Different sorts of Transport into and out of a cell
(In this Note I shall not talk about Vesicular Transport.)
In the UK, in state schools (but not necessarily in fee-paying so-called “Public” Schools) science teachers
are required to teach Physics/Chemistry/and Biology to GCSE Level even though their degree may be in
only one of those three subjects. It is therefore quite often the case that a teacher who is teaching Biology
may have a degree in Biology but may not be well-versed in Physics and Chemistry, and he/she will
therefore not understand the subtle differences that are involved in Diffusion and Osmosis, nor in Passive
vs. Active Transport. Let me therefore explain the differences to you. However, in reading this Note
please keep in mind that at a temperature of Absolute Zero Kelvin (–273.15˚Centigrade) matter has no
energy whatsoever, and it therefore ceases to have any motion at all (and it is Translational Motion
that is the motive force in Diffusion). With no energy there can be no Motion of any sort.
Cellular Respiration vs. Ventilation
CELLULAR RESPIRATION is the process whereby the mitochondria in a cell react Glucose and
Oxygen together to provide ENERGY for the cell. Without energy, a cell would die within seconds!
From the point of view of Biology, the by-products of cellular respiration are Carbon Dioxide and
Water and it is ENERGY that is the main product. Please remember this next equation for your ‘A’
Level exams.
Glucose + Oxygen ––> ENERGY + Carbon Dioxide + Water
C6H12O6 +
6O2
––> ENERGY +
6CO2
+ 6H2O
Stoichiometric Ratio
1
6
6
6
Cellular Respiration is not the same as Ventilation (Ventilation is the process that involves Inhalation
and Exhalation).
Arteries carry oxygenated blood from the heart all around the body to every cell in the body, whereas
Veins carry de-oxygenated blood to the heart and from there blood is pumped to the lungs. The blood in
the arteries carries Oxygen, O2 (that has been inhaled into the lungs) all around the body, and it also
carries Glucose (C6H12O6) from the intestines (from the digested food that has been eaten). The blood
delivers the O2 and C6H12O6 to every cell in the body – whereas blood in the veins carries deoxygenated
blood and Carbon Dioxide (CO2) and Water (H2O) back to the heart and thence to the lungs where the
Carbon Dioxide and the Water exit the lungs during exhalation.

Passive Transport in Biology (e.g. Osmosis and different forms of Diffusion)
Diffusion vs Osmosis
A) Diffusion
Nature does not ‘like’ differences in concentrations and, as a result, uneven distributions become
evened-out. This happens because, in Nature, everything (molecules/atoms/electrons/protons/neutrons/
ions/everything) is in constant motion, either through
a) internal motion inside the entity itself (such as the bending of bond angles and the stretching of bonds),
or
b) external motion in the space around an object. This latter movement (in which we are interested for
Diffusion and Osmosis in Biology) is called Translational or Translocational Motion, and it is the
miniscule movement from one location to another nearby location that objects constantly make – and
it is this Translational or Translocational Motion that results in the evening out of the distribution that
is involved in uneven Concentrations.
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Concentration = the amount, N, of the entities that are being measured in a given volume of space
divided by the volume of space concerned

Area of high concentration

Area of low concentration

I want here to confine myself to saying only that if Translational Motion causes entities to keep “bumping”
into other objects, then the former will inevitably be bumped to a location where there are fewer objects
into which they can bump. In Nature,

entities always move from
an area of HIGH concentration
to an area of LOW concentration.
This process is called DIFFUSION.
Please note that when an even distribution has eventually been achieved, then the individual entities will
still move around in the space concerned, but that the concentration in the space will no longer alter.
For reasons that we will be explained
Plants absorb WATER from the soil by OSMOSIS,
and they absorb MINERAL IONS (such as Phosphates and Nitrates) by ACTIVE TRANSPORT.
The concentration of mineral ions in the soil is lower than the concentration in plants, and while
- plants absorb water from the soil by OSMOSIS,
- they absorb mineral ions, against their concentration gradients, by ACTIVE TRANSPORT.
You MUST remember these two facts! Never forget them. Quote them in the exams.

