Active Transport Across a Cell Membrane, A Second Year Blog

for the week commencing the 8th March 2020. Before reading this Blog, it would be sensible to read
the Blog of the 9th of February 2020 on Passive Transport, Diffusion and Osmosis (which is in the
Appendix). The International Union of Biochemistry and Molecular Biology has already registered
1,347 families of proteins that act as transport carriers across cell membranes http://www.tcdb.org/ ,
and transport across a cell membrane is thus a huge subject in its own right. This note can deal with
only a miniscule part of the subject.
Those of you who read my Blogs on Chemistry will know that I know next to nothing about Biology,
but that I am learning the subject from scratch in order to teach it to my grandchildren. Everything
that I am learning about Biology convinces me that the chemical ATP should be given the same
prominence as is accorded to DNA currently. Unless a cell has energy, then it cannot replicate itself.
• It is my belief that in order to understand transport across a cell membrane and biological pumps,
you have to start with Homeostasis.
• ThoughtCo describes homeostasis as “the ability to maintain a constant internal environment in
response to environmental changes, and it is a unifying principle of Biology”. Transport across a cell
membrane is the main method by which a cell achieves Homeostasis. Homeostasis is all about the
achievement of stability, and it is in this context that the phrase “resting membrane potential of the
cell” will be used in this Blog. I will refer to the Resting Membrane Voltage Potential of a cell of
roughly -70 mV, but please note that this differential exists only at a cell membrane. Inside a cell, the
cytoplasm has no significant charge, and all the charge differential is concentrated at the cell
membrane. The potential difference is -70 mV between the inside and the outside of the membrane.
• All of the following will be explained later in this note, but the Na+/K+/ATPase pump is crucial to the
workings of every cell in the human body. Bond-breaking is exhothermic i.e. it releases energy, and
when Adenosine-Triphosphate, ATP, breaks off its outermost Phosphate group in an Na+/K+/ATPase
pump, then the breaking of the bond provides the energy that is needed to power the pump. ATPase
is the enzyme that facilitates the breaking of that bond, and whilst other people had known about
the pump, in 1953 a Danish gentleman called Jens Skou first unravelled the workings of the pump
and the function that ATPase performed in those workings. In 1997 Skou (together with the
American Paul Boyer (who, as did Jens Skou, died in 2018) and Sir John Walker (the Director of the
MRC Mitochondrial Biology Unit in Cambridge) was awarded the Nobel Prize for Chemistry for the
‘discovery’ of the Na+/K+/ATPase pump. (Robert Post should also have received the award, but
sadly did not do so).
• This is what the Nobel Committee citation said (but I have corrected the typing errors therein)
Many of the cell's functions, such as those concerned with nerve impulses, muscular
contractions and digestion, require that the concentration of potassium ions must be
higher inside a cell than outside it, whereas the concentration of sodium ions must be
lower inside than outside. It takes a great deal of energy to bring this about. The energy
is stored in a special substance, adenosine triphosphate (ATP). In 1957 Jens Christian
Skou discovered an enzyme, ATPase, that speeds up the action of the Na+/K+/ATPase
biological pump.
• To give you an idea of how important the pump is to the human body, in 2013 Bianconi, E. et alii
(Annals of Human Biology 2013 Nov-Dec;40(6):463-71) estimated that there were 3.72 x 1013
cells in a human body (but given the variation in the sizes of human beings, it might be more
relevant to give the estimate as a range of say 2.5-5.0 x 1013). The Na+/K+/ATPase pump operates
at a frequency of 160 cycles per second, and since there are many Na+/K+ pumps in a cell’s
membranes, and since each one of them is working at 160 cycles per second, and since 3 Na+ ions
and 2 K+ ions are being pumped per cycle, then (depending on how many pumps there are working

