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OBJECTIVES

Students should be able to describe the following items in detail:

Cell membrane
Cytoskeleton “ \
@1/
Cell Adhesion 9
Cell Junction
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INTRODUCTION OF CELL MEMBRANE

All cells are surrounded by a cell membrane, which defines the boundary of
the cell and separates its internal contents from the environment

OO®® ——Hydrophilic head
Hydrophobic tail

Lipid bilayer (5nm) @O

:Impermeable barrier to the passage of
most water-soluble molecules

Hydrophilic head

Protein molecule
/ : span the lipid bilayer and
> mediate nearly all of the other functions of the membrane

Lipid molecule

The trilaminar appearance of membranes
(a layer of hydrophobic tails of phospholipids sandwiched between two layers of hydrophillic heads)
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FUNCTIONS OF CELL MEMBRANE

Responding to external signals Intercellular interaction
The plasma membrane plays a critical role in the The plasma membrane of multicellular organisms
response of a cell to external stimuli, a process mediates the interactions between a cell and its
known as signal transduction. neighbors.
Energy transduction
Signaling

Open Membranes are intimately involved in the processes
ons channel by which one type of energy is converted to another
type (energy transduction).
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Chemical components of the
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e Fuid Components can move freely within the layer.
proteins, carbohydrates—that create a patchwork appearance.

e Mosaic: The membrane is made up of various components—lipids,
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LIPID BILAYER

The lipid bilayer provides the basic structure for all cell membranes
e constitute about 50% of the mass of most animal cell membranes
o All of the lipid molecules in cell membranes are amphiphilic (amphiphatic)

. —— Hydrophilic Head
Amphiphilic molecule

e Hydrophilic (polar) end = water-loving
o Hydrophobic (non polar) end = water-fearing

—— Hydrophobic Tall

The most abundant memlbrane

lipids are the phospholipids

intercellular space

Membrane of two adjoining cells Trilaminar’ appearance highlighted It is easily seen by electron microscopy
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LIPID BILAYER

Phospholipids spontaneously form bilayers in aqueous environments
When amphiphilic molecules are in water, they naturally

| _ . . Two possible aggregate forms:
aggregate so that their water-hating (hydrophobic) tails are e Spherical micelles
hidden inside, and their water-loving (hydrophilic) heads face e Lipid bilayer
the water. . .
packing of (Depending on their shape)
molecule in water ..‘ e Cone-shaped molecules ——» Micelle
shape of “ " e Cylinder-shaped molecules— Lipid bilayer
molecule & ‘

P
%'00 O“‘

planar phospholipid bilayer

the Oﬂ|y way fora Wlth edges exposed to water

bilayer to avoid having
edges is by closing

in on itself and forming

a sealed compartment

sealed compartment

formed by phospholipid
bilayer
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LIPID BILAYER

Phospholipids have a polar head group containing a phosphate
group and two hydrophobic hydrocarbon tails

[ CHOLINE T head group
hydrophilic I =
headgroup | PHOSPHATE Omp—0- Differences in the length and saturation

I
GLYCERC!L i of the fatty acid tails

‘ ‘ ester bond  — 1 affect

12 G G Molecules pack against one another
Hy
CHy  CHy l aoffect
G, oH Fluidity of membrane

CHy,  CH) (We will talk about this soon)

C C cis-double

2\~ bond

CH, CH . .

s n, One tail typically has one or more
\

C c:sz ¢t cis-double bonds (unsaturated)

hydrophobic
tails

TIVL AIDV ALLVA

The main phospholipids in most animal cell memlbranes are the
phosphoglycerides, which have a three-carbon glycerol backbone

W. PHROMKRASAE 8
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LIPID BILAYER

Cells create many kinds of phosphoglycerides by mixing different fatty acids and head groups

CH3
................. . CHs CH>
& s CHy—N*(CH3)3 | @ @ X I N~
CHOLINE : éHz : head group TH; rTJH @ N
hydroph|||c I ----(; ------------ - CH2 H_C_COO @ CH2
head group | ~ PHOSPHATE e |
| , ,
' ! X X X
GLYCEROL AR
L ‘ ‘ EH;_. iH CH, O O O
ester bond | 1
= ¢=0 ¢=0 O=p—0 © O=p—0 © O=p—0 O
1 2 (I:H2 (IZH2
CHy  CHy O O O
CH CH
e CHy—CH—CH;
i s | |
: e
s o .
. CHy  CHy examples of phosphoglycerides
hy_?rophobm = ti, &n _ cis-double
talls S | v~ bond
= (I:Hg cH
= ) o " = i " =
2
% 4 B =N A b
2
‘7 | CHZ — e —_— —_— —_— —_—
o \ ] O V] O V] ()
0 0 ety <l < << <<
23 L Ct > > > > > >
¢ CH, CHa E: E |<:E |<:( E E
(I:H?_ CH3 w e w e L L
| éHs

phosphatidylethanolamine  phosphatidylserine phosphatidylcholine

These are the most abundant ones in mammalian cell membranes
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LIPID BILAYER

: . . . . CH3
Another |mporto‘nt C|O.SS of phospholipids are the sphingolipids CHa~_ | _CH;
(Made from sphingosine instead of glycerol) ®

