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Lysosomes contain digestive enzymes

Lysosomes are digestive vesicles that arise from the Golgi apparatus and contain
high levels of a variety of enzymes that can degrade proteins, nucleic acids, lipids,

and carbohydrates. ione--
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Lysosomal enzymes work best in the acidic environment found in lysosomes. If a ’,——.-) gl o0 aw,d 2w ph

lysosome breaks open or leaks its contents, the released enzymes are not very active )/
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Throughout the lives of eukaryotic cells, lysosomal enzymes break down old < .- :
organelles (autophagy) and recycle their component molecules, allowing room for ‘w\ ‘?\deg_radatlpn
newly formed organelles. For example, mitochondria are replaced in some tissues (WA’.)\ a\

every 10 days, liver cell, for example, recycles half of its macromolecules each week
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Lysosomes carry out intracellular digestion in a variety of circumstances.
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Amoebas and many other unicellular protists eat by engulfing smaller organisms or

food particles, a process called phagocytosis. The food vacuole formed in this way

then fuses with a lysosome, whose enzymes digest the food. Digestion products,

including simple sugars, amino acids, and other monomers, pass into the cytosol and
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Some human cells, like macrophages, also carry out phagocytosis. Macrophages, a
type of WBC that helps defend the body by engulfing and destroying bacteria and

other invaders .
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Autophagy -~

During autophagy, a damaged organelle or small amount of cytosol becomes
surrounded by a double membrane vesicles and a lysosome fuses with the
outer membrane of this vesicle where the lysosomal enzymes break the
inner membrane and the enclosed material, and the resulting small organic
compounds are released to the cytosol for reuse.
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Lysosomal storage disorders
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A number of human genetic disorders, collectively called lysosomal storage
disorders, affect lysosomes.
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Tay— Sachs disease is caused by the loss of function of a single lysosomal enzyme
(hexosaminidase) that necessary to break down a membrane glycolipid found in
nerve cells. Accumulation of glycolipid in the lysosomes affects nerve cell
function, leading to a variety of clinical symptoms such as seizures and muscle
rigidity.
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Pompe disease is a lysosomal storage disorder in which alpha-glucosidase is
deficient or absent. Deficiency of this lysosomal enzyme results in progressive
expansion of glycogen-filled lysosomes in multiple tissues, with cardiac and
skeletal muscle, and hepatocytes being the most severely affected.
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Cystinosis: Excessive storage of the amino acid cystine (the oxidized dimer of the
amino acid cysteine) in all cells of the body results in impaired kidney function,
increased sensitivity to light, and marked growth retardation.
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Vacuoles (vacuoles) o gaili

* Vacuoles are large vesicles derived from the ER and Golgi apparatus.

* Vacuoles are an integral part of a cell’s endomembrane system

Vacuoles membrane (vacuolar membrane) is selective in transporting solutes; as a result, the
solution inside a vacuole differs in composition from the cytosol.
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*  Vacuoles perform a variety of functions in different kinds of cells.
*  Food vacuoles, formed by phagocytosis.

Contractile vacuoles: Many unicellular protists living in fresh water have contractile vacuoles

that pump excess water out of the cell, thereby maintaining a suitable concentration of ions and
molecules inside the cell.
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In plants and fungi, certain vacuoles carry out enzymatic hydrolysis, a function shared by
lysosomes in animal cells.
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In plants, small vacuoles (storage vacuoles ) can hold reserves of important organic compounds,
such as the proteins stored in seeds.

