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our of the Cell

KEY CONCEPTS

7.1 Biologists use microscopes
and biochemistry to study cells

7.2 Eukaryotic cells have internal
membranes that compartmentalize
their functions

7.3 The eukaryotic cell’s genetic
instructions are housed in the
nucleus and carried out by the
ribosomes

7.4 The endomembrane system
regulates protein traffic and
performs metabolic functions

7.5 Mitochondria and chloroplasts
change energy from one form
to another

7.6 The cytoskeleton is a network of
fibers that organizes structures
and activities in the cell

7.7 Extracellular components and
connections between cells help
coordinate cellular activities




o How can cell biologists investigate the inner workings of a cell, usually too
small to be seen by the unaided eye?
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e Microscopy
=  Microscopes were invented in 1590 and further refined during the 1600s.

= Cell walls were first seen by Robert Hooke in 1665 as he looked through a
microscope at dead cells from the bark of an oak tree.
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= |t took the wonderfully crafted lenses of Antoni van Leeuwenhoek to visualize
living cells.
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= |nalight microscope (LM), visible light is passed through the specimen and then
through glass lenses.
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= The lenses refract (bend) the light in such a way that the image of the specimen
is magnified as it is projected into the eye or into a camera.
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= Parameters of microcopy:
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. Magnification: the ratio of an object's image size to its real size, light
microscopes can magnify effectively to about 1,000 times.
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& At greater magnifications, additional details cannot be seen clearly.
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2. Resolution: a measure of the clarity of the image; it is the minimum distance
two points can be separated and still be distinguished as separate points. The
light microscope cannot resolve detail finer than about 0.2 micrometer (um), or
200 nanometers (nm), regardless of the magnification.
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3. Contrast: the difference in brightness between the light and dark areas of an
image.
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e Methods for enhancing contrast (bl Gawadl 3 sh):
1. Staining =,
2. Labelling cell components.
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» Assignment: different types of L e
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microscope " ner and
L muscle cells
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1. Light microscope 1am |
; :—Frogegg
e Types of light microscope:
1. Brightfield (unstained specimen). 100 pm [Human egg
3 {
2. Brightfield (stained specimen). | ot an @
3. Differential-interference-contrast. o iR
4. Fluorescence. 1 um [ Mitochondrion d
5. Confocal. : »
\ 100 nm [ Smallest bacteria
6. Deconvolution. ) Vinses 0993&
7. Super-resolution. 10 nm _Rm“a
Proteins

I

E » Small molecules @
i 8

0.1 nm E=Atoms
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Brightfield (unstained specimen). Light
passes directly through the specimen.
Unless the cell is naturally pigmented or
artificially stained, the image has little
contrast. (The first four light micrographs
show human cheek epithelial cells; the
scale bar pertains to all four micrographs.)
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Brightfield (stained specimen).

Staining with various dyes enhances contrast.
Most staining procedures require that cells be
fixed (preserved), thereby killing them.
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Phase-contrast. Variations in density within
the specimen are amplified to enhance
contrast in unstained cells; this is especially
useful for examining living, unpigmented cells.
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Differential interference contrast
(Nomarski). As in phase-contrast microscopy,
optical modifications are used to exaggerate
differences in density; the image appears
almost 3-D.
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Fluorescence. The locations of specific molecules
in the cell can be revealed by labeling the molecules
with fluorescent dyes or antibodies; some cells have
molecules that fluoresce on their own. Fluorescent
substances absorb ultraviolet radiation and emit
visible light. In this fluorescently labeled uterine cell,
nuclear material is blue, organelles called mitochon-
dria are orange, and the cell’s “skeleton” is green.
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Confocal. The top image is a

standard fluorescence micrograph of
fluorescently labeled nervous tissue
(nerve cells are green, support cells

are orange, and regions of overlap are
yellow); below it is a confocal image of the
same tissue. Using a laser, this “optical
sectioning” technique eliminates
out-of-focus light from a thick sample,
creating a single plane of fluorescence in
the image. By capturing sharp images at
many different planes, a 3-D reconstruc-
tion can be created. The standard image
is blurry because out-of-focus light is
not excluded.

Deconvolution. The top of this split
image is a compilation of standard
fluorescence micrographs through the
depth of a white blood cell. Below is an
image of the same cell reconstructed
from many blurry images at different
planes, each of which was processed
using deconvolution software. This
process digitally removes out-of-focus
light and reassigns it to its source,
creating a much sharper 3-D image.




Super-resolution. On the top is a
confocal image of part of a nerve cell,
using a fluorescent label that binds to a
molecule clustered in small sacs in the
cell (vesicles) that are 40 nm in diameter.
The greenish-yellow spots are blurry
because 40 nm is below the 200-nm
limit of resolution for standard light
microscopy. Below is an image of the
same part of the cell, seen using a new
super-resolution technique. Sophisti-
cated equipment is used to light up indi-
vidual fluorescent molecules and record
their position. Combining information
from many molecules in different places
“breaks” the limit of resolution, result-
ing in the sharp greenish-yellow dots
seen here. (Each dot is a 40-nm vesicle.)

2. Electron microscope

e Types of electron microscope:

1. Scanning electron microscope (SEM).
2. Transmission electron microscope (TEM).

Scanning electron microscopy (SEM). Micrographs taken with a scan-
ning electron microscope show a 3-D image of the surface of a specimen.
This SEM shows the surface of a cell from a trachea (windpipe)
covered with cell projections called cilia. Electron micrographs
are black and white but are often artificially colorized to
highlight particular structures, as has been done with both
electron micrographs shown here.

Longitudinal section
of cilium
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Cilia

SEM
Cross section
of cilium
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Transmission electron
microscopy (TEM).

A transmission electron
microscope profiles a thin
section of a specimen. This
TEM shows a section
through a tracheal cell,
revealing its internal
structure. In preparing the
specimen, some cilia were
cut along their lengths,
creating longitudinal
sections, while other cilia
were cut straight across,
creating cross sections.




SEM TEM
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1. Detailed study of the topography . Used to study the internal
of specimen ) structure of cells
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2. It needs very thin section of the
2. 2.Specimen is coated by thin specimen.
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3. The specimen has been stained
with atoms of heavy metals,
3. Give 3D image. which attach to certain cellular
Aoall alagd) AN By g haal structures, thus enhancing the
" electron density.
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Both use electromagnets as lenses to bend the paths of the electrons.
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= QOrganelles can't be seen with standard light microscopy because of the
resolution barrier of it, so to see them the electron microscope was introduced
to biology.
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= The electron microscope (EM) focuses a beam of electrons through the
specimen or onto its surface.
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= Resolution is inversely related to the wavelength of the light (or electrons) a
microscope uses for imaging, and electron beams have much shorter
wavelengths than visible light.
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= Modern electron microscopes can theoretically achieve a resolution of about
0.002 nm, though in practice they usually cannot resolve structures smaller
than about 2 nm across, still, this is a 100-fold improvement over the standard
light microscope.
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= The light microscope offers advantages, especially in studying living cells.
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= A disadvantage of electron microscopy is that the methods used to prepare the
specimen kill the cells .
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= Specimen preparation for any type of microscopy can introduce artifacts,
structural features seen in micrographs that do not exist in the living cell.
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= Labeling individual cellular molecules or structures with fluorescent markers
has made it possible to see such structures with increasing detail.
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= |n addition, both confocal and deconvolution microscopy have produced
sharper images of three-dimensional tissues and cells.
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A group of new techniques and labeling molecules developed in recent years
has allowed researchers to “break” the resolution barrier and distinguish
subcellular structures even as small as 10-20 nm across. This super-resolution
microscopy is becoming more widespread.
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Microscopes are the most important tools of cytology, the study of cell
structure.
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Understanding the function of each structure required the integration of
cytology and biochemistry, the study of the chemical processes (metabolism)of
cells.
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e Cell fractioning
= Cell fractionation: A useful technique for studying cell structure and function,
which takes cells apart and separates major organelles and other subcellular
structures from one another.
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= Technique:
v' Cells are homogenized in a blender to break them up. The resulting mixture

(homogenate) is centrifuged using a centrifuge which spins test tubes holding

mixtures of disrupted cells at a series of increasing speeds.
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Homogenate
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Centrifugation




v At each speed, the resulting force causes a subset % :

of the cell components to settle to the bottom of  cenifugedat

1,000 g
the tube, forming a pellet. The other components 72 ity Centrifugation
fo i
of the tube are called supernatant. kg
tube
G e Sl Lk e Al S Qe Ao g JS N 20000 rgentntugatin
S A8 s A Pellet ) J8 e Al e (e (5 5Sa ) 20 min
.Supernatant caud Cua i) 8l <Al :
80,000 g
Pellet rich in 60 min
nuclei and
v' The supernatant (the liquid above the pellet) is cellulr debris : b0
poured into another tube and centrifuged at a L & - 3he
. . Pellet rich in
higher speed for a longer period. mitechondi
plasts if cells
ste 38l 2kl Slea ) 4iale) s Supernatant JI 33 (& i o
_)M'l :\.1_._91; QLIJSAM&UJJ d)L'l 3.\.4.‘:} ‘_r‘.c'la.c-).u “microsomes”

(pieces of plasma . .-
membranes and g
cells’ internal QT"
membranes) Pellet rich in
ribosomes

= At lower speeds, the pellet consists of larger
components, and higher speeds result in a pellet with smaller components.
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= Cell fractionation enables researchers to prepare specific 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.
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= Cell: the basic structural and functional unit of every organism.
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1. Prokaryotic cells: which include Bacteria and Archaea.
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2. Eukaryotic cells: Which include protists, fungi, animals, and plants.
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v “Protist" refers to a diverse group of mostly unicellular eukaryotes.
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e Comparing Prokaryotic and Eukaryotic Cells
= All cells share certain basic features 2l & Sal) LIAN ¢ 53 apen cllia

1. Plasma membrane (Cell membrane): Selective barrier bound the cell.
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2. Cytosol: semifluid, jellylike substance inside the cell, in which subcellular
components are suspended.
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3. Chromosomes: which carry genes in the form of DNA.

4. Ribosomes: tiny complexes that make proteins according to instructions from
the genes.
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= A major difference between prokaryotic and eukaryotic cells is the location of
their DNA.
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v" In a eukaryotic cell, most of the DNA is in an organelle called the nucleus,
which is bounded by a double membrane.
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v In a prokaryotic cell, the DNA is concentrated in a region that is not
membrane-enclosed, called the nucleoid.
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= The figure below shows the structure of prokaryotic cells:
o It's rod-shaped (JS&l 4 gac),
2 Notice that it contains the basic features of every cell (plasma membrane,
cytosol, ribosomes and chromosomes).
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< There’s no nucleus, no membrane bounded organelles.
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< Its structure is simple than eukaryotic cells.

315l Aiia LAY (o 5 (e Tl a5
Fimbriae: attachment structures on
' the surface of some prokaryotes
: (not visible on TEM)

Nucleoid: region where the
cell’s DNA is located (not
enclosed by a membrane)

Ribosomes: complexes that
synthesize proteins

Plasma membrane: membrane
enclosing the cytoplasm

Bacterial - . ' X | Cell wall: rigid structure outside
hromosome W\ ; | the plasma membrane

Glycocalyx: outer coating
of many prokaryotes,

consisting of a capsule 0.5 um
or a slime layer (b) A thin section through the
(a) A typical bacterium Corynebacterium
rod-shaped bacterium Flagella: locomotion diphtheriae (colorized TEM)

organelles of
some prokaryotes
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= Eukaryotic means “true nucleus” = and prokaryotic means “before nucleus "
reflecting the earlier evolution of prokaryotic cells.
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= The interior of either type of cell is called the cytoplasm; in eukaryotic cells,

this term refers only to the region between the nucleus and the plasma
membrane.
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= Within the cytoplasm of a eukaryotic cell, suspended in cytosol, are a variety of
organelles of specialized form and function. These membranes bounded
structures are absent in almost all prokaryotic cells.
Caila gl 5 QSEY) I J g il A el Cilpaianll (o Ao game iidal) LAY & 33 sins JA1 aa 5
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= |n spite of the absence of organelles, though, the prokaryotic cytoplasm is not
a formless soup. For example, some prokaryotes contain regions surrounded
by proteins (not membranes), within which specific reactions take place.
LA 03¢y o 53 sisndd) ¢ W) 31 53l ilay LIS o 530 i JA1y Cilpae 2a g pde (e a2 )l e
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= Eukaryotic cells are generally much larger than prokaryotic cells. Size is a
general feature of cell structure that relates to function.
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= the smallest cells known are bacteria called mycoplasmas, which have
diameters between 0.1 and 1.0 um. These are perhaps the smallest packages
with enough DNA to program metabolism and enough enzymes and other
cellular equipment to carry out the activities necessary for a cell to sustain
itself and reproduce.
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= Typical bacteria are 1-5 pum in diameter, about ten times the size of

mycoplasmas. Eukaryotic cells are typically 10-100 pum in diameter.
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= At the boundary of every cell, the plasma membrane functions as a selective
barrier that allows passage of enough oxygen, nutrients, and wastes to service
the entire cell.
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v The plasma membrane and the membranes of organelles consist of a double

layer (bilayer) of phospholipids with various proteins attached to or embedded
init.

