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Function of the cell membrane
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Separation of the cell components from the r%ﬁllvﬁg
surroundings (8 nm thick)
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It controls traffic into and out of the cell.
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Like other membranes, the plasma membrane is
selectively permeable, allowing some substances to

cross more easily than others (hydrophilic vs
hydrophobic)
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Composition of cell membrane
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> The basic structural unit of sl
biological membranes is a lipid lodropheilic R

bilayer
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> Phospholipids are the primary
bilayer forming lipids
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General membrane structures

polar
hydrophi
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nonpolar
hydrophob
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Different types of phosphollplds
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‘Phosphoglycerldes

Head group
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have net negative charges oo

PS + PI = Net negali\e charge

Aalal) gl Ml A gaza ¢ (Inositol) Jsissiy) 5 (Serine) Gased! Ll
(Negative) Adba Lllu L Jasi pgy



sliall Lailad
Characteristics of membrane

«(Proteins) <lisig ) 5 (Lipids) Gsal & LE8Y) A daulad) 5 sl cliy jal)
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@The main macromolecules in membranes are lipids and
proteins, but include some ca%bohydrates
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Membranes are fluid
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Membranes are mosaics of structure and function

(Cell-cell recognition) (sl guany o USAY G jai B Taa daga LI &) jab g2 S

Membrane carbohydrates are important for cell-cell
recognition
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Membranes are fluid

.(Weak hydrophobic interactions sigmstallinptseetis Aau) 5 b A4Sl ol sLia)

> A membrane is held in together by weak
hydrophobic interactions
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> Most membrane lipids and some proteins can drift
laterally within the membrane (2 microns per second)

(Flip-flop) gase8 JSd sLiall pe s A1 M) Al (ha JEL La 1500 <l jad)
.(Hydrophobic core) stall o Sl sliill b s 5 5all jhics (Hydrophilic) sball &aal) £13%) oY

>Molecules rarely flip transversely

(flip-flop) across the membrane,

because hydrophilic parts would have Wﬁﬁ |
to cross the membrane’s hydrophobic g%»g

core. Lateral movement
(frequent) Flip-flop (rare)

(a) Movement of phospholipids
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Membranes are fluid
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> Membrane fluidity is influenced by temperature and by
its constituents.
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> As temperatures-cool, membranes switch from a fluid
state to a solid state as the phospholipids are more
closely packed.
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> Membranes rich in unsaturated fatty acids are more
fluid that those dominated by saturated fatty acids
because the kinks in the unsaturated fatty acid tails
prevent tight packing Fluid Viscous

PAPSRIR. S
i soudos o

Unsaturated Saturated
hydrocarbon hydrocarbon
tails with kinks tails
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Membranes are fluid

sl i Al ds sl day ) Jaai (SHBED chain fatty acyl groups) 5_salll A5l Juslud)
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> Short chain fatty acyl groups tend to increase Iateral*w B
moblllty JERE e

> "cholesterol in membrane of eukaryotes, modulates
membrane fluidity by making the membrane:

> Less fluid at warm temperatures (e.g. 37 oC body
temperature) by restraining the phospholipid “”l;ﬁ'gii““:ﬁl
movement. e

> More fluid at lower (cool) temperatures by preventing
close packing of phospholipids. . .00

> Cells may alter membrane lipid

concentration in response to changes
in temperature
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Membranes are mosaics of structure
and function . .

[(Asymmetric) (>4 g 5 A3
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Membranes have asymmetric inside and outside
faces. The membrane’s synthesis and modification by
the ER determines this asymmetric distribution of lipids,
proteins and carbohydrates. e s

The two lipid layers may differ
In lipid composition.

Membrane proteins «. e,
have a clear direction.