Vacuoles may also help protect the plant against herbivores by storing compounds that are
poisonous or inedible to animals.
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Some plant vacuoles contain pigments, such as the red and blue pigments of petals that help
attract pollinating insects to flowers.
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of smaller vacuoles. The inside the central vacuole,
called cell sap, is the plant cell’s main storehouse of inorganic ions, including potassium and
chloride, as well as water.
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Mitochondria and Chloroplasts: Cellular Generators
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* Mitochondria and chloroplasts share structural and functional similarities.
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* Structurally, they are both surrounded by a double membrane, and both contain
their own DNA and protein synthesis machinery.
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* Functionally, they are both involved in energy metabolism, changing energy from
one form to another.
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e 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.
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. MltOChOIldI‘la are found in nearly all 'eukaryotic cells including those of plants
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but more often a cell has hundreds or even thousands of mitochondria. The
number correlates with the cell’s level of metabolic activity. Cells that move or
contract have proportionally more mitochondria per volume than less active cells.
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* Chloroplasts contain the green pigment chlorophyll along with enzymes and other
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Mitochondria metabolize sugar to generate ATP
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* Mitochondria (singular, mitochondrion) are typically tubular or sausage-shaped
organelles about the size of bacteria that are found in almost all types of eukaryotic
cells hot atl e e
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Mitochondria are bounded by two membranes: a smooth outer membrane, and an
inner folded membrane with numerous adjacent /tangent layers called cristae
(singular, crista).
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* The cristae divide the mitochondrion into two compartments: a matrix, lying inside
the inner membrane; and an outer compartment, or intermembrane space, lying
between the two mitochondrial membranes.
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On the surface of the inner
membrane, and also embedded
within it, are proteins that carry
out oxidative metabolism, the
oxygen-requiring process by which
energy in macromolecules is used to
produce ATP . ’
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Mitochondria

¢ Mitochondria have their own DNA; this DNA contains several genes that
produce proteins essential to the mitochondrion’s role in oxidative
metabolism. Thus, the mitochondrion, in many respects, acts as a cell within
a cell, containing its own genetic information specifying proteins for its
unique functions.
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These genes are transcribed and then translated in order to produce the proteins

and enzymes essential for mitochondrial function, which is oxidative metabolism, to
generate energy in the form of ATP.",



* A eukaryotic cell does not produce brand-new mitochondria each time the
cell divides. Instead, the mitochondria themselves divide in two, doubling
in number, and these are partitioned between the new cells.
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* Most of the components requlred for mitochondrial division are encoded by
genes in the nucleus and are translated into proteins by cytoplasmic
ribosomes.
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* Mitochondrial replication 1s, therefore, impossible without nuclear
participation, and mitochondria thus cannot be grown in a cell-free culture.
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Chloroplasts use light to generate ATP and sugars
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from one to several hundred chloroplasts that contam “tire--ptrotosynthetic pigment
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* The chloroplast is surrounded by two membranes In addition to the outer and mner
membranes, Wthh lie in close; assoc1atlon with each other, chloroplasts have ‘closed
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several dozen disk-shaped structures called thylakonds On the surface of the thylakoids are
the light-capturing photosynthetic plgments.n _____ J m&.}bq
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*  Surrounding the thylakoid is a fluid matrix called the stroma that includes the enzymes
used to synthesize glucose during photosynthesis.
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* All plastids are produced by the division of existing plastids.
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* The cytoplasm of all eukaryotic cells is crisscrossed by a network of protein fibers that

supports the shape of the cell and anchors organelles to fixed locations, & ¥l S5\ @bodlia
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* This network, called the cytoskeleton, is almost dynamic system, constantly
assembling and disassembling.

Build and breakdown
Synthesis and breakdown

Individual fibers consist of polymers of identical protein subunits that attract one
another and spontaneously assemble into long chains. Fibers disassemble ‘in"the same
way, as one subunit after another breaks away from one end of the chain.
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Microtubule

Intermediate filament

Actin filament

Cell membrane

Eukaryotic cells may contain the following

three types of cytoskeletal

fibers, each formed from a different kind of

subunit: b o dyeabioi e gl dhal gl iy Bulaling

Microtubules (the thickest; about 25 nm.in -—. RNy e
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Microfilaments, sometimes called actin 909)”

filaments (the thinnest: a about 7 nm in

diameter) : L Lo

Intermediate filaments. (are fibers with f.lxed AVLD

diameters in a:\middle range : 8—12 nm —— o\ strjucture
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The Structure and Function of the Cytoskeleton

Property
Structure
Diameter

Protein subunits

Main functions

Fluorescence
micrographs of
fibroblasts.