CH>
e Sphingosine = along acyl chain with an amino G2
OH <|3H group (NH2) and two hydroxyl groups (OH) at one o
HC —CH—CH, end O=p—0 O
CH NH,® | o . . OH O
L e The most common sphingolipid = sphingomyelin CH —CH—CH,
e Sphingomyelin = i N
el o fatty acid tail is attached to the amino group CH
< o phosphocholine group is attached to the
E terminal hydroxyl group
<

FATTY CHAIN
FATTY ACID TAIL

Sphingomyelin is found in animal cell

sphingosine membranes, especially in the myelin sheath
that wraps around nerve cell axon

sphingomyelin
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LIPID BILAYER

Besides phospholipids, many cell membrane lipid bilayers also have glycolipids and cholesterol

cholesterol i

steroid nucleus

OH
hydroxyl
group

Polar head

CH, CHg
hydrocarbon side chain /CH2

Non-polar tail CH,

N
CH
-

CH; CHj
Cholesterol contains a rigid steroid ring structure

e attached a single polar hydroxyl group
e short nonpolar hydrocarbon chain

polar
head . . :
' . groups Cholesterol in the bilayer orients

with its polar head group facing
cholesterol- .
stiffened  the agueous environment and

region

- its non-polar region facing the

more memlbrane interior
fluid
region

Glycolipid

Sugar Residue

Glycolipids are like Lipid Residue
sphingolipids, but

instead of having a >»
phosphate group, they
have sugars attached

Lipid Membrane
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FLUIDITY OF A LIPID BILAYER

Some membrane transport processes and enzyme activities stop working when the membrane

becomes too viscous
Temperature

Factors that affect the fluidity, Higher temperature — Fluid-like

Structure of Oty Lower temperature — Gel-like
hydrophobic tails ~ . . 0080000 OO0
 — aftect Fluidity of lipid bilayer M)ﬁm‘ W

Heat

il

iy — Fluid-like

Membrane composition -
Structure of hydrophobic tails ___...--"'_._i 266
e Saturated hydrocarbon chains — Pack tightly ©@00660C
e Unsaturated hydrocarbon chains — Pack loosely 1
. . Increase
(remains fluid at the low temperature) fluidity
e Shorter hydrocarbon chains — Reduce tendency | 00 00 ¢
to interact with one another i _!_.. o0
membranes with unsaturated chain are thinner hyd?gcsj:géitiﬁains hydrosgglrjt;itneghains

than those made only of saturated lipids with cis-double bonds
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FLUIDITY OF A LIPID BILAYER

Cholesterol present

Factors that affect the fluidity

Structure of ooy

hydrophobic tails

aftect

Temperature

Membrane composition

Cholesterol

e Temperature buffer
e At higher temperatures:

Fluidity of lipid bilayer

o Cholesterol constrains motion of hydrocarbon

chain = decrease fluidity
e At lower temperatures:

o Cholesterol disrupts close packing of
hydrocarbon chain = increase fluidity

Too fluid Increased rigidity

o Low temperature

No cholesterol
OS8O
\A NIV \IIK
@

\
Wil

Too rigid

Cholesterol present

®
/

©
\ll\ i/ \I \I
®0® ©

Increased fluidity
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ORGANIZATION OF PLASMA MEMBRANE LIPIDS

the outer and inner leaflets of the cell membrane (also called the plasma membrane) are structurally
and functionally different

Outside of cell

Sphingomyelin Glycolipid Phosphatidylcholine Cholesterol _ .
\ Outer leaflet consists predominantly

e phosphatidylcholine
e sphingomyelin
e glycolipids

Inner leaflet contains predominantly
e phosphatidylethanolamine
e phosphatidylserine
e phosphatidylinositol

Phosphatidylserine  Phosphatidylinositol Phosphatidylethanolamine

Inside of cell

W. PHROMKRASAE



MEMBRANE PROTEIN

Although the lipid bilayer provides the basic structure of biological memlbranes,
the membrane proteins perform most of the memlbrane’s specific tasks

Membrane proteins are amphiphilic

(having hydrophobic and hydrophilic regions)

Lipid-anchor

rotein
 Exoplasm d Peripheral

membrane

Structural Classification
1.Integral (transmembrane) protein:
Hydrophilic spans the entire lipid bilayer of a cell
phospholipid memibrane

L1 neacigroup 2.Peripheral membrane protein: only
Do) M > Phospholipid temporarily attached to the lipid bilayer
{{{ b\b“aye’ or to other integral proteins (attached
Cytosol 3859885 2{:’;‘;!:;‘:"‘ via non-covalent bonds)
Lipid-anchored < Peripheral _side chains 3.Lipid-anchored protein: covalently
s membrane attached to lipid molecules

Integral membrane

ol protein
protein

W. PHROMKRASAE



INTEGRAL MEMBRANE PROTEIN

Integral membrane proteins are structurally divided into three parts: extracellular domain, membrane-spaning
segment, and cytoplasmic domain