1

at any one time1) it is possible to do the Maths to see that, in a human being (to use the quirkiness
of English understatement), rather a large number of ions are pumped per second in order to
preserve Homeostasis for and the Resting Voltage Potential of a cell. If you do the Maths, you
will see that the number of ions pumped every second in a human body is just gigantic.
• The discovery of the workings of the Na+/K+/ATPase was thus an important milestone in Biology,
and thus fully deserving of a Nobel Prize (but surely in Biology rather in Chemistry!).
• In Physics, even ignoring “Dark Energy”, only 15% (FIFTEEN %!) of the mass of the Universe
can be accounted for by Physics as we know it, and we therefore explain the unexplained mass in
the Universe by calling it “Dark Matter”. However, tieing a label on our ignorance does not
explain anything – other than to remind us that there are huge areas of Science of which we still
know little or nothing.
• Everything in Biology is about “life”, and life as we know it on Earth (but NOT necessarily
elsewhere in the Universe) is based on cells. Without cells, life as we know it on Earth would not
exist. (Life does not have to be cell-oxygen-carbon-water based! Draw the analogy from Dark
Matter and Dark Energy and you can work that out for yourself.)
• I will refer to Adenosine Tri-Phosphate (ATP) quite often in this Blog, therefore let us make sure
that you know the species that is being mentioned. ATP can be drawn thus

It is the extreme left hand
Phosphate group,
H2PO4–, that breaks off,
thus providing 30.6 kJ
mol–1 of energy through
bond-breaking.

<–– Adenine is a nitrogenous base.

<–– This is the sugar, Ribose.

• Georgia State University says that if you remove just the end phosphate group, so that there are
now only two phosphate groups, then the molecule is “much happier”. The conversion from ATP
to ADP is a crucial reaction for the supplying of energy for life processes. The power needed for
reactions is provided by the breaking of the bond between the outermost and the middle phosphate
groups. ADP (Adenosine Di-Phosphate) is thereby formed, but mitochondria can use the energy in
food to convert the ADP back to ATP so that the energy is again available to do needed work. The
cutting of just one bond is sufficient to liberate about 7.3 kilocalories per mole = 30.6 kJ mol–1.
ATP

plus the liberation of energy
––––––––––––––––––>

ADP + Pi

(“Pi” = a Phosphate ion)

• I have pointed out in the Blog on ATP (26th January 2020), that in order to live, cells need energy,
and this energy is generated in a process called “Respiration” wherein the mitochondria in a cell
will react Glucose (from food that has been ingested by the animal in which the cell exists) with
Oxygen (which the animal has breathed in during the Inhalation stage of Ventilation), and this
chemical reaction will generate the energy that cells need in order to live.
Glucose + Oxygen ––> Carbon Dioxide + Water + ENERGY ; ∆H = -2,820 kJ mol–1
(and this energy is stored in ATP)
1

The kidneys have a high level of expression of the Na, K-ATPase, with the distal convoluted tubule expressing
up to 50 million pumps per cell. Source: https://www.ncbi.nlm.nih.gov/books/NBK537088/
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• Different systems in an animal’s body will contribute to do whatever is necessary to get the
Glucose and the Oxygen (G&O) to every cell inside the animal’s body – and it is at this part of
the process of living that I am examining the response of the cell. The question that I am asking is
“What does the cell need to do in order to get the G&O into the cell so that the mitochondria can
generate energy from the raw materials?”. The animal provides every cell in its body with G&O,
and it does this by circulating the Glucose and the Oxygen via the extra-cellular fluid (ECF) which
contains plasma2/lymph3/interstitial fluid/water/electrolytes/etc.
• At this juncture therefore, I am making a very simple distinction between that which is inside an
animal’s cells and that which is outside of those cells – and the question that I want to address is
“How does a cell get the things that it needs (that are circulating in the ECF) into itself, and then
how does it get waste products out of the cell?” – and at this point, I need to stress (i) that the
processes involved are extremely complex (and an explanatory note such as this, of necessity,
over-simplifies everything), and (ii) that it is unbelievably important for the cell to get the right
balance between things entering the cell and things exiting the cell otherwise the cell will die. That
is what “Homeostasis” is about, and I will come back to that later in this note.
• In the Blog on Passive Transport across a cell membrane, we saw that random translational
movement causes species to move down a concentration gradient, and unevenly distributed species
in a gas or in a liquid thus become evenly distributed over time – and that this occurs as a
Statistical phenomenon without any energy input being required.

