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Microfilaments (Actin Filaments)

* Microfilaments (MF) are thin solid rods and present in all eukaryotic cells.

* MF are also called actin filaments because they are built from molecules of G-
actin, a globular protein.
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* Under the right conditions, G-actin molecules polymerize to form
microfilaments; in this form, actin is referred to as action filament or F-actin
(filamentous actin ).
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* A microfilament is a twisted double chain of G-actin subunits.

* Besides occurring as free actin (G-actin) and linear filaments (F-actin) ,
microfilaments can form structural networks (actin network).
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A 3D network formed by microfilaments just to the inside of the plasma membrane
(cortical microfilaments) helps support the cell’s shape , which 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.
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Microfilaments are best known for their role in the contraction of muscle cells.

MFs are not limited to muscle cells, and occur in almost all eukaryotic cells and

are involved in numerous other phenomena, including a variety of locomotory and

structural functions. myosin actin 1
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G-Actin Monomers Polymerize into F-Actin Microfilaments
fw.’\\%\&* F-Actin 4.8.1) (nisY ) o gad ol G-Actin &sly0 45 90 3 pals

- G-actin monomers can polymerize reversibly into filaments with a lag phase (filament
nucleation), which begins with formation of dimers or trimers, called nucleation seeds,
followed by a more rapid polymer elongation phase.
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* The F-actin filaments that form are composed of two linear strands of polymerized G
actin wound around each other in a helix.
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*  Within a microfilament, all the actin monomers are oriented in the same direction, so
that an MF, like a microtubule, has certain polarity.
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* In vitro, rate polymerization proceeds much faster at the plus (+) end , than the rate at
minus (-) end.
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Kinetics of Microfilaments Assembly

Mass of filaments
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Microfilaments functions

) ) |
Examples of locomotory function of microfilaments:

Muscle contraction: Thousands of actin filaments (some times called thin filaments) and

thicker filaments made of a protein called myosin interact to cause contraction of muscle
cells.
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Cell migration via pseudopodia formation: the unicellular protist Amoeba and some of

our white blood cells. These cell crawl along a surface by extending cellular extensions
called pseudopodia and moving toward them.
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Cytoplasmic streaming movement: In plant cells, actin-protein interactions contribute to
cytoplasmic streaming, a circular flow of cytoplasm within cells, which speeds the
movement of organelles and the distribution of materials within the cell.
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* Cytokinesis: MFs also produce the cleavage furrows that divide the cytosol of animal
cells during cytokinesis.
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*  Examples of structural function of microfilaments: =,

¢ Cell cortex: MFs are important in developing and maintaining cell shape. Most animal
cells, have a dense network of microfilaments within the cell cortex just beneath the

plasma membrane. The cortex provides structural rigidity on the cell surface and facilitates
shape changes and cell movement.
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*  Microvilli: Parallel bundles of MFs also make up the structural core of microvilli, the
fingerlike extensions found on the surface of many animal cells.
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Actin-myosin in Muscle contraction

Muscle cell

Actin
filament

Myosin
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Role of Ca?* in Muscle contraction

Troponin-Ca®* complex pulls tropomyosin away,
exposing myosin binding sites.

1. ATP is hydrolyzed when myosin
head is unattached.

2. ADP+®are bound to myosin as
myosin head attaches to actin.

4. Binding of ATP causes myosin
head to return to resting position.
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f‘s,\.LM Intermediate Filaments (IFs)
(Intermediate Filaments - IFs) daw gil | 1o gaidl

* JFs have a diameter of about 8—12 nm, which makes them intermediate in size betweer
microtubules and microfilaments.
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* Intermediate filaments are not found in the cytosol of plant cells, but they are abundant
in many animal cells, where IFs occur singly or in bundles and appear to play a
structural or tension-bearing role. Intermediate filaments are the strong element of the
cytoskeleton in animal cells .
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« The basic subunits of IFs are two intertwined polypeptides forming fibrous dimers

(not globular like tubulin and G actin).
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* In contrast to microtubules and microfilaments, IFs are tissue specific so differ
markedly in amino acid composition from tissue to tissue.
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‘ Mainly 2
« The two polypeptide‘s\are identical for all IFs except keratin filaments; whith are

obligate heterodimers of type 1 an('i’type II polypeptides.
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* Intermediate filaments are the most stable and the least soluble constituents of the
cytoskeleton. Once formed, intermediate filaments are stable and usually do not break
down
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* Given their stability, IFs likely serve as a scaffold to support the entire cytoskeletal
framework.