(a) Glycophorin A dimer (b) Transmembrane coiled-coil domain

S oSS
Exiracellular -ug ¥ 3B \ Cytosolic & exoplasmic domains
domain ... FL®N N0 ... = .
& Gt 0 Qs T have hydrophilic exterior surfaces that
® O~0Q D ® ® . . :
& - ¢ OO ® interact with agueous solutions
() ® ® (J
(O =@
: .... @, : ..... :
0P 0, S s 000 So's Ox
A A o X Coiled-coil dimer
e H‘f";;’apnhn‘?:; ”":;?ge’:”e' 0 stabilized by van
kit der Waals
G -
.......... ........0 interactions

between adjacent

oi¥e
':: g_: ) side chains
.ﬁ..g .;:{. ...‘. I\/Iemb.rone—sponmr.wg segment§
o000C & 3 coany, ) contain hydrophobic amino acids that
Cytosolic. &~ o0 B & 9 4 R e interact with hydrophobic hydrocarbon
domain Q. O Q A Q QL0 < AN .. :
0O & R & &€ C core of phospholipid bilayer
§ 9% 2 R,
.'.... ..... /1

Structure of glycophorin A (an example of integral membrane protein)
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INTEGRAL MEMBRANE PROTEIN

Membrane-Spanning Se.gment . Can an integral memlbrane protein be soluble?
(Transmembrane Domain) may consist of

e one or several alpha-helices No, under normal biological conditions

e transmembrane beta barrel (hydrophobic parts make them insoluble in aqueous

environments)
They need detergents (e.g. SDS, Triton X-100) to be
soluble in water

Detergents Qutside
7—_ 7 e q of cell
b 1 ]
C)_1 . b g =
] o 1 CJJ Hydrophilic group
-L 0 // Hydrophobic tail
IJ_ ,»"'o"'d“\‘“"--_
o - ___.~-" Octyl glucoside "~ __
\ CH;_!‘_' (CHQ:IE - CH3
OH ]
- Inside |
Hydrophilic group Hydrophobic tail of cell
! 2 3
Solubilization of integral membrane proteins by detergents

Detergents (e.g., octyl glucoside) are amphipathic molecules containing hydrophilic
head groups and hydrophobic tails. The hydrophobic tails bind to the hydrophobic

one several
. . betO bO rrel regions of integral membrane proteins, forming detergent-protein complexes that are
alpha-helix  alpha-helices soluble in aqueous solution.

W. PHROMKRASAE


https://en.wikipedia.org/wiki/Alpha-helices
https://en.wikipedia.org/wiki/Beta_barrel

MEMBRANE PROTEIN FUNCTIONS

Depending on their type and position in the membrane, they serve a wide range of purposes

@ Transport of molecules Enzymatic activity Molecule recognition
throughout the membrane transforming substrates and signal transduction
into products
Signaling g
molecule
® o
@
@) T Enzyme
L I T 11 1] e aDeR (1117 1] e°g' ChOnnel prOteinSI 0000099000099 9900099900009 2099990000000 0000 S99 0099900999
. . e.g. ATP synthase e.g. Hormone receptors
(TP T ]] Saaeaed asaaad COrrIer prOtelnS 00080 GRAD 20000000000 08H asesesaseseasnansd 08080080080 aeeee
= o " {Signal
Substrate @ € Product | transduction
Cytosol
Cell-cell recognition Intercellular joining of Attachment to the
based on glycan two adjacent cells cytoskeleton and ECM

recognition.
oNOPPRORROBPIORRO®

iuanmu-u-oDnno:-oo'e'--ooonuno eg MHC prOteIﬂS 200000080000

Illllllll!l.i.lc:“llylcl?:..l (for InfeCted Ce”S) "Oitiii!"ij
(T T 00000000000 ““.“““\‘

Glycoprotein

~.. ,—Collagen

tsat-u-rn..u-rnntnac eg T|ght JUnCtIOﬂ, "y l ECM eg |ﬂtegrlﬂ8,
| Gap JunCtlon desmosome ....... (IT1110) [T X 1) .--..‘---...--...:... OnChoring prOteinS

Li..iiii“...."'...

jtt-oocotitta-nttuo eeec000000009000000000000CC00000008000
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MEMBRANE CARBOHYDRATES

Membrane carbohydrates (oligosaccharides) that are attached to proteins or lipids on the outer surface of

the cell membrane
e Play a key role in cell-cell recognition

e Protein + carbohydrate = glycoprotein e |n cell-cell recognition, both carlbohydrates and

e Lipid + carbohydrate = glycolipid proteins are important

e carbohydrates on proteins and lipids (glycoprotein
and glycolipid) are often most critical for specificity

Glycoprotein Carbohydrate Glycolipid

Globular Cholesterol

protein : P

(i

Integral
protein

Alpha-helix Peripheral |
protein Channel protein protein Example: blood group antigens are
carbohydrate differences

Fucose Galactose

‘ N-acetylglucosamine

‘ N-acetylgalactosamine

Always on the extracellular side

W. PHROMKRASAE 19




MEMBRANE TRANSPORT

Membrane transport refers to the movement of substances across a cell membrane

Types of membrane transport
o Passive transport: moves substances from high to low concentration (e.g. simple diffusion,
facilitated diffusion)
e Active transport: moves substances against their concentration gradient (energy required)
e Bulk transport: for the large molecules or a lot of materials (e.g. endocytosis, exocytosis)

primary
bvdroohil simple diffusion  facilitated diffusion  active transport
ydrophilic
(DOIar) head t H:-'U maiseuies ‘ , molecule to Outside the cell

. -
of phosphalipid bafransported extracellular

surface
| cell
membrane
Cell membrane
hydrophobic | ‘ Vesicle
(nonpolar) fatty acid Y A intracellular
tail of phospholipid | surface
phospnolip g transporter |, - Cytoplasm
proteins o -

endocytosis

W. PHROMKRASAE



INTRODUCTION OF CYTOSKELETON

The cytoskeleton is a three-dimensional network of protein filaments found throughout the cytoplasm.
It provides a structural framework that supports cell shape, organization, and internal transport.