Active Transport across a cell membrane
• There are many excellent videos on youtube on Transport across cell membranes, e.g. the Khan
Academy has an excellent series of articles and videos on the subject on
https://www.khanacademy.org/science/biology/membranes-and-transport/passivetransport/a/diffusion-and-passive-transport
and on https://www.khanacademy.org/science/biology/membranes-and-transport/activetransport/v/sodium-potassium-pump-video
• However, if you are happy to listen to what I have to say, then here goes.
• In order to understand Active Transport in Biology (where an input of energy is required in order
to move species AGAINST their concentration gradients), one must first understand Passive
Transport (where no input of energy is required in order to move species DOWN their
concentration gradients). My Blog on Passive Transport is in the Appendix to this Blog. It would
be sensible to read it before reading this Blog.
• In Active Transport, the biological machines that move things across a cell membrane are often
called “pumps” because, in effect, they pump species against a concentration gradient across the
membranes of cells. This is very much like the workings of a bicycle pump or a car tyre pump that
forces more and more air into a bicycle or a car tyre despite the fact that the pressure inside the
bicycle tyre or the car tyre is greater than it is on the outside of the tyre.
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Wikipedia says that Blood is a bodily fluid in humans and other animals that delivers necessary substances
such as nutrients and oxygen to the cells and transports metabolic waste products away from those same cells. In
vertebrates, it is composed of blood cells suspended in blood plasma.
3
The lymphatic system is a network of tissues and organs that help rid the body of toxins, waste and other
unwanted materials. The primary function of the lymphatic system is to transport lymph, a fluid containing
infection-fighting white blood cells (such as lymphocytes) throughout the body, and just as is the case with
blood, lymph has its own circulatory system. https://www.livescience.com/26983-lymphatic-system.html
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• There are many things that a cell needs to pump in and out of itself against a concentration
gradient, and in his acceptance speech for the Nobel Prize, Skou displayed the following
diagramme. (In this note I shall describe the workings of this pump in moderate detail because that
will help you to understand the workings of other biological pumps such as Proton pumps.)

Ouabain, or ‘g-strophantin’ (at the
instigation of Robert Post) played an
important part in Jens Skou’s work.

Co-transport
and Countertransport are
Secondary
Active
Transport
mechanisms.

• In Co-transport (also known as “Symport”) systems that Skou quotes (on the right hand side of
his diagramme), two species (the driving ion and the driven ion) are transported in the same
direction across the cell membrane, whereas Counter-transport (also known as “Antiport” or
“Exchange”) systems (on the left of the diagramme) results in the transport of two species in
opposing directions across the cell membrane. The Na+/K+/ATPase pump shown at the top of the
diagramme has a stoichiometric ratio of “2 K+ ions pumped in for every 3 Na+ ions pumped out” in
each stroke of the pump’s cycle. It is ATP that provides the energy that drives this pump (and
drives most cellular pumps), and the diagramme on the next page (from Wikimedia Commons)
shows how Adenosine-Tri-Phosphate (ATP) gives up one of its Phosphate species to become
Adenosine-Di-Phosphate (ADP) and a Phosphate ion (Pi).
ATP ––> ADP + Pi + ENERGY

; ∆H = -30.6 kJ mol–1

The breaking of the bond between the middle and the outermost Phosphate species releases the
energy that drives the Sodium-Potassium pump.
• Where the driving ion is Sodium (Na+), then the system can be referred to as a Sodium-driven
Pump or transporter, and if the driving ion is a Proton (H+), then the system can be referred to as a
Proton Pump or transporter. Both are examples of ion-coupled transporters/transport systems.
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• The slide below (from Wikimedia Commons) attempts to show, in the Sodium-Potassium pump,
the sequence of events: 3 Na+ ions out/2 K+ ions in/the outermost Phosphate species from ATP
lodging in the pump and breaking off to form ADP + Pi (“Pi” being a Phosphate ion) thus releasing
the energy that is needed to drive the pump. (Actually, the method of energy release is much more
complicated than that, but that gets you into Degree Level Bio-Medical Science, so let us not go
there.) When the outermost Phosphate species re-joins ADP, then ATP is re-formed.