* In contrast to MTs and MFs, IFs do not appear to be polarized.
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Function of 1Fs

* Epithelial cells are rich in keratin
filaments.

* Nerve cells (nerve axon)

* The nucleus typically sits within a
cage made of intermediate filaments.

* Other intermediate filaments make up
the nuclear lamina, which lines the

interior of the nuclear envelope
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Extracellular structure of plant cells: Cell Wall

(Cell Wall) 2Ll laa bl LWL 3lal 7 LA JSagll .

* The cells of plants, fungi, and many types of protists have cell walls, which
protect and support the cells. The cell walls of these eukaryotes are chemically
and structurally different from prokaryotic cell walls.
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* In plants and protists, the cell walls are composed of fibers of the polysaccharide
cellulose, whereas the cell walls in fungi are composed of chitin.
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* In plants, primary walls that thin and flexible are laid down when the cell 1s still
growing (A young plant cell).
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* Between primary walls of adjacent cells is the middle lamella, a thin layer rich in
sticky polysaccharides called pectins. The middle lamella glues adjacent cells
together.
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When the cell matures and stops growing, it strengthens its wall. Some plant
cells do this simply by secreting hardening substances into the primary wall.
Other cells add a secondary cell wall deposited inside the primary walls (between
the plasma membrane and the primary cell wall)
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The secondary cell 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.
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Extracellular Matrix YECM) of Animal Cells
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(Signal Transduction) 5Ly J&3 &y

Although animal cells lack walls similar to those of plant cells, but they do have a
rich and complex mixture of fibrous proteins, glycoproteins and proteoglycan
molecules forming the extracellular matrix (ECM).
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The most abundant protein in the ECM of most animal cells is the fibrous protein
called collagen (~40% of the total protein in human body). Another but less abundant
in ECM s the fibrous protein elastin which forms strong fibers outside the cells
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The collagen and elastin fibers are embedded within a complex network of
glycoproteins and proteoglycans secreted by the cells forming a protective layer
over the cell surface.
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* 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 and span the membrane and bind
on their cytoplasmic side to associated proteins attached mainly to microfilaments
(actin filaments) and sometimes to intermediate filaments of the cytoskeleton.
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* Integrins are in a position to transmit signals between the ECM and the cytoskeleton
and thus integrate or associate changes occurring outside and inside the cell.
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* By this way of integration between the ECM and the cells, the ECM can help
coordinate the behavior of all the cells in a particular tissue.
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Collagen fibers EXTRACELLULAR FLUID A proteoglycan
are embedded / complex consists
in a web of of hundreds of
proteoglycan proteoglycan
complexes. molecules attached
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ECM protein that
attaches the ECM
to integrins
embedded in
the plasma
membrane.

Plasma
membrane

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

* Cells in an animal or plant are organized into tissues, organs, and organ
systems, where neighboring cells often adhere, interact, and communicate
via sites of direct physical contact.
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*  Plasmodesmata in Plant Cells

* In plants, the nonliving cell walls separate every cell from all others, however
many cell-cell junctions occur at holes or gaps in the walls, where the
plasma membranes of adjacent cells can come into contact with one another.
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The cytoplasmic connections that form across the touching plasma
membranes are called plasmodesmata (singular, plasmodesma).
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The plasma membranes of adjacent cells line the channel (central tubule) of
each plasmodesma and connects the endoplasmic reticulum of each two of
adjacent plant cells together, thus plasmodesmata unify most of the plant
into one living continuum (a continuous sequence) allowing water and small
solutes to pass freely from cell to cell .
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* Because the channels of plasmodesmata are filled with cytosol, the cells
share the same internal chemical environment.
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Animal Cell-to-Cell Interactions:
Tight Junctions, Desmosomes, and Gap Junctions
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In animals, there are three
main types of cell-cell
interaction or cell junctions:

________ -

R )

Tight junctions prevent

Tight junctions 5. et s
Desmosomes

Gap junctions

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.