Three major cytoskeletal filaments

e Microtubule: involves the positions of membrane-
- enclosed organelles, direct intracellular transport, and
T e form the mitotic spindle
- TP e Microfilament (actin flament): involves the shape of the
b ribosome cell's surface and are necessary for whole-cell
| locomotion

cell membrane

rough endoplasmic
reticulum

e Intermediate filament: provides mechanical strength

Microtubule Microfilaoment Intermediate
Ao 1Qam filament 2,

mitochondrion

microfilament

43 41
¢o® N P

ap-tubulin heterodimers G-actin monomers e

Subunit
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CYTOSKELETON FUNCTIONS

Actin filaments

Motor protein Intermediate

(1) , filament
~— Intermediate
filaments

Nerve cell

(b)
lts major roles include:

Motor proteiny , . o e Structure and Support (1)

e Intracellular transport (2)
e Contractility and motility (3)
e Spatial organization (4)

Microtubule

Motor protein (3)

(a) Epithelial cell (c) Dividing cell

W. PHROMKRASAE



MICROTUBULE

Microtubules are long, hollow cylinders made of the tubulin dimers (a and B tubules)
e Tubulin dimers polymerize to form linear chain (protofilament)

e Each protofilament contains B-tubulin end (+ end) and a-tubulin end (- end)
e Outer diaometer = 2b nm

e cach a or B monomer has a binding
i Tubulin B Protofilament site for one molecule of GTP

heterodimer Polymerize - + e neighboring protofilaments form lateral

OQ — 0000000000 contoets
a B

e Mmultiple contacts among subunits
\I, mMake microtubules stiff and difficult to
bend (stiffest and straightest structure
found in cells)

tubulin  tubulin

25 nm
crossection

W. PHROMKRASAE 23



MICROTUBULE INSTABILITY

Microtubule instability is a core property of microtubules that describes their inherent ability to rapidly
switch between polymerization (growth) and depolymerization (shrinkage) - allows them to reorganize

quickly in response to cellular needs)
e Polymerization
GTP-tubulin 0P GDP-tubulin Y

? g - Y, Q % o Tubulin dimers with GTP bind to the growing plus
¢ end of a microtubule
% t Depolymerization e Catastrophe
j 20000 o If the GTP cap is lost (due to GTP hydrolysis to
[ GDP) — the microtubule becomes unstable —
&8 oo, & rapid depolymerization
e Depolymerization
¢ o Tubulin subunits fall off rapidly from the plus end
e Rescue
o a shrinking microtubule can start growing again
if it regains a GTP cap

Polymerization l

GTP-cap

rescue

catastrophe

. L Let’s see how it looks like in live celll Click the link
Growing Shrinking
microtubule microtubule https://www.youtube.com/watch?v=71L3 BwrB6AM =8
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https://www.youtube.com/watch?v=ZL3_BwrB6AM

MICROTUBULE-ORGANIZING CENTER

Microtubules are generally nucleated from a specific intracellular location known as a microtubule-organizing
center (MTOC) = structure inside the cell that starts and organizes the growth of microtubules

(c)

(e)

Centrosome

Cell body
Example of MTOC

e Centrosome = the major MTOC In
animal cells

e Basal body = act as MTOCs In
cilia and flagella formation

(d) (f) ¥

Basal body

Spindle poles

W. PHROMKRASAE



CENTROSOME

Centrosome is located near the nucleus (animal cells have a single centrosome)

e |t consists of two centrioles — oriented at right  centriole
angles to each other

e pericentriolar material is the gel-like area that
surrounds the centrioles in the centrosome

——\J)\ centrosome

microtubule

triplet _
centriole

(@) (b)

e pericentriolar material is rich in proteins that are
essential for microtubule nucleation

e The centrosome nucleates and anchors microtubules

e During cell division, the centrosomes duplicate and
move to opposite sides of the cell

e Centrioles align mitotic spindle during cell division

Pericentriolar material

W. PHROMKRASAE




(A)

CILIA AND FLAGELLA

e Motile cilia & flagella are microtubule-
based structures with a central pair of
singlet microtubules and 9 sets of
outer doublet microtulbules

> -
- #

F
~

rd 4
¥
ARy

-
bt
-
-
=
.
.