Water by OSMOSIS, and Mineral Ions by ACTIVE TRANSPORT.
At GCSE Level you are not required to be able to explain Active Transport in any great detail (but it is
explained in moderate detail in this Note).
Diffusion concerns the movement of a substance from an area of higher concentration to an area of
lower concentration. This requires no input of external energy and it occurs through the random movement
that takes place in all entities at a temperature higher than Absolute Zero Kelvin (viz. -273.15 ˚C).
Osmosis however concerns the movement of WATER against gravity, and there must always be a
semi-permeable membrane that prevents the soluble substance or substances in the water (e.g. nitrates/or
phosphates/or whatever) from moving across the semi-permeable membrane.

Osmosis is not about the movement of the substances in the water.
It is about the movement of the water itself!
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In order to even out the uneven concentration of a substance (let us call it substance X) on two different
sides of a semi-permeable membrane, water molecules move from the side where the concentration of X is
low to the side where the concentration of X is high – and it is THIS that evens out the concentration.
Osmosis
There will come a point where the
excess level (“h”) of the Water in the
left-hand part of the U-tube cannot be
‘pushed’ any higher by Osmotic
Pressure because Atmospheric Pressure
is acting against it.

Source: Texas State University

Interestingly, in Biology, Osmosis is classified as a Passive activity because the solutes (the nitrates/the
phosphates/or whatever) are not moving across the semi-permeable membrane, and it is only the Water
molecules that are moving across the membrane. With regard to the solutes in the water, Osmosis is
classified as Passive Transport and not as Active Transport even though the Water molecules must use
energy to push theselves up against Gravity. The energy must come from somewhere, and the most likely
source of energy is the Water itself which will suffer a minute drop in temperature as a result of the
energy that is being used to push itself upwards against gravity.

In Biology, changes in concentration caused by Osmosis are classified as Passive Transport.
The transport of Oxygen across a cell membrane and into a cell, and Carbon Dioxide across the cell
membrane and out of the cell is achieved by Simple Diffusion (and this is a form of Passive Transport)
– but contrary to what many textbooks say, WATER cannot get across a cell membrane easily by
diffusion because the inside of a phospho-lipid bi-layer cell membrane is hydrophobic (it repels Water).

Water across a cell membrane
Water molecules cross cell membranes in three ways
a) by diffusion (but it is difficult for water molecules to use this method of transport)
b) by “aquaporins” (and millions of water molecules use this method of transport every second)
and lastly
c) by osmosis.
Water molecules cannot diffuse easily across a cell membrane because
i) the area inside of the phospho-lipid bi-layer cell membrane is hydrophobic (it repels Water
molecules) therefore Water molecules cannot travel easily through the two layers of the cell
membrane, and
ii) the area inside of the phospho-lipid bi-layer cell membrane also repels polar species (i.e. species
that have positively and negatively charged areas in them). Water molecules are not fully
polarised entities, but they do have a partial separation of charge (into ∂+ and ∂– areas) – and it
is this that makes it difficult for Water molecules to diffuse easily across a cell membrane.
Water molecules are partially polarised entities and they therefore need special protein channels called
“aquaporins” in cell membranes to enable them to cross cell membranes easily.
I have never seen this simple problem set out clearly in any textbook, but now you know why Water
molecules cannot easily travel across a cell membrane.)
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Aquaporins: Water molecules can get through a cell membrane via special protein channels or “pores”
called “aquaporins” that extend from one side of the cell membrane right through to the other side of the
membrane (and there are other sorts of porins besides aquaporins). The water molecules that use this route
are therefore kept away from the lipid hydrophobic “tails” inside a cell membrane.
“Ernest Z” explains this well at https://socratic.org/questions/how-can-water-pass-through-the-lipid-bilayer.
He says that Aquaporins selectively conduct water molecules in and out of cells whilst simultaneously
preventing the passage of ions and other solutes across cell membranes.

on the O atom)

The red and white balls represent a space filling
model of molecules of Water. Water molecules
are not polarised entities, but they do have a
partial separation of charge into ∂+ and ∂– areas
– and it is this that makes it difficult for them to
diffuse easily across a cell membrane. They need
special protein channels called “aquaporins” in
cell membranes for them to be able to cross cell
membranes easily. Here is an aquaporin.

on the two H atoms)

askabiologist.asu.edu

The next is a nice diagramme from https://www.justintimemedicine.com/CurriculumContent/p/2291 and it
shows the overlap between Simple and Facilitated Transport, and between Passive and Active Transport.
Please note the direction of the electrochemical gradient (but that is not something that I have discussed in
this Note other than fleetingly on page 6 in Primary vs. Secondary Transport).

