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Traffic across membrane
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All cells obtain the molecules and ions they need from their surrounding
extracellular fluid.
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There 1s an continuous traffic of molecules and ions in and out of the cell through 2
its plasma membrane e.g: glucose, Na*, Ca?*
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In Aeukaryotic cells, there is also transport in and out of membrane-bounded .

intracellular compartments such as the nucleus, endoplasmic reticulum, and
mitochondria. e.g : proteins, mRNA, Ca**, ATP.
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*  Two problems are to be considered in traffic across membranes
I-Relative concentrations  3\b2\isss din passive transport iy ol o3 i\ §alim s1ie\n ‘
* Normally molecules and ions move spontaneously down their concentration gradient or %L
downhill (from a reglon of h1gher to a reglon of lower concentratlon)
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«  Molecules and ions can be moved against their concentration gradient or uphill, but this
process, requlres the expendlture of energy (usually from ATP). )
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--Z-Ltptd btlayers are impermeable to most essential molecules and ions.
" 'The Tipid -bildyer is permeable to water molecules and a few other small,
' uncharged, molecules like oxygen (O,) and carbon dioxide (CO,). These move

freely in and out of the cell. chwqe
 Lipid b1layers are 1mpermeable to 1ons such as K+, Na+ Ca2+ Cl- HCO3- , small
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Diffusion is the random movement of molecules down their concentration
gradient to spread out into the available space (only its own, without regard to |
other molecules). The direction of the diffused molecule is unaffected by .the
concentration gradients of other substances. B .f

dalioll dluall o piiiil L@jST aja7 go aliyjall dyilgiiell d5pll ga +jliuilll « ®

843 Slajais pitiall esjall ol il U (301 Sligjall ol il ggs aioo JSii)  © (S

Nji gl agall o aujig plhill b délhll d1o5 (o Jldi l&ill dyilaly diloc jLidill e

Jailly ey gow elsioll e éjii gl 6pdiiiall alisjall jai losic e

sl algall %
Diffusion is spontaneous because it decreases the amount of energy in the

system and increases disorder or increases the entropy. !
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Diffusion is passive process because the cell does not use energy.

When the diffused molecules pass or move across membrane this is called |
transport
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* Passive transport is movement of a substance

______

— G038l Gl Lledl (10) WdjuSxi 250 &0 dole 4S,> g» (Passive transport) ! Jad|

Nl o o o0 .. . s .
i b plasuiwl (99 (o Sou> sling juc (downhill
From an area of high solute concentration to an area of low solute ny A
concentration. Vounl | 1/
solute ae Jiia Ss\b E\_:?‘\L@‘-ﬂ“

* The concentration gradient itself represents potential energy and driving

force for passive transport, assuming the membrane is permeable for such
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Allows passage of all substances 38l clie  Permeable membrane
including water and solutes. Zwoww
(©bliadl + cladl) Slgad] gaozr 59500,
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Allows passage of specific Sl 386 lie  Selectively permeable membrane
substances such as small non-polar
molecules, ions via channels, and ' .
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* Biological membranes are selectively permeable and therefore have
different effects on the rates of transport of various molecules.
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* Transport proteins are either channel proteins or carrier proteins. ‘
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Facilitated transport: Passive Transport Aided by Proteins *®/
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Many polar molecules and ions blocked by the lipid bilayer of the membrane can | 1|}

pass passively (downhill) with the help of transport proteins that span the 1/) V| ° 1

membrane. This phenomenon is called facilitated transport. LN\ /A
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Most transport proteins are very specific: they transport some substances but not
others.
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Channel proteins simply provide hydrophilic corridors /passageway that allow
specific molecules or ions to cross the membrane e.g water molecules or small

ions . nd
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* Aquaporins are specialized channel proteins that facilitate the massive levels of

movement of water (osmosis) that occur in plant cells and in animal cells
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* Carrier proteins, e.g. glucose transporter, seem to undergo a distinctive
change in shape triggered by the binding and release of the transported
molecule. Such changes somehow translocate the solute-binding site across the
membrane. Sugars and amino acids are also transported by carrier proteins
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* Facilitated transport via channel protein or carrier proteins is a type of passive
transport that result in the net movement of a substance down its concentration
gradient (downhill).
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* Facilitated transport through carrier protein i
is a form of passive transport and therefore "
requires a concentration difference across *
the membrane.
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e Carrier protein must bind to the molecule Il '
they transport, so the relationship between \ e |/
concentration and rate of transport /| |/
differs from that due to simple passive