All cilia & flagella grow from basal
bodies, structures with 9 sets of outer

triplet microtubules

Direction of motion

Central singlet

microtubules Plasma

membrane

Examples: (A) paramecium, (B) ciliated
epithelial cells lining the surface of a
tracheaq, (C) sea urchin sperm

> Dyneins

Outar (a) Flagella

doublet
microtubules . . .
Direction of motion

|

e Cilia are short
e Flagella are long

Basal body

(b) Cilia
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MOTOR PROTEINS

Microtubules also use motor proteins to transport cargo

Two types of motor proteins are responsible for movement U =

along microtubules P
e Kinesin: move toward the plus (+) ends of microtubule
e Dynein: move toward the minus (-) end of microtubules

Railroad track = microtubule| [l

Simle ep_t

Kinesin and dynein use microtubules as tracks for the transport of
vesicle and nonvesicle cargos to their destinations

Let’'s see how it works! Click the link
https://www.youtube.com/watch?v=y-uuk4pPr2i8

&Y Kinesin protein walking on microtubule

Watch on B8 YouTube

W. PHROMKRASAE


https://www.youtube.com/watch?v=y-uuk4Pr2i8

MICROTUBULE-BASED TRANSPORT SYSTEM

Axonadl transport

Neurons also contain complex cytoskeletal structures

e Both axons and dendrites are filled with bundles of microtubules
e |Nn axons, all the microtubules are oriented in the same direction
o toward cell body = minus end, toward axon terminal = plus end
e crucial for the traffic of neurotransmitter-containing vesicles to neuronal

synapses

Axonal transport

Neuron KD Anterograde transport of a vesicle along a
it : microtubule is mediated by kinesin
oz oo Minus end
/ - ' E K'“fs'" Microtubule Ax|on Plus e?d Synapse
VS LN L N i : |
/ |
j’f‘ ( \II @ © ]:_.(] ..n 1 %ﬂ __; I
ﬂ% '_J ,|:| r@ Q ﬁ /rﬁf u gﬂecy{:{ed synaplic ——-= ~
N/, v ~ vesicle 1 O ® GW
| = 29 Neurotransmitt
: _ 5 eurotransmitter
N S Receptor for the
=N ) | | '
- ft:/'(;:- &l Retrograde transport of a vesicle alonga Cytoplasmic neurotransmitter
T Golgi apparatus microtubule is mediated by cytoplasmic dynein dynein released at the synapse
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MICROTUBULE-BASED TRANSPORT SYSTEM

Axonemal transport (intracillary and intraflagellar transport)

Quter dynein arm

Inner dynein arm

e Essential for delivery of tubulin dimers to the distal end of microtubules e Dynein regulatory
H K B subtubule complex (DRC)
of cilia & flagella S
. e . . . . Central pair
e Axonemes originate from lbasal bodies, centriole-derived, microtubule e l Beat plane
gr%rjjéﬁ!o%air Radial spoke

containing structures

Quter doublet

A subtubule ‘\\ )
. 5-6 Bridge
Intraciliary transport 1 Anterograde transport of cargos (possibly a The axoneme, the core
tubulin dimer associated to a raft protein i
; . : structure of cilia and flagella
complex) along a microtubule is mediated by _. .
K , = microtubules + dynein motors +
Tubulin dimer 35___.._ Inesin. regulatory complexes
e R —— Tubulin assembly
B Minus end Microtubule
'5 ; Return of raft
| proteins, ciliary

_ Kinesin
Raft proteins C
@hn P i

Basal body *&‘%’i ----- h—%%;' () . %ﬁﬂi

axonemal proteins,
or any other
material to the cell
bodly.

---------------------------------------------------------

A raft protein complex may provide a
mechanism for the transport of multiple
cargos (vesicle or nonvesicle structures).

L2 Retrograde transport of cargos
&3 Disassembly of the raft protein along a microtubule is mediated
complex-cargo-molecular motor machinery. by cytoplasmic dynein.
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ACTIN FILAMENT

Actin filaments are polar structures composed of globular molecules of actin arranged as a helix

e composed of globular monomers (G-actin), which polymerize to
form helical and asymmetrical filaments (F-actin)

actin molecule

I d
sk .6 plus end

4 i jfstressiibery

i i_..-l e f _ LT
AL RS S .
} e i b y »
1l Ay 4 -y h-
y LN 2 & .

L
H
i

minus end

(A) (B)
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ACTIN POLYMERIZATION

G-actin ATP bound actin

. Activation

F-actin l Filament assembly

Steps of actin polymerization

G-actin + ATP

l

Actin oligomers (di- and trimers)

+ ATP @

Assembly

Formation of F-actin
A — stable di- and
trimers l Filament disassembly

ADP bound actin

(+)- end

Stable actin oligomers

Filament e Plus end — add new monomers

assembly

< ' e Minus end — loss monomers
o bmmd ; o) . Actin polymerization requires ATP, which is hydrolyzed
fGtin to ADP after each G-actin molecule is incorporated
e Dlsassembly into the filament

W. PHROMKRASAE



THREADMILLING PHENOMENON

. G-actin carries
Treadmilling is the dynamic balance between the polymerizing & “‘Y“‘“'“@E e : i
depolymerizing ends to maintain the length of actin filament Pmﬁ,mﬁ 05

per monomer).