Do not examine
the diagramme
too critically
because it is just
a simplified
diagramme.

3 Na+ ions are
pumped out of
the cell for every
2 K+ ions that are
pumped into the
cell.

Source: https://www.ck12.org/biology/sodium-potassium-pump/lesson/Sodium-Potassium-Pump-BIO/
• There is a nice little (2 minute) video on the Sodium-Potassium-ATPase pump by McGraw-Hill
Animations at https://www.youtube.com/watch?v=M6_NCdV7YO8 . You might want to watch it.
• In the First Year Blog on Passive Transport (cf. the Appendix) I talked about three simple cell
transport systems that transport different species down concentration gradients and thus do not
require any additional input of energy viz. Osmosis, Diffusion, and Facilitated Diffusion. In this
note I want to address the subject of Active Transport Systems (i.e. systems that transport
different species against concentration gradients (from areas of low concentration to areas of high
concentration) and thus DO require an input of energy to perform their transport function, because
they are moving things not down but UP a concentration gradient (from areas of low concentration
to areas of high concentration), and it therefore requires a net input of energy to make this happen).
When an ion is pumped into an area of higher concentration, it encounters the resistance of
(i) the physical repulsion from other chemically similar species, and (ii) an electrostatic repulsion
from similarly charged species. An electro-chemical differential is thereby created.

“How does a cell get the things that it needs (that are circulating in the extra-cellular fluid)
into itself, and then how does it get things (that it does not want) out of the cell?”
• In the olden days, at railway stations and in hotels, there used to be people who were called
“porters”, and they carried your luggage for you (if you paid them to do so); and, in Biology, a
“porter” or a “transporter” is an entity that “carries” something. The carrier entity is usually a
group of proteins, and in transport across cell membranes, many “porters” have been investigated
very thoroughly, and in this Blog I shall look at the workings of only one of them i.e. the
Na+/K+/ATPase pump.
• However, in all of this note, please keep in mind that, of necessity, I have over-simplified
everything. These are descriptions from an ‘A’ Level point of view – and at Degree Level, the
descriptions and explanations become much more complex.
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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 transmembrane transport channel.

Primary vs
Secondary
Transport

In Primary Active Transport, an energy input is needed 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 with 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 (negative inside the cell). This is
the -70 mv mentioned in Skou’s diagramme that I have reproduced on page 3 of this
note. Please note that there is now a chemical gradient (where the concentration of
certain species on one side of the cell membrane is larger than on the other side) and
there is also an 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 Counter-Transport
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 voltage-gated
channels that open when the electric potential difference reaches a given amount.
https://www.youtube.com/watch?v=oa6rvUJlg7o

Endocytosis/

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 undesired species exits through the membrane. There
is an excellent two-minute video on this by McGraw-Hill at
https://www.youtube.com/watch?v=57o-s175OxA

Exocytosis
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The Problem of the Sodium/Potassium/ATPase pump
• The problem of how the Sodium and Potassium gradients are maintained between the inside of a
cell and the outside of a cell troubled Biologists greatly in the post-WWII period, and the Danish
scientist Jens C Skou won his Nobel Prize for formulating the first complete answer to the
problem. I believe that in his acceptance speech he said something like “You fool yourself into
thinking that you have found the answer, but the answer is always one step ahead of you” (but I
suspect that that is true for all of Mankind’s endeavours).
• Jens Skou said the above because there are many factors that drive the movement of different
species (ions/molecules/small species/big species/etc) from the inside of a cell to the outside of the
cell, and also in the opposite direction i.e. such things as concentration gradients, osmotic pressure
(the Gibbs-Donnan effect), electrostatic forces, and surface tension being merely some of the
forces involved – and these forces can work together or in opposition to each other and also to
other forces inside and outside a cell. The puzzle took some unravelling.