Let us now talk about Active Transport as opposed to Passive Transport. (By the way, if you want to
understand Active vs. Passive Transport in some detail, then Whats Up Dude has an excellent video on
the subject at https://www.youtube.com/watch?v=J5pWH1r3pgU .)

Active Transport (requiring an input of external energy)
During Active Transport, energy is expended to assist some species (e.g. polarised species and large polar
or non-polar species) to move across a cell membrane AGAINST their concentration gradients.
Active transport may take place with the help of protein pumps or through the use of vesicles (but I do
not intend to discuss Vesicular Transport in this Note).
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Passive Transport (no additional energy required) vs. Active Transport (additional energy required)
The difference between Passive Transport and Active Transport in Biology is that in Passive Transport no
external energy is needed for the process to occur because (i) in Diffusion, species are moving naturally
from areas of high concentration to areas of low concentration, and (ii) in Osmosis, concentrations are being
reduced by an increase in the volume of water in which the entities are located. In contrast, Active Transport
requires energy to force species to move from areas of LOW concentration against their concentration
gradients to areas of HIGH concentration.
Passive Transport in Biology
(no additional energy input required)
Diffusion
(Biology)

When it comes to diffusion into and out of a cell, it is only small non-charged entities/species (such as
Oxygen and Carbon Dioxide) that will be able to slip/slide through the phospholipid bi-layer that makes up a
cell membrane. Diffusion is a process whereby, in an environment where free movement is possible, the
uneven distribution/uneven concentration of a species is ‘evened-out’. In Biology this is described by what is
taking place viz. a movement down a concentration gradient – but the explanation for the phenomenon is
provided by Mathematics/Physics in that the ‘evening-out’ process is caused by the random translational
movement of the molecules involved. In Chemistry terms, this process goes to a position of ‘dynamic
equilibrium’.

Osmosis
(Physics
and
Biology)

Osmotic pressure comes into play with regard to two solutions separated by a semi-permeable membrane that
will allow the free passage of the solvent in either one direction or in the other direction, but themembrane will
not allow the solute to cross the membrane in either direction. If the concentration of one solution is greater
than that of the other, then the ‘evening-out’ in dissimilar concentrations is caused by the random
translational movement of molecules of water – but forces imposed by Physics rather than by Biology (e.g.
the Atmospheric pressure above the two levels of the solution), will constrain the amount of solvent that can
cross the membrane. Here again, the process goes to a position of ‘dynamic equilibrium’.

Diagramme from Professor
Martin Chaplin, LSBU.

Facilitated
Diffusion
(Biology)

Small non-polarised molecules (such as Oxygen, O2, and Carbon Dioxide, CO2), and small fat soluble species
such as Vitamins A/D/E/and K, can easily diffuse through a cell membrane without the need for any special
channels, but charged species (ions)/ and physically large species such as Glucose cannot do so. They
therefore need an ‘assisted passage’ across a cell membrane, and “facilitated diffusion” down a concentration
gradient and without any input of energy is then effected (i) via gated or non-gated channel proteins or (ii) via
carrier proteins. Socratic.org says that “Channel proteins are water-filled pores that enable charged
substances (such as ions) to diffuse through the membrane into or out of a cell. In essence, the proteins provide
a tunnel for such polar molecules to move through the non-polar or hydrophobic interior of the bilayer”, while
Plant Growth and Development: Hormones and Environment, says that “carrier protein channels transfer an
ion or a molecule from one side of a membrane to the other. The channels are specific to each ion or
molecular species. While the movement of the ion or the molecule itself may be passive, the motive force for
the carrier protein could be provided by the proton/pH gradient and/or electrical gradient that has been created
by proton pumps.” (cf. Whats Up Dude at https://www.youtube.com/watch?v=J5pWH1r3pgU .)