J< (5‘9 el 4 l SRR I Carbohydrate side chains
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v" The hydrophobic parts of phospholipids

and membrane proteins are found in Hydrophobic < |

the interior of the membrane. begon e e
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(b) Structure of the plasma membrane
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v The hydrophilic parts are in contact with aqueous solutions on either side.

v’ Carbohydrate side chains may be attached to proteins or lipids on the outer

surface of the plasma membrane.
chandl e 2 sall anlll 5f s 5 5l <m0 S0 (e Al Sl Jaati o (Saall (0
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= For each square micrometer of membrane, only a limited amount of a
particular substance can cross per second, so the ratio of surface area to
____________ volume is critical.
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Volume =
width*height*length

»Area is proportional to a linear dimension squared, whereas
volume is proportional to the linear dimension cubed.
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= Asa cell (or any other object) increases in size, its surface area grows
proportionately less than its volume.

J8 Jaray 31535 dpadand) dalisal) (8 (AT s g1 5f) 2l aas 210 3 Ladie : * oad *i:sh;: = aaall
aaall 2l 3l e | £
|
= A smaller object has a greater ratio of surface area to ¥ Jshall = dadail) dalial)
volume., 'l oAl
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= Larger organisms do not generally have larger cells than smaller organisms—
they simply have more cells.
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= Some cells may have many long, thin projections from their surface called
microvilli which increase the surface area without an appreciable increase in
volume.
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Y Figure 6.7 Geometric relationships between surface

area and volume. In this diagram, cells are represented as boxes.
Using arbitrary units of length, we can calculate the cell’s surface area
(in square units, or units?),

volume (in cubic units, or Surface area increases while
units®), and ratio of surface total volume remains constant
area to volume. A high
surface-to-volume ratio
facilitates the exchange of
materials between a cell and
its environment.

19

Total surface area

[sum of the surface areas 6 150
(height x width) of all box

sides X number of boxes]

750

Total volume
[height x width x length
x number of boxes] 1 125 125

Surface-to-volume
(5-to-V) ratio
[surface area + volume]

e A Panoramic view of eukaryotic cells:

= |n addition to the plasma membrane at its outer surface, a eukaryotic cell has
extensive, elaborately arranged internal membranes that divide the cell into
organelles (Cell's compartment).
i o Jaad dal 55 A Adals dpdef 4aaal) LAY Gl o DU lidall 3 sa ) ALY
(sla @ jaa) Gluze L) LAY
= The cell's compartments provide different local environments that support
specific metabolic functions, so incompatible processes can occur
simultaneously in a single cell.
Soas IS iyl Cum AR ) e pes 1 Adlie Gl i A il o34 i 58
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= The plasma membrane and organelle membranes also participate directly in the
cell's metabolism because many enzymes are built right into the membranes.
G el g L Aalal) () cillee (85 pdlie Liagl cilpcaadl 482l e 300 Ll aalud)
Ledals A5iall Cilag 3V (e A samal LSO
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= The basic fabric of most biological membranes is a double layer of
phospholipids and other lipids. Embedded in this lipid bilayer or attached to its
surfaces are diverse proteins.
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= However, each type of membrane has a unique composition of lipids and
proteins suited to that membrane’s specific functions. For example, enzymes
embedded in the membranes of the organelles called mitochondria function in

cellular respiration.

elie JSI 1Y) i s ol 5 3 janiall G saall (e 465 Alida (he (he (S8 A Al B2 W) paea o a2
) (e Al ypesn LS nal) s 3 52 sl il 331 Siah ¢ Rigna il 5 Aiar 2056 S

e Structure of eukaryotic cells

-Notice the differences between animal and plant cells. You need to know the

name of each organelle and structure.

-Found only in animal cells: lysosomes, centrosome with centrioles, flagella.

17| |

Animal Cell (cutaway view of generalized cell)

Nuclear envelope: double I

ENDOPLASMIC RETICULUM (ER): network membrane enclosing the
of membranous sacs and tubes; active in nucleus; perforated by
membrane synthesis and other synthetic pores; continuous with ER
Flagellum: motility and metabolic processes; has rough
structure present in (ribosome-studded) and smooth regions Nudeolus: nonmembranous
some animal cells, A structure involved in production

) !

of ribosomes; a nucleus has NUCLEU:
one or more nucleoli

Chromatin: material consisting
of DNA and proteins; visible in
a dividing cell as individual
condensed chromasomes

composed of a cluster of : Rough ER smooth ER
microtubules within an
extension of the plasma
membrane

Centrosome: region /
where the cell’s - y "~
microtubules are = .
initiated; contains a
pair of centrioles

N

N ® Plasma membrane:
A membrane

i« | enclosing the cell

CYTOSKELETON:
reinforces cell’s shape;
functions in cell movement;
components are made of
protein. Includes:

Microfilaments /
|
./ |Ribosomes (small brown
dots): complexes that
make proteins; free in
cytosol or bound to

rough ER or nuclear
envelope

Intermediate filaments }—

Microvilli:
projections that
increase the cell's
surface area

o
K . N
/V 4 b . \ . P/ in synthesis, modification, sorting,
M - 2N . < and secretion of cell products
Peroxisome: organelle with ~ S g ¥ .

Microtubules
Golgi apparatus: organelle active

various specialized metabolic
functions; produces hydrogen
peroxide as a by-product and
then converts it to water

Lysosome: digestive
organelle where
macromolecules are

hydrolyzed

Mitochondrion: organelle where
cellular respiration occurs and
most ATP is generated




Animal Cells
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Human cells from lining of uterus (colorized TEM)

-Found only in plant cells:

plasmodesmata.

Fungal Cells

Yeast cells: reproducing by budding
(above, colorized SEM) and a single cell ; ) )
(right, colorized TEM) Mitochondrion

chloroplasts, central vacuoles, cell wall,

Flan ell (cutaway view of generalized cell)

NUCLEUS

Mitochondrion
Peroxisome
Plasma membrane
Cell wall: outer layer that maintains
cell's shape and protects cell from

mechanical damage; made of cellulose,
other polysaccharides, and protein

Mitochondrion
Nucleus

:
M‘- Nucleolus
2

Cells from duckweed (Spirodela oligorrhiza),
a floating plant (colorized TEM)

-—=—1 Ribosomes (small brown dots)

Central vacuole: prominent organelle

in older plant cells; functions include storage,
breakdown of waste products, and hydrolysis
of macromolecules; enlargement of the
vacuole is a major mechanism of plant growth

Microfilaments
CYTOSKELETON
Microtubules

Chiloroplast: photosynthetic

organelle; converts energy of
sunlight to chemical energy
stored In sugar molecules
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Plasmodesmata: cytoplasmic
channels through cell walls
that connect the cytoplasms

Nucleolus

Vacuole

Unicellular green alga Chlamydomonas
(above, colorized SEM; right, colorized
TEM)




= There are two cellular components involved in the genetic control of the cell:
the nucleus, which houses most of the cell's DNA, and the ribosomes, which use
information from the DNA to make proteins.

DNA JI alaxe cpaing il 5 81 5ill 1 Lt g 4lall ia) aadall 8 o Day ol gla ()l e clllia
i 5 ) pieat) DNAJ) ¢ e sbaall a5 ) il gus sl 1 5 40814 (alal)
e The Nucleus: Information Central
= The nucleus contains most of the genes in the eukaryotic cell. Some genes are
located in the mitochondria and chloroplasts.

Lo giall 8 i) amy aal g6 3l i) diia LOAIL Aalall cliall abiea o 8l (g gias
cel pamdll culaniudll

= |t is usually the most conspicuous organelle (see the purple

structure in the fluorescence micrograph), averaging about 5
um in diameter.

5 Jsm Lkl 5l 5 Cum Al b 55l Clamall ST e 3150 i

e s Saa

Nucleus

= The nuclear envelope encloses the nucleus, separating its Sam
contents from the cytoplasm.

a2 sl e Ll sSe Juad e Jamy (53 (55 530) Cadlally 3) 5l Jala

2 Properties of nuclear membrane:

1) Is a double membrane (The two membranes, each a lipid bilayer with associated
proteins, are separated by a space of 20-40 nm).

Oe Al dida e 5 jle Lagie JS (piliie (e (5 S ) Apde 1 AU WDe (5 il D) yiay
(Ui s 40 ) 20 e laie ddlise Legin Juadli «li 5l dleatiall Silagll)

2) The envelope is perforated by pore structures that are about 100 nm in
diameter.

st Ve e ) eyl ol 485 e (555l DA (g siay
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- At the lip of each pore, the inner and outer membranes of the nuclear envelope
are continuous.

_OM@J)H‘&JM@JBJUQ'}\JH oLzl u}Sgu_deSful_xm

- Pore complex: An intricate protein structure lines each pore and play an important
role in the cell by regulating the entry and exit of proteins and RNAs, as well as large
complexes of macromolecules.
oA Jsa el B age s0 aly o g gl GO g (e il S danay (A0 g g3 Nma ) ) Niaa
BowSl iy el I AslaYU RNA JI iy ja s i gl Jia Leall 5 dalall (e o sall
3. The nuclear side of the envelope is lined by the nuclear lamina, a netlike array
of protein filaments (in animal cells, called intermediate filaments) that
maintains the shape of the nucleus by mechanically supporting the nuclear
envelope.

(e e sana A 5 (A5l Aasall)Nuclear lamina (e Ay (g 5 ) CaBlall JAalall ¢ jal) o)
ol Jand i (Auadans sl Lo ) Al gonll LAY 6 ansd) 408 JSE e 55 3 i sl da ol
5550 Gl A Aale ) ellas) JMA (e 8153 JSG e Aliladl

= Nuclear matrix: a framework of protein fibers extending throughout the nuclear
interior.

Bl e xial A A g 5l LIV (e A0 1 Ay g il 5 pall

* The nuclear lamina and matrix may help organize the genetic material so it
functions efficiently.

Allady Lgitla 5 ool 5 480 ) s salall aplaii e 4y 9 91l 5 giall 5 4 il dnpiiall e JS 20l

Muclear envelope:
———— Outer membrane
[——— Inner membrane

A Chromatin, This
segment of a chromosome
from a nondividing cell shows
PN S O
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Within the nucleus, the DNA is organized into discrete units called
chromosomes, structures that carry the genetic information.

)5 e ble A s il g ey SI) et Alaiia Cilaa s JSE e DNA JI i ) sl Jals
Agiaal) e glaal) Jaas

Chromosome = one long DNA molecule associated with many proteins.
i gl (e el Jai g 3 DNA JI e dish s g (00 2al 5l o gas a5 SU Callsy

Some of the proteins help coil the DNA molecule of each chromosome,
reducing its length and allowing it to fit into the nucleus.

elill duulia dlea g 4l sl Q) @ll s DNA J) es s ) e o g a5 )5S Gana @l 5 jall sl

)l Jada
The complex of DNA and proteins making up chromosomes is called
chromatin.

