter Surface area-to-
volume ratio 6 12 6

Which about ten times the size of mycoplasmag [surface area + volume]




vrigue7s Exploring Eukaryotic Cells

Animal Cell (cutaway view of generalized cell)
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Nucleus
vndearPore

[t contain mogt of ger}es in the eukaryotic cell

The DNA is organised into discrete units Which called chromosomes
Structure that curry the genetic information

Each one carry onelong DNA associated with proteing ( higtone )

The complex of (protein +DNA) = chromatin
[t is a small bagic proteins

Helps the DNA to coil and reducing length un make it il in the
nucleus [\)Ok‘ e
The space between nuclear membrane ig continuous with the Er

Nuclear envelope
lumen because ER membrane and nuclear envelope are continuous

tis a membrane which encloge the nucleus and separate it component from the eytoplasm .

Nucleolus

ltig important structure inside the nucleus and located in a specific part of the nucleus

.Double membrane each one is Biplayer
The outer side of envelope is in direct contact with rough ER

009900 §2 0000
8002,

900900 100000

Nuclear pores
J n A
It a complete proteins that allow a selective passages of molecules b 2 Can be seen using an electron microscope s
At the lip of the pore — the inner and outer membranes of the nuclear envelope are continuous. Appears as a mags of dented granules und fibers adjoining part of chromatin

They play un important role in the cell by regulations the entry The main function—to produce ribogomes—> because it containg genes from the DNA
L e that codes for ribosomal RNA — forms ribosomal subunit

Nuclear Lamina [t contained a proteins that imported from the eytoplagm that

lt is a composed of proteing that line the nuclear side of the envelope which maintains the assembled with rRNA into large and emall subunits of ribosomes
shape of the nucleus. [t play a role in cell division and the life spain of the cell
Some cells has more one nucleolus

the nuclear lamina with the nuclear matrix help organize the genetic material so it functions efficiently




Ribosomes Logge Rt

ok %@m perein®
Ribosomes are complexes made of ribosomal RNAg and proteins

It an the cellular components that carry out the protein synthesie

Ribogomes aren't considered organelles — because they are not membrane bounded organelles oS wlf 7= % EZ
om

b,buni}'

the major function:- proteing synthesis
Ribosomes carry out protein synthesis in two
locations:-
[ In the eytosol (free ribosomes)
2-On the outside of the endoplagmic reticulum or n

| Free ribosomes

[t sugpended in the cytogol

Most of proteing that made on free ribogomes function in the eytosol

Ex — enzymes that catalyze the first step of sugar breakdown

Band ribosomes
It bounded to the outer surface of rough endoplaemic reticulum or nuclear envelope

Most of protein that made on bounded ribosomes generally are destined for ingertion into
membraneg for packaging or for export from the cell (gecretion)

Ex — the celle of pancreag that secrete digestive enzymes,
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The nuclear envelope Transport of proteins out of the cell

The endoplasmic reticulum

o Cpaes Metabolism and movement of lipide

Lysosomes Detoxification of poisons
Various kinds of vesicles

The plasma membrane

endoplagmic reticulum

It is an extensive network of membranes that it accounts more than 50% of the total membranes

Continue with the nuclear envelope

If formed of a network of branching tubules and T‘iaﬁeneftﬁ’aas called cisternea

[t devided into two types according to the attachment of ribosomes

— rough endoplasmic reticulum
9 — smooth endoplasmic reticulum
pPY
ER lumen (cavity)(cicternal epace)— ic the ER membrane separates the internal compartment of the ER
from the eytosol cavity

Smooth ER

Rough ER

Nuclear
envelope




gm Oth ER It doesn’t have ribosomes on its surface

Specialised in metabolic processes — —> /00 Z‘ﬁ 2/
. - Various steroid hormones are secreted by adrenal glands and sex
I- sgnthemsmg llplds such as hormones are secreted by the ovary and testes
. 8 g And thy lls are rich with thER
(oil/ steroids /new membrane phospholipidg) "¢ °< #re et e
2- Carbohydrate metabolism }\b\“g -

3- Detoxification of drugs and poﬁong = By adding hydroxyl groups to the drug molecules and making them more
water goluble and eagier to flush from the body.

