Transport across cell membrane



1. Non-carriermediated
ADiffusion
AOsmosis

2. Carriermediated
AFacilitated diffusion
AActive transport

3. Vesiclemediated
AExocytosis
AEndocytosis

APinocytosis
Aphagocytosis



Non carrier mediated



Diffusion

ADiffusion is the tendency for molecules to spread out
evenly into the available space

ASubstances  diffuse down their concentration
gradient, the difference In concentration of a
substance from one area to another

AThe diffusion of a substance across a biological
membrane IS passive transport because it requires
no energy from the cell to make It happen



Rateof Diffusiondependentupon

AThemagnitudeof concentrationgradient

APermeabilityof the membrane

A

emperature

AHighertemperature fasterdiffusionrate.

ASurfaceareaof the membrane

AMicrovilliincreasesurfacearea



The rate of diffusion of a gas into a liquid is:

- Directly proportional to:

* the partial pressures of the gas above the liquid
+ surface area of available for gas exchange

+ solubility co-efficient of the gas

- Inversely proportional to:

+ Gram molecular weight of the molecules
* Thickness of the membrane



Diffusion Equation

V. _=D*(P-P,)*A

ga

T

Diffusion Coefficient (D)
Partial pressure gradient (P_-P )
Surface area (A)

Thickness of barrier (T)



Vgas « (—) xDx(P1—-P3)



OsmosIS

AOsmosisis the diffusion of water acrossa selectivelypermeable
membrane

AWater diffusesacrossa membranefrom the region of lower solute
concentrationto the regionof highersolute concentration



Osmosis

(" )-Sugar Selectively Permeable Membrane

g

Low Sugar Concentration - High Sugar Concentration
High Water Concentration Low Water Concentration



Water Balance of Cells Without Walls

ATonicityis the ability of a solutionto causea cellto gainor losewater

Alsotonic solution Soluteconcentrationis the sameas that insidethe
cell, no net water movementacrosshe plasmamembrane

AHypertonic solution Solute concentrationis greater than that inside
the cell, cellloseswater

AHypotonic solutiornt Solute concentrationis lessthan that inside the
cell, cellgainswater
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Osmosis Demonstration

o Solution stops rising
3% salt when weight of column
solution equals osmotic pressure

Selectively
permeable
membrane

Salt solution
rising




Fig. 713

Hypotonic solution

H,0

(@) Animal
cell

(b) Plant
cell

Turgid (normal)
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Isotonic solution

Hypertonic solution




OSMOSIS

DIFFUSION

It involves movement of solvent

molecules

It involves movement of solute

molecules

Molecules move from lower
concentration of solute to higher

concentration of solute

Molecules move from higher
concentration of solute to lower

concentration of solute

It occurs only across a semi-

permeable membrane

It does not require semi-permeable

membrane

Example: Shrinking of Potato slice
when kept in concentrated sucrose

solution

Example: Spreading of ink when a

drop of it 1s put in a glass of water.




Reverse osmosis

A way to get clean water out of dirty water or salt water by
forcing water under pressure through a membrane. An example

of reverse osmosis is thprocessof filtering polluted water

under pressure.



Plasma membrane is a semi-permeable (selective)
membrane

Small hydrophobic molecules: 0, ‘

CO,, N,, benzene

Small uncharged polar molecules: H,0,
ethanol, glycerol —"

Larger uncharged polar molecules:
glucose, amino acid, nucleotides

Ions: H*, Na*, HCO;™, K*, Ca*,
Mg?*, CL", etc.