(Ola 5 S sl g 5 5 81 (0 58y sl 5 L 55l s DNA J) e GsSall S el
When a cell is not dividing, stained chromatin appears as a diffuse mass in
micrographs, and the chromosomes cannot be distinguished from one
another, even though discrete chromosomes are present.
e e gas ga s SISy W gy o(ALS) S (piila s SN jelay Al AJa juma Y Ladie
Aladio G O (i ) Ledan
As a cell prepares to divide, however, the chromosomes coil (condense)

further, becoming thick enough to be distinguished under a microscope as
separate structures.

Latie ) < Helay Cuiay _151“):51@@, 55 e gan ga g SIS ¢ AludiD AdA)) juaati Leic

gl a3 Gl lean (e

2 Each eukaryotic species has a characteristic number of chromosomes.

il g g 5 S e B 1220 Anaaall QM\&IyiQAtjdeéUEA:‘

v Typical human cell has 46 chromosomes in its nucleus; the exceptions are the

sex cells (eggs and sperm), which have only 23 chromosomes in humans.
Gl sall) dpaiad) LA £ UL Ll 55 (A o g 505 S 46 o OlaiDl dpalall A1 (4 gind
o s ga 5 ) 23 (Ao g siad Al (A saall ) gl

v A fruit fly cell has 8 chromosomes in most cells and 4 in the sex cells.

Al LA 8 il sugs S 4 5 LS aine b Cilo s gas S 8 e 2eSUll AL (5 gin
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e Nucleolus

= A prominent structure within the non-dividing nucleus is the nucleolus (plural,
nucleoli), which appears through the electron microscope as a mass of densely
stained granules and fibers adjoining part of the chromatin.

A 0S8 e s S ead) cani Ay il jedai Aandiad) e )il b Ll S il s 4y il
e g KU (e e jad B ) slaall AU A2 gradl) cilusal) 5 LY
= Functions of the nucleolus:

1. Ribosomal RNA (rRNA) are synethesized in the nucleolus from instructions
in the DNA.
(rRNA) Sle s sl S 55 8 Jaa @3l s RNA gl 5l e g 53 a2
2. Proteins imported from the cytoplasm are assembled with rRNA into large
and small subunits of ribosomes. These subunits then exit the nucleus

through the nuclear pores to the cytoplasm, where a large and a small
subunit can assemble into a ribosome.

e g sl ) Bas 5 (2 ST TRNA - J) Sl s s o 3% sand) (50 83 ) giaall Sl 5 ) anand oy
‘_A'IM:U_._SJJ'I a_‘)sfd\ Pr 3\)&.\‘ _).‘.Lir_"i (3)..‘\5..4.“_9'6_)..;,&“) t“_ll.\;}“ FRY _'6_)..35..433;_353_):\._15
sl G2 sSEl Glas 1) 48 ranti (oA Sl ¢ 30 sl

= Sometimes there are two or more nucleoli; the number depends on the
species and the stage in the cell's reproductive cycle.

ad i) Ayl 30all g3 e aaall 13 aaing Cua ST ) o g8 UDAD Sl ¢ lall Gy
Al 5 g0 ol L

= The nucleus directs protein synthesis through the following steps:

ool Lo b e Bl 8 il st Alac dm i e 3151 Jand

1. Synthesizing messenger RNA (mRNA) according to instructions provided by
the DNA. This process is known as transcription.

o Alendl s3a Copxd DNA sggn s Gl claladll e Toldie) mRNA Gl s sl &

(&)
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2. The mRNA is then transported to the cytoplasm via the nuclear pores.

ANl (A deay i Ay i) 8 e 3150 MRNA e ol

3. Once an mRNA molecule reaches the cytoplasm, ribosomes translate the
mRNA’s genetic message into the primary structure of a specific polypeptide.
This process is known as translation.

s e Al ) 4fen 5 e e s sl e ¢ o330 sl S MRNA 563 dosy Loic
(aa i) o Aleall 38 ansi Cua

e Ribosomes: Protein Factories
= Ribosomes, which are complexes made of ribosomal RNAs and proteins, are the
cellular components that carry out protein synthesis

Al 5l

= Ribosomes are not membrane bounded and thus are not considered organelles.

lae et Y Gl Audie U Aalaa o il gun g0 99 )

= Cells that have high rates of protein synthesis have particularly large numbers
of ribosomes as well as prominent nucleoli.

(o) ALYy e gus sl I (e B S Tolae | i 5 sl (e Alle ¥ ame U] e A g el UOAAT) @llia

SPEEEY

= For example, a human pancreas cell, which makes many digestive enzymes, has

a few million ribosomes.

Cmhe dazalell iy 31 (e 3508 Slaed aial e A gl Gl A (uly pSall LA elliad ;Ui
ol g gl 1) e B0
= Types of ribosomes:

A) Free ribosomes: suspended in the cytosol.
Jsm sl 3 5l il s

2 Function: synthesize proteins that function within the cytosol (Such as:
enzymes that catalyze the first steps of sugar breakdown).

5shall co Al sl Gy 5V Jie g siled) (B Lgitida 5 (255 (A Dt g ) gieal Ag 5l
b Sl s A Y
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B) Bound ribosomes are attached to the outside of the endoplasmic
reticulum or nuclear envelope

(5l Al A 30 sy ASuEIL Aliaia ()5Sl 5 el il g sl I

2 Function: Synthesize proteins that are destined for insertion into membranes,
for packaging within certain organelles such as lysosomes, or for export from
the cell (secretion).

ol Al Cilpae Jals Aol ¢ Apae W) Jah Jaadl danadidl i gyl sl A gl
(OAY Alee) A8~ s il

= Bound and free ribosomes are structurally identical, and ribosomes can play
either role at different times.

Bas A B Al o gaesa sl O3S0 O OSeal) ey S A adt Baall 5 8 Al e gus o g3 ) Sl
i

Ly

Free ribosomes in cytosol
Endoplasmic reticulum (ER)

Ribosomes bound to ER

Large
subunit

Small
subunit

TEM showing ER and ribosomes Diagram of a ribosome Computer model of a ribosome

* The endomembrane system is composed of 7 parts:

= Golgi apparatus.

= Plasma membrane.

= Nuclear envelope.

= Endoplasmic reticulum.
= Lysosomes.

= Vesicles.

= Vacuoles.
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= General functions of this system dela)l LasUsgJl:

- Synthesis of proteins and transport it into membranes and organelles or out of
the cell.

A s Oluacs el ) ghisy ©lulg Al g
- Metabolism and movement of lipids.
Ol &Syl e wldae
- Detoxification of poisons.
ol AlB]
= The membranes of this of system are related either through:
o] UM oy lguan Juais pllad) e dci]
v' Direct physical continuity.
iladl oladl JLasyl
v Transfer of membrane segments as tiny vesicles (sacs made of membrane).
o ODasg> S e &t ol oo glad Ji5
= Despite these relationships, the various membranes are not identical in
structure and function.
Aabsglly (oS (3 @alaii Y dakisead) LaY O Y] ¢ A8l 0dd (e 0201
= Moreover, the thickness, molecular composition, and types of chemical

reactions carried out in a given membrane are not fixed but may be modified
several times during the membrane 's life

Joag il Lad] ¢ A0l e dd Juassd (31 d8LwesSIl e laddl g 9 s3] 48,3 ¢slid! dSlaws
slaadl Sl,_v.} Sj@ ;LJT L"_Jb.n B

e The Endoplasmic Reticulum: Biosynthetic Factory

* The endoplasmic reticulum (ER) is such an extensive network of membranes
that accounts for more than half the total membrane in many eukaryotic cells.
L S ggamall Cnas po AST K3 (@19 At o Biae A 1dn0) Mgl Al
Bl gl duiai> ddsdl s
" The ER consists of a network of membranous tubules and sacs called
cisternae (from the Latin cisterna, a reservoir for a liquid).
4 29 cisternae (oud (@ &8Lasdl Ol e A (o dueidgiV dSCuad! (9SS
(lgud! g3 giun (525 Ay
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* The word endoplasmic means “within the cytoplasm,” and reticulum is Latin
for “little net.”

* The ER membrane separates the internal compartment of the ER, called the
ER lumen (cavity) or cisternae space, from the cytosol.
Jywgludl ge Al gagad Juad e deaidbgas)! aSid! elae Jano
= There are two distinct, though connected, regions of the ER that differ in
structure and function:

s glly ST 3 Ol gl Yl eglliail o o)l e tibaie (po dnaidlogcidl Sl )53

1. Smooth ER: its outer surface lacks ribosomes. It appears smooth through
the electron microscope.
J.@.IQJBK L“?:_)L’inn l.e:’da.w ULC CJLo_g.wﬂb 3929 ch\S b p.w)” |..:\.g._& o G AN M‘
QBIASIY el o cludo

2. Rough ER: its outer surface has ribosomes and thus appears rough through
the electron microscope.
G didis ygland eIl leodaw (e Ologugol) 3929 G eudl gy Coonw 1diis| LA
QIS gemall
v" ER membrane is continuous with the nuclear envelope.
NEITWIRE L[ VI WIVE WS IR Y aSsd! clae
v Ribosomes are also attached to the cytoplasmic side of the nuclear envelope's
outer membrane which is continuous with rough ER.

Juaio ;_}.?r.” BV c‘ﬁ_))b_g.”\:\.w.!.! d.‘g-i}n]‘ G)‘J.L” (3 (5_9‘9.'\.” OMal) @le L) ULC Qu}wj.ti_) de g
) Al A5l o
Smooth ER S— "

Rough ER

Nuclear
envelope

ER lumen

Cisternae , & Transitional ER
Ribosomes

Transport vesicle — &
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S Functions of Smooth ER  sludall due) gaudll dSuid) (ailsyg

1. Synthesis of lipids (Oils, Steroids, new membrane phospholipids).

= Among the steroids produced by the smooth ER in animal cells are the sex
hormones of vertebrates and the various steroid hormones secreted by the
adrenal glands.
£l lylaall (§ duizdl U gapgll 1 sludoll duoiMoguiV dSid! L & olug vl s (30
Aoy a1 B! )45 () Ao g piaad| B 3oyl (g (555
= The cells that synthesize and secrete these hormones—in the testes and
ovaries, for example are rich in smooth ER.

Sl ds ranally crmnasd! Jie DU gaygll oo Jie Shdlg adual oo Aggadl LISII 0555
L)l daojDbgiY!

2. Detoxification of drugs and poisons delul! dlgally &gV deaws A1)

= Occur especially in liver cells .Sl LM Q ddkaall 0 SiuS
= Detoxification: Adding hydroxyl groups to drug molecules, making them more
soluble and easier to flush from the body.

AT Lhazes Loe a1/ ydseall £852el) Sy yud A game d8Lo) dudeall 008 (el ¢ duaad] A
el (o W palsill dggw Wby dusld
= The sedative phenobarbital and other barbiturates are examples of drugs
metabolized in this manner by smooth ER in liver cells.
TSIl (3 s bl dSid) Al g daaand) A| Ao Lgde Suas @l OUS,a)l e AiaY) oo
Sedative phenobarbital Jis cbagel!
3. Storage of calcium ions pgsud Sl OBl (350

= In muscle cells, for example, the smooth ER membrane pumps calcium ions
from the cytosol into the ER lumen. When a muscle cell is stimulated by a
nerve impulse, calcium ions rush back across the ER membrane into the
cytosol and trigger contraction of the muscle cell.

dl gargialad) (3o 0 gund 801 bl g e sludall deajDguidl dSsdl Jasi ¢ Do ddasll WIS (3
OR LS_)-“"‘E oy 0153;)“ RE &9.1.43 ‘“SqQ.CJ.QJUQ dlawlgs ddzdl oda e ledisg ¢ gy (o B! W IPE S|
Al Al (oLl 5855 Ep Jgwgialud] ] Casgzed!
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= In other cell types, release of calcium ions from the smooth ER triggers
different responses, such as secretion of vesicles carrying newly synthesized
proteins.
225 e sladodl d0)dg iVl ALl (e 0 gaend S SL gl 3| Joas IS pe (5,3 &ljj 3
4. Metabolism of carbohydrates.