4- Storing and regulating of calcium iong No e

The SRE membrane pumps caleium ions from the eylosol into the ER lumen

When it stimulated by a nerve impulse, caleium ions rash back to the eytosol to
<) trigger contraction of the muscle cell

On other types of cell — the release of calcium ions from the SRE triggers

different responses — such as secretion of vesicles carrying newly synthesised

proteins.

ROUgh E‘R It hag a ribosomes attached to its outer surface

Functions —

I~ Specialised in synthasing proteins for
~gecretion outside the cell
~ingertion into membranes

2- membrane factory

The cell membrane growsby adding
membrane proteing and phospholipids

20—

The pores is formed by a protein complex <

Protein process :-

Firstly — The ribogomeg that attached to the RER manufacture a new polypeptide chain
Secondly — The proteing are threaded into the ER lumen (inner space ) through a

Thirdly = The new polypeptide folds folds into its functional shape while it enters the ER [umen
fourth — the protein could be modified by enzymes built into the ER membrane

fifth— it depart from the ER wrapped in the membranes of vesicles that bud like bubbles from a

speciallized region ealled transitional ER

Transport vesicles — vesicles in transit form one part of the cell to another

Example — glycoproteing proteing with carbohydrates which covalently bonded to them




The Golgi apparatus

Golgi apparatus consists of a group of aseociated flat tend membranous sacs — called cisterna
. ltis a membranous organelle
The cell could have hundreds of stacks
There are vecicles that concentrate in the vicinity (nearof Golgi apparatus s engaged in

trangporting materials between parts of Golgi and other structures

2- Manufacture certain macromolecules by itself— (

3- Sort and package materialg into transport vegicles L2/ B oh 431, il o 22 1 a3 02

example —

1~ glycoproteing formed in the ER and have their first modified Carbohydrates by the ER itself
—then as it passes through Golgi apparatus, the Golgi removes sugar monomers and subtitles
others

2- producing a large variety amount of carbohydrates

3- phospholipids may aleo be altered in the Golgi

I~ Modifying products of the ER (proteing and lipide ) and then storing them and then gent to other destinatione

[t has two distinet faces—

M — closest to the ER- receives trangport budding vehicles from ER
between the cig and trang faces
(Products are modified)

.— trang face - dlrects vegicles to various destinations

bas W e Vesick S g gp
Qis & Pt wd o Grappded 26

The function — receiving,gorting,shipping,manufacturing molecules for: [- secretion / 2-use it in other parts of cell

And then it will incorporated with
p 2 A Mo 2
cellulose into the cell wall
e

-
¥ Figure 7.12(The Golgi apparatus. The Golgi apparatus consists of stacks
of associated, flattened sacs, or cisternae. Unlike the ER cisternae, these sacs
are not physically connected, as you can see in the cutaway diagram. A Golgi
stack receives and dispatches transport vesicles and the products they contain.
A Golgi stack has a structural and functional directionality, with
that receives vesicles containing ER products and adzans face that dispatches
vesicles. The cisternal maturation model proposes that the Golgi cisternae
themselves “mature,” moving from the cis to the trans face while carrying

D g some proteins along. In addition, some vesicles recycle enzymes that had been

(“receiving” side of \ iwx carried forward in moving cisternae, transporting them “backward” to a less

Golgi apparatus) mature region where their functions are needed
ovesn:\es move
from ER to from ER to Golgi. / @) Vesicles (oales(e to
form new cis Gclgl cisternae.

~ Citernge

@ Cisternal
maturation:{
Golgi cisternae
move in a cis-
to-trans
direction.

Golgi
apparatus

@ Vesicles also

transport certain
proteins back to ER,
their site of function.

0.1 um
=

@ Vesicles form and

leave Golgj, carrying
specific products to
other locations or to
the plasma mem-
brane for secretion

icles transport some proteins.
backward to less mature Golgi

TEM of Golgi apparatus
{onges,

cisternae, where they function.