The next bit is ‘A’ Level Biology material.
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ACTIVE TRANSPORT
(where energy is required to transport a species across a membrane AGAINST its concentration gradient)
Transport proteins

It is possible for a transport protein to consist of just one big complex protein, but it is
most unlikely that this will be the case. A transport protein has to do many things such
as respond to a given stimulus (where the stimulus could be an
electrical/pressure/size/etc stimulus)/it must open a gate in response to that stimulus
and to no other stimulus/admit entry/close the gate/open a different gate on the other
side of the membrane/eject the transported species/… and so on, and it is thus most
unlikely that just one protein by itself can perform all these tasks. Transport proteins
(plural) thus make up a trans-membrane transport channel.

Primary vs Secondary
Active Transport

In Primary Active Transport, an energy input is needed to move a species UP and
AGAINST its concentration gradient (and this comes mainly from ATP), whereas in
Secondary Active Transport, the energy required is provided by an electrostatic
gradient/a potential difference. For example, in the Sodium-Potassium pump, 3 Na+
ions are pumped out of the cell for every 2 K+ ions that are pumped into the cell (both
against their concentration gradients). This builds up an electrostatic as well as a
chemical gradient, that has more positive ions on the outside of the cell than on the
inside, and when a pump uses this potential difference between the outside and the
inside of the cell to transport something else into or out of the cell, then this is an
example of secondary transport.
When a cell is in homeostasis, then the cell is at its electrostatic ‘resting potential’
where the potential difference across the cell membrane is about -70 mV (inside the
cell compared to the outside of the cell). Please note that there is now also a chemical
gradient (where the concentration of certain species on one side of the cell membrane
is larger than on the other side) as well as the electrostatic gradient (where there is a
voltage potential difference between one side of the cell membrane and the other
side). These two gradients therefore combine to give electro-chemical gradients that
can be used to drive species across cell membranes (and this is precisely what is
involved in Secondary Active Transport).

Uniporters

Uniporters transport one and only one type of species (or one group of) species in
only one direction through a protein channel.

Symport (also known
as cotransport)

Symporters transport two or more types of species in only one direction through the
protein channel. An example of a symporter/cotransporter would be the Na+/glucose
symporter in the small intestine (2 Na+ ions for every 1 glucose molecule). The
driving ion in some instances can be a proton.

Antiport

In Antiport Transport, two species move in opposing directions across the cell
membrane. An example of an antiporter would be where 3 Na+ ions return to the cell
while 1 Ca2+ ion comes out of the cell. (Antiport is also known as CounterTransport or Exchange Transport.)

Aquaporins

The interior of cell membranes are ‘hydrophobic’ (Water repelling) and thus
aquaporins are protein channels for transporting Water across a cell membrane.

Channels

Channels can be mechanically-gated ion channels that respond to the length (with
regard to time) and the pressure of the stimulus/ligand-gated channels/and voltagegated channels that open when the electric potential difference reaches a given
amount. https://www.youtube.com/watch?v=oa6rvUJlg7o