Extracellular

matrix
Plasma membranes Space

of adjacent cells between cells




“‘“’”W’*‘%éé@*\g Tight junctions (Tight junctions) &usadl syl

water tight rde— Soid

* At tight junctions, the plasma membranes of neighboring cells are very tightly (/
pressed or squeezed against each other, bound together by specific proteins

thus forming continuous seals or barrier around animal cells that prevents
leakage of extracellular fluid across a layer of epithelial cells.

s ndl Lpans 58 505 2 lSal 8)5Lvil | Lol Busil) 2eti¥ 1 bk o Al gl o
Saaae Slds y dasulss bas

2o 31 el i g Al gl L 3 3l 51 S pis 2T 55 ) ol 55 »
ERNTRET PRI RAE WO

. -

RN

* Tight junctions contain proteins called Claudins that have the ability to
occlude or block substances from passing between cells.
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* For example, tight junctions between skin cells make us watertight (no water
enters or passes through.) .
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Tight junctions prevent
fluid fromm moving
across a layer of cells.
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=== Desmosomes : Adhesive or anchoring junctions

. ’
(Adhesive or anchoring junctions) didis §i sy laslgy :leg) ol \ﬁe

* Desmosomes are adhesive junctions or anchoring junctions\that mechanically
attach the cytoskeleton of a cell to the cytoskeletons of other cellS0 C

extracellular matrix. These junctions are found in tissues subject to mechanical
stress, such as muscle and skin epithelium.
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* Desmosomes are a cadherin-based junction. Cadherin is a transmembrane
protein with an extracellular domain that can interact with the extracellular domain
of a cadherin in an adjacent cell to join the cells together.
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* Desmosomes function like rivets, fastening cells together into strong sheets.

* Intermediate filaments (strong keratin proteins) anchor desmosomes in the
cvtoplasm. S— ——
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Gap junctions: a communicating junctions

(Gap junctions: communicating junctions) Jwol §5 asl gy 140 gadll sl gyl

* Gap junctions (also called communicating junctions) provide cytoplasmic channels
from one animal cell to an adjacent cell.
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* Gap junctions are formed by complexes of six identical transmembrane “proteins
extending from the membranes of the two cells and arranged in a circle creating a
channel through the plasma membrane where ions, sugars, amino acids, and other small
molecules may pass, but not proteins.
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Gap junctions are necessary for communication between cells in many types of tissues,
such as heart muscle, and in animal embryos.
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Gap junction channels are dynamic
structures that can open or close (gating) in
response to a variety of factors, including
Ca2" and H" 10ns.

This gating serves at least one important
function. When a cell is damaged, its plasma
membrane often becomes leaky. Ions in high
concentrations outside the cell, such as Ca2+,
flow into the damaged cell and close its gap
junction channels. This isolates the cell and
prevents the damage from spreading
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* The first model that attempted to describe the position of membrane proteins within
the lipid bilayer was proposed by Davson and Danielli in 1935: (The sandwich
model)

* The sandwich model describes a phospholipid bilayer that lies between two layers
of globular proteins (Sandwich as the lipid layer was sandwiched between two
protein layers) or vis versa two layers of protein flanked a central phospholipid
bilayer.

* Davson—Danielli Sandwich model was the believed and predominated model until
1972 when Singer and Nicolson described the correct cell membrane structural
model: The fluid mosaic model.
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Singer-Nicolson Model (1972)

Davson-Danielli Model (1935)

239 Proteins embedded within bilayer (fluid-mosaic)

Proteins form distinct layers (sandwich)
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Cell membrane: The fluid mosaic model

* Cellular membranes are fluid mosaics of lipids and proteins
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 Lipids and proteins are the ¢ major component's - of membranes, although
carbohydrates are also important. ~~TTTTTTomeeee-eeet
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* The most abundant lipids in most membranes are phospholipids (an amphipathic
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* Singer and Nicolson proposed that the globular proteins are inserted into the
phospholipids bilayer, with their nonpolar segments in contact with the nonpolar
interior of the bilayer and their polar portions protruding out from the membrane
surface, thus maximizes contact of hydrophilic regions of a protein with water in the
cytosol and extracellular fluid
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¢ Structure of cell membrane revealed two categories of membrane proteins based on
their degree of association with the membrane.

* Integral proteins are embedded in the membrane,
* Peripheral proteins are associated with the surface of the membrane
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Cellular membranes consist of four component groups
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Eukaryotic membranes share the same fundamental architecture and in animals are
,----assembled from four components:

’

! « , 1. Phospholipid bilavyer.

*2. Proteins (peripheral and integral)

!
1

Phospholipid bilayer.