Golgi apparatus)



5 Lysosomes: digestive compartment

[t is a membranous sac of hydrolytic enzymes that is used to digest (hydrolyse )
macromolecules in eukaryotic celle oy

iy >Nohe 3- (s
Lysosomal enzymes work best in acidic environme (crer Aoy) e

e\\ \ lfa lysosome breaks open or leaks its contents — the released enzymes are not very
active .
& w,
The membrane and enzymes of the lysosome — Becauge the eylosol has anear- neutral pH. Y 714 i
R & cal are made in rough ER and — then transferred to the BUT;
Qi ¢ da ¢ Colgi purchase for further processing — excesgive [eakage from a large number of [ysosomes which
destroy the cell.

The 3 dimengional shape of the lysosomes —

protect the proteins of lysosomal membrane from when the [ysosomes use their hydrolytic enzymes to recyele the cell’s own
. o organic material
enzymatic attack also protect the digestive enzymes

from digesting themselves The process of autophagy —

e
5
N Lysosomes earry out intercellular digestion in a variety of circumstances :- [- the damage organelles surrounded by double membrane
2- alysosome fuges with the outer membrane of thig vesicle

%9%9“0&— is a process where cells engulf (z Liaf) smaller organismsor ~ g_y lysosome enzymes dismantle(cLisas) the inner membrane and the enclosed
food particles 4- the result a small organic compounds are released to the eytosol for reuse.
the food vacuole fuses (zsu3) with a lysosome then the lysogomal enzymes can
digest the food

“macrophia (€S — are an example of human cells that use phagoeytosis to protect the body

— a type of white blood cells thatnvadershelps defendthe body by engulfing and
destroying Bacteria and other foreign matter

So, the cell continually renews itself by the help of lysosomes

The liver recycles half of ite macro molecules each week

oS Wha Ll

the digestion products include:

-simple sugar
These products pass into the eytosol as
(nutrienteaailié yslac) for the cell

Lysogomal storage diceages(inherited)—

The hydrolytic enzymes can't function normally— the lysosomes become engorged (fulled)with indigestible material —this will interfere with other
cellular activities -other monomers
Example: TAY-SACHS diceage (the lipid-digesting enzyme is micsing)which leads to brain impairment

-amino acids
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Va CUOleS Diverce maintenance compartments <. lus/ 2?

@  Vaculaos are large vesicles derived from the endoplasmic reticulum and Golgi apparatus

® liis an escential part of a cells endoplasmic system

®  The vacuolar membrane
The result — —— the solution ingide a vacuole differs in composition from the eytosol

Vacuoles perform a variety of functiong in different kinds of celle

[- Food vacuoles — formed by phagoeytosis. o\ nsles)
5\_4\;) Y e b* 2- Contractile vacuoles —like protigte(csLaaistall Jthat living in fresh water — pump axcess water a0 A s (T ) Lol s o,
out of cells —»why — to maintaining a suitable concentration of ions and molecules inside. oy 2R 21 QSN ol Y

3- Central vacuolee —found in mature celle plant —> = holds organic compounds , water and inorganic ions like (potassium / chloride)
—>plays major role in the gl‘Oth of plant cell which enlarge cell by absorbing water with new investment of eytoplasm
— Developed by joining of smaller vacuoles

— The solution inside the central vacuole called cell sap

__ The function of certain vacuoles in plants and fungi :- Note
l‘ Theg carrg out enzgmaﬁc hgdr‘olysis Plants don't have lysosomes but have these certain vacuoles which act like [ysosomes Note -the vacuoleg in plants storage

two types of compounds
2- the small vacuoles in plants ean hold reserves of important organic compounds like
(proteing in the storage cells in seeds ) ‘
3- thig vacuoles help to protect the plants against herbivores . organic
4- some plant vacuoles contain pigmentsiiss (like red and blue pigments)of petals that —» Pithien dekepile] pebssium
help attract pollinating insects &adls &l ia to flowers tw W\ geads d'l)oﬂ;z/zt :

iﬂofgaﬂz'(/ jons




The trip of proteing and lipid in the endoplasmic system:

-

Nucleus

@ The nuclear envelope is
connected to the rough ER, IAO "
which is also continuous
with the smooth ER. Fumeles

Rough ER

@ Membranes and proteins
produced by the ER move via
transport vesicles to the Golgi.

