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Objectives

Osmoregulation




A) Structure of Cell Membrane

) NS ﬁu;g{

« The plasma membrane separates the living cell from its
nonliving surroundings.

< This thin barrier, 8 nm thick, controls traffic into and out
of the cell.

< Like other membranes, the plasma membrane is
selectively permeable uuxs x:l allowing some substances
fo cross more easily than others.

< The most abundant lipids in the cell membrane are
phospholipids.

< Phospholipids and most other membrane constituents
are amphipathic molecules.

< Amphipathic molecules have both hydrophobic and hydrophilic
regions.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings



A) Structure of Cell Membrane

< The lipid molecules in the bilayer i, 4L are
arranged as hydrophobic fatty acid tails that
are sheltered .-« from water while the
hydrophilic phosphate groups interact with
water.

< Some membrane proteins are amphipathic, Fig. 8.1b
with hydrophobic and hydrophilic regions.

. . Hydrophilic region
< If at the surface, the hydrophilic regions of protein
would be in contact with water. P

< In this fluid mosaic
model, the hydrophilic
regions of proteins iy
and heads of phospholipids are
in contact with water, while
the _hydrophoblc regions _ Hidrophobic
are in a non-aqueous ;i Y environment. region of protein
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A) Structure of Cell Membrane
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The plasma membrane has a unique collection of proteins.

There are two populations of MEMBRANE PROTEINS.

1. Peripheral protein s - (hydrophilic) is not embedded in the lipid
bilayer at all. Instead, it is loosely bounded to the surface of the protein,
often connected to the other population of membrane proteins.

2. Integral protein _«+s penetrates the hydrophobic core of the lipid
bilayer, often completely spanning the membrane (a transmembrane
protein). It is amphipathic, because of the following two facts:

g s . . Integral
I. Where it is in contact with the core, it prtems

has a hydrophobic region.

Il. Where it is in contact with the
aqueous environment outside the
membrane, it has a hydrophilic

region. | ¥ Hydrophilic
| ' ; / region

Peripheral Hydrophobic
proteins region




B)- Functions of cell membrane

The membrane proteins may provide a variety of major cellular functions:

Transport

Aquaporins (channel proteins): are transport proteins that
function by having a hydrophilic channel that facilitate the
passage of water molecules through the membrane in
certain cells. Without aquaporins, only a tiny fraction of water
molecules would pass through the cell membrane.

Carrier protein (glucose transporter): in the plasma
membrane of red blood cells transports glucose across the
membrane 50,000 time faster than glucose can pass through
on its own.

Nonpolar molecules, such as hydrocarbons, CO,, and O,,
are hydrophobic and can therefore dissolve in the lipid
bilayer of the membrane and cross it easily, without the aid of
membrane proteins.

- : -
Thus, the selective permeability of a cell membrane | Attachiment 1o 1
depends on both the selective barrier of the lipid bilayer and /_P=_> cytoskeleton and.

extracellular matrix

\the specific transport proteins built into the membrane ()
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I- Selective permeability :, w7y

< Itis a steady traffic ~=idll ;) of small molecules and ions across the
plasma membrane in both directions.

< For example, sugars, amino acids, and other nutrients, enter a muscle
cell, while metabolic waste products leave it.

% The cell absorbs O, and expels CO..

< It also regulates concentrations of inorganic ions, like Na*, K*, Ca?*, and
Cl-, by passing them across the membrane.

* lons and polar molecules like H,O and glucose pass through channel
proteins as described in the previous slide.

» Thus membrane proteins assist and requlate ki 5 L. the transport of ions
and polar molecules.
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B) Functions of cell membrane

Selective Permeability |

The cell is able to take up .- particular
molecules and execlude ... others
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B) Functions of cell membrane

11- Passive transport L. Jusy)

< It involves the movement of molecules across the cell
membrane without the need of enerqgy.

< Thus, No ENERGY is required to move substances across
membrane (water, lipids, and other lipid soluble substances).

< Rather, the CONCENTRATION GRADIENT represents potential
energy and, thus, drives the diffusion of the molecules.