2 Functions of Rough ER i) Ao iyl Al Lasls g
1. Synthesis of secretory proteins 8) yied! Uiy ! andsas

= Many cells secrete proteins that are produced by ribosomes attached to rough
ER.
aayDosiVl Azl Auazel! Ologangalydl IS o olisis 1 Z] LI (pe dokall e
Aisd|
= For example, certain pancreatic cells synthesize the protein insulin in the ER
and secrete this hormone into the bloodstream.
B9l ] 03,85 03 dra) g iV dSidl (§ (gl G gay2 pdual (b ySEd IS asiald 1elld Jlia
gl
= As a polypeptide chain grows from a bound ribosome, the chain is threaded
into the ER lumen through a pore formed by a protein complex in the ER
membrane. The new polypeptide folds into its functional shape as it enters the
ER lumen.
J315 I 505 Lgls daaidgushl aSeadb duatall ilegun gl ) ope dwindl dode dldus L5 Ledis
¢ ddbguil Al BME e dxlgiy (559 CSie (o 098 S NS (o dSeid) Cigars
Lg Lols sl AW Wi s Gotaii gild Y-l ] aoud! e Al Jg30 wie

= Most secretory proteins are glycoproteins, proteins with carbohydrates
covalently bonded to them. The carbohydrates are attached to the proteins in
the ER lumen by enzymes built into the ER membrane.
Slbgz (P9 ySus OlUgyn oo Blue galana 05509 (LY Olbg All) © Slubg Wl 0de (o
ISl gz § pandl gramey 3 (ranlid Aayly Alalgy Shad g8l e Sl po Jadys
Welid (3 dzlg Olarss] dawlgs deayDs syl
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= After secretory proteins are formed, the ER membrane keeps them separate
from proteins in the cytosol, which are produced by free ribosomes. Secretory
proteins depart from the ER wrapped in the membranes of vesicles that bud
like bubbles from a specialized region called transitional ER.
Slis il oo Anadie aelil fo Baidloguid Butll sl Jams 233Y1 Slisiy ) i 0l
Lﬁ.ﬁb uk’ zL_w_))b_gJJ)]'l M" oS Oluig i oD Juadss el ua 5)2-_” Qbyuﬁ.h:b.ﬂ giziue L=.;-‘\J'I
e Secretory proteins: Rough ER = Transport vesicles > Plasma membrane.
e Joxd AL CDUarg> 15 aad AEBY1 Sl (p0 L3131 by I Al | 79,3 iy 4l S
31 @505 51,819 duasganl 0o zloil dic cliakll 1da sy > (23 elakll J1 Lgia cye Lglas
.CJL'SJI
e Transport vesicles: Vesicles in transit from one part of the cell to another.
Aalizeall sl sl Slgedl Ja3 a1 (2 1 AUBLI CDlLasgsl!

2. Membrane factory of the cell Al clis piuan
= Rough ER is a membrane factory for the cell; it grows in place by adding
membrane proteins and phospholipids to its own membrane.
Ol dlol gyl (e A5 LT 3] cdudsdl sla auaid OB dissd] daeydl gVl ASiid) dal
L@J uob':.” elésd) 5).2.“@ 0_9.@.)5

= As polypeptides destined to be membrane proteins grow from the ribosomes,
they are inserted into the ER membrane itself and anchored there by their
hydrophobic portions.
Al slae ] Ologungioyll ope LgngSS wie Jlas (B9 ) dind! dodke dluduw Zha! o
elol) )01 Bblall 3y oy elaad] (3 89l ol 0 Canomy elganitl eajDhyg 5

= Rough ER also makes membrane phospholipids; enzymes built into the ER
membrane assemble phospholipids from precursors in the cytosol.

slad (§ 8397 gall OlapVl cduae I Byaua Ogo arinali Ll Lisd) dueyV gyl &Suad! pois
dj-ud}l:\.-wj'l L_g CRPE TV L:)LS_)J) OR Bydunde (g ey ul.c 8)018 daoidDguiN! aSad)
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The Golgi Apparatus: Shipping and Receiving Center

We can think of the Golgi as a warehouse for receiving, sorting, shipping, and
even some manufacturing.

Slgall gubsad 39 JB5 3 3,8 5 Judxa 35,65 s plun] iad

Here, products of the ER, such as proteins, are modified and stored and then
sent to other destinations

&3 oSkl I JaSg 0355 03 Ol ! Jhe AayDlgidll Al ilamine Jukad 1 2dge S5-I
The Golgi apparatus is especially extensive in cells specialized for secretion.

O diasaseall LIS J Biiiag Blien (258 81y
The Golgi apparatus consists of a group of associated, flattened membranous

sacs (cisternae), each cisternae bounded by membrane separates its internal
space from the cytosol.

ool Lgede gllad allg dlanl) ALa)l CdLasgadl (o duate degazme (0 (209 WS IO
o W) ) Cangadl Jaad e Jony sl Abloxo e d>ly S 0955 Cu> ccisternae
A Golgi stack has a distinct structural directionality, with the membranes of

cisternae on opposite sides of the stack differing in thickness and molecular
composition.

(st sl Calises 3 auidl LeaSio LS 8 (o) &)l dpaedl Caliss

Two sides of Golgi apparatus (wiilaie e (29 el—ucri OgSs:

(A) Cis face: Receiving department, usually located near the ER.
o 19S5 JWLy Lghaar) deej MgVl dSiuadl Wiloniie JLdiue! (e Aggenall (9 Cis dakaie
EWSNERENE S W -]
(B) Trans face: Shipping department.
Lgbdad i lxiiall 0ds piuas e A9l Trans ddlaio
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» Golgi Apparatus function st plul Jos Tase

1. A vesicle that buds from the ER can add its membrane and the contents of its
lumen to the cis face by fusing with a Golgi membrane on that side.
eoill G ¢ 298 e Clis dilaiall ) dea)DgSYl Sl Ol s I Sasg=dl Juas
(398 Ly I Ghgime Canaly dilaiall oda pe duasgll oda
2. Products of the endoplasmic reticulum are usually modified during their transit
from the cis region to the Trans region of the Golgi apparatus. For example,
glycoproteins formed in the ER have their carbohydrates modified, first in the ER
itself, and then as they pass through the Golgi.
3958 oaud Trans J) Cis dikaiall po Wayg o Ul Aeojdl gVl Al Ol Joiad
Byo Jal o3 Il Aadbgiy) At (3 &Sl Sl !y a8 el Jotad sl Jlso
st plu § 631
3. Golgi products that will be secreted depart from the trans face of the Golgi
inside transport vesicles that eventually fuse with the plasma membrane
oo &y oSWl J) Jasxis) Trans face oo g3 oMlass> St e (25 plu] iloniis jola
1313 o2 g (W elail) dplglly o) ddsl

2 Direction of transport Oliig Al 3L O asgd! Jlass! olxil:

1. To other locations or to the plasma membrane for secretion.
A gial) sy Wl 5131 e (g (231 elaal) of (5,3 boliel
2. Backward to less mature Golgi cisternae, where they function.
Al Bouxe dadsy I 050 Eus (258 o gl adll o5l ¢ s oLl by Al JaS
3. Back to ER, their site of function. '
gl g 8o cdropdbgasyl &Sutd! J) sy Wl gl

@ Vesicles move

from ER to Golgi. @) vesicles coalesce to <
@ Vesicles also 4 form new cis Golgi cisternae. -
transport certain \ e T | 23
proteins back to ER, o i S | %
their site of function. 2 TR " i
T > ©Cisternal . Golgi
\_ - maturation:
d - W B __— | Golgi cisternae appﬂrﬂtﬂﬂ

| move in a cis-
to-trans

direction. v g
B 3 /
© Vesicles form anc K

BN
leave Golgi, carrying
specific products to
other locations or t¢
the plasma mem-
brane for secretion.

© Vesicles transport some proteins trans face
backward to less mature Golgi (“shipping” side of
cisternae, where they function. Golgi apparatus)
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= OQOther functions of Golgi apparatus:

(A)Alteration of membrane phospholipids.
it Byhwied) Ogadll Jodas
(B) Manufactures some macromolecules
B Obusa) jas auiuas

= Polysaccharides such as pectin and other non-cellulose molecules which made
in Golgi of plant cells and incorporated along with cellulose into their cell walls.

psSal Sobabad) e rondy (2e)sd (3 i ¢ djghabad) e lisaly (Sl S Jio Bodaiall b,y Seull

LBl duglsdl yal
- Until recently, biologists viewed the Golgi as a static structure, with products in
various stages of processing transferred from one cisterna to the next by vesicles.
LT Jodaidl e (3 Almye (o Slgall OF G il Lol (2609 OL clisYl slale (58
Odasg> dawlgs 8,31 J] Cisternae ¢y Wl

v'While this may occur research from several labs has given rise to a new model of
the Golgi as a more dynamic structure.

s T39ail 1o OF G ¢ By LS5 (292 0L (2l 13T 3505 slalall o dcgazee Ladl celld <L

.Cisternae maturation

= (Cisternal maturation model: the cisternae of the Golgi actually progress forward
from the cis to the Trans face, carrying and modifying their cargo as they move.
Wbl gt pluxl oz a8yl oda U3l 39 ¢Trans JI Cis e olail 2yl ()98 dpiidl

QUIREL]

— Recent research suggests the central regions of the cisternae may remain in place,

while the outer ends are more dynamic.

AST &)l LY O o (8 ¢ LB (3 (5 98 (Jawgll 3 ) D3S5adl Boliall OF ] Aigdsnll b1 g3

(2))2x5) dSalind

32|Page




v’ Before a Golgi stack dispatches its products by budding vesicles from the Trans
face, it sorts these products and targets them for various parts of the cell.
ol O ¢ gt pluzy Trans dikis (oo Adas)l Olatinll Josd I Obasgad! adis Ol Jud
A e dalisee slimd ) dgig 5,85 colsaiaell
v" Molecular identification tags, such as phosphate groups added to the Golgi
products, aid in sorting.
o ;8 § delun low Wlawsdll de game o (2dge lnitie e didyad ddisa OhLA] A8LD] o
Ol
v Transport vesicles budded from the Golgi may have external molecules on
their membranes that recognize "docking sites” on the surface of specific
organelles or on the plasma membrane, thus targeting the vesicles
appropriately.
oo pawl e el Jliiul ablge e C3yai diomls @l Ladl cdluasg=)) elliad 18
ST g ODlasgadl 0dd durgi (3 pdlun Los (23 slia] o e o oluasll

= A lysosome is a membranous sac of hydrolytic enzymes that many eukaryotic
cells use to digest (hydrolyze) macromolecules.

Atz L) gouseind (ally dasdlgll ClaisYl pe 99SI5 dslas Cduarg> (Aol pluzYl
BaSd) Oluidl euag)

= Lysosomal enzymes work best in the acidic environment found in lysosomes. If
a lysosome breaks open or leaks its contents, the released enzymes are not very

active because the cytosol has a near neutral pH (Excessive leakage from a large
number of lysosomes can destroy a cell by self-digestion).

Wl gzl Sy dzg (1 daalonl bluegdl (4 L) s1ol Juadl Dol pluaYl ilassil (5355

Lo gasdldzys o W3 g bladd suoa 3955 old Jgawgnlud! I Sl ol o i o JWby
0 SlaspiYl 0dd ¢y B8 SliaS ol o) U3 gog) Jgwwgialuadl (3 drlgis (@) Aslaxall aus
(0l oda Jady g3lsSad I puagdl Gosbo o5& youdtinn Al

= Hydrolytic enzymes and lysosomal membrane are made by rough ER and then
transferred to the Golgi apparatus for further processing.

o (o placrt ) J&I5 03 &u0Muguidl dSusd! § D! plundl dusely dasdlg)l olasps)l wisal
Agizlas
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Some lysosomes probably arise by budding from the Trans face of the Golgi
apparatus

(352 pluY) Trans dakaiall oy 521l NS o0 Dol pleazYl ey Ladis

How are the proteins of the inner surface of the lysosomal membrane and the
digestive enzymes themselves spared from destruction?