© The Golgi pinches off transport
vesicles and other vesicles that

give rise to lysosomes, other 2
types of specialized vesicles, Q Plasma

and vacuoles. membrane
/ trans GoIg

O The lysosome is available © A transport vesicle carries @ The plasma membrane ex-

for fusion with another proteins to the plasma pands by fusion of vesicles; pro-

vesicle for digestion. membrane for secretion. teins are secreted from the cell
by exocytosis.

A R g e R B e i e e g e
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M itocho n d r ia a n d O h lo r l p l a ng DOrganisme transform the energy they acquire from their surroundings.

L Mitochondria are the sites of L Ohloroplas’rs found in plants and algae M —~ o
S . I
i — cellular respiration Are the site of —» photosynthesic °
— metabolic process that use oxygen to generate ATP The process of converting olar energy to chemical energy by
by extracting energy from sugars,fate and other fuels absorbing sunlight and uging it to drive the synthesis of organic

compounds such ag sugare* — from Carbon dioxide und water

Endosymbiosis theory

The theory suggests that an early ancestor( o) of eukaryotes engulfed zausslan oxygen-using
nonphotosynthetic prokaryotic cell......... then the engulfed cell formed a relationghip with the host cell to
become “endogymbiosic” .....over the evolution , they become one gingle organiem

# The endogymbionts evolved into mitochondria

# Asleast one of these celle may have then taken up a photosynthetic prokaryote .....which evolved into a
chloroplasts

This theory explains the similarities between mitochondria and chloroplasts Pay attention —
The prokaryote of mitochondria is —an oxygen-

using non photosynthetic prokaryote
The prokaryote of chloroplast is —photosynthetic
prokaryote

The similarities between mitochonaria and chloroplasts
I- enveloped by a double membrane unlike other organelles that have one membrane
2- they contain free ribosomes ag well as circular (circle) DNA molecules

3- Organelles that grow and reproduce independently within the cell.
Note:{ Note 2:

the DNA of mitochondria and chloroplasts are the same with bacterial
chromosomes-associated with their inner membranes

Thie DNA is programmed to synthegise organelle proteing on the
ribosomeg that have been made there aw well

Thig ig evidence that the ancestral engulfed prokaryotics had
two outer membranes which become the double membranes
of mitochondria and chloroplasts



The chloroplast is one of a group

M ifOChO ndria Chloropl astg of plant organelles,called

Animal
Plante
Mitochondria are found in nearly all eukaryotic celle  Fungi Chloroplasts contain the green pigment (chlorophyll)

Qome cells have a single large mitochondrion mostprofiss [ also containg enzymes and other molecules that function in photosynthesis

,BUT usually cells have hundreds or even thousands

of mitochondria Leaves of Plants
green organs
The number related to the cell’s level of metabolic activity The structure of chloroplasts :- Algae.

[t enclosed with an envelope > Consist of two smooth membranes

The narrow space between the two
membranes called inter membrane spac

The membranes of mitochondria —

Each one of the two membranes i a phospholipid belayer with unique Inside the chloroplast — therg are
hich is a flatten interconnected sace
callection of embedded proteing L‘ j/
| the outer membrane ie emooth The fluid outside the thylakoids is the STOrma Each sac called a
—which containg the chloroplast DNA and fhylakoidg

— the inner membrane is convoluted s gkas with infolding called Crictae

ribogomeg and enzymes .
L—'Ehe enzymes that make ATD are built into it

The chloroplast’s membranes divide the chloroplast to three compartments
(I- the inter membrane space/ 2- storma / 3- thylakoid space)

The inner membrane divides the mitochondria into two compartments :-
—which enables the chloroplast to covert light energy to chemical energy

[- [nter membrane space 2- Mitochondrial matrix
The narrow region (s enclosed by inner membrane Types of chloroplast:-
between the inner and FaamEfi s ,the amyloplast — is a colorless organelle that stores starch (amylose), particularly in
outer membranes Different Enzymes roote and tubers
Mitochondrial DN A the chromoplast — which hag pigments that give fruite and flowers their orange and
Ribosomes yellow hues.

o Some metabolic steps of cellular regpiration are catalyzed in the
mitochondrial matrix by enzymes

o Cristae present a large surface area for enzymes that synthesize ATP
because it’s high folding