Three types of Passive transport:
1. Diffusion
2. Osmosis

3. Facilitated Diffusion
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1)- Diffusion:

The passive transport of solufes molecules x4l Uy s

4 } -

It is the tendency - of the solute molecules of a substance to spread
out Luu in the available space randomly i sie,
* For example, a permeable membrane > :Lic separating a solution with sugar
molecules from pure water, sugar molecules will cross the barrier randomly.

The sugar molecules will cross the membrane until both solutions have equal
concentrations of the sugar (dynamic equilibrium s<lbaluall Jalaill),

Lump of sugar Dynamic equilibrium

« A substance will diffuse from where it is more concentrated to where it is
less concentrated, i.e. (down its concentration gradient ) S il s oladl 3,




2). OsSMOoSsis (Principal of water movement):
the passive transport of solvent molecule (water molecules) (—u4ll) slall &y a

W s ﬁugs;

» Osmosis: codon eokiion
It is the passive transport in which
water diffuses across a selectively
permeable membrane from the
hypotonic solution to the hypertonic

solution until the solutions become
isotonic.

Selectively permeable membrane

» Types of solutions.

* The solution with the higher concentration of solutes is hypertonic.

» The solution with the lower concentration of solutes is hypotonic.

« Solutions with equal concentrations of solutes are isotonic.




Summary:
Types of solutions and Osmosis

(W QB Burg

Hypertonic solution: sl gJe
Contains high concentration of solute molecules.

» Hypotonic solution: ;s i =iz
Contains low concentration of solute molecules.

 |sotonic solutions: J:u
Contain equal concentrations of solute molecules.

Hypertonic —— HYpOtOl"liC




Osmoregulation ..y
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The cell in a hypertonic environment
will loose water <\ 2, shrivel _ixss,
and die.

A cell in a hypotonic solution will
gain water L. s swell, and burst.

Nothing will happen for a cell in an
isotonic solution

v Organisms without rigid walls have
osmotic problems in either a
hypertonic or hypotonic environment
and must have adaptations for
osmorequlation to maintain .= Ll
their internal environment.

Example, Paramecium has a
specialized organelle (the contractile
vacuole), that functions as a pump to
force 2,k water out of the cell.

Hypotonic solution

H,0

Isotonic solution

0y
et

Hypertonic solution




Osmoregulation: in Paramecium

The contractile vacuole




3)- Facilitated Diffusion:
Specific proteins facilitate .25 passive transport

Many polar molecules and ions diffuse passively through the lipid bilayer
with the help of transport proteins (gated channels “ x4 < 53),

The passive movement

of molecules down its
concentration gradient via a
transport protein is called
facilitated diffusion.

Many transport proteins
simply provide channels
allowing a specific molecules
or ions to cross the
membrane.

lll- Active Transport: will be studied in the next lecture
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How things get into and out of the cell?
o5 ACt/I ve 'I:;a-nsport
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B)- Active transport

Transport of small molecules

B. Transport of large molecules (macromolecules).

Exocytosis

Endocytosis
Phagocytosis

Pinocytosis




Qness Burg

Active transport: pumping 7 of solutes against their
concentration gradient ;5 » ».5p

Some facilitated transport proteins can move solutes against their
concentration gradient, from the side where they are less concentrated to the

side where they are more concentrated.

This active transport requires metabolic energy via ATP.

- Active transport is critical dganY) 'c“—.\ for a cell to maintain its

internal
concentrations of small molecules.

 Active transport is performed by specific proteins embedded in
the membranes called transport protein (T. protein).

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings
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1)- Transport of small molecules

Qneg Buiy
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The Sodium-Potassium Pump

It is actively maintains the gradient of
sodium (Na*) and potassium ions (K*) across
the membrane.

The animal cell has higher concentrations of K*
and lower concentrations of Na* inside the cell.

The sodium-potassium pump (T. protein) uses
the energy of 1 ATP to pump 3 Na* ions out and
2 K ions in.

o g
gy

T. protein

1ATP;

Low conc.
of KT

High conc.
of KT

Low conc.