Endocytosis/Exocytosis

When a cell wishes to admit a big species into itself, the membrane of the cell can
wrap itself completely around the species and then pull the species into the cell in a
containment sphere called a vesicle. This is called Endocytosis. In contrast, in
Exocytosis a vesicle containing the required species exits through the membrane.
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Polarised vs Non-Polarised Molecules with especial reference to Water and Glucose
In Physics, at a simple level, something is polarised if it has negative and positive poles.
In Biology and in Chemistry, the term “polarised” is used incorrectly in that biologists and chemists use the
term to describe species that are not polarised but merely have a separation of charge into ∂+ and ∂– areas.
In Biology, therefore, for example Water (H2O) and Glucose (C6H12O6) are said to be “polar molecules” even
though they are not. The terminology used is to say the least inexact, and it is actually incorrect for two
reasons (i) neither Water nor Glucose have separate positive and negative regions (as has a magnet), and (ii)
both substances exist as molecules whereas polarised substances are ionic and not molecular. However, that is
the usage in Biology and Chemistry, and there is no use fighting against it.
The lipid interior of a cell membrane is
- “hydrophobic” (it repels Water), and
- “ionophobic” (it repels ions i.e. charged species), and
- the spaces between the lipid ‘tails’ are so small that they cannot allow big species such as Glucose to slide
through. Glucose is a small monosaccharide molecule, but in relation to the space between the phospholipid
cell membrane “tails” it is big.
Species such as Water and Glucose therefore need assistance/need help from special transport proteins to get
across a cell membrane. In the case of Water, the transport protein used is a simple ‘pore’ called an “aquaporin”
(in effect a little tube through which millions of Water molecules move every second) – and in the case of
Glucose one could say that since Glucose is a big molecule in which there is a separation of charge, Glucose
cannot diffuse through the very small spaces between the phospho-lipid bi-layer cell membrane, and certainly
cannot get through a hydrophobic membrane when Glucose is dissolved in Water. This means that Glucose
requires a help from a transporter protein embedded in a membrane that will provide a pathway for Glucose to
cross the membrane. Glucose is physically too large to use small ‘pores’, and Glucose requires facilitated
diffusion from special Glucose Transporter proteins entitled GLUT1, GLUT2 through to GLUT14. The GLUT
family of transport proteins are transporter proteins that service different organs in the body (such as the
brain/liver/testes/etc). GLUT1, for example, is a glucose transporter expressed in almost all types of cell. In
adults, it is expressed at highest levels in red blood cells. Most Glucose transport is Passive (it moves down a
concentration gradient) – but very occasionally, as in the SGLT (Sodium-Glucose Linked Transporters) it
can be Active. Electrochemical-potential driven carrier proteins are those in which an electrochemical potential
gradient drives the transport activity. This form of active transport is referred to as secondary active transport. It
is also called coupled transport because two molecules are transported simultaneously across a membrane. If the
carrier protein carries two molecules in the same direction, it is called a symporter. If the carrier protein moves
two molecules in opposite directions, it is called an antiporter. Some transporters transport a single molecule
from one side of the membrane to the other and they are called uniporters.

Source: https://www.justintimemedicine.com/CurriculumContent/p/2291

Facilitated diffusion is a form of Passive Transport (and not Active Transport) because there is no
requirement for an input of external energy to transport an entity across a cell membrane – and Glucose
normally uses facilitated diffusion to get across a cell membrane.

7

Let me sum up the important elements of what I have told you.
- Cellular Respiration is the process whereby the mitochondria in a cell react Glucose and Oxygen
together to provide ENERGY for the cell. Without energy, a cell would die within seconds! From the
point of view of Biology, the by-products of cellular respiration are Carbon Dioxide and Water and it
is ENERGY that is the main product.
- Cellular Respiration is not the same as Ventilation (Ventilation is the process that involves Inhalation
and Exhalation).
- Arteries carry oxygenated blood from the heart all around the body to every cell in the body, whereas
Veins carry de-oxygenated blood to the heart and from there blood is pumped to the lungs.
- The blood in the arteries carries Oxygen, O2 (that has been inhaled in the lungs) all around the body,
and it also carries Glucose (C6H12O6) from the intestines (from the digested food that has been eaten).
The blood delivers the O2 and C6H12O6 to every cell in the body – whereas the blood in veins carries
deoxygenated blood and Carbon Dioxide (CO2) and Water (H2O) back to the heart and thence to the
lungs where the Carbon Dioxide and Water are exhaled from the lungs during exhalation.
- Water molecules cross cell membranes in three ways
a) by diffusion (but it is difficult for water molecules to use this method of transport)
b) by “aquaporins” (and most water molecules use this method of transport), and lastly
c) by osmosis.
- Water molecules cannot diffuse easily across a cell membrane because
i) the area inside of the phospho-lipid bi-layer cell membrane is hydrophobic (it repels Water
molecules) therefore molecules of Water cannot travel easily through the two layers of the cell
membrane, and
ii) the area inside of the phospho-lipid bi-layer cell membrane also repels polar species.
- The concentration of mineral ions in the soil is lower than the concentration in plants, and while
- plants absorb water from the soil by osmosis,
- they absorb mineral ions, against their concentration gradients, by Active Transport.
- Passive Transport is different from Active Transport.
- In Passive Transport substances move down their concentration gradients from an area of higher
concentration to areas of lower concentration, and they do so without any input of external energy.
- In Active Transport substances move up their concentration gradients from areas of lower
concentration to areas of higher concentration, and they therefore cannot do so with an input of
external energy.
- There are two main forms of Passive Transport viz. Diffusion and Facilitated Diffusion; but, in
Biology, Osmosis is also considered to be a form of Passive Transport because the solutes in the Water
(such as Nitrates/Phosphates/etc) are not moving across the cell membrane and therefore not needing
energy for such transport. Instead it is the water molecules that are moving across the cell membrane
– and because the use of energy by water molecules in pushing up against gravity is not a
consideration as far as the movement of the solutes is concerned, then no external input of energy is
considered to be involved because the solutes have not moved across the cell membrane!
In Biology therefore, Osmosis is a form of Passive Transport.
- Glucose is transported across a cell membrane by facilitated diffusion.
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APPENDIX
The English used in this Note from https://www.biologyonline.com/dictionary/carrier-protein
is at times ambiguous and thus confusing. Where possible I have tidied up the grammar and syntax.