+  Barbed end
. Polymerizing end of a
growing actin filament

Proteins control thread milling:

profilin binds to G-actin Le--TF

e Thymosin: sequesters G-actin from polymerization and regulates filament assembly
e Profilin: enhances polymerization of ATP-bound actin An ATP 2 is formed
to facilitate further ATP is hydrolyzed.
to (+) end . . addition of G-actin. G-actin contains
e Cofilin: removes ADP-bound actins from minus end hound ADF
e Gelsolin: has a dual role: a severing and capping
protein = |—7nm thick
@ Actin filament assembly W %)'< SEUEFEd actin fi!ament
— Capped barbed end
Pointed end

—— Depolymerizing end of a
4 grown actin filament

Watch on 3 Voulube 0 Cofilin, an actin
.- @ depolymerizing factor,
Let's see how it works! Click the link  https://www.youtube.com/watch?v=VVgXDW_ 804U aop &) G’Sjﬂgﬁgﬂng z}'mggiisoa:ﬁgszggﬁtm”
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https://www.youtube.com/watch?v=VVgXDW_8O4U

ACTIN FILAMENT DISTRIBUTION

“ Mjl JM m mm' ‘ Example of microfilament-based structures

e Actin bundle in microvilli of the
intestinal epithelium

e Filopodia (pointed protrusions),

o lamellipodia (flatted protrusions),

e ameboid movement

e Actin stress fibers

e Actin contractile ring in cytokinesis
of animal and fungal cells

o @

| |
S -

Microvilli Adhesion belt

% 3y

F. - _--"\ .-'f

L
! e
\ 3
" . ¥ s
% ey o r

Animal Cell Micrograph

Actin
Microfilament

Filopodia Lamellapodium Cell cortex T' s | ' e E:‘Efr: Network
' ' : Mucleus

e i El- R 4 r ] == et 2
w "y o F . - S L = - g - - .
/ \ R o et e )=
..X . e o P ' = . —— Lo .r._'|'u e - = ’
W o 5 & - . . E - = r < .
| i . :;'_-'F.' tainll = R - ot i, 1 g s . .l FII di
L i 3 .y ¥, - - - .‘. - ol
\ | K 3T e i SETTL opodium
4 I =5 e R 5 - . 5 -
i 5 rz 7 e o e
\ L o T - T . "': o g L L - i it Ay il - ;"
F d o~ " - M e 5 \ ) a5 & - g o . "
S & o - * a o o g S Nl
b - Y i .-||-'I-" " . F T4 5 - ot 'lu.“.‘..
%, iy r, - - m 5 i o o -y =y =" ? p .
\, . Fi " h s ; i : b ;. 4 ’
b y . i i P— e W T e - L o 5 r i =T 2T
"-\.'\-‘_- i __.- I' _.—-"'.- ...H /,. "'\\ '| Y - i & ; x : =T o H . .. gL 5
\"'. L ! ."'.. | |r i |I' \l | % - ;.-: ik 5 -2 [ e ‘_' i -' o o :
"'\_ F ] ] . ] r L = 41 1 . o - , e - .- Mi "I
N 4 . /b | Y. PR W R, s —— _ Microfilaments
| ! b i : Gt ! i B R NG I, e -~ i
\ __." h # -~ 7 . % wR M e ] e T i e
/ - £l 1 e R fu i I'-__ i i kel e P -
- Fa ] Pkl g s Rt . 2 - o~
i
4
- 1 ] o ' - -
LE L ; = o 3
H [
310 [ . L

. Contractile ring
Stress fibers
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ACTIN-ASSOCIATED MOTOR SYSTEM

Actin filaments, often in association with myosin, are responsible for many types of cell movements.

Muscle contraction involves the relative movements of
actin-myosin, which bring the Z lines closer together

actin filameant froponin myosin binding
sifes

muscle \

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

actin

tendon myosin

sarcomere

1. ATP is hydrolyzed when myosin
head is unattached.

muscle
bundle

mYOfIbrl[ 4. Binding of ATP causes myosin d 2. ADP+ -@are bound fo myosin as
head to return to resting position. - miyosin head attaches to actin.
fascicle muscle fiber 3. ADP+ @mla&sa causes head fo change
© Encyclopaedia Britannica, Inc. (muscle cell) b, position and actin flament to move.
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ACTIN-ASSOCIATED MOTOR SYSTEM

e Cytokinesis is the contraction of a ring of At monomer AlDP-bound B o
actin/myosin resulting in formation of two an R
daughter cells -

e Locomotion (cell migration) is achieved by the
force exerted by actin filaments by
polymerization at their growing ends

u
ol
|
— 1
- Ny, k|
p - |I |
F .
N | ]
X‘ I
i b \ I |
[ L
| . |
I !
{ |

: L
. .
\ Se

R ) > Lengthen

| U

Substratum

\'ﬁh Lamellipodium
"\\\,,‘\“-l—|

Capping protein

Actin % H / j/
crosslinkers--+< j N

Myosin
filaments
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INTERMEDIATE FILAMENT

() U
Monomer
0] ()
@l O
DiIer
Q O
(] ¢
() b
U 9]
Tetramer

l

A single rod-like protein polypeptide  Intermediate filaments provide mechanical support to cells
chain with N and C-terminal domains . . . . .
and help maintain their shape and structural integrity
e specialized for bearing tension

The 2 polypeptide chains wound —1i

around each other in a coiled-coil *d rope ke structure

SRGLEEULS e stable structures in the cell and provides mechanical
strength to animal cells