Connective tissue cells
called fibroblasts are a
favorite cell type for cell
biology studies because
they spread out flat and
their internal structures
are easy to see. In each
fibroblast shown here,
the structure of interest
has been tagged with
fluorescent molecules.
In the third micrograph,
the DNA in the nucleus
has also been tagged
(orange).
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Microtubules (Tubulin Polymers)
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Tubulin, a dimer consisting of an
a-tubulin and a pB-tubulin

Maintenance of cell shape; cell
motility; chromosome movements in
cell division; organelle movements

10 pum
—

. Microtubule

Row of tubulin dimers

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

Actin

Maintenance of cell shape; changes
in cell shape; muscle contraction;
cytoplasmic streaming (plant cells);
cell motility; cell division (animal cells)
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Microfilament

Actin subunit
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Intermediate Filaments
Fibrous proteins coiled into cables
8-12nm

One of several different proteins
(including keratins)

Maintenance of cell shape;
anchorage of nucleus and certain
other organelles; formation of
nuclear lamina
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Intermediate filament

Keratin proteins

Fibrous subunit (keratins
coiled together)

J2 N\ [

L

s gill o il Mi) 42301 Lo gaidl

Intermediate) (crofilaments

(Filaments (iSY | bgas)
EETI I ICTLYC PR FCE R TNEN
LIS JSs o Two) sy
Fibrous proteins) intertwined
coiled into (strands of actin
(cables
Siegili12-8 Segli7
3as (po aaly (Actin) (pasy!
Loy) diline iliyigys
Sl sl S 8
(keratins
JSii gde LAl + JSi gl Lalaadl
S e<br> dalall e<br>.dalall
s SISk o ol
Slhuaall «<br>.dalall
Ga950 e<br>. gAY ol
gl iandiall e<br>.cMaall
.(Nuclear lamina) @duill
) ) gieall

<br>.(dalall Ll
e<br> 4l ds)a
PEENECIRISY
Gl Lot

AAadull el (Property) dualall
(Microtubules)

(celsastill &l ailss)
A gae mlii Syl
(Hollow tubes) (Structure)

& yiogi3ls 25 (Diameter) kil
15 il olalo g
Sagils
O gaguill Auiigall Calas gl
s49(Tubulin)  Protein) das ,all
OsS ((o3L0) yaula (subunits
Ol g 9= LAl 0y
-Lisws (a-tubulin)
B-) (dgass
(tubulin
S ple sl
asya e<br>aalad
e<br> sl
Olsys
<151 Lo gen gag s
+<br>. 4l oLl
buasll olsya

EIR NI TE
Main)
(functions

(gl s seall) Jgandl cilavud 5 (o8 50yl &dlid| cilo glas

Laslyoll Jeadll g gall jiats aleall ol LA oo :(Fibroblasts) dadalll LAl

Lla ol LelSla &5, Y Lo o Sty s LY Llall Linglsn o8

STy enll gy 38 Ly o Togiead | S g 3 gl sl o o
(1 L 311 o5 (DNA) 5 9931 paandl auss

O 9 93 iyl (o gm0 BB a1 S+

oo e (3Laif5S) i T g (oo b g3l s gl ] S5



L2y
- ’

.......

as,gljﬁcm.t_,s}ulﬁfeﬂwha

* The most obvious function of the cytoskeleton is to give mechanical support to the cell
and maintain its shape especially important for animal cells, which lack walls.
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* The cytoskeleton provides anchorage for many organelles and even cytosolic enzyme
molecules. The cytoskeleton is dynamic, it can be quickly dismantled in one part of the
cell and reassembled in a new location, changing the shape of the cell.
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.-2-- Some types of cell motility (movement) also involve the cytoskeleton.

* The term cell motility includes both changes in cell location and movements of cell
parts. Cell motility generally requires interaction of the cytoskeleton with motor
proteins.
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* There are many such examples: Cytoskeletal elements and motor proteins work together
with plasma membrane molecules to allow whole cells to move along fibers outside the
cell.
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* Inside the cell, vesicles and other organelles often use motor protein “feet” to “walk”
to their destinations along a track provided by the cytoskeleton. For example, this is how
vesicles containing neurotransmitter molecules migrate to the tips of axons, the long
extensions of nerve cells that release these molecules as chemical signals to adjacent
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* The cytoskeleton also manipulates the plasma membrane, bending it inward to form
food vacuoles or other phagocytic vesicles.
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Motor proteins and the cytoskeleton.