Carrier proteins and channel proteins are membrane transport proteins. As membrane transport
proteins, they are located in biological membranes and their primary function is to move
molecules from one site to another (from one side of a membrane to the other side). However,
carrier proteins are not the same as channel proteins.
Channel proteins, as their name implies, form a ”channel” that serves as a passageway for
molecules to pass through. They are firmly and permanently situated in the plasma membrane,
with their hydrophobic domains interacting with the membrane’s lipids. Channels that remain
open to both the cell’s interior and exterior are referred to as pores. Aquaporins are an example
of a channel protein in the cell membrane. Millions of Water molecules flow through them every
second from one side of the cell membrane to the other side.
In contrast, carrier proteins do NOT form channels. Rather, they have binding sites to which
molecules can bind and then they transport bound molecules to their destination viz. the cell’s
interior or exterior. Having binding sites indicates that carrier proteins are more selective (than
channel proteins) to the molecules that they transport. Furthermore, they are not simultaneously
open to both the interior and the exterior of the cell (unlike certain channel proteins, such as
porins that are open on both sides at the same time). Thus, unlike porin channels, carrier
proteins are capable of transporting molecules against their concentration gradient, and this
would then be an active transport process.

Source: https://www.justintimemedicine.com/CurriculumContent/p/2291
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Types of carrier proteins
Carrier proteins that are involved in the active transport of substances may be classified
according to their transport activity. Carrier proteins that are involved in carrier-mediated
diffusion are those that are driven by a concentration gradient and not by ATP hydrolysis. They
transport molecules from an area of high concentration to an area of low concentration.
Examples are carrier proteins involved in the facilitated diffusion of sugars, amino acids, and
nucleosides across the cell membranes of most cells.
Carrier proteins that transport molecules against the concentration gradient are those that use
substantial energy. Depending on the energy source, carrier proteins may be classified as
(1) ATP-driven, (2) electrochemical potential-driven, or (3) light (photon) driven. ATP-driven
carrier proteins are those requiring ATP to transport molecules whereas electrochemical
potential-driven proteins are those fuelled by electrochemical differentials. Light-driven pumps
are pumps that are driven by photons. These pumps are commonly found in bacterial cells. The
first two are described below.

ATP-driven carrier proteins
ATP-driven carrier proteins are those that require ATP coupling to move molecules. A specific
carrier example that is ATP-driven is the sodium-potassium pump in the plasma membrane of
animal cells. The pump specifically binds to the sodium and the potassium ions. In order to
sustain homeostasis, this pump maintains appropriate levels of such ions. To do that, the pump
actively moves 3 sodium ions (Na+) from the inside of a cell and then replaces them with 2
potassium ions (K+) from the outside for each ATP molecule that it uses. This form of active
transport wherein chemical energy (ATP) fuels the process is called primary active transport.

Electrochemical potential-driven carrier proteins

Schematic diagram of the three types of porters in carrier-mediated transport. Image credit:
OpenStax Biology, CC BY 4.0
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Electrochemical potential-driven carrier proteins are those in which an electrochemical potential
gradient fuels the transport activity. This form of active transport is referred to as secondary
active transport. It is also called coupled transport because two molecules are transported
simultaneously across a membrane. If the carrier protein carries two molecules in the same
direction, it is called a symporter. If the carrier protein moves two molecules in opposite
directions, it is called an antiporter. Nevertheless, some porters transport a single molecule from
one side of the membrane to the other. They are called uniporters.