The dimers associate in a staggered e reinforce cell shape and fix organelle location

antiparallel fashion forming tetramers

o typically 10 nm in diameter

&
9
J ,
U Sheet of 8 tetramers would around ]
OO each other forming protofilaments :
a - 8
U ¥ =N ‘
e . - AL T AR ]
l ..-: E 5 20’ '-. S '. i .‘_II I:' .
ff / : [ I(r { r S . AP 20 '“-f.---s_
T [ | [ ¥ \:
- S Gl ¢ — il | % R
." { ! { e Nk b B
El ! \ \ e b,
\ \ \ \

A rope-like intermediate filament bundle (~10 nm)

Individuqi}nteﬁnediote filaments
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INTERMEDIATE FILAMENT POLYMERIZATION

Steps of intermediate filament polymerization
Monomer
&8 Two monomers form a €3 Two dimers (in side-by-side antiparallel l
parallel dimer. alignment) form a tetramer. The polarity is lost Dimer
on the formation of the antiparallel alignment.
€3 Pairs of protofilaments l

&3 Tetramers align end to end to associate laterally to form a protofibril Tetramer

form a protofilament.
& Four protofibrils l
.’_L'_ wind up to form a ropelike Protofilament
10nm} &\ 10-nm-thick intermediate

)
En PrTofibrn

Rope-like intermediate filament

Monomer

Pt st Yy

46 nm
i Tetramer '

38
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TYPES OF INTERMEDIATE FILAMENT

IF CLASS IF TYPE IF CATEGORY IF PROTEINS IF DISTRIBUTION
TYPE| Acidic keratins |
IF heterodimers ARRARARRRERRRAR
TYPE | Basic keratins eecsecccccsscsse
Epithelium Hair Nail
Vimentin
e ——— N
el ittt . S@rcoMmere
o L S
Desmin
TYPE I IF homo- and Glial fibrillary acidic N _
heteropolymers protein ,‘ ( x Glial cells
CYTOSOLIC : | = s ——
: . L/ eurons of the periphera
Peripherin \ nervous system
Syncoilin —===s===s>oo Muscle cells
Neurofilaments |
(NF-H, NF-M, NF-L) Y L
NG TR Neuronal cells
IE a-internexin < )
TYPE IV —
heter0p0|ymer8 svlllemin-a and ’:; A P AS’trOCYteS, neurons, and
synemin-B s Baaaa muscle cells
. Stem cells and
S endothelial cells
NUCLEAR TYPEV Lamin-forming IF Lamin A, lamins B, § \ \ Nuclear lamina
and lamins C \ )
A
LENS TYPE VI Lens-specific IF hakiniiand Eye lens

W. PHROMKRASAE

There are six types of
Intermediate filaments,
classified based on their
protein composition and
tissue distribution




CELL ADHESION

Cell adhesion is the process by which cells interact with and attach to neighboring cells or to the
extracellular matrix (ECM) using specialized proteins on their surface

: : : | - 5~ Cadherin-Cadherin
Cell adhesion is mediated by cell ; Q=0

adhesion molecules (CAMs) 8 _@_.E
e proteins located on the cell v 3= leSF-lgSF =

surface Q00 e
e involved in binding with other - X =

cells or with the extracellular

matrix (ECM) N =
. % Selectin-Lectin

Hemidesmosome °
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CELL ADHESION MOLECULES (CAMS)

Mechanisms by which CAMs mediate cell-cell
adhesion
e Homophilic binding: CAMs on one cell bind
to identical CAMs on another cell
o Strong, stable
o Example = Cadherins, Ig superfamily
e Heterophilic binding: CAMs on one cell bind
to a different type of CAM or ligand on
another cell
o Dynamic, specific
o Example = Selectins, Integrins

Major families of cell adhesion molecules
. Ca2+ dependent molecules
a.Cadherin
b.Selectin
2.Ca2+ independent molecules
a.lntegrin
b.Ig superfamily

HOMOPHILIC BINDING

HETEROPHILIC BINDING

Homaophilic Heterophilic
binding binding
G_EI_I_ 1_ | Garl:-ﬂhydrat&
it !‘L rll',a 1[‘};5‘15‘*511‘;;%’”“};% H‘J HH IHMI“[! A J'“EH

I_ IIIII _I |' |_

i;fm[ I ﬂ HIH ‘lﬂ“__”F 0l iﬂt};ﬂ |

|||||

i DA

T

]n (ﬂ

Cadhenin lg-like

|||||||||||

e
b

U

|||||||

Selectin
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CADHERIN

Cadherins are critical for maintaining the structure and organization of tissues
e Main adhesion protein holding epithelial cells together

Epithelial homeostasis

o ) Cadherin family members
Protected zone ﬂ& 2 5% B F . .
Al HEVET SR B X e E-cadherin: found in
S o A SR
toat g hs S e S epithelial sheets
| e N-cadherin: found in the
CNS, lens, skeletal ana Benign Metastatic

tumour cells  Tumour Malignant tumour cells

= -

A loss of cadherins is associated with cancer metastasis

Desmosomes L))

W. PHROMKRASAE

---------- cardiac muscles o tumour cells
JAM . : 1
oo . e P-cadherin: found in
|
[ = | I
204 (== Occludin |1 gc placenta
. |
j Claudin : EC3
omants | une o
_ junctions
</ i EC5
|
I
\ Adherens I Benign Loss of Malignant
| Y\ Junctions : epithelial tumour E-cadherin-mediated invasive tumour Metastasis
e E-cadherin : : (adenoma) cell-cell adhesion (carcinoma)
|
|
1
!
|
|
|
I
3=
I
|

