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1- Introduction: cellular
membrane is composed of :

2- Lipids: There are many types,
most important is phospholipid
-> Lipids maintain fluidity

3- Proteins

@ Peripheral membrane
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1- INTRODUCTION |
M g W i

¢ S
Aol
= In general, cellular membrane is a lipid bilayer 1 = You can notice here that some
A 2 —) carbon chains are unsaturated, and
= Cellular membrane is composed of: v’ r fluidity

N this is important for fluidity
1) Lipids: For example, we have glycolinids, phospholipids, cholesterol ... etc A
2) Proteins: These proteins achieve several functions, we w111 see them in this lecture
3) Carbohydrates

= Best fluidity for membrane is 37C

PIP2 FUNCTIONAL PHOSPHOLIPIDS IN PLASMA MEMBRANES 4- CHANNELS
= Function: transporting things frof the membran

- Very*r,so they can pass definite things such as sodium channels, potassium
channels, calcium channels, water channels (Aquaporines) .... Etc. -

ligands, voltage ... etc.
——

= Ligand gated ion channels are linked to receptors, these receptors send messages

By
|
1
i’ = The activity of these channels are highly controlled, can be controlled by chemical
~C—
1 to open or close the ion channel When they bind their ligand
—_—— —_—

Event: Channel
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If it moves particles from the high concentration gradient to the low concentration gradient, it's ATP
independent

oy

If it moves particles from the low concentration gradient to the high concentration gradient, it's ATE
dependent (Famous example is sodium potassium pump, where it moves 3 sodium ions outside anc
§f>tassium ions inside)

Sodium-potassium pump

Sodium
concentration gradient




THREE STAGES
1. ReeermioN 2. Taa

-~ RECEPTORS — ReCePTORTR AANGES
BIND s LIGAND

- ACTIVATES INTRACELLULAR
' b 2 HESSEN(,ERS;
A Q@ ol TN N $3’\“’\

MOLECULES
|"\S e

3. CELL RESPONSE

JUST RESPONDING
, TO YOUR SIGNAL!

. €

3 MATOR R a1 O
CLASSES: i

* G protein coupled receptors: receptors that transduce signals througﬁ memb;hge_s’___
to a protein that is called G Protein

= G protein is composed of three subunits: alpha @
» Alpha subunit is bound to GDP in normal conditions

GUANINE NUCLEOQTIDE-BINDING PROTEIN
(G

3 TYPES of
G-PROTEINS )it
G G G 2
q 1 ~y f‘f
= Steps of activation of rotein
1) Ligand binds to the receptor \@,'\ﬂ
2) Receptor sends signal to the G protein ~*

3) Alpha subunit in G protein binds to GTP instead of GDP
4) Alpha subunit separates from beta and gamma subunits and go to achieve it’s
function

5) It achieves it’s function bydephosphorylation of GTP so it converts into GDP
6) Alpha subunit binds @ o beta and gamma and the receptor so the receptor

return back to it's shape

= What a it can achieve?
This depends on the type of alpha subunit

there are 3 types:s,iand q

fuid

Intracellular
fluid

KEY
PLC = c
DAG = diacylglycerol

PK-C = protein kinase C

P, = inositol
trisphosphate
ER = endoplasmic
reticulum
molecule G n,-c m.mhrlnn © 0AG activates rolease
Signai © p-u- activates €) converts Ow s ;-':m

Ca?* signai.

Mnase C (PK-C), which
and associated M).-m M) which _ﬁ organelies,
G protein %R === gt

Copyrght ©2007 Pearson Fducation inc _ publaierg ms Ranyam Cuammengs

o)t RECEPTORS

= Structures that bind to ligewé® o response Jn some way for the cell ‘ “
« ligands could be hormones ,neurotransmitters,, drugs ....etc.

= Receptors are specific: every receptor binds to one specific ligand (There are
some exceptions such as adrenergic receptors in autonomic nervous system, as
they can bind to epinephrine (hormone) and norepinephrine (neurotransmitter)

. Note@e samepatticle can bind to différéntreceptors with-different
 affiniti o

« How recept: 'signals?
There arel many ways one of the most famous ways is bym (Guanine

nucleotide binding pre
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GS PROTEIN:
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T- CELLS IDENTITY MARKERS
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Postreceptor Event: Cyclic AMP

cellular

Surface
membrane
receptor

ECF

Adenylate -

cycla:
ATP

Plasma membrane

(Converts)

Cyclic AMP

} G actvates)