\
0]
-

Cholesterol

; — Peripheral proteins: are usually loosely bound to the membrane surface and ql &
/ attached to the hydrophilic part of the Phospholipid molecules or to other integral proteins Fp et
l’ . . A J
! — Integral proteins (partially embedded and totally embedded or transmembrane OF S0 "
! proteins) .,
i o=y <\
¥4+ Many integral membrane proteins are not fixed in position. They can move about,
{ . .. . »
just as the phospholipid molecules do. Q)g)_mam;}\m‘/éf,x»
fluidity A\
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(' . \)3. Cholesterol

"+ Animal cell membranes contain cholesterol. Plant cells have other sterols, but little
or no cholesterol. phospholipid bilayar ey -\ ybd 4 ¢3- a3y
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e 4. Carbohvydrates onthe outer face of membrane gy hid

* Carbohydrates of the membrane are the sugar molecules added by ER and/or Glogi
apparatus to membrane proteins and lipids, converting them into glycoproteins and
glycolipids. Different cell types exhibit different varieties of these glycoproteins and

glycolipids on their surfaces, which act as cell identity markers (Cell-surface markers).
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The Fluidity'of Membranes: phospholipids

* Membranes are not static sheets of molecules locked rigidly in place. A membrane is
held together mainly by hydrophobic interactions, which are much weaker than

covalent bonds
LEle (8K L TAl ol sall e Ak ghlies (o 5)las o dacilY
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Lulgyll e 58 Badi was (s (hydrophobic interactions)

* Most of the lipids and some proteins can shift about sideways—that is, in the plane
of the membrane. Very rarely, also, a lipid may flip-flop across the membrane,
switching from one phospholipid layer to the other.
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* Proteins are much larger than lipids and move more slowly, when they do move.

* Many membrane proteins seem to be held immobile by their attachment to the
cytoskeleton or to the extracellular matrix.
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* A membrane remains fluid as temperature decreases until the phospholipids settle
into a closely packed arrangement and the membrane solidifies.
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The temperature at which a membrane solidifies depends on the types, of lipids it is
made of.
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As the temperature decreases, the membrane remains fluid to a lower temperature
if 1t 1s rich in unsaturated phospholipids. Because of kinks in the tails where
double bonds are located, unsaturated hydrocarbon tails cannot pack together as
closely as saturated hydrocarbon tails, making the membrane more fluid
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actors that affect membrane fluidity
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The Fluidity of Membranes: Cholesterol

= P
L o il e [y ) BEVRTS
. &= Jm&eje—@ﬂfa\s\pol}.},w S aes Py

; NS 5
V(Q\d DR

cer S s Choleshred

2 I/JM'/_‘/’» W"’(/)
< e 7 &

e'= e e o
) Jox SO K 2T
‘?‘“é‘n ) gy b wanl
| po e e a3 aub o=
ik 5 i : : - £is
& ez : j\_n/,')g,dw)m
e 3 !
deos ) Z Sl e o e
Lt
I e 5\ :/M\
e b S
sk By

Cholesterol, which is stuck between phospholipid molecules in the plasma
membranes of animal cells, has different effects on membrane fluidity at different
temperatures.

At relatively high temperatures—at 37°C, the body temperature of humans, for
example—cholesterol makes the membrane less fluid by restricting phospholipid
movement.
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* However, because cholesterol also hinders the close packing of phospholipids, it
prevents the membrane to solidify at low temperatures . Thus, cholesterol can be
thought of as a “fluidity buffer” for the membrane, resisting changes in membrane
fluidity that can be caused by changes in temperature.
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* Compared to animals, plants have very low levels of cholesterol; rather, related
steroid lipids (Phytosterols or Plant sterols) buffer membrane fluidity in plant cells
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Cholesterol within the animal cell membrane

Cholesterol Cholesterol reduces membrane
- fluidity at moderate tempera-
tures by reducing phospholipid
movement, but at low tempera-
tures it hinders solidification by
disrupting the regular packing of
9phospholipids.




Membrane Proteins: Multifunctional Components

(Membrane Proteins: Multifunctional Components) 85U glf duaadis &l 9o 1o biidd) Silaatig

* 1. Transporters (Transport) . Membranes are very selective, allowing only
certain solutes to enter or leave the cell, through either channels or carriers
composed of proteins.
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2. Enzymes. Cells carry out many chemical reactions on the interior surface of
the plasma membrane, using protein enzymes attached to the membrane.

3.Cell-surface receptors for Signal transduction. Membranes are sensitive to
chemical messages, which are detected by receptor proteins on their surfaces.
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4 Cell-surface identity markers. Membranes carry cell-surface markers that
identify them to other cells. Most cell types carry their own ID tags, specific
combinations of cell-surface proteins and protein complexes such as
glycoproteins that are characteristic of that cell type.
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5. Cell-to-cell adhesion proteins. Cells use specific proteins to glue themselves

to one another. Some act by forming temporary interactions, and others form a
more permanent bond.
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* 6. Attachments to the cytoskeleton and to ECM. Surface proteins that interact
with other cells are often anchored to the cytoskeleton by linking proteins.
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