Receptor
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Microtubule
(ATP powered) of cytoskeleton

A motor protein that attaches to a receptor on a vesicle can
"walk" the vesicle along a microtubule or microfilament
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Microtubules wsuw .

* Microtubules, the largest of the cytoskeletal elements, are
hollow tubes about 25 nm in diameter, each composed of a
ring of 13 protein protofilaments.
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* Microtubules vary greatly in length. Some are less than 200
nm long (cytosolic MTs); others, such as axonemal MTs (cilia
flagella) , can be many micrometers in length

o7 oS (et g S 1aa¥ 1) T ypad | a8 Gl o « g pa T (il gaugionad | 531

&wwmw‘ﬂ WMOMQ ,mm\)cm WDl ieg S Sue Jska 0555

~~~~~~
-o

* Globular protelns con51st1ng Of noncovalently dimers. of o-
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13 protofllaments.
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* The protofilaments are arrayed side by side around a central
core, giving the microtubule its characteristic tube shape.
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* In many cells, microtubules form from nucleation centers
(MTOC) near the center of the cell and radiate toward the

periphery.
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* The two most important types of MTOCSs are the basal bodies
associated with cilia, and the centrosome associated with
spindle formation.
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* The average half-life of a microtubule ranges from as long as
10 minutes in a nondividing animal cell to as short as 20
seconds 1n a dividing animal cell. 198
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Microtubule structure




Microtubules forms

or triplets.
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Microtubules can form as singleté-_(13 protofilame
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nts around a hollow lumen), doublets,

Doublets and triplets contain one complete 13-protofilament microtubule (the 4 tubule)
and one or two additional incomplete (< 13 protofilaments) tubules (called B and C
tubules) usually consisting of 10 -11 protofilaments.
Doublets are found in cilia & flagella; while triplets are found in basal bodies & centrioles.
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Microtubule Polarity = wsu i
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* The ends of the microtubule are designated as plus (+) (away from the nucleation center)
or minus (—) (toward the nucleation center).
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* Microtubules grow at each end by the polymerization of tubulin hetero dimers, and
shrink at each end by the release of tubulin hetero dimers (depolymerization).
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* Both processes (polymerization and de polymerization) always occur more rapidly at
one end, the plus end. The other, less active, end is the minus end.
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* Special motor proteins (powered by ATP), move cellular organelles around the cell on
microtubular “tracks”.
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» Kinesin proteins move organelles toward the “+” end (toward the cell periphery), and
dynein proteins move them toward the “—” end.
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Centrosomes
(MTOCs)

Centrosome

Chromosomes

(a) Interphase (b) Early prophase (c) Metaphase
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/% Microtubules are build from Tubulin Heterodimers
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The basic building subunit of a protofilament is a tubulin heterodimer (o -tubulin & 3 —
tubulin). MTOCsSs organize and polarize the MT within cells.
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* Individual o and B-tubulin molecules are 4-5 nm in daimeter, and they have nearly
identical 3D structures, and each has a GTP-binding site at the N-terminus.
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As soon as individual o -tubulin and B -tubulin molecules are synthesized, they bind
noncovalently to each other to produce an a,f tubulin heterodimer.
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GTP is required for MT assembly. Each tubulin heterodimer binds two GTP molecules.
The a -tubulin binds one GTP; the other GTP is bound by f -tubulin
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e Kinetics of Microtubule Assembly
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* Microtubules form by the reversible polymerization of o, tubulin heterodimer at their
ends. A critical step in the formation of MTs is the aggregation of o, tubulin
heterodimer into clusters called oligomers that serve as “nuclei” from which new
microtubules can grow, and this process is referred to as nucleation or lag phase which
proceeds at slow rate.
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* Once an MT has been nucleated, it grows by addition of an o, tubulin heterodimer
subunits at either end, via a process called elongation, which is faster than lag phase.
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* Finally, MTs increase to a point where the concentration of free tubulin (individual or
dimers) becomes limiting (critical concentration). This leads to the plateau phase,
where MT assembly is balanced by disassembly.
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Kinetics of Microtubule Assembly
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Centrioles are barrel-shaped structures found in the cells of animals and most protists.