Cyclic AMP-
dependent protein

kinase /& |
1 (2> (Phosphorviates) S
[ Particutar protein |
AD!
5) (Ph horylation ind
logmosp orylation induc:

tein to change shape)

Altered protein
shape and function

Brings about
cellular response

=
50, AS A SUMMARY:

DG + IP,

PIP,

1- CELLS IDENTITY MARKERS

= Glycoproteins that identify the cell
= They are different among people

= Important example is MHC molecule that is used to differentiate between sil{_ and
non-self antigens, this is important in imm of the bod
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CREATE CONTINUOUS NETWORK of
INTERCONNECTED CELLS via ACTIN

TIES CELLS TOGETHER m?n’oe,‘lq»on(—

- PREVENTS SEPARATION
- 1 STRENGTH

IMPORTANT in TISSUES EXPOSED to
- CONSTANT SHEARING
- ABRASIVE FORCES
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Possive transpord

N . . .
» Transport across Plasma high 2) Simple diffusion
R
—Z
Membranes o >
« The movement of particles without the need %
« Can occur through: o
a- lipid bilayer <22 <2z’ 5 )
Movement of substances across B channels =~ corg@ S A9%2 X [y tone
the plasma membrane = A- Diffusion through lipid bilayer: Occur with molecules that can dissolve in the lipids
(hydrophobic/ lipophilic)
e.g. COZ, 02, NO, Steroid Hormones, Monoglycerides .. etc.
l « Look at the picture in the next page:
l i a- we have a membrane that separate between right and left, the left contains a yellow dye
Passive :'):::::wnc e Active > Need ATP while the right is empty. The dies start to move from the higher concentration (left) to the lower
SR | moleculs it transport  From low concentration concentration (right) until it reaches Equilibrium where the net diffusion is zero.
transport | from high concentration to P ;:’m’;"h Somcantration (Up B- we have a membrane that separate between two solutes, each solute will diffuse to the
low concentration (Down hill) other side independently on the other solute until the net diffusion is zero for the two solutes
l ‘ l = Extra note: we use in anaesthcsiag_\itmgcn Eas) instead of chemical materials because it is
A Simple ¢) Osmosis b)Facilitated diffuse through the membrane rapidly
iffusion diffusion a .
+ R elecHockemical qahent
hgn ) b
w1
Molecules of dye Membrane (cross section)
o \\e/ P 7 o ] L ] . . .
e
% Jev.* - 2) Simple diffusion
®.® WATER | —o e® o = | ® °
e o °
e ® / : o ® /
= o ® l ° L l > l e ©® - - channels: Allow ions and other particles that can’t pass through the lipid
LJ L L bilayer to move downhi
Equilibrium 2 T O
(a) Diffusion of one solute ]’an,\ - o.o.. ° 0.0 o
o oo o % o

.o.o‘\—._” 0..\. ° o.o\..: >
W0 e T |00l % T |*e 1o 2 LoD S pabe s
A le - P =~ ® ® | L A ..,
(b) Diffusion of two solutes “E . EW(,’)Q %G(—\[Old COM P@)" !‘Alsgéﬁb}zphotouaiwv ‘
e L Cloeell

. er ~ 3- Facilitated diffusion ~ . /.
Sclore %h‘-zel#s'm ple d IfoSIon = Also calleds Ct;'lia' mediated diffision (Carrier is a membrane protein and it is *;iﬁe like

eck ') ’? the receptory S';ME
_ .. * The rate of diffusion (J) OR FLUX, depends on 5 factors: ' I. It achieves changg to transport particles from ofiggide to C.ame(\

L>2<) P = Permeability < » s . O solvbily w5 .y .4 '\' = Example of compounds that are transported in this way: Aminoacids, Glucose, Galactose,
# 4 2) D = Diffusion Coefficient {2 /“‘5/?;0 Fructose ... etc. " rarqe > Py
= p s RE < :

o‘v'ﬂ » 3) é = S(#[Mcg 2~ th\g{,b = This way of diffusion isbecause the binding sites are limited aAnd has transport

CYanceA) = zoncentration e y2b maximum (T max) or velocity maximum ( unlike the simp usion that has no Timit
5) X'= Membrane thickness ?5 _ as long as there is a concentration gradient — Soenvuts [l Tenementane oven
«J=PxAC R " ek cam”cr,/\\;so\,&m
" =

DxA ~ (Bo

*ButpP= e a \ O Go WcﬁPD{W C\/_-’;"”‘o
_ DxAxAC 4o o B 50 . __—*_-—ﬁ._._ﬁ) W
* S0 J =gger— and this is called fick’s law m W ’Crax / cuth
fate
f‘q/g JI%VMJ ) ) Permpa byl :JBL' o E of
f%&%ﬂgl $ Perenbil