High conc.
of Nat

of Nat

Outside the cell
Nalaj
- ©
Naliy

Protein
molecule

Cellular
membrane

Inside the cell
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@) Binding of cytoplasmic Na*
to the protein stimulates
phosphorylation by ATP.

EXTRACELLULAR
FLUID

© K*is released

and Mat sites are )
receptive again; the
cycle repeats.

© Loss of phosphate
restores ﬂl"iginﬂl
conformation.

CYTOPLASM

# Phosphorylation
causes the protein to
change its conformation,

triggers release of a
phosphate group.

Qness Burg
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HTW Sodium-Potassium Exchanae Pump

Extracellular fluid

Cytoplasm

> oo e U E
Play | Pause Audio | Text

The sodium-potassium pump is an active transport mechanism that is driven by
the breakdown of ATP and works through a series of conformational changes in a

trans-membrane protein.

raw=Hill Companies, Inc

http://highered.mcgraw-hill.com/sites/dl/free/0072437316/120060/ravenanimation.html



Diffusion

> Passive transport

Facilitated diffusion <

Two roles of
L membr.ane
protein

Active transport

Both diffusion and facilitated diffusion are forms of passive transport of molecules
down their concentration gradient. While active transport requires an investment
of energy to move molecules against their concentration gradient.
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Small molecules and water enter or leave the cell through the
lipid bilayer or by transport proteins as described previously.

However, large molecules, such as polysaccharides. proteins
and lipoprotein particles cross the membrane by vesicles s,

EXo0cytosis ;g o Col

I AT
WA
i Al LT
membrane ?'4}fg:,}jjwf‘&§;;,f
il ;‘e.;ﬁ:f

LA
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Qutside of cell \

A transport vesicle budded from v
the Golgi apparatus is moved by
cytoskeleton to the plasma
membrane.

Vesicle | s = Inside of cell

When the two membranes come in Sl Exocytosis
s/ the bilayers fuse ;.. Aty
¢, the contents to the outside.




Transport of large molecules
(macromolacules

2- Endocytosis sl Juay:

A cell brings in macromolecules and particulate
matter by forming new vesicles from the plasma
metnbraneiand:includes 3 mechanisms:

« Called “cellular eating”. The cell engulfs 27 a particle by extending pseudopodia ¢ .4 around it
and packaging it #in a large vacuole.

* The contents of the vacuole are digested when the vacuole fuses with a lysosome.
EXTRACELLULAR CYTOPLASM

Pseudopodium
of amoeba

Bacterium

] Fmdﬂ nr - e
other particle ood Food vacuole
vacuole




Phagocytosis

Phagocytosis

By

O gg
smooth E/R ﬁ

lysosome -—



https://www.youtube.com/watch?v=TNK3WyEI3r8
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Transport of large molecules
(rrzicrornolzcl

i)
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B)- Pinocytosis, s? .+ “cellular drinking”

A cell creates a vesicle around droplets »» of extracellular fluid ¢, 52> 3.0

Vesicle
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Transport of large molecules
(rrizicrorrolaell

(C)- Receptor-mediated endocytosis: Mjuy) 3 5 5 goop

4 ° Coat protein

Coated
vesicle

It Is called (Selective eating) which is very specific in what substances are being

transported.




g?:ﬁw Endocvitosis and Exocvitosis

-

c> oo™ | e D =
Play Pause Audio | Text

The substances taken in by single-celled organisms are often particles or large,
polar molecules that cannot cross the hydrophobic plasma membrane.

Copyright & The McGraw-Hill Companies

Source: http://highered.mcgraw-hill.com/olc/dl/120068/bi002.swf


https://www.youtube.com/watch?v=JO_a6NJeYRE
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Cell Tralnsllorl
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Passive
|

|
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Diffusion Osmosis Fgmt:,? Molecules/ions

(T. protein) (Membrane)
(Na*-K* pump)

1 mm

: : : Receptor-medlated

Cellular eating Cellular drinking Selective eating

(Solute molecules) (solvent molecules) (T. protein)
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