: > Transporters or
channels




FacilitatedDiffusion PassivelransportAidedby Proteins

Alon channelsthat open or closein responseto a stimulus

(gatedandnongatedchannels)
AAquaporinsfor facilitated diffusion of water
AGlucoseTransporter

ABicarbonatechlorideCo transporter



Channels and Transporters differs in

1. Stereo specificity
2. Rate Of Diffusion

3. Saturation



Rate of Transport

Facilitated diffusion

Simple diffusion

[Solute]




(a)

Free energy, G

(b)

solute
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Simple diffusion
without transporter

Diffusion
with transporter
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Carrier protein OQ l /Solute

(b) A carrier protein
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Summary of transport pathways for solutes across the cell membrane

Channel Carrier proteins
protein

Roeed
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Passive transport Active transport
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lon Channels: Structure and Function

lon channelsare membraneprotein complexes

lon channelsprovide a high conducting,hydrophilic pathway
acrosghe hydrophobicinterior of the membrane

The channel, or pore structure, Is said to catalyze the
'reaction' of transporting charged molecules across The
'catalyticsite’, the centralchannel,is either openor closed

The open channel conformation can be comparedto the
transition state of the enzymesubstratecomplex,where ions

aretightly associatedo the catalyticsite.



The conformational change between closed and open state

IS called gating .

lon channels can be classified according to which chemical

or physical modulator controls their gating activity .

U Leakage (ion) channel = Nongated (ion) channel

U Gated (ion) channel



AlLeakage (ion) channel = Nongated (ion) channel - an integral
membraneprotein which is an ion channelwithin a cell's outer cell
membranewhich s alwaysopen and permits the diffusionof one or
more ionsin the directionwhichisin accordwith their concentration
andchargegradients

AGated (ion) channel- an integral membraneprotein which is an ion
channelwithin an excitablecell's outer cell membranewhich opens
and closesin responseto some stimulus, ie..Membrane potential
(voltage)changesthe arrivaland bindingof a specificligandor signal
molecule (hormone, neurotransmitter, local hormone) or to
mechanicapressureor to light energy




Voltagegated(ion) channelg

Opensand closesin responseto a stimuluswhichis a change
INn membranepotential (voltage)

Propagationin excitablecells such as neurons, musclecells,
andglandcells

Chemicallygated(ion) channelg

Opensandclosesn responseao a stimuluswhichisthe arrival
and binding of a specificligandor signalmolecule(hormone,
neurotransmitter,localhormone




Mechanicallygated (ion) channel

opensand closesin responseto a stimuluswhichis a mechanicapressure
or vibration;

(sensorycellrespondingto touch, vibration,compressioror stretch).

Lightgated (ion) channelg

a photosensitive excitable cell's outer cell membrane which opens in
response&o a stimuluswhichisthe arrivalof a photon of light energy

(sensorycells,rodsand conesrespondingo light in the retina of the eye)



Neurotransmitter chemical
attached to receptor

Chemical
binds

{a) Chemically gated Chemically gated ion
ion channel (closed) channel opens

-,

e, Membrane
) voltage

{b) Volta ted ion Voltage-gated ion
channel (closed) channel opens
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lonophoresValinomysi(K+)Monenci(Na+)

An ionophore Is a chemical species that reversibly binds ion

Neutralises the charge of Ilons and carry them down its
concentration gradient .

Disrupts secondary transport processes.
Thus kills microbial cells

Carrierionophoresthat bind to a particularion and shieldits chargefrom the surrounding
environment Thismakesit easierfor the ion to passthroughthe hydrophobicinterior of the

lipid membrane valinomycin potassiumcation Carrierionophoresmay be proteinsor other

molecules

Channelformers that introduce a hydrophilicpore into the membrane,allowingions to
passthrough without cominginto contact with the membrane'shydrophobicinterior. An
exampleof a channelformer is gramicidinA. Channelforming ionophoresare usuallylarge
proteins



https://en.wikipedia.org/wiki/Electrical_charge
https://en.wikipedia.org/wiki/Hydrophobe
https://en.wikipedia.org/wiki/Valinomycin
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Cation
https://en.wikipedia.org/wiki/Hydrophilic
https://en.wikipedia.org/wiki/Hydrophobic
https://en.wikipedia.org/wiki/Gramicidin
https://en.wikipedia.org/wiki/Gramicidin
https://en.wikipedia.org/wiki/Gramicidin
https://en.wikipedia.org/wiki/Protein




ATetrodotoxin (TTY, used by puffer fish and some types of
newtsfor defence It blockssodiumchannels