Mitochondria are dynamic structures which change their shapes and fuse, or divide into separate fragments unlike static structure scene in most diagrams. In skeletal

muscles, this network has been referred to by researcher as a “power grid”.
Y p g

Time-lapse filme — of living cells reveal mitochondria moving around/ changing ite shape/ fusing g Lsu3l /diving into separate

fragments

The electron micrographs — show only the static structures

Chloroplasts are dynamic as well pinging into reproducing and moving alongside mitochondria and other organelles along the side of skeleton

AN

Intermembrane space

Quter
membrane

Ribosomes

0.1 mwm

> Ribosomes

membranes

Granum

. —
Thylakoid Intermembrane space Tr
(a) Diagram and TEM of chloroplast




Peroxisones

The peroxisome is a specialized metabolic compartment bounded by a single membrane

Very small organelle
Peroxisomes contain enzymes that remove hydrogen atoms

from various substrateg and trangfer them to oxygen (02)-
which resulte in producing hydrogen peroxide (H202) H202 ic very toxic itself

,BUT the peroxisome can deal with it —
because it aleo containg an enzyme that converts

The function of peroxigome reactions:-
H202 to water

[- uge oxygen to break fatty acide down
into smaller molecules that are
trangported to mitochondria and uged as
fuel for cellular respiration.

Example about the above —
The enzymes that produce H202 and those that dispose of

2- Peroxigomes in the liver detoxify alcohol and other harmful compounds by thig toxic compound are sequestered away from other cellular
trangferring hydrogen from the poisonous compounds to oxygen components that could be damaged.

3- Qpecialized peroxicomes called glyoxysomes-

.are found in the fat-storing tissues of seeds
,They contain enzymes that initiate (start) the conversion of fatty acids to cugar

which is used ag a source of energy and carbon until it can produce ite own sugar by

.photosynthesis

Peroxisomes grow larger by joining proteing that made in the eytosol and ER,
as well as lipids made in the ER and within the peroxisome itgelf.




Cytoskeleton

cytoskeleton — a network of fibers extending throughout the eytoplasm Note:
Bacterial cells also have fibers that form a
The function type of eytoskeleton, constructed of proteing
[- Giving mechanical support to the cell and maintain its shape Sl (o UL D e

2- [t organizes the cell’s structures and activities.
3- Providing anchorage for many organelles and even eytosolic enzyme molecules.

4- Cell motility —by the eytoskeleton the cell can change it’s location and movements of cell parte

the cell motility requires interaction of eytogkeleton with motor proteing

EX:-

[- Cytoskeletal elements and motor proteing work together with the plasma

membrane molecules — to allow whole cells to mole along fibers outside the General informationg about the strusture:-

cell. The remarkable strength and resilience (<19 ,s) are baged on
2- Ingide the cell — vesicles and other organelles often use motor protein to ite architecture iy

“walk” to thei tinati l t i t toskelet
walk” to their destinatione along a track provided by the eytogkeleton It ook like & dome fent

¥ Figure 7.21 Motor proteins and the cytoskeleton. eytoskeleton i¢ stabilized by a balance between opposing

Receptor
AW < < forces exerted by its elements.
S ATPC ® L] L] ®
D ooy 7% The cytogkeleton ig more dynamic ckeleton — t can be

Motor protein Microtue ! quickly dismantled dsiiyin one part of the cell and reassembled
(ATP powered) of cytoskeleton . l . h . h h f. h "

(a) A motor protein that attaches to a receptor on a vesicle can in anew Ocaflon —e ang|ng t es ape Y t e cell.