Ul ol J513 8392 00! dasnlgl LYl (oo Lgus S 1) elisd] iy s ooes oS

2 The three-dimensional shapes of these proteins protect vulnerable bonds
from enzymatic attack.

o o lgsd Lasla )l dola (e iy )l o) a1 (336 oS Jans

= Two ways of intracellular digestion by enzymes:
1. Phagocytosis dealdl,
v" Amoebas and many other unicellular eukaryotes eat by engulfing smaller
organisms or food particles, a process called phagocytosis.
GBI i () ddsd) ldeg S ol ldais oo Ladally Luadl L3585 3l eaagll Byl T 29
plaball Glui oo of lgie JaueYl Al

@ Lysosome contains @) Lysosome fuses € Hydrolytic
active hydrolytic with food vacuole. enzymes digest
enzymes. food particles.
\ (= ‘o.m.zﬂ e 1
\ Digestive Je (:] L -
G B ol
L | _..ed 2o Jodl gl ooils 2
ysosome : 451331 dlymrgal
Plasma membrane ®< . E S’ B -
e 4 HgEston g Oloyl pods .3
_ | Food vacuole sl olose

v" Some human cells also carry out phagocytosis. Among them are macrophages,
a type of white blood cell that helps defend the body by engulfing and
destroying bacteria and other invaders.

g9l e 895 P9 Macrophage Jl b e ¢ daaldl dudony oLl GLudYl WIS jans audaiud
(531 2l gally LSl pediy el (§ el delud (&1 ebiand! pull LIS
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2. Autophagy 34! elgddl

v' This process uses the hydrolytic enzymes of lysosomes to recycle the cell's own
organic material.

13 Asd) Dgaaad! 8oLl g5 Boled Aol pluaYl Olass] Aol 0dd pisiud

< Steps of autophagy wlskasdl:

1. A damaged organelle or small amount of cytosol becomes surrounded by a
double membrane of unknown origin.

Bgyan pb ol oo AW slidn Jgwgibld) o dldd 4S9 L) o2z bl

2. Alysosome fuses with the outer membrane of this vesicle.

5 9Sadl Assgadl o Joull ound] el

3. The lysosomal enzymes dismantle the inner membrane with the enclosed
material, and the resulting small organic compounds are released to the cytosol
for reuse.

A5l Lygaandl Boladl Mg dlasgad! J-15 85 g2 gall Sl gall puiags Joell eancd ! Olaszi) s

@ Lysosome fuses with @ Hydrolytic enzymes
vesicle containing digest organelle
damaged organelles. components.

. Lysosome \
Peroxisome \. ‘ 0
o €5 -5

Mitochondrion Digestion

__ Vesicle

v" Example: A human liver cell recycles half of its macromolecules each week.
T gl 84S0 il Ll 49l Bolely OLudYl (3 4SS o el e AxaYl (yo
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v A The cells of people with inherited lysosomal storage diseases (Rare disease)
lack a functioning hydrolytic enzyme normally present in lysosomes.

(530 (e 33) Gyl Dlond) Sollpuacndl OIS oy md oyas cribaall (oladl WD s
Aol (Glorur 3 Vlad dapld Olasss] 3529 J]

v The lysosomes become engorged with indigestible material, which begins to
interfere with other cellular activities.

Aoglsdl dlaadyl & S-G9 (3a5 (Gl9 dagaagall p& dlgall dide AL TaLuc-B’i el JUb
v’ In Tay-Sachs disease, a lipid-digesting enzyme is missing or inactive, and the
brain becomes impaired by an accumulation of lipids in the cells.

WSS by Alad 4 1 35800 luul) dasplgll ©lasiYl 0555 Tay ~ Sachs (e o2 3
Sl LM (§ ool

e Vacuoles: Diverse Maintenance Compartments

= Vacuoles are large vesicles derived from the endoplasmic reticulum and Golgi
apparatus.
(GJ9E pluly duaidlg iyl dSad) (e diiine 88 W asg> 1l gall
= Vacuoles are part of endomembrane system.
YA Yl allas e 125 Dlgaall puiad

= Vacuolar membrane is selective in transporting solutes; as a result, the
solution inside a vacuole differs in composition from the cytosol.

Bymall Jo1s Jglorall Sy 0580 ) domaiig coldall il J&5 (3 Lolanl Olgmall slae 058
Jggialadl § 4555 oo laliza

= Types and functions of vacuoles:
A) Food vacuole: formed by phagocytosis.

.a.n:.uﬁ d.or- C'Ua.wi}g M 13:5‘.:\.&.]1 5_9_7_;5J|
B) Contractile vacuole: found in many unicellular eukaryotes living in fresh
water which pump excess water out of the cell, thereby maintaining a
suitable concentration of ions and molecules inside the cell.
Jass o cdodall oleall 3 S (31 Al liamg (So) Soldind (3 Al dadiall ol gedl
U315 Glisiadly lg Calio 5835 e dladloeall JWUg ddsdl s J) 61 sl s e
LAzl
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C) Hydrolytic vacuole: Found in plants and fungi; carry out enzymatic
hydrolysis (Shared function with lysosomes).

D13 il Cum) dap Wlaoi] lhsl ($9285 o Obyladlly WLl (§ darlgilb :dllall colgxall
(I ] daubs o) dgalins dadsg
D) Central vacuoles: found in mature plant cells which develop by the
coalescence of smaller vacuoles.

lgramy 2o Bpine Wlgaxd zlol Jady JK&E G ¢ AWl SBLAI (3 a5 1035 0l 6 gl
o

» Functions of central vacuole 4;;S,e)l 8g=xall a5y

1) Contains cell sap: main repository of inorganic ions, including potassium and
chloride.

098019 pouwligd! Jio Dgsastl s LN L)l gogiumnll (pg 1dgksll §ylasll e (59223

2) Growth of plant cells, which enlarge as the vacuole absorbs water, enabling
the cell to become larger with a minimal investment in new cytoplasm.
Al ez 8oL (§ edlun low cslall atied ladie Wilgzall eox> Dlayy Gy 1ASLA) LISI 903
i abgtw (9SS 3 oleiidl (351 4> g A5l
The cytosol often occupies only a thin layer
between the central vacuole and the
plasma membrane, so the ratio of plasma
membrane surface to cytosolic volume is
sufficient, even for a large plant cell.

Bymdll Ak didb i Jswsnladl Jidy
dorlins G 0555 JW ¢ 23 st 5 235l
G &> A6 Jswgnludl azd (21 elil)
BaSIl SbLI )

=  Other functions of Vacuoles:

* In plants, small vacuoles can hold reserves of important organic compounds,
such as the proteins stockpiled in the storage cells in seeds.

9 Jie Dgaastl OLSiall wlesgiunS Joss of BLAI 3 8 piuall Olgdll jans adatiud
9l L_.?v d33eal| LIS L_g 82 9> gll
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* Vacuoles may also help protect the plant against herbivores by storing
compounds that are poisonous or unpalatable to animals.

Aol LS pall (3355 (e LgiHad G QLAY WIBT o GBLA Glas il gl adatiud

* Some plant vacuoles contain pigments, such as the red and blue pigments of
petals that help attract pollinating insects to flowers.

@ delud @y ) sl slyasdl Gliuall Jio Cilime e A3LI Olgadll as $gimd
DY) il Ol el ods

e The Endomembrane System: A Review

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

types of specialized vesicles,

and vacuoles.

membrane

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.
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= In eukaryotic cells, mitochondria and chloroplasts are the organelles that
convert energy to forms that cells can use for work.

J925 e Aggaul) Wluaall el yasdl Glududldly by kS gisedl (o 5 s 819l dudad> LISII (3
Leails g £l LIS Lgie s (5,31 JBT ) 48Ua))

= Mitochondria (singular, mitochondrion) are the sites of cellular respiration, the
metabolic process that uses oxygen to drive the generation of ATP by
extracting energy from sugars, fats, and other fuels.
Oldas 4T (29 (Ssll Gudisl) Fibos (56 Jgganall (gl pind ¢ (g uiS5iee B3ska) LyaiSsiss)
WUyl e dBLall oMl IS e cldg ATP Obosr aubai) (s pusi & oYl
sl 55868 s (I 63V Wlzlly ogally

= Chloroplasts found in plants and algae, are the sites of photosynthesis, which
converts solar energy to chemical energy by absorbing sunlight and using it to
drive the synthesis of organic compounds such as sugars from carbon dioxide
and water.

de Joxs 2l Jguall sbdl ddos (e Jggudl (ganll piasy Dbl (3 slpasd) Oladdl dlgis
OS5l gidual (3 delsiunly s gall jolatel IS (1o AdLaS U ] & ganll d8Uall Jog=x5
slallg 09581 ST (36 plaseusly U ,Seudl o dgaanl|

* |n addition to having related functions, mitochondria and chloroplasts share
similar evolutionary origins.

J4a;| 2ol L3 £l piazel| Ol g 't“J_)JJSjJ._f.oJ'I 2)yLads c&;)lﬁ.ﬁo ailsg lagio JS_SJ)U.DBJ aﬁ‘-‘ﬁ}“—‘
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e Mitochondria: Chemical Energy Conversion

=  Mitochondria are found in nearly all eukaryotic cells, including those of
plants, animals, fungi, and most unicellular eukaryotes.

‘QEL‘!.D‘B ch“JJ.]a.bJ'l cCJUb.»oJ‘ Bl g Lo 513))1 A bsl ‘c.]a.’.,o ‘3 EJJJ&SM‘ SEPVE
Al wldusg ol ldads

39| Page




=  Some cells have a single large mitochondrion, but more often a cell has
hundreds or even thousands of mitochondria; the number correlates with
the cell's level of metabolic activity. For example, cells that move or contract
have proportionally more mitochondria per volume than less active cells.
YV 9T Oliadl elliad (6,51 LM el oo a3 8 aS Ba>lg bydiSgine LIS ams e
o x5 1 L) Bhte ¢ A3l (3 Gl Soldos boLad (S gt o duall Cassliy Cap ¢ o
Tolas J8YN L)y pax B9 S LydiSgicall (po nST olael elliad jauiis

= Each of the two membranes enclosing the mitochondrion is a phospholipid
bilayer with a unique collection of embedded proteins.

ic gazme po Bybuiall 99 (1o &3S A oy Laghe S 095 ¢ (lids Og)liSaine S bl
b dndall Sy 0 B

* The outer membrane is smooth, but the inner membrane is convoluted,
within foldings called cristae.

Blyel lgale 3llad Wlslilil e A3l slaidl (S gimm Lo «pudel amyld! slaadl 090
LGNVISIN

= As highly folded surfaces, the cristae give the inner mitochondrial membrane
a large surface area, thus enhancing the productivity of cellular respiration.

JWhy dladl do-luwd 8L (e Jan3 616 LyiSgieall 81yl )33 ) ilsliiV 878 Coun
Skl L)l ddas duzrlid) 8oLy

®» The inner membrane divides the mitochondrion into two internal
compartments:

oiiare J) S greal] audd e I el Joso
1. Intermembrane space, the narrow region between the inner and outer
membranes.

(B eLadlly S 11 elasd! o 8 guammall Aaall ddlarall g ¢ pSlad) o $1,2)

2. Mitochondrial matrix: which is enclosed by the inner membrane and
contains enzymes + DNA + Ribosomes.

Ologuwgaly / DNA / ©lai] e Sy 9 J3-1dl elaadl doloxe 0555 1byaiSsiel! Bg i
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= How does the structure of the mitochondria fit its function in cellular
respiration?