= Fsorbace ares, VP ok g coneenltoflo:
LS
W P Rake ot FYPs
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=P %"”w o8- Osmosis - mol— R

.
« Osmosis: the net m ent of water through a selectively semi permeable membrane from an m < 4- OsmOS|s
area of high concentration of water (lower concentration of solutes) to one of lower o ™M
concentration of water (high concentration of solutes) \ 3
* Water can pass through plasma membrane in two ways: (QSYYN" C/ Z: (54 "23) + Osmotic pressire (the Pof a solution is the measure of
1) Through lipid bilayer by simple diffusion ) - ¢ U ?{Z g@l V] ){’J tendency of a solution to pull water into it by osmosis because of the relative
2) Through aquaporins, integral membrane proteins. 23’? ‘#5 j- S | — concentration of non penetrating solute and water.
AN 40 + When water passes from the left side to the right side, a pressure is exerted
' (hydrostatic pressure) which prevents more water from passing from left to
\ 4 o i B elor '8 right.
e ." .‘.' ? : \ * Hydrostatic pressure of a solution is the pressure exerted by a stationary
Sk Je D, - Q. 9SMODS fluidic part of the solutionrgn an object (semi permeable membrane in Case of
L ‘”mwf -0 -?'. '° —_ 0Smosis)
s =
-.. o O: .‘: 5 .. e W d{o s\.(“k i Net hydrostatic pressure of a solution = hydrostatic pressure - osmotic
o i G"—'O—"'io. O o i SRR \\j pressure
o g Wiy §y %0 [N » a .
2% .'. L Lo oh o * Equilibrium is achieved when tendency to pull water to side 1 and to push
L | BN . water into side 2 balances outs(hydrostatic=osmotic)
\
lakic
el w § BM
=l ‘wj
Lo <3\ % 4 0 o
- OsSmosis
+ Osmotic Pressure depends on many factors, they are summaries in Vaa't Hoffs Bquation
it = CRT where
m R , 3 itis the Osmotic pressure
— 9 Ris the gas constant
-—  Cis the concentration (Remember that € = =255 & n of Moles =0
— 3 Tis the temperature in kelvin

« Note: All mentioned factors Hiave direct proportion with the osmotic pressure except
molecular weight and volume of solution in calculating concentration

* Osmotic pressure depends mainly on the molar concentration or molarity of a solution.

r

() Restonng startng conditons.

o



4- Osmosis

« Example: If domain “a” contains 3 moles of a big molcculc@lc

domain “b” contains 4 moles of a small molecule (sodium), if you know that
the volume & temperature for both domains are equal, determine the net
direction of movement of water?

- Answer: The direction of the movement of water is toward the domain that

have the higher n where n = CRT |
e e
]
1
;/:'/1>
]
]
1
1

n(a) = CRT = 2 RT
n(b) = & RT
sRT > % RT = n(b) > n(a)

So water will move toward domain b

4- Osmosis

« Example 2: If domain “a” contains 78 gram of potassium, and domain b contains 360
gram of glucose, if you know .hat the volume & temperature for both domains are
equal, determine the net direction of movement of water?

. = i = 3¢
(Note: Mw of glu(‘g\semrl 80 & Mw,%tp(;tassgyg @

a= — (8o
MV = 28T
T 7% QT - 0&= 4

Do nof Y

34

4- Osmosis k Mg yn

My XV

™

» Example 3: Which of the following have t

X

* The osmotic pressure of an Mmris n = CRT where *" is the number
of ions formed by dissociation per molecule N o\ —~oNe 1a°

* For example: The nuof NaCl = 2CRT not 1CRT because NaCl will disassociate

4- Osmosis

in the solution into Na+ & CI*

Question: Arrange these solutions based on their 1t

oAl

TR I T Ky daffog) Suacl Y610 .
& Uy r P -
Ll N ! ,
Concentration
B/Ui/ « @0:{1 :«}.l,uccn‘me 3007 axigemmeax
hw
YR leo  NaSRORS TN Yoz 8
L e 1011 2e O#CISQ\_']\— 300 $00 C RN
4- Osmosis @5h@l b imol MaCk —» 2 osm ——
concer é;?;_; 2 OSMOl R e S s o)

o
,Zm(ﬂ

+ Osmolarity: A ter tically active particles (not

m used to describe the total number of os
permeable soluteg] per liter of solutio aom heY mo

+ EXAMPLE :If 39 g of potassium are dissolved in water, we say: the osmolarity of the solution is
1 OsM.