"walk" the vesicle along a microtubule or microfilament



The components of the eytoskeleton

o

structure

Hollow tubes

Diameter

25 nm with [5 lumen

protein subunite
Tubulin

ongist -tubulin / B-tublin

Function
Cell motility

chromogomes
h (L dwting (ivision
movement)

- N\
’Y — l. icrotubule
ST M

Row of tubulin dimers

/— NP RS »‘_'.MT
|

nd organelles

% B Nubulin dimer

structure
Two intertwined strands of

actin
diameter

7 nm

protein subunite
Actin

Function
Mugcle contraction
Cytoplasmic streaming (plant
cell)
Cell motility (animal cell)

SSSwe

Microfilament

Actin subunit

e, I7n

all of them working on maintaining the shape of the cell

Structure
Fibroug proteing could into

cables
Diameter

8-12 nm

protein subunits
Several proteing
(Including kerating)

function
Anchorage of nucleug and other
organelles
Formation of nuclear lamina

% Intermediate filament

Keratin proteins

Fibrous subunit (keratins
coiled together)

NN\




=3

T

present in all eukaryotic cells.

Function —

move

Example:-

#microtubules guide vesicles from the ER to the Golgi apparatus and
from the Golgi to the plasma membrane.

#Microtubules are also involved in the separation of chromosomes
during cell division.

microtubules are a hollow rods (43 gas 8 b Jeonstructed from globular
oteing called tubuling

L each tubulin protein is Ene’rjA molecule made up of two components

— A tubulin dimer consists of two slightly different
polypeptides ( tubulin and  tubulin)

The thickest type of the three components of the cytoskeleton

All eukaryotic cells have microtubules

[he two ends of microtubule are slightly different — becauge of the orientation of tubulin dimer

One of the two ends called " plus end " — becauge the rate of accumulating
or releaging tubulin diners ie much higher than the other end.

Microtubules grow in length — by adding tubulin dimers

[- Microtubules shape and support the cell
2- serve ag tracks along which organelles equipped with motor proteins can

Extra
Out of syllabug

the are thin rods present in all eukaryotic cells.

They are called actin filaments because they are built from actin
A microfilament i a twigted double chain of actin subunite
function [ : bearing tengion

microfilamente can form structural networke — when certain proteing bind
along the side of such filament and allow a new filament to extend as a
branch

|—> the networkof microfilaments is just to the ingide plasma
membrane — function 2 — helps support the cell's shape.

the the outer layereykoplasmic layer of a cell
— the semigolid congistency of a gel,

function 3
Microfilaments are well known for their role in cell motility
Microfilaments that function in cellular motility contain the protein
myogin in addition to actin
EX:-
[n the unicellular protist Amoeba and some of our white blood cells
— Cells crawl along a surface by extending (cellular
extengiong) and moving toward them
Muyosin interact to cause contraction of muscle cells
[n plant cells, actin-protein interactiong contribute to
,acircular flow of eytoplasm within cells



it is Cytogkeletal component

intermediate filamente are only found in the cells of some animalg, including vertebrates.
While microtubules and microfilaments are found in all eukaryotic cells.

Size: [ntermediate filaments are about 8-12 nanometerg in diameter, making them thicker than
microfilaments ,but thinner than microtubules.

Composition: Unlike microfilamente and microtubules, intermediate filamente are made up of
fibroug proteing
Diversity: There are several types of intermediate filaments, each constructed from a particular
molecular subunit. Examples include:

- Keratin filaments in epithelial cells

- Vimentin filaments in many cells of mesenchymal origin

- Congistency :Intermediate filaments are remarkably consistent in diameter and molecular
composition across various cell types.

- Function: They play a erucial role in maintaining cell shape and providing mechanical strength
for instance:

- Keratin filaments strengthen protective epithelial sheets

- Nuclear laming support the nuclear envelope

-Importance: [ntermediate filaments are particularly important in cells and tissues that withstand
mechanical stress, such ag hair cells and skin cells.

Extra
Out of syllabug



- Microtubules grow out from the centrogome —
Which ie located near the nucleus .

Cxtia odrmabon — o o/ o o

cilia and Flagella

- They found in (unicellular protist csLuaius) /sperm of animalelcs 53l ¢yl sadi)/ algea (itats) / some plante - These microtubules function ag compression-
- they are acellular extengiong of plagma membrane that contain Microtubules with a specialized arrangement ~ resisting girders of the cytoskeleton.
of the microtubules (9+2). - Within the centrosome a pair of centrioles — each
(9+2) means (Nine doublete of microtubules are arranged in a ring with two single microtubules in its center ) one composed of 8 sets of three(triplet)(z.:3) Microtubules
arranged in a ring
The bagal body i¢ a structure found at the bage of cilia and flagellaand it modified centrioles - ltfound in animal cells but some eukaryotes it’s
- cilia and flagella are struturally cimilar but differ in :- centrosomes lack centrioles
I~ length
2- Number per cell (Motile cilia usually oceur in large numbers on the cell surface. Flagella are usually limited to just Centrosome

one per cell) '
3- beat pattern (A flagellum hag an undulating motion (& gais@s,a ). /, cilia have alternating power and
recovery strokes ( ilaisl cilsyag dldio 5 63)).