Skl sl Adas (3 lgiadss ao LydiSetal) (S5 el (S

1. The enzymes found in the matrix catalyze some of the steps of cellular
respiration.

(S il Adas Olglas yam jamd e LydSyinedl Bgde (3 B39 gell OlapYl Joas

2. Other proteins that function in respiration, including the enzyme that makes
ATP, are built into the inner membrane.

ABLa] Golsl puindll dudas (3 palud @Iy byasSyiaal) AWl sladd) (§ 6,30 Olby Al
ATP Jl Slojar aiuald (e Jg§uad! @)W
v" Mitochondria are generally in the range of 1-10 um long.
09,500 10 JI 1 i bydSgall Jgbo ol

v Mitochondria are moving around, changing their shapes, and fusing or dividing
in two.

wardl lgan ae fibn'ﬂ}”_g‘! onidl 1 L) e 8y3Bg JSid) § paiog 38y bydiSgiaal)

Mitochondrion

Outer
membrane

Inner
membrane

ribosomes
in the
mitochondrial
matrix
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Chloroplasts: Capture of Light Energy

Chloroplasts contain the green pigment chlorophyll, along with enzymes and
other molecules that function in the photosynthetic production of sugar.

Syl Sloyarg Slasil go Jsu3 @9 cslpasdl Jidg el dio e el pasdl oladudld! (§gims
Sl dzxiiall 3 garl clidl dddes (3
These lens-shaped organelles, about 3—6 um in length, are found in leaves and
other green organs of plants and in algae.
Bl & rls o ¢ nngySes 6 ] 3 02 Wlsb ol Kl A el ail] et
(Aldallg L o sl sl ¢l3=Ylg
= The contents of a chloroplast are partitioned from the cytosol by an envelope
consisting of two membranes separated by a very narrow intermembrane
space.
Glat o £1)0 Logi has rSlat ¢y 095 LM Jgargialud] (y Bastadll i gSe i
= |nside the chloroplast is another membranous system in the form of flattened,
inter connected sacs called thylakoids. In some regions, thylakoids are stacked,;
each stack is called a granum (plural, grana).
lgsaan duain dxlaue CDaig> (1o 9950 ¢ 43T Gl plal el pasdl Coluddld) (-1 dxlgn
Granum (o aexd Sl Gblll pas (3 OlbgSehdll 0ds gaxi G ¢ OldgSehdll Loud
.(Grana gxo=)
= The fluid outside the thylakoids is the stroma, which contains the chloroplast
DNA and ribosomes as well as many enzymes.

«Slosgi) / Slagasgly / DNA (e gz g ¢(omedll) o dagSoltll 513 39 gall Ll ol

Ribosomes

Inner and outer
e membranes
) "
A Granum

o
Thylakoid Intermembrane space 1 um

42 | Page




The membranes of the chloroplast divide the chloroplast space into three
compartments:

@bl LM ) 8uiedld) eunds (Je &btV odn Jass
a. The intermembrane space.
b. The stroma.
c. The thylakoid space.

Function of chloroplast: photosynthesis which is the conversion of light energy
to chemical energy.
Bl | ddgsall dSlall bgos dddas (29 3 guadl sldd) ddosy bl el piasdl B! daudsg

= Their shape is changeable, and they grow and occasionally pinch in two,
reproducing themselves.
(K &) el ) Bl ity g WS ¢ JSad! B e £l piasell oluiasDUI
= They are mobile and, with mitochondria and other organelles, move around

the cell along tracks of the cytoskeleton.
Ohlws pe Al Jg=> 65391 Gluanlly byuSyiwll an Hymib Eus (dSymin £l sl lugiwd!

(Selsdl Sl
*  Plastids <l §lgsl ;
1) Chloroplasts.
£l s ol udwdU!
2) Amyloplast: Colorless organelle that stores starch (Amylose), found in roots

and tubers.
ZByllg ygdexll @ g9 ()‘_9,1,4‘)1!) Ll 0335 Ao Joad 0ol dapde Oiluac @ cwndbighed!
3) Chromoplasts: Has pigments that give fruits and flowers their orange and
yellow hues.
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Peroxisomes: Oxidation

The peroxisome is a specialized metabolic compartment bounded by a single
membrane
Ay slay bl 31y Lasasiiall duad) Olzesd! do STl Olapsr

Peroxisomes contain enzymes that remove hydrogen atoms from various
substrates and transfer them to oxygen (0:), producing hydrogen peroxide
(H20;) as a by-product.

L5 5 dlaeal) Slgall 5o s peg)] 3 W] e Joss Ol e LS Ol ($5153
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These reactions have many different functions. Some peroxisomes use oxygen
to break fatty acids down into smaller molecules that are transported to

mitochondria and used as fuel for cellular respiration.
S eSS il e dwST Slopun Jonl s Badaio a5y Jelax)l e elle

(Seldl i) dddas (3 Wgaldsiin bydiSeinall ) JaS lazms yiuol ©lS)e J) duad! jolasYl

Peroxisomes in the liver detoxify alcohol and other harmful compounds by
transferring hydrogen from the poisonous compounds to oxygen. The H,0;
formed by peroxisomes is itself toxic, but the organelle also contains an
enzyme that converts H,0, to water.

o)) Ja5 Gol e Sl e Bl LS yelly JgoxSl duan D] e LS Olon Joss
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This is an excellent example of how the cell’'s compartmental structure is
crucial to its functions: The enzymes that produce H,0; and those that dispose
of this toxic compound are sequestered away from other cellular components
that could be damaged.

Mg Hy0, gl (@ ol Jie o lg@slog @ Al 5okl S | 4o dueal e 45T Jlie
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= Specialized peroxisomes called glyoxysomes are found in the fat-storing tissues
of plant seeds. These organelles contain enzymes that initiate the conversion
of fatty acids to sugar, which the emerging seedling uses as a source of energy
and carbon until it can produce its own sugar by photosynthesis.

@ 052l &jeall dmuddl (3 uxlsis « Glyoxysomes oew JuSWI Glapur o0 g5 £33 llin
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Peroxisomes grow larger by incorporating _ ;
proteins made in the cytosol and ER, as well as 2 s %% peroxisome
lipids made in the ER and within the peroxisome M
itself.

2 Dlig 53 & Lgzrladil UM (50 JaaS W) olonr 905
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Mitochon-
%, drion

Peroxisomes may increase in number by splitting
in two when they reach a certain size
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= The Cytoskeleton: a network of fibers extending throughout the cytoplasm.
e grid! e Bazandl LI (e A 159kl S|
= Bacterial cells also have fibers that form a type of cytoskeleton, constructed of
proteins similar to eukaryotic ones.
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= The eukaryotic cytoskeleton plays a major role in organizing the structures and
activities of the cell.
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Types of molecular structures found in the cytoskeleton:

1. Microtubules.
2. Microfilaments.

3. Intermediate filaments.

e Roles of the Cytoskeleton: Support and Motility

Functions of the cytoskeleton (dabs):

1. Give mechanical support to cell.

) ASoKeall daled slac)

2. Maintain cell shape.

Al S e dladlxall

O This is especially important for animal cells, which lack walls.
(Sl el gSMal pie s A gumedl LISI (3 Liols- dago LaSlbgll odn piad

The cytoskeleton also provides anchorage for many organelles and even
cytosolic enzyme molecules.

@ 15 (&l Olasd) J1 ALsYL Dglsdl luasll cuds e Lail sl JSeg)! Joss
Jgwgisld
The cytoskeleton can be quickly dismantled in one part of the cell and re-
assembled in a new location, changing the shape of the cell.
A len 3T 086 (3 A4Sy s Al § oSl Ul (3 de iy OF okl Sl pudaian
Al S e
Cell motility includes both changes in cell location and movements of cell
parts.

Al sl 8Sy> ) d8LoYL Azl aBge s 1 ope JS Al 48> pllasas (pasaiy

Cell motility generally requires interaction of the cytoskeleton with motor
proteins.

AL Olusg ally (Sglsll Sl oo S o edleldl Grgus> ddsdl 88> Cdlas
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=  For examples:

1)Cytoskeletal elements and motor proteins work
together with plasma membrane molecules to allow
whole cells to move along fibers outside the cell.
L) oy g ABLYI lisds Wl ge S glsd) JSugdl_polic Jond
392 gadl BN Jgb e a8 ol dlelS dulsel) Zlowald (235!
2) Inside the cell, vesicles and other organelles often
use motor protein “feet" to "walk” to their

destinations along a track provided by the
cytoskeleton.

Sy Al 53 Gluandly Casgadl pdsviud cddsdl S
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e Components of The Cytoskeleton

P.
3 ¢XTPZ Vesicle , —e
S . | S
A a;.,.‘lv,4 Receptor for
P e A

motor protein

Microtubule
of cytoskeleton

Motor protein
(ATP powered)

Table 6.1 The Structure and Function of the Cytoskeleton

Property Microtubules (Tubulin Polymers)

Structure Hollow tubes

Diameter 25 nm with 15-nm lumen 7 nm
Protein subunits Tubulin, a dimer consisting of Actin

a-tubulin and B-tubulin

Main functions

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

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.

Column of tubulin dimers
i - - AJ T

25 nm

l

graph (orange).

B “Tubulin dimer
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Microfilaments (Actin Filaments)

Two intertwined strands of 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

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

Keratin proteins

Fibrous subunit (keratins
colled together)

L

The DNA in the nucleus an T . .

has also been tagged . - - e %\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘
in the first micrograph \ —

(blue) and third micro-




Property Microtubules Microfilaments Intermediate
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e Microtubules a3l S

= Microtubules: hollow rods constructed from globular proteins called tubulins.
Each tubulin protein is a dimer, a molecule made up of two subunits
Lok (89,0 5 OF e cclgogat)) (poun $9S (1895 (30 950 A3g2me Lyl ARSI leusd!
B9 (0 0% (LS eG5>
= A tubulin dimer consists of two slightly different polypeptides, alpha tubulin
and beta tubulin.
vardl lagsans e Olalss s by Wl de pibidas 0l gwgad] (892 055
EUSWRRSHENTRRE
=  Microtubules grow in length by adding tubulin dimers; they can also be
disassembled and their tubulins used to build microtubules elsewhere in the
cell.
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Plus end: The end that can accumulate or release tubulin dimers at a much higher

rate than the other, thus growing and shrinking significantly during cellular
activities.

00 £l Jnay AU (g5l Stz 3] of AuSlya e )08 AaB) Sl Bl
Augls) dla sl I (damdle) ST S kit g 9eid W38 Jbg 5,3Y!
=>» This is called the “plus end,” not because it can only add tubulin proteins but
because it's the end where both “on” and “off” rates are much higher.
Sy 3 Bl @Y U cad (lsmnsd Sliss BLo1 s 806 Y pad el 1o Lsle 3llay
(S35 gl o ST Uy (aladlly gaidl ddes Lodis

= Some functions of microtubule (&5lby):
1) Shape and support the cell and also serve as tracks along which organelles
equipped with motor proteins can move.
Slisis b 8393a)) Cluanll lggle 2,5 olyla gdg5 ] LYY ddsel) daleally JSad! <lac]
.4l

2) Guide vesicles from the ER to the Golgi apparatus and from the Golgi to the
plasma membrane.

(MW slasdl ] (2ot (9 (a9t plu ] des gl dSadl (e cidlasg=ell dumgs

3) Involved in the separation of chromosomes during cell division.
Dl ‘aLm.aJ‘ LGl L"_JLo_g,.w}n_bSH Jlassl ‘3 J=26

e Centrosomes and Centrioles<sl3So welly (§3S pedl ucl!

= In animal cells, microtubules grow out from a centrosome, a region that is
often located near the nucleus.

Bl 0,8 W s dalaie pg (535pal) prudl (v A8 Ol Lads &1l LI (3
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Centrosome

Centromere is a pair of centrioles (Each composed of

nine sets of triplet microtubules arranged in a ring). =3 _
F @by oy ¢ ol o0 7295 08 G35l el 055 l E m—

3 @ AW Oluidl e &SN Ole gazre gl (0 35050
Many other eukaryotic cells lack centrosomes with

centrioles and instead organize microtubules by other
means.