When present,
carbohydrates are restricted

to the membrane’s exterior

i 53 g g (1555 Lgld o LR (B ) 0 S 252 g 30
LAl Al phadl e

Golgi
apparatus

Plasma membrane:
Cytoplasmic face
Extracellular face

(asymmetric)

) Carbohydrates always outside
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Membrane Proteins
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Peripheral proteins
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loosely attached o
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Integral proteins (ags @)

> Proteins determine most of the
membrane’s specific functions gy

:dinby ol G
olgall Ji5 o
eldal) clisig p g 6l sJadl glgs

Membrane proteins: el
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>
> peripheral proteins =~
> loosely bound to surface of

membrane o

.., Cell surface identity marker (antigens
integral proteins: penetrate lipid
bilayer, usually across whole membrane
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transmembrane protein: = seveses
transport proteins (channels, ......c..

permeases (pumps)( “ﬁtﬁg P
(Permeases / Pumps) cLawall/cSElle

¢ Permeases - OMU
'
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Many Functions of Membrane Proteins

Transport

285 des) 1 Transport
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Enzyznatic activity
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Signal transduction
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Intercellular joining
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5) Intercellular joining
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Cell-cell recognition
LTS
4) Cell-cell recognition

]
i (0 AP gl 13] G35 ksl @
¥ I

iy LA s dagos ©

o e )] oo WL

* glycoproteins
« carbohydrates litll g e

Attachment tothe
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extracellular matrix

(ECM)

6) Attachment to cytoskeleton
and ECM
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Glycolipids

04ala pattern 4 4a JS (variable) wilida ol Sl J8

1A lailaag

> Pattern of sugar residues is variable et

(Organelles) cibydaal) 4258 40300 45kl go

> Always in outer leaflet of cell membrane, & inner leaflet
of organelles

Sugar
g residues Z
Hydrophilic
(soluble) * :
Serine
¢,2. Hydrophobic T acie
| (not soluble ;2:3::taer;%? {
=lipophilic)  caturated) U U
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Membrane carbohydrates are important
for cell-cell recognition

LA 9B gl A £ g8 G Sl o A0180 5,08 g4 (Cell-cell recognition) 4xal) e 4al) Gijes
g

> Cell-cell recognition: The ability of a cell to distinguish
one type of neighboring cell from another.
> Cell-cell recognition is crucial in the functioning of an
organism. It is the basis for: o
> Sorting of cells into tissues and organs in an animal
embryo’s cell. . . s s
> Rejection of foreign cells by the immune system.
>  The way cells recognize other cells is probably by
keying on surface molecules (markers)
Memb:wumw L:...:JIJ.:ULUS...JI §,%4]
(cell recognition) LUl o 8 =il
markers: s lgaasy Gle el L) Seaus
lgmbaaw e (Wlodle)
e Lin)

(sorting) LI iy (@)
(e janad) dsliadl
X il Ll y28; 3
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Membrane carbohydrates are important
for cell-cell recognition ... .

(Oligosacchar u)ﬁ\:-)s_u...._u)s..d
A SuBang 15 0n BB o 038539

Membrane carbohydrates are usually branched
oligosaccharides with fewer than 15 sugar units.

«(Glycolipids) &8 0583 0358 ¢ 8l e La) dpablaas Jagl g 52 1 5 Of (oS
(Glycoproteins) & S <l 38 i gl ga gl — I g JSY) gy

They may be covalently bonded either to lipids, forming
glycolipids, or, more commonly, to proteins, forming
glycoproteins.

S s LAl o Al el e 33 g gal) ALIEY il Sad) GlAS >
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The oligosaccharides on the external side of the plasma
membrane vary from species to species, individual to
individual, and even from cell type to cell type within the
same individual st s

e W
(branched) dc &0 (oligosaccharides) 8,umad
:go iy

e Lipids - glycolipids
e Proteins - glycoproteins (Lo x531)
bid =) Bl il e :La310 SB08790 (199




Movement across cell membrane

Fibers of
extracellular
matrix (ECM)

Filaments of
cytoskeleton

Glycoprotein

Carbohydrate

Cholesterol
Peripheral Integra
rotein protein

EXTRACELLULAR
FLUID

CYTOPLASM
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Movement across cell membrane

) O
Passive Transport
Simple diffusion- "
diffusion of nonpolar, hydrophobic molecules

I I p I d S (Nonpolar, hydrophobic) stall 4a < g 4uddl) & il jad) L)
(Lipids) G52 :Jiae