- the cilia might act as signals receiving

Example;

-The cilia lining the trachea (windpipe =152 2.) sweeps mucus containing trapped deters out of lungs

-In women’s reproductive tract, the cilia lining the oviducts to help move an egg toward the uterus

Centrioles

¥ Figure 7.24 Structure of a flagellum or motile cilium.

oGl

m-\

mcrotuble

Extra
Out of syllabug

0.1 pum
[RLLLLL

Radial ——
spoke
———Crossiinking— g
S protein betuween
outer doublets

running the length (b A cos secion rrough 8 motle i shows

e membranc- rangerent of microtubules
sheathed structure < membrane BV Toe ot bl dosuis i held
TEM). together with the two central microtubules by
lexible coss-lnking proteins (blue n art),
including the radial spokes. The doublets also
have atached motor proteins caled dyneins
(Ged in art)

*

0.1pm

(€) Basal body: The nine outer doublets of a ciium
or flagellum extend into the basal body, where
 doublet jons ancther microlubule o form
ring of nine triplets. Each triplt s connected
o the next by nontubuin proteins (thinner blue 1 2
lines n Giagram). Thisisa "0 + 0 arrangement;
cental microtubules are ot present
because they terminate above the basal
body (TEM)

Triplet——__

Longitudinal section ~ Microtubules  Cross section
of one centriole of the other centriole




Call wall

The call wallis an extracellular structure of plant calls

The cell wall can be found in plants , prokaryotes and some protists and fungi)

Funetion
[- protection the cell “
2- maintaining the shape of the call |
3- preventing excessive uptake of water
4- holding the plant up against the gravity
Plant cell wall more thicker than the plagma membrane -—

the thickness ranging from O. micro meter to several

The cell wallis made from — i
mm%ﬁi%ﬁrsgynfhesized by enzyme called celluloce cynthace algo it secreted to the

microfibrils made of polysaccharide Celluloge —2> extra cellular space where they become embedded in matrix of other
polysaccharides and proteins
This combination of materials ( cellulose + proteine + polysaccharides )
The (agers of cell wall — i¢ a strong fiberg in a "ground substance "

Primary cell wall — when a young plant cell secretes a relatively thin and flexible wall

— a thin layer rich in sticky polysaccharides called pecting and thic lamella glues ~ Not
adjacent cells together / location ;Between primary walls of adjacent cells ectin is used in cooking
ag a thickening agent in jams and jellies

Secondary cell wall — When the cell matures and stops growing, it strengtheng it’s wall by two ways
— gome plant cells secrete hardening substances into the primary wall

— other celle add a secondary wall betweenthe plasmamembrane and the primary wall which often
deposited in several laminated layers which huch strongand durable matrix




The Extracellular Matrix (ECM) of Animal Cells

Animal cells have an elaborate extracellular matrix
the main ingredients of the ECM are Glycoproteing and other Carbohydrate- containing molecules which seereted by cell

Recatls L_J

The glycoproteins are a proteing with
covalently bonded carbohydrates.

| > Such as — protoglycan - fibronectin - collagen

collagen — Proteoglycan—
The most abundant glycoprotein in the ECM - Aproteoglyean molecule consists of a small core protein with
which forme gtrong eibers outside the cells many carbohydrate chains.
the collagen accounts about 40% of total protein in - Drotein +carbohydrates — covalently attached
human body - o that it may be up to 95% carbohydrate.
The collagen fibers are embedded in a network woven - the proteoglycans are attached to (( polysaccharide molecule))
out (3 da swisoof proteoglycans secreted by the cell - (proteoglycanc +one polysaccharide) = proteoglycan complex
Fibronectin