S55yadl maandl Sgg) ASIAIN WISI) Elgil oo pdall s
15y3 Gyl @lal @2 gl JWby Sl

A

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

e Ciliaand Flagella  blgudlg Coluayl

= |n eukaryotes, a specialized arrangement of microtubules is responsible for the
beating of flagella (singular, flagellum) and cilia (singular, cilium), microtubule-
containing extensions that project from some cells. The bacterial flagella have
a different structure.
Calise W) #1651 Gan e il (@19 Add)l luadYl e gz Wlg) (pg ¢« olladly blgudl
B9l A UK bolgaol oy Loled LS bl gunl Sy
=  Many unicellular eukaryotes are propelled through water by cilia or flagella

that act as locomotors appendages and the sperm of animals, algae, and some
plants have flagella.

6355 39 blgudlg Gl dawlg slall e Al Oluusg Gadl Ol (o dodall 2y

oy ldall ¢ Ollgedl g Dgiadl bl gamdl DMl J] A8LSYL ¢ 48> L1958 (giauls g
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= When cilia or flagella extend from cells that are held in place as part of a tissue
layer, they can move fluid over the surface of the tissue.

o (398 JSlgund) eliymes gansd oo didal &5 5Stall SN (o Akl (1 QlaYlg blgud) aulaiad
= For example:

(A) The ciliated lining of the trachea (windpipe) sweeps mucus containing
trapped debris out of the lungs.
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(B) In awoman's reproductive tract, the cilia lining the oviducts help move an
egg toward the uterus.

579 Whagdl &y> e Busluall § and! 8L dilasall CluaYl o (552891 bl jled! 3
o)
= Motile cilia usually occur in large numbers on the cell surface. Flagella are
usually limited to just one or a few per cell, and they are longer than cilia.

91 Bl ST Tagumme bolgudl sue 0555 L dudsdl prdase (e 88 slaeh dSymiall Olaadl dxlgs
DI ¢y Jobol gl LS 8ol dudsel) Lol gunl asias
= Flagella and cilia differ in their beating patterns. A flagellum has an undulating
motion like the tail of a fish. In contrast, cilia have alternating power and
recovery strokes, much like the oars of a racing crew boat. The figure below
illustrates the difference between them.

B3 88 dizrge 8y blgudl dS)> 09S5 G ¢ @S> Jaad (3 blgudls Oluall Caliss
lagis 4851 § 3,801 39 JSad) zussa . Bl blad (1585 Cluad 3y Ol cns (§ ¢ aSodd|

Y Figure 6.23 A comparison of the beating of flagella and motile cilia.

(a) Motion of flagella. A flagellum Direction of swimming
usually undulates, its snakelike —-
motion driving a cell in the same
direction as the axis of the ’\./H\_)
flagellum. Propulsion of a human

sperm cell is an example of flagellate ,\/\g

locomotion (LM).

(b) Motion of cilia. Cilia have a back-and-forth
motion. The rapid power stroke moves the cell in AT :
a direction perpendicular to the axis of the cilium. Direction of organisms movement
Then, during the slower recovery stroke, the cilium ——
bends and sweeps sideways, dloser to the cell
surface. A dense nap of cilia, beating at a rate of
about 40 to 60 strokes a second, covers this
Colpidium, a freshwater protist (colorized SEM). Pt

Power stroke Recovery stroke
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» Primary cilium  JoYl coagl:

v" Non-motile single cilium (one for each cell) which functions as a signal-
receiving cilium
oo Jad a1y duls 5 ellied) dsd] z)ls oo OhLEW JuiisS diiabdy (S35 ¢ Lyoeio b b
.(LTJL.LQS“ ol
v" Membrane proteins on this kind of cilium transmit molecular signals from the

cell's environment to its interior, triggering signaling pathways that may lead
to changes in the cell's activities.

55 ) Aaomall &5l (0 SHLYI 12503 e ST i e 839290l L5Lakl) Slisig )l Jon3
Azl da sl § 5 Wy whlaYl odg dols Whluw jasd ] (25 Lee sl

v' Itis crucial to brain function and to embryonic development.
o) y3kas ] LY Eleddl sl 3 Laga laYl (e godl Lid ny

= Though different in length, number per cell, and beating pattern, motile cilia
and flagella share a common structure.

4S5 el LT Y] g8y Jaed cdds JSI ode ¢ Lllghl (3 oliaYlg bolgudl oM oo 02)Jb
Aglida
= Each motile cilium or flagellum has a group of microtubules sheathed in an
extension of the plasma membrane.
oo 31l Bllaial) AaBAI Sluwidl 0 ds gommn e dS)mtall blgudlly LlaaYl e (S5
({:'JN"'” eliad!
= Nine doublets of microtubules are arranged in a ring with two single

microtubules in its center, this arrangement, referred to as the “9 + 2" pattern,
is found in nearly all eukaryotic flagella and motile cilia.

dal> K e 38 (@1 A8 Ol oo OLLE aud oy 8Symiell laYly blgudl 09833
9+ 2 Gl e Jaadl e (o > ¢ Sl 04 (0 55550 7o) J) LYY
= NOTE! Non-motile primary cilia have a “9 + 0” pattern, lacking the central pair
of microtubules.

Sl oo $5S5all Zg3l J) 52185 gl o 940 dSymmindl pe &Y LYl LS5 0550
Aasul
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= The microtubule assembly of a cilium or flagellum is anchored in the cell by a
basal body, which is structurally very similar to a centriole, with microtubule
triplets in a “9 + 0” pattern.

oS Lltn TS5 clliay (Ul ¢ (S lall ol Aoy Al (§ Lguas olgudlg Cluaadl cdd

(940) IS5l

(a) A longitudinal section of a motile clium
shows microtubules running the length
of the membrane-sheathed structure (TEM).

(<) Basal body: The nine outer doublets of a cilium or
flagellum extend into the basal body, where each %
doublet joins another microtubule to form a ring of
nine triplets. Each triplet is connected to the next
by nontubulin proteins (thinner blue lines in
diagram). This is a “9 + 0* arangement: The two g
central microtubules are not present because they
terminate above the basal body (TEM).

(b) A cross section through a motile cilium shows
the *9 & 2* arrangement of microtubules (TEM).
The outer microtubule doublets are held together
with the two central microtubules by flexible
cross-linking proteins (blue in art), including the
radial spokes. The doublets ako have attached
motor proteins called dyneins (red in art).

Cross section of basal body

protein between
outer doublets

= How does the microtubule assembly produce the bending movements of

flagella and motile cilia?

Ayl (e Jgganall o §1 § g Oy blgwdl Jaz dadull Olows! Olrazd adaind s

¢ Lgud aslsayl

v Bending involves large motor proteins called dynein that are attached along

each outer microtubule doublet.

vardl lpan pe Jias (@lg Dynein (w9 » (o 4S8 JBU (xigp ©lojr 3929 slioddl Gauaiy

Aa gl Oluwdl Jgbo e

e A typical dynein protein has two "feet" that "walk” along the microtubule of
the adjacent doublet, using ATP for energy.

29tmall GUal ABl Slaai¥l Jgb e 0yt cradd e dynein ) s ) ellia

1) One foot: maintains contact.
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2) Second foot: releases and reattaches one step farther along the microtubule.
Azl Oluwdl Job e (5,3 Bslas symil) b)Yl duasy dasJl elas (5,331 pual)

= The outer doublets and two central microtubules are held together by flexible
cross-linking proteins.

cross-linking proteins (&b (¢ Jawgll § dasul SlaaiYlg sl LG o das Il @
Aye

e Microfilaments  d3dul bgusll

= Microfilaments are thin solid rods; they are also called actin filaments
because they are built from molecules of actin, a globular protein.

LY &dg (S bgus ol pam § oud Cux ¢ ddlio Aid) gac e Blue dadull b gl
(S9S WiSI B9 o0 d39SSe

A microfilament is a twisted double chain of actin subunits.
AL SV Oldg e @598t dBlS dAludew S e dauBl b gusd| Cauls

Microtubules are found in all eukaryotic cells.

" e

B9l dudad> W) £193l anezr (3 AaSWI bgusdl uxlgis

Forms of microfilaments 4adul bgsoll lgde uxlg () J8Y)I

=

Linear filaments.
Adgl bgus

2. Structural networks when certain proteins bind along the side of such a
filament and allow a new filament to extend as a branch.

L) Zeacd Lo (53 iliigy ae bgusdl oda Jadys lodie 4y dSus S e Ll i U3
leysd K Je slaaedb
= Functions of microtubules:
1. Compression-resisting lasall doglis,
2. Bear tension (pulling force) .

(o ©13) sl Jas
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3. Form a three-dimensional network just inside the plasma membrane (cortical
microfilaments) helps support the cell's shape, this network gives the outer
cytoplasmic layer of a cell, called the cortex, the semisolid consistency of a gel,
in contrast with the more fluid state of the interior cytoplasm.

S 03 (§ aelug oo (251 L] oo S J) 3l 3536 aSas 2881 Logusnll S5 13
Gubio i Ao o9 COTtEX (ed 80y Noginas 48D (19S5 o el 0 Jand iy Al
Sl @93 gindl 45l

4. In some kinds of animal cells, such as nutrient- Microvillus
absorbing intestinal cells, bundles of
microfilaments make up the core of microvilli,
delicate projections that increase the cell's surface

area. Microfilaments (actin

filaments)
ool e Agganall LIS Jio &l gumell LIS 15T pany
Microvilli cewd aSli J31s Lo A3l bogusd! JSa5 slaadl (3
.a“lﬁ ” “‘..’ 1: ” 4:-[.4.«.0.]1 ] "\"!_9.) U‘c Q)L& @3 Intermediate filaments

Plasma membrane

5. Cell motility dudsdl dSy>.
6. Muscle contraction: thousands of actin filaments and thicker filaments made
of a protein called myosin interact to cause contraction of muscle cells.

e Lo (s guall Dogus (o ASonn Glilg s o (S bgus Jeolath G 1l (ol
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Muscle cell

Actin
filament

Myosin
filament
Myosin
head
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7. Amoeboid movement: In the unicellular eukaryote Amoeba and some of our
white blood cells, localized contractions brought about by actin and myosin is
involved in the amoeboid (crawling) movement of the cells.

Jl 8LoYL iy lall odgs ddsdl Oliusg Sl Olid> Ll an 2o Eus 1 duwd 45,
SESYI (o A g0 Lo LS g a8yl 0 ke (0550 G ¢ slpasdl pull LIS
(o) 4Sy>) A5yl 0dd Caar Low (ppanganlly
v The cell-crawls along a surface by extending cellular extensions called
pseudopodia and moving toward them.
e S Il (o Hyxilg pe Bian Llgs LgSMiel UM (30 cam3l N 0l alatnd
(L3I pladY1)

Cortex (outer cytoplasm):
gel with actin network

100 um

Inner cytoplasm :
(nnre%id) N - 00

Extending
pseudopodium

8. Cytoplasmic streaming: In plant cells, actin-protein interactions contribute to
cytoplasmic streaming, a circular flow of cytoplasm within cells, this
movement, which is especially common in large plant cells, speeds the
movement of organelles and the distribution of materials within the cell.

Obyz § polug lae (RSN (6959 Aime bl p o LS Gy Sy 1 25giad] Oyl
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Intermediate Filaments ddawgll bogusll

Intermediate filaments: are named for their diameter, which is larger than the
diameter of microfilaments but smaller than that of microtubules.

J8l5 48,801 gl Jlab e ST Usylad O o ey ad oty o) gy dbaangd] Dol Cpons

A3 OlowdYl e

Intermediate filaments are only found in the cells of some animals, including
vertebrates.
(b aall gd Ly dlgund! LIUSII 16T Lamy (3 1a86 duaag)l bogusell drlgi
Intermediate filaments are a diverse class of cytoskeletal elements. Each type
is constructed from a particular molecular subunit belonging to a family of
proteins whose members include the keratins.
o0 degazma 5 09555 ¢Skl U@l molis (o degitin dc gazn dndaugll bogusl puias
A PAURVES TR U PRV ETVEINE e RGNS
Intermediate filaments are more permanent fixtures of cells than are
microfilaments and microtubules, which are often disassembled and
reassembled in various parts of a cell.