transport. |
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* As concentration increases, transport by , , I
simple passive transport shows a linear LAl
increase in rate of transport. XAV 4
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* But with Facilitated transport through
carrier protein, as concentration increase
more of the carriers are bound to the
transported molecule. At high enough
concentrations all carriers will be occupied,

. ®
and the rate of transport will be constant. ¢ ...
This means that the carrier exhibits :
saturation. 246 >"~
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Two types of transport proteins that carry out facilitated transport
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From an area of high solute concentration to an area of low solute
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In both cases (channel protein or carrier protein), the protein can transport the solute in

either direction, but the net movement is down

the concentration gradient of the solute. |
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* Many 1on channels (Channel proteins that transport 1ons) function as gated

channels, which open or close in response to a stimulus (electrical, §
chemical or mechanical)
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* Electrically gated ion channels

* e.g. a potassium 1on channels of a nerve cell 1s an electrically gated ion

channel that opens in response to an electrical stimulus, allowing a stream of

potassium ions to leave the cell.
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* Chemically gated ion channels

* Chemically (ligand) gated ion channels like Na® channels that opens in
response to chemical ligand (neurotransmitter acetylcholine) binding
allowing a stream of Na "1ons move across the membrane.

oy ..

Tuileous digroll dyigylll cilgidll o
dayy blijll diliuwl +Na algia Jio (dhuy) Lileys digiall diigill algidll aiai o
pe il +Na aligil go Ll aowy lao (gilgs Juiml gunell Jalill) driliogs
Lol

}"L

* Mechanically gated ion channels: '

* e.g K+ channels in stereocilia, the movement of cilia opens potassium gated ‘
channels that starts further steps in generating action potential.
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* Osmosis is the movement of water across semipermeable membranes ,
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* In aqueous solution (water + dissolved solutes) both water and solutes tend to
diffuse downhill (down their concentration gradients).
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* When two regions are separated by a membrane, what happens depends on ‘
whether the solutes can pass freely through that membrane (selective
permeability). Most solutes, including ions and sugars, are unable to cross the >L
lipid bilayer. So, the concentration gradient of these solutes can lead to the |
movement of water. )’
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* When a semipermeable membrane (allows water only) separates two g o W
solutions with different concentrations of solutes, the concentrations of free @ ° (| |
water molecules on the two sides of the membrane also differ. ®
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The side with higher solute concentration has tied up more water molecules
in hydration shells and thus has fewer free water molecules.
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As a consequence of this difference, free water molecules move down their

concentration gradient, toward the higher solute concentration.
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higher solute concentration is called osmosis

This net movement of water across a semipermeable membrane toward a
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h,m,,‘,mo,h,,,oosmomgosmotic concentration (osmolarity/ Osmolality) |
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* Osmotic concentration: represents the concentration of «// solutes in a solution.

* Osmolarity number of solute particles in 1 L of solvent

* Osmolality number of solute particles in 1 kg of solvent.
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« If two solutions have unequal osmotic concentrations, the solution with the higher
concentration is hypertonic or hyperosmotic, and the solution with the lower

concentration is hypotonic or hypoosmotic).
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*  When two solutions have the same osmotic concentration, the solutions are isotonic or
isosmotic.
* The direction and extent of any movement of water across the plasma membrane is

determined by comparing the osmotic strength of the cytoplasm and the extracellular
fluid.
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* Water moves out of a cell in a hypertonic solution (that is, the cytoplasm of the cell is

hypotonic, compared with the extracellular fluid). This loss of water causes the cell to
shrink.
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* The amount of water that enters or leaves the cell depends on the difference the ||

osmotic concentrations of the cytoplasm and the extracellular fluid. This is measured as M. |
osmotic pressure. N "\ /
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* Osmotic strength or pressure: is the tendency of a solution to take in a pure water by
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