A1 4.0 Digh [Jlow concentration gradient ... 2t
Facilitated transport
diffusion of polar, hydrophilic molecules
through a prOtein Channel (Polar, hydrophilic) slall daallg dabadlf csliyjadl HLdisfe
ol ol high [J low concentration gradient e e

3558 (ol > (odle 53555 (o Ll o yaite
Actl\_/e tr_ansp_orft | | o o i
diffusion against concentration gradient (Simple Diffusion) QSIS

IOW |:| h|gh (Againet i iont) Sl 2 5 e ot diaall (@IS e 3ycdilase
gainst concentration gradien 2 T E) caa e . -

. JA3318 5 JLe JaSyi (oo
e 3555 (o] > GA8R10 51555 (o (page Jie 203

uses a proteln RUMP  protein pump) saisigysins pasice shall gyl  piucll Clisidl ] gil3eY) Oz €O, 2 yape
H 5 (Facilitated Diffusion) yeuwl/ jLiisy! (o

ATP @b o g Linge
requires ATP : e
3 g s

oadALa S Jle 58 ae

<) W (("Na*, K*, Cl) @l gyl Hos gdadl 2 yae
(Cro9elssYI_

(Osmosis) zaLluill (z
Ll yas a3 £ UL dSyane

30 > Lidka Jslaa (yee

(Aquaporins) (i) 93/ oS¥/ iliaigy yace




Movement across cell membrane

Diffusion

Bev 0,0 Gap L
%Z‘W" W‘”‘”‘" Fslp By
> Passive transport

148 pay @ juad LS @

Facilitated diffusion

) B Oson ol &gl
Pm“" CL'Q"""J Z \:4 X X high = low Diffusion
loghaghiic < é!jﬂ b4 v high - low Facilitated
kTP Q.:-y v Vv low = high Active
ol go db>do |

Syol ool = Jughll agul! o
active transport (8 bis = ATP

Active transport

pup(paka Pty
ATp
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Transport of large molecules

s Lyl Bl Jada (] 8yl sl jadl Jas
(Vesicles & Vacuoles) <l saill§ &sduas gadl JUA (4o

> Moving large molecules into & out of cell
= through vesicles & vacuoles
>  endocytosis "
> ~+ phagocytosis = “cellular eating”
> -+ pinocytosis = “cellular drinking”
i T lbop

= exocytosis S—

(éé‘;\ ?/\Sg\}\ 85 ol &sidl

S Bo 909
Il?r:ea?nnt:?ane g?:éﬁgry_‘ _O %

spanpll go |

vesicles = (193) Gilays>dl o
exocytosis > | zidi L) »
endocytosis - lg=J J3ai o) o

rdsy pand| oMUl B
* Small molecules - diffusion [ transport
« Large molecules - vesicles (endo/exo)

Secretory
vesicle

Cytoplasm
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Diffusion of water

Laidia sla 5858 @i dihia ) Jle sla 585 @l Adhia (e slall il

> Diffusion of water from high concentration of water to
low concentration of water

> Direction of osmosis is determined by comparlng total
solute concentrations

> Hypertonic - more solute, less water = —

> Hypotonic - less solute, more water ., i
Sl B AYiadiga ooy | e ot sl i

> Isotonic - equal solute, equal water. ..., 2
L sbuia lall g A3al) 31 gall 38 55 L

net movement of water
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LDL receptor-mediated endocytosis

syl Olghsdl
LDL byl (1

LDL (JgiuulsS 448) = b2 LDL receptor clisll Gle
(Endocytosis) &l Js3o (2

coated pit - coated vesicle Josug puosiiy s L)l
(Endosome) dusJl 1o (3

endosome a5 dloggadl

receptor o< LDL :hadiy

el plasiil dole] (4

< (recycling) sliall g2 receptor JI
LDL ;25 (5
® LDLJZ9, lysosome
o gy > o
« cholesterol + amino acids
SJorudgSIl puay 54t (6

bile acids OUgopd sl £ly 13 posviu
ACAT :023] dbuwlss cholesteryl ester J Joui 1055w 9i

:(Feedback regulation) dbis aai

sl 319 Jg oSl ol 13

(HMG-CoA reductase ¥) sa=> Jg pulgS gaiual :adsy
LDL receptors gsuas

(1 ACAT) jsull :aju




[ Chemicalty aleered LDL cells acormulace
in the ariery wall. Seimulaeed endoehefial
cells displry ad hesion moleatles and
secrete chemokines ehae lure monocyees
and T cells ineo ehe intma.