= it’s function communicating with the cell through integring which leads to
( the ECM can regulate a cell’s behaviour )
it ic a CEM glycoprotein which attached to the cell
Thie ECM proteins bind to cell-surface receptor proteins called

integring

A membrane protein act like receptor protein (with two subunit ) —built into the plasma membrane

We have two sides —
[- the inner side:- (eytoplasmic side)the integring are associated proteins attached to microfilaments of the eytoskeleton

2- outer side - bird to the ECM
[ntegring are in a position to transmit signals between the ECM and the eytoskeleton and thus to integrate

changes oceurring outgide and ingide the cell.
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Collagen fibers
are embedded
in a web of
proteoglycan
complexes.

Fibronectin|is one
ECM protein that
attaches the ECM
to integrins
embedded in

the plasma
membrane.

Plasma
membrane

Note

Fibronectin outside in ECM
Micro filaments inside in eytoplagm

EXTRACELLULAR FLUID

Note :-

A proteoglycan
complex consists
of hundreds of

roteoglycan

molecules attached

noncovalently to a
single long polysac-

charide molecule.

Integrins, membrane
proteins with two
subunits, bind to the
ECM on the outside
and to associated
proteins attached to
microfilaments on the
inside. This linkage
can transmit signals
between the cell's
external environment
and its interior and
can result in changes
in cell behavior.

Polysaccharide
molecule

T Carbo-

hydrates
[

Core
protein

-

Proteoglycan
molecule

Proteoglycan complex

Large proteoglycan complexes can form when hundreds of proteoglycan molecules
become noncovalently attached to a single long polysaccharide molecule,



Cell junctions

Cells are organized into tiggues, organ systems

Neighboring cells often adhere, interact, and communicate via sites of direct physical contact.

Dlant cells animal cells

are channels that connect plant cell walls
o Through plasmodesmata, water and small solutes
(and sometimes proteing and RNA) can pags from

cell to cell
- the plasma membranes of adjacent cells line All three types of cell junctions are
the channel of each plasmodesma and thus are egpecially common in epithelial tigsue,
continuous which lines the external and internal
- the cells share the same internal chemical surfaces of the body
environment - because the channels are filled
with the eytosol

Cell walls

Interior
of cell

Interior
of adja-




Tight junctions prevent

fluid from moving
across a layer of cells.

Plasma membranes
of adjacent cells

Space
between cells

Extracellular
matrix

Channels of a
gap junction

_
0.1 pm

the plasma membraneg of nighboring cells are very rightly
pressed against each other

bound together by specific proteins

forming continuous seals around the cells

it establish a barrier that prevents leakage of extra cellular
fluid across a layer of epithelial cells —

ex: ~Tight junctions between skin cells make us watertight

- Function like rivets ysoluuss

- Fixing cells together into strong sheets

- Theintermediate filaments made of keratin proteins

— Thig intermediate filaments anchor cui3 desmosomes in the eytoplasm
Ex :- Desmogomes attach muscle cells to each other in a muscle

- provide cytoplasmic channels from one

cell to an adjacent cell and

- they are similar in their function to the plasmodesmata in plants.

- Gap junctions consist of membrane proteing extending from the membranes of the two cells.

- — These proteing create pores through which ions, sugars, amino acids, and other small
molecules may pass.

- Gap junctions are necessary for communication between cells in many types of tissues

- Ex:- heart muscle, and in animal embryos.



Remember that none of a cell’s components work alone.

There ic a bacteria ======3» Microphage will help on defending the eespy  The macrophage eravols along a surface and
mammalian body against infections reaches out the bacteria with thin pseudopodia

Actin filaments interact with other elements of the

by ingesting bacteria into phagocytic vegicles )
cytoskeleton in these movements

Bacteria are destroyed by [ys0s0meS  @@yemmew The macrophage engulfs the bacteria {£-

lysosomes are produced by the elaborate

All these processes require endmembrane system
energy with mitochondria

supply in the form of ATP
+ The digestive enzymes and the proteins of the
cytogkeleton are all made by ribogomes

+And the synthesis of all these are programmed by
genetic dipatched from DNA