ASaxnoxmls produced by a dinoflagellate also known as
a w dde". It blocksvoltagedependentsodiumchannels

AConotoxinis usedby Conesnailsto hunt prey;

AlLidocane and Novocane belong to a class of local
anaestheticavhichblocksodiumion channels

ADendrotoxin is produced by Mamba snakes,and blocks
potassiumchannels

Alberiotoxin is produced by the Bunthustamulus (Eastern
Indianscorpion)andblockspotassiumchannels

AHeteropodatoxin is produced by Heteropoda venatoria
(brown huntsman spider or laya and blocks potassium
channels



Block acetylcholinereceptorsor prevent the opening
of its lon channel

ATurbocurarineor curare Arrow poisonin Amazornregion-
ACobratoxin Cobra

ABungaratoxin- Krait



lon channels




The three-dimensional structure of a bacterial K channel shows
how an ion channel can work

potassium
selectivity filter ion  selectivity loop -
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The structure of a bacterial K * channel was determined by
X-ray crystallography

AThe channel is made from four identical transmembrane
subunits, which together form a central pore through the
membrane .

ANegatively charged amino acids are concentrated at the cytosolic
entrance to the pore and are thought to attract cations and repel
anions, making the channel cation -selective.

AEach subunit contributes two transmembrane helices, which are
tited outward In the membrane and together form a cone, with its
wide end facing the outside of the cell where k* ions exit the
channel .


https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5365/

AThe polypeptide chain that connects the two transmembrane
helices forms a short A helix(the pore helix) and a crucial loop
that protrudes Into the wide section of the cone to form the

selectivity filter .

AThe selectivity loops from the four subunits form a short,
rigid, narrow pore, which is lined by the carbonyl oxygen
atoms of their polypeptide backbones . Because the selectivity
loops of all known K* channels have similar amino acid
sequences, 1t Is likely that they form a closely similar

structure .(GYGVT)

AThe crystal structure shows two K* ions separated by about 8
A. Mutual repulsion between the two ions is thought to help
move them through the pore into the extracellular fluid .



https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5787/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5787/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5787/

A5 oxygen rings (4 carbonyl, 1 threonyl ) Each ring
with 4 O atoms

A8 O atoms can coordinate with a single K+ ion
replacing its normal water of hydration .

A4 K+ binding sites, but only 2 are occupied at a
time .

ANa+ smaller , c a netfectly co-ordinate  with
carbonyl oxygens.



Carrier/Transporter proteins undergo a subtle change in shape
that translocates the solut®inding site across the membrane

1.Uniporter
2.Co transporter

-Symporter
-Antiporter



Aquaporinswater channels

AAQRL- water reabsorption PCT, Aqueous humour
secretion

AAQR- Renalcollectingduct(ADH¥assopressin
AAQRB-Water retention in collectingduct
AAQRI-CNS

AAQMS-Salivanygland

AAQF-Glyceroland urea,adipocytes

A tip- Plantvacuole turgor pressure



Transport proteins/carrier proteins speedthe passivemovement
of moleculesacrosshe plasmamembrane

-Glucosdransporters

Glut-1 Ubiquitous

ut-2 Liver,pancreagsslets,intestine-insulinreleaseregulation
ut-3 Brain

ut-4 Muscle,adipocytes,

ut-5 Intestine,testis,kidney,spermFructose

O O O O O

ut-6 Spleenjeucocytesprain- Notransporterfunction



Chloridebicarbonate exchanger

Carbon dioxide produced Bicarbonate
by catabolism enters Chloride- dissolves in
erythrocyte. bicarbonate blood plasma.
co, exchange HCO,~ c1-

protein
In respiring tissues \

carbonic anhydrase

CO, + H,0 » HCO; +H ™

CO, + H,0 = HCO; +H Y «C~

carbonic anhydrase

Iinlungs - N
Carbon dioxide leaves Bicarbonate enters
erythrocyte and is erythrocyte from

exhaled. blood plasma.
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