Functions of carrier proteins
Carrier proteins are involved in both passive and active types of biological transport processes.
In passive transport, molecules get transported down a concentration gradient from a higher to a
lower concentration. The difference in the concentrations between two regions creates a
concentration gradient that is enough to trigger passive transport. However, because of the lipidbilayer nature of the cell membrane, not all molecules will be able to move out or into the cell
according to their concentration gradients. Polar molecules and ions cannot readily diffuse across
the membrane. They need membrane transport proteins, like carriers, to facilitate their transport.
If a carrier protein is utilized in the process, the molecule “takes a seat” on the carrier protein
from one side of the membrane, and then gets carried to the other side to be released. This form
of diffusion (or passive transport) that makes use of a membrane protein for transport down the
concentration gradient is called facilitated diffusion.
While some membrane proteins are not capable of active transport, carrier proteins allow
active transport. Molecules bound to the carrier proteins can move up a concentration gradient
from an area of lower concentration to an area of higher concentration. This form of transport is
called active transport where molecules move against the concentration gradient, i.e. towards
the direction they typically would not go because the area is already concentrated. Because of
this, an energy source (e.g. ATP) is needed to fuel the process. This is what occurs during the
active transport of Na+ and K+ and also of NADH (nicotinamide adenine dinucleotide hydride)
as it moves protons across the inner mitochondrial membrane where ATP is coupled to their
transport.

Transport mechanism
In both passive and active transport, carrier proteins move molecules by binding to them and
the carrier proteins then undergo a conformational change/they change shape as they carry the
molecules from one side of the membrane to the other. In active transport however, chemical
energy is required. Through ATP hydrolysis, energy is released when ATPases catalyse the
decomposition of ATP to ADP. The liberation of one inorganic phosphate ion from the ATP
causes the concomitant release of the energy. Not all active transport processes are fuelled by
direct ATP coupling. Another form of active transport makes use of an electrochemical gradient
rather than ATP. For example, cations moving passively will generate entropy that can fuel the
active transport of another group of ions.
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Examples of carrier proteins
Glucose transporters

Glucose transporter. Glucose is taken up by the cell from the outside by way of a glucose
transporter/a GLUT. Glucose molecules move passively, from an area of high concentration
(outside of cell) to an area of low concentration (inside of cell, i.e. cytosol). The bulk of Glucose
transport is by Passive Transport. Only a small amount requires Active Transport.
“Glucose transporters” in the cell membrane of animal cells take up glucose molecules without
utilizing ATP when the cell has less glucose than the outside. Glucose is a vital biomolecule as it
serves as an energy source. In human cells, there are 14 glucose transporters. They are
uniporters, binding specifically to and carrying glucose molecules. GLUT1, for example, is a
glucose transporter expressed in almost all cell types. In adults, it is expressed at the highest
levels in erythrocytes/red blood cells.

Sodium-potassium pump (Na+/K+ pump)
The Na+/K+ pump is an antiporter. It has binding sites for Na+ ions and K+ ions. Since the
movement of these ions are against their concentration gradients, the pump requires an energy
source. Thus, it binds to ATP and hydrolyses it to ADP, thereby causing the release of energy.
The pump uses this energy to alter its shape. After conformational change, the ions dissociate
from the pump but are released in opposite directions. Na+ ions are pumped out while K+ ions
are pumped into the cell. The function of the Na+/K+ pump is crucial as it is involved in
transmitting nerve impulses and maintaining cell membrane potential. Without enough K+ ions,
the function of motor neurons can be disrupted, and subsequently, so also the target muscles.

Glucose-sodium transport proteins
Glucose-sodium transport proteins are symport carrier proteins that transport glucose actively.
When the cell has a large amount of glucose inside and yet still wants to take up more, it makes
use of glucose-sodium transporter. This transporter has binding sites for glucose and two Na+
ions. Since the cell initially has fewer Na+ ions, the Na+ ions diffuse passively. Consequently, an
electrochemical potential gradient is generated and this drives the transporter to move the
glucose molecule actively into the cell.
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