Centrioles occur in pairs, usually located at right angles (perpendicular) to each other
near the nuclear membranes in a region referred as a centrosome.
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Centrioles (each about 250 nm (0.25 pm) in diameter are composed of nine sets of
triplet MTs arranged in a ring in “9+0” pattern.
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In humans and in many animal species the basal body of the fertilizing sperm’s
ﬂagellum enters the egg and becomes a centrlole
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* Some eukaryotic cells have flagella (singular, flagellum) and cilia (singular, cilium), both
are cellularextensions that contain microtubules.
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* Eukaryotic cells have a completely different kind of flagellum than prokaryotes,
consisting of a circle of nine microtubule pairs (doublets) surrounding two central singlet
microtubules ( 9 + 2 pattern or structure). Also eukaryotic flagella undulates, or waves up
and down, rather than rotates.
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* The MTs of cilia and flagellum are derived from a basal body (nine MT triplets), situated
just below the point where the cilia or flagellum protrudes from the surface of the cell.
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* Many unicellular protists are propelled through water by cilia or flagella that act as
locomotor appendages.
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The sperm of animals, algae, and some plants have flagella.

When cilia or flagella extend from cells that are attached tightly together in a sheet that is

part of a tissue layer, they can move fluid over the surface of the tissue, e.g. the ciliated

lining of the trachea sweeps mucus containing trapped debris out of the lungs, and in a

woman’s reproductive tract, the cilia lining the oviducts help move an egg toward the

uterus. Mol el S BLAT Gangs ekl o blsaall sl l o blsaall «
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* The sensory cells of the vertebrate ear also contain conventional cilia surrounded by
complex cilia (actin-based stereocilia); so sound waves bend these structures and provide
the initial sensory input for hearing
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* Cilia usually occur in large numbers on the cell surface. Flagella are usually
limited to just one or a few per cell, but longer than cilia.
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* 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
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(a) Motion of flagella. A flagellum
usually undulates, its snakelike >

A comparison of the beating of flagella and motile cilia.

Direction of swimming

motion driving a cell in the same -
i

flagellum. Propulsion of a human I

sperm cell is an example of flagellate /\/—\

direction as the axis of the

locomotion (LM).

N
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(b) Motion of cilia. Cilia have a back-and-forth

motion. The rapid power stroke moves the cell in
a direction perpendicular to the axis of the cilium.

Direction of organism’s movement

-

Then, during the slower recovery stroke,the cilium -
bends and sweeps sideways, closer to the cell
surface. A dense nap of cilia, beating at a rate of Power-stroke Recovery stroke

about 40 to 60 strokes a second, covers this

Colpidium, a freshwater protist (colorized SEM).
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9+2 structure pattern bending movements of cilia & flagella
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* Bending involves large motor proteins
called dyneins (axonemal dynein) that are
attached along each outer MT doublet.
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* A typical dynein protein has two “feet”
that “walk™ along the microtubule of the
adjacent doublet, using ATP for energy.
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Gl
* One foot maintains contact, while the other
releases and reattaches one step farther
along the MT. L
sl

* The outer doublets and two central
singlet MT are held together by flexible
cross-linking proteins (radial spokes).
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e If the MT doublets were not held in place by the radial spokes, the
walking action would make them slide past each other.
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* Instead, with the holding function of radial spokes, the movements of the
dynein feet cause the flagellum to bend.
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Doublet mAicrotu bule

Flagellum

Radial spoke —
Dynein arm ——

Plasma
membrane

Central

Basal body microtubule pair

—— Microtubule
triplet

Structure of a flagellum or motile cilium.

Plasma
membrane

0.1 pm Outer microtubule
. _C\_”'f/doublel \

Motor proteins
(dyneins) \
Central

microtubule

Radial
spoke

(a) A lengitudinal section
of a motile cilium &
shows microtubules
running the length
of the membrane-

protein between
outer doublets

it (b) A cross section through a matile cilium shows
4§ 3 } Plasma the “9 + 2" arrangement of microtubules

sheathed structure P membrane {TEM). The outer microtubule doublets are held
(TEM) jb‘ o together with the two central microtubules by
‘ﬂ} }*Basal body flexible cross-linking proteins (blue in art),
B TR including the radial spckes. The doublets also
- have attached motoer proteins called dyneins

{red in art)

05 pm

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

Cross section of basal body
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