Actin E-éqdherin-stoining (green)




SELECTIN

Selectin plays a crucial role in the immune system, particularly in mediating the interaction between white blood
cells and endothelial cells lining blood vessels during inflammation

Maijor types of selectins
e E-selectin, present on endothelial cells )
e P-selectin, present on platelets and endothelial cells
e |-selectin, present on leukocytes (white blood cells)

Leukocytes

CXCL8R
e  P-selectin
P-selectin
E-selectin Rolling adhesion Tight bindin Diapedesis Migration
T ligand @ 2 @ ] ° @ P @ ]
= E-selectin
selectin A
~ CRD
@® Chemokine

=G

P L

SCR
h LFA-1(a.:B2)
= @
bliaaliaad
VCAM-T aus TM
@
CT — v

VLA-1 ' .

( A Endothelial cells
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INTEGRIN

Integrin is essential for communication between the inside of a cell and its external environment, allowing cells to
respond to mechanical and chemical signals

e Integrin consists of 2 subunits (B & a
subunits)
e |t binds to the extracellular matrix (ECM)
and the internal cytoskeleton
o The cytoplasmic domain (B subunit)
interacts with actin filaments
o The extracellular domain (a subunit)
binds to ECM (fibronectin & laminin)

fibronectin

Extracellular matrix

knee

Cytoskeleton

Bent Extended
Inactive High affinity
Cytoplasm

Integrin = red
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IMMUNOGLOBULIN SUPERFAMILY

|g superfamily consists of cell surface proteins that are primarily involved in cell-cell adhesion, especially in the
Immune systems

VCAM-1 (r?eigﬁné:all ICAM and VCAM molecules play an important role in T cell
" dhé:?os:lrj:z::ﬂle 1) adhesion interactions and binding of leukocytes to activated or
molecule 1) resting endothelial cells in the inflammatory areas

Immunoglobulin-
like domain
‘ \Il CXCLSR
o (IL-8 receptor)

E-selectin Rolling adhesion Tight bindin Diapedesis Migration
T ligand @ . @ ] o @ P @ ]

E_
: .5 i
selectin
Plasma @_
membrane @ Chemokine
Sy )
SSS } ICAM-1 ;
l h LFA-1(au:Bo)

Cytoplasm ° o
ICAM-1 ICAM-2 ’ VCAM-
(intercellular cell (intercellular cell °
adhesion adhesion ( VLA-T Site of
molecule 1) molecule 2) —
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CELL JUNCTIONS

The adhesion molecules, along with other associated proteins and cytoskeleton
elements, cluster on the plasma membrane to form identifiable cell junctions

Adherens junction

Occluding junctions
e Tight junctions

! o el o Anchoring junctions

s e Adherens junctions

Gap junction N | . e Desmosomes

: s Communicating junctions
e Gap junctions

i

bhi

i
P,
—
-
—

A EERES
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TIGHT JUNCTION

Microvillus Tight junction

Tight junctions Lumen

y Tight junctions are
ocus layer
Apicalside | MMIJM@AMIM%,WM:\;MM circumferential belts at the
| apical domain of epithelial cells

() 1 () | O O and linking adjacent cells

Basolateral
surface

.....

Abical side

They seal the space between
. epithelial cells and regulate the
rotein compiex
Occludin passage of water and flux of

Claudin 1

E-cadherin lons between adjacent epithelial

Z0-1 ;
JAM-1 cells (pGraceIIqur pothvaIy) i LR N
f:ﬁf;ﬂlf:f Adherens junction :
Actin

Major components:

. e Transmembrane Proteins: Claudin, occluding, Junctional
Adhesion Molecules (JAM), cadherin

e Scaffold/Adaptor Proteins

e Cytoskeletal Components: actin filament

Plasma membrane
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OTHER JUNCTIONS

HANNANRAS |f|' "JJ.J#“H INIRIP
ﬁ Tmmjun:tinn—%
S Adherens junction—es3g
= ||
% Dasmnsmﬁ—ﬁ?
|
% Gapjunctiun—%
| | |
| |
Hemi-desmosome—, .-'I L o

“— Basal lamina

Tight junction

Membranea—.

| I
I wwm&% Occludi

[ [ et 1

+— Mambrane

. Clawdin Claudin JA

Desmosome

ﬂadherln

Cyloplasmic
plague

TR T R T

{’_uoq:eo“l

o=
=

= |ntermeadiate
filameants
(e.q. keratin)

Aoial
channel

Connexin E+::I

Connaxon @

=
—

Intercallular channel

(c)

W. PHROMKRASAE

Adherens junctions are anchor-like protein
complexes similar to desmosomes, but they are linked
to the actin cytoskeleton.

e To support the tight junctions

Desmosome

e The largest cell junctions

e disk-shaped adhesive junctions approximately |
um in diometer that are found in a variety of
tissues.

e protein complexes: connect the keratin fibers of
two cells like a hook-and-loop fastener

e help the tissue to resist shearing forces.

Gap junction
e Intercellular channels
e direct communication among cells
e small molecules, ions and electrical impulses move
between cells through gap junctions
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