* Two solutions can have the same molarity but may have different osmolarities.

-EXAMPLE:

- 0sM of 1 M glucose solution =1 OsM
AND y;

-OsMof 1 M I&aCl solution = 2 OsM

(1 mole of NaCl is dissolved completely, the Na osmolarity is 1, the Cl osmolarity is 1, so the
total is 2)

* So we can use Osmolarity instead of concentration to find n
+ New law: Water moves from low osmolarity tom osmolari

* Note: do not be confused with osmolali e osmolality: A term used to describe the total
number of osmotically active particles per kilogram of watér

« Another note: mOsm = millisomolar ‘
— ——

B
Wi .
mosow (It

| cd

ISOTONIC. (,\ole -
No change g:;' J_f/

= sy,

; ) [/D IX }WD( IV"Q_P A blood sample is taken from an individual whose blomis 300
Red blood cells from this sample are then the Vhy\
T on, in which solution cells will shrink? g o /t}‘
Dovon 7L VO e
Normal RBC shape RBC undergoes RBC undergoes X A) 1 O\
c o hemolysis o crenation o Molar ¢ (T liter) oy,
i e B)2 1. NaCl g9 150 _ .
Fructose 3 3
m"m Sovemant bv 03 @ 505 o; \))L g —
D)4 75 s-g'Cb S 150 '
. KCl
GH uso ——— z%
Crenated Normal Swollen Lysed R
_HYPERTONIC ISOTONIC HYPOTONIC I/L@Q

‘Migh solute concentration
in extracellular fluid
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Achve "I'GI'ISPOI"'\ W Aﬁ’é & rs/e{clzc'z(iary active transport, in which energy is required in the entire

. i . . process, but it is not directly used to produce uphill movement That is,
+ Active transport also uses a carrier protein to transfer a specific the carrier does not split ATP; instead, it moves a mo|ec using
substance across the membrane, but in this case the carrier transports  energy stored in the form of another ion concentration gradient (most
the substancconcentration gradient, 10w = hiql commonly a Na+ gradient). This ion gradient is built up by primary active

primary active transport, in which energy (in the form of ATP) is directly Upasphn-ylichnequiss et sypply ol energy

required to power the transport process Secondary active transport occurs by two mechanisms—symport and

) i i antiport-depending orﬁ the diregtion the transported solute moves in
Allprimary-active transport carriers (known @ pumps) act as enzymes  relation to Na+ movement. —

that have ATPase activity, which means‘they_split the terminal phosphate |, symport (also called cotransport), the X solutg_land Na+ move through
rom ari ATP molecule to yield adenosine diphosphate (ADP) and the membrane in the same direction—that is, into the cell. Glucose and
inorganic phosphate (Pi) plus free energy. The most important pump is mino acids are examples of molecules transported by symport in

the/Na+K+ pump:Other examples include H+ pump, and Ca+2 pump.  intestinal and kidney cells.
AP AOP—+ O
t’ﬁb Subslance bn +we ditechon

In gntiport (also known as countertransport or exchange), the solute
and Na+ move through the membrane in opposite directions—that is,

Na+ into and the sol ut of the cell. For example, cells exchange Na+
and H+ by means of\antiport.

fshrhede

= i

(a) Sympont (cotransport) — Secondary active transport  (b) Antiport (countertransport)

mw@m sl gieckion

tleckogenic: Yange k- ¢

At pock ) s Nop— G“f Y
Vesicular trc.i"nsport Sy ' e plasma membrane area, while endocytosis
Jecreasest. Thus, the rates of endocytosis and exocytosis must be
+ Large particles (such as hormones) are transferred between the ICF kept in balance to maintain a constant membrane surface area.
and the ECF not by crossjng the membrane but by being wrapped in a - There are three forms of endocytosis, depending on th
membrane-enclosed vesicle internalized: (1) pinocytosis (nonselective uptake of a sample of
+ Vesicular transport requires energy expenditure by the cell, so this is an ECF), (2) receptor-mediated endocytosis (selective uptake of a large

active method of membrane transport. Energy is needed to molecule), and (3) phagocytosis (selective uptake of a
accomplish vesicle formation and vesicle moveme he cell. multimolecular particle).
- f

+ Transport intg the cell in this manner is termed endocytosis, whereas

transport out of the cell is called exocytosis. @
> > bhe, Plas
@ be @'6'9”6’ mem oryne,

merolang,
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