31 b gusdl e Bylie dudsdl J31s (S5 SSan Y gl Ca Ay Aadls ddaugll Lo guidll (55

Aadull cwbYlg

Chemical treatments that remove microfilaments and microtubules from the
cytoplasm of living cells leave a web of intermediate filaments that retains its
original shape.

B daoghl Lo gl S0 BBl b gl 9 Adul) ol D) e dslasSIl donlland) Jans

.5.33.:?-3.0 20 L;L,o;)n a,.Lsdl Lﬂi’u ul; Jhalss

Even after cells die, intermediate filament networks often persist; for example,
the outer layer of our skin consists of dead skin cells full of keratin filaments.

Azl didall Sgims el e oIl oo Azl 8l g das (g 839290 Addnwgll bogusdl (45
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= Functions of intermediate filament:
A. Play an important role in reinforcing the shape of a cell and fixing the position
of certain organelles (such as the nucleus).
(Bl Jon) g ilusne aBge Condly Al S j3a5 (§ Lage 90 anls
B. Make up the nuclear lamina, which lines the interior of the nuclear envelope.

S e (S99 MR Jgb e Cabaud (gl dggil) dsomsall K45

Microvillus

C. By supporting a cell's shape, intermediate filaments
help the cell carry out its

Plasma membrane

specific function, for example anchoring the
microfilaments supporting the intestinal microvilli. Ry s )

elol e ddsdl dass gl bogusedl delud ¢ ddsdl i @ M- (y0
mlcrOV|||| d‘ (Q.C-L'i ("S-J‘ Et.a._é_\l! bj,_\.?'d‘ C.s_a.:.ﬂ d:'w 4 SJJJLA." Lelb,.doj Intermediate filaments
sleadl (3

= Most cells synthesize and secrete materials extracellularly.
DU Slsall 5n ksl 535 asboas LIS pline 33
= Examples of these materials:
1) Cell wall in plant cells  45LJI LM (§ (5ol ylasll,
2) Extracellular matrix (ECM) in animal cells Al guad) LD (§ Ayl aSad)

e Cell Walls of Plants

v The cell wall is an extracellular structure of plant cells. It’s one of the features
that distinguish plant cells from animal cells.
2991 a1 98 (Selsl Hlamedl ALl LIUSIL Jawsd (@1 dughs) 7y CaSIAN (yo (S ghsell el iy
gl IS e ALl W) ned ()
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= Microfibrils made of the polysaccharide ' >_

= Functions of the cell wall :
1. Protects the plant cell 45l ddsdl dolas .
Maintains its shape dslall Azl K e dladi=all.
Prevents excessive uptake of water blsdl | bl (pe S31H1 J-0Y) e

HwnN

The strong walls of specialized cells hold the plant up against the force of
gravity.

Ao V1 Aol 898 o WLl Cuds e Al diaasiial| LIS Joss
= Prokaryotes, fungi, and some unicellular eukaryotes also have cell walls.
gl Doz LI il gl wliisi> pang Wbyhadll ¢ Geil O pan el

= Plant cell walls are much thicker than the plasma membrane, ranging from 0.1
um to several micrometers.
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= The exact chemical composition of the wall varies from species to species and
even from one cell type to another in the same plant, but the basic design of
the wall is consistent.
L s e g o cbladl (e dabiseall £19391 o (Solsdl ol 331 Bl LSl Cilise
Ll 5zl 1dg) (swlesd) sUdl o ) &l s (§ 555
Central vacuole

GB? 7 / e" Cytosol

Plasma membrane

cellulose are synthesized by an enzyme
called cellulose synthase and secreted to
the extracellular space, where they
become embedded in a matrix of other
polysaccharides and proteins. This matrix is
called “ground substance”.

N Plant cell walls

Secondary
cell wall

e llar @3] dawlgr jokdud) o BUT gias
oL £ Ul BLYI ods 5,85 @3 Cellulose synthase
bl (30 89S Byt (3 Airh gy oy EA) , Py

Ground Sgial sda e 3lal .l iy Badasell N B iade
.substance g 2l N

Primary
cell wall




= A vyoung plant cell first secretes a relatively thin and flexible wall called the
primary cell wall.

A9V Gl el oan Toed Tpag Ty Dl &l (§ il A5Lad) LS 3,45

= Between primary walls of adjacent cells is the middle lamella, a thin layer rich
in sticky polysaccharides called pectin. The middle lamella glues adjacent cells
together.

88,0y A g (sl dopiall) (o Al ygloniall WL &39I gl sl (g vy
By9lriell s &sladl jud) 3aa) (e didall 000 Josd o (0Sl) ddbaiall jSdl (30 428
= When the cell matures and stops growing, it strengthens its wall, by:
1k o Wylax Lsan sy geill e CaByl gl ALl &) uass Ltis
(1) Secreting hardening substances into the primary wall.
J9V ) &g 8ola 31,3

(2) Adding a secondary cell wall between the plasma membrane and the
primary wall.

(2 clasdly JoYI Jelsdl slasdl o (5956 Sk Sl d8Ls)|

= The secondary wall, often deposited in several laminated layers, has a strong
and durable matrix that affords the cell protection and support. Wood, for
example, consists mainly of secondary walls.
e Azl Blag dales 1395 (g ey Drgd Byt Al cliab Bue (po (Sl Il ¢9Shy
g3l 4 o (gole] K (el 095 cJlall Joaao

= Plant cell walls are usually perforated by channels between adjacent cells
called plasmodesmata.

Lalgy)l) el Lgake (o 8y9laciadl LIS! (o @l 938 Anol 9o ALl LS Doghsell jazdl Caasd
(Al

e The Extracellular Matrix (ECM) of Animal Cells

= The main ingredients of the ECM are glycoproteins and other carbohydrate-
containing molecules secreted by the cells.

S5 63 Wlzr ] BLsYL S Glbay e Hlke Golsdl D menil) (ool 958l 0]
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= The most abundant glycoprotein in the ECM of most animal cells is collagen,
which forms strong fibers outside the cells. Collagen accounts for about 40%of
the total protein in the human body.
Sig Sy =Y 98U 92 Skl 7l el (§ A9 (@1 Sl SluS gl (pe dud Sl o)
Ol o § Sllg Al Paze (0% 40 xS S Al 7)ls- dugd

= The collagen fibers are embedded in a network woven out of proteoglycans
secreted by cells

Al )85 S OBE 339 Al DlSye oo A8l US> (a2l oy m

= proteoglycan molecule consists of a small core protein + many carbohydrate
chains covalently attached, so that it may be up to 95%carbohydrate.

dadlud Jaylg Ol g AU (o dodadl dide Jadys psuo (1390 (e OBIDIE 959 I oy (19SCS
A5 95 Lgd Oy g 4SS duwd SLi5 3

= Large proteoglycan complexes can form when hundreds of proteoglycan
molecules become non-covalently attached to a single long polysaccharide
molecule.

2G> @ OB 9 Al Wl (e Ladadl LG 3, e 8 aSI OBE 9,59 1 LS ye JSKads
el pe Aoty clldg LSl wde o (bsb A9

= Some cells are attached to the ECM by ECM glycoproteins such as fibronectin.
Fibronectin and other ECM proteins bind to cell-surface receptor proteins called
integrins that are built into the plasma membrane.

.Fibronectin el lgde 3la 4,80 @y IS (10 Solsdl )l madlb WS ams Juals
awl (e U g5 Ay CMaune O duamy )l gl 4558 (5531 Oliligyg gl e ey
Ul odg) (231 claall (3 Ao integrins el o Byad LI

= Integrins span the membrane and bind on their cytoplasmic side to associated
proteins attached to microfilaments of the cytoskeleton.

NS o &l (23l 320l Jad S G (Sl sladl Integrin Jl wldgn 35 =
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= Integrins are in a position to transmit signals between the ECM and the
cytoskeleton and thus to integrate change occurring outside and inside the
cell.

Sl B el o ShLEY! 63 e 838 0653 gl s aBge olisig Wl o s m
(Sl Sl
= Functions of the ECM:

1. Regulates cell's behavior by communicating with a cell through integrin.
Integrin Jl @l p ae gas Lglasl NS o0 ddsdl Pl ol ®
v For example, some cells in a developing embryo migrate along specific

pathways by matching the orientation of their microfilaments to the "grain" of
fibers in the extracellular matrix.

pabsus ol islhae 32y (8 B3ume yb 3 o) @ WIS pams y= 5 el e s
ECM JI 3 8392 9a)l Do gl e A3l
2. Influence the activity of genes, in the nucleus.
Blgadl @ Ol blad e sl
v Information about the ECM probably reaches the nucleus by a combination of

mechanical and chemical signaling pathways. Mechanical signaling involves
fibronectin, integrins, and microfilaments of the cytoskeleton.

ABlaSly 4S8l OHLEII (yo de gazms §25b0 o Blgill JIECM JI (30 Sloghanll Juas
(Sl Sl 480 lulsintegrins ¢Syl (69 paal dsbasSdl L)l
v Changes in the cytoskeleton may in turn trigger signaling pathways inside the

cell, leading to changes of proteins being made by the cell and therefore
changes in the cell's function.

by Al (§ S Edow Lew ddsdl s Bylanl ud g5 J] (6955 98 (S gladl JSugl) il 31 ol il
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e Cell Junctions

» Neighboring animal or plant cells often adhere, interact, and communicate via
sites of direct physical contact.
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e Plasmodesmatain Plant Cells 4Ll bl (§ dua) Ml daslg )l

= Cell walls are perforated with plasmodesmata channels that connect cells.
Cytosol passing through the plasmodesmata joins the internal chemical
environments of adjacent cells.

et Gz (Byglamall LIS day) (e Jand duo)dl lgid IS ye Lo (Sl izl 150
8)9lamiad! L ABlia Sl Al Ol aaze los Ol giall oda e 590l Jgw giluad|

* The plasma membranes of adjacent cells line the channel of each
plasmodesma and thus are continuous.
Abaie 3655 JWUg ilgaddl ods §y9laiall b (231 slaidl g

* Water and small solutes can pass freely from cell to cell as well as certain
proteins and RNA molecules. The macromolecules transported to neighboring
cells appear to reach the plasmodesmata by moving along fibers of the
cytoskeleton.

298] RNA JI Glisyzg lubg ! pass J1 UYL ¢ Bassall Oldall il ¢ sloll aalaiw
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e Cell Junctions in Animal Cells
1. Gap Junctions

v" Also called communicating junctions

v They provide cytoplasmic channels from one cell to an adjacent cell and in this
way are similar in their function to the plasmodesmata in plants although gap
junctions aren’t surrounded by a membrane.
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v Gap junctions consist of membrane proteins that
surround a pore through which ions, sugars, amino acids,
and other small molecules may pass.
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v’ tissues, such as heart muscle, and in animal embryos.
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2. Tight Junctions

v’ At tight junctions, the plasma membranes of
neighboring cells are very tightly pressed against
each other, bound together by specific proteins.
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v' Forming continuous seals around the cells, tight
junctions establish a barrier that prevents
leakage of extracellular fluid across a layer of
epithelial cells. For example, tight junctions
between skin cells make us watertight.
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3. Desmosomes
v One type of anchoring junction.
v' function like rivets, fastening cells together into strong sheets.
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v Intermediate filaments made of sturdy keratin
proteins anchor desmosomes in the cytoplasm.
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v" Desmosomes attach muscle cells to each other in a muscle. Some “muscle
tears” involve the rupture of desmosomes.
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é Summary:

» Heart cells 2 Gap junctions.
= Skin = Tight junctions.

» Muscle cells 2 Desmosomes.

= Embryo =2 Gap junctions.
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v" All three types of cell junctions are especially common in epithelial tissue,
which lines the external and internal surfaces of the body.
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Tight junctions prevent
fluid from moving
across a layer of cells,
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