LDLI

EJ The lured monocyees madire ioeo
macmptnp.'rh?mxmpmp Chemtlnu

along wich T cells produce ‘” HEALTHY
inflam matory mediators such g

cpokines, whkn:lcpsmze cell ’ » /

division. Scavenger fecepeors

displayed oo ehe macrophage help
them diges modified LDLS.

Scaenger

AFFLICTED
E As the macrophage
feed oo che LDLs chey become
wm%ﬁm [ Infammatory molecules promote A Foam cells weaken the cap by secrecing digesting
cells), akong wieh T cells are che earbese fuarcher growth of plaque and form 2 maeree moleades. I che weakened cap rupdares,
form of aheroickeroee plaque fbrous cap over ehe ipivd core. The dsue faciors, which display o ehe foam cell,
' Fbrous cap seaks off ehe Faeey core inerace wieh cloepromceing elements in the

£rom che blood. blood caning aclot (chrombus).
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@ cChemically altered LDLs accumulate in the arterial wall.
Stimulated endothelial cells display adhesion molecules and secrete
chemokines that lure monocytes and T cells into the intima.
2ol9 1o dwlowd| LIS olpidl Jlazr JS1o WlouS msiall LDL oS1
(monocytes) duu>gll Ll Wi (GliaSgans) olgwo jiis Glaidl Ol
.intima Jl dib JI dslll LasJlg
@ The lured monocytes mature into macrophages. The macrophages
along with T cells produce inflammatory mediators such as cytokines,
which promote cell division. Scavenger receptors displayed on the
macrophages help them digest modified LDLs.
Sl 265 AW LIS 2o Zl9)Slall ZW9,Sko ] uumsll Llsl Joonis
e Aol Olbdiiws i LaS .LISUI pludil 3 (SU1 O laSgiud | Jio daled!
.Juall LDL pusd e aslud zg,Slodl
E)As the macrophages feed on the LDLs they become filled with fatty
droplets.These fat-filled macrophages (called foam cells), along with
T cells are the earliest form of atherosclerotic plaque.
foam) LAY 0dd Loy duido Ol pady {,liai LDL 289 Slall JSU Lowic
.(plaque) dowsll H3SWU JSi Jol 29 . (cells
@inflammatory molecules promote further growth of plaque and form
a fibrous cap over the lipid core. The fibrous cap seals off the fatty
core from the blood.
oWl Gl g8 Lt 2lbs 3559 dough] gad o W3 dunlgidl olgall
RV VT RUNFEIP T AT
EFoam cells weaken the cap by secreting digesting matrix molecules
If the weakened cap ruptures, tissue factors, which display on the
foam cell interior, mix with clot-promoting elements in the blood
causing a clot (thrombus).
ddga0.0ll usgi olgo j18] Gapb e slbs)l Chsuai dygé I LI
= padl go LMSJI Y10 (o Jolge blisy ielbsd] §jod 19]9
.(thrombus) dbl> (355 J] $08: law

(Ol id] luas) atherosclerosis s LDL <auS
USinadl dloy (1
LDL QLsidl jla= J=lo goxxis (intima)
(oxidized LDL) jastia9
"y g Opisy ]

(chemokines) WL G LI deliadl slewiiwl (2
monocytes + T cells :u=d

macrophages J| Js=>i (3

. ytes - macropt

o JSG"faw” LDL

Foam cells 55 (4

macrophage ggo {lied
foam cells juai
plaque W doile Joi sk

Plaque u355 (5

foam cells goxi

fatty streak - plaque : o5
fibrous cap :lgabsy Jobou punanl

(Rupture) Axddl bl (6
clot (thrombus) Josz OgWl sgiowe glhby 2uiail QN3]
dblar > Glpid] s (S0