The workings of the Na+/K+/ATPase pump
• Let us start somewhere simple. A cell needs to have whatever it needs to have inside it, whatever
the reason for it may be. The concentration of different species (some charged and some
uncharged) is different on the inside of a cell compared to the outside of the cell (in the extracellular fluid). The diagramme below shows the difference in concentrations for only K+, Ca2+, and
Na+. The dark grey oval represents the cell, and the concentrations are expressed in mM = one
thousandth of a mole per Litre = mol.10–3.dm–3. If the concentration of K+ ions is 150 mM inside
the cell and 4 mM outside the cell, then the concentration inside the cell is roughly 40 times larger
inside the cell than it is outside the cell, and for Na+ the ratio is x7 larger outside than inside. [NB
In Chemistry we do not write the charge on a Group II species (such as Calcium) with two
‘pluses’. We write it as “Ca2+”.]

A cell has many different chemical and biological species in
it (but the diagramme shows only three), and all of them
would have different concentrations inside the cell compared
to the outside of the cell. These differentials cause electrochemical gradients (i.e. chemical concentration gradients
AND electrostatic voltage potential differences) between the
inside and the outside of a cell.
The voltage potential difference of -70 mV (V.10–3) occurs at
the cell membrane itself – and away from the membrane,
inside the cytosol, there is no net charge.
The cell has evolved mechanisms to maintain
HOMEOSTASIS – and that is what Passive and Active
Transport achieves.
1mM = 1 x 10–3 mol.dm–3.

Source: https://www.cvphysiology.com/Arrhythmias/A007
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• By experimentation it has been established that the concentration of Potassium (K+) ions is about
forty times larger inside a cell than the concentration in the extra-cellular fluid, and (in contrast)
the concentration of Sodium (Na+) ions is about 7 times greater outside a cell in the extra-cellular
fluid) than inside a cell4. The US National Institutes for Health says “ The ratio of intracellular to
extracellular potassium (Ki:Ke) is the major determinant of the resting membrane potential and (it)
plays a crucial role in the normal functioning of all cells……………. This very high concentration
difference is maintained by (the) Na-K-ATPase enzyme (pump) that actively pumps potassium into
the cell while moving sodium out of the cell”. https://www.ncbi.nlm.nih.gov/books/NBK307/
Please note that even though the concentration of K+ ions may be 40 times larger inside a cell
than outside the cell, even so the Na+/K+ pump still keeps pumping even more K+ ions into the cell.
• Whatever the reason may be, a cell clearly needs to have an imbalance of Na+ and K+ ions between
the outside and the inside of the cell, and diffusion (down concentration gradients) would destroy
the needed imbalance. In addition, cell membranes do not allow charged species such as
Na+/K+/Ca2+ to diffuse unaided through the membrane, and movement down a concentration
gradient through the membrane can take place only via Facilitated Diffusion through special
channels (and we talked about that in the Blog on Passive Transport on the 9th of February 2020).
• The Sodium-Potassium pump keeps pumping K+ ions into a cell while it pumps Na+ ions out of the
cell (both against their chemical concentration gradients), and it is clear that the cell would then
burst when it became overloaded with K+ ions. The facts relating to the movement of Sodium and
Potassium ions were known well-before Skou made his contribution – but it was Skou’s
analytical insight that solved the problem, and it was Skou’s answer to the problem that gained
him his share of the Nobel prize (together with Paul Boyer and Sir John Walker).
• If the Sodium-Potassium pump just kept pumping K+ ions in and Na+ ions out of a cell then (since
the pump operates at a frequency of 160 cycles per second) it would not be very long before every
cell in the body would burst. However, there is a cycle in which the Na+/K+/ATPase pump operates
and then takes a break while the uneven distribution is evened out by Na+ ions diffusing through
the membrane via the appropriate channels down their concentration gradients back into the cell,
while K+ ions diffuse through the membrane via their appropriate channels down their
concentration gradients back out of the cell (cf. the video at Harvard Extension School on
https://www.youtube.com/watch?v=oa6rvUJlg7o )

https://en.wikipedia.org/wiki/Resting_potential#/media/File:Sodium-potassium_pump_and_diffusion.png
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This creates both a difference in (i) the concentration of chemicals, and a difference in (ii) the electrostatic
(voltage) potential between the inside and the outside a cell membrane and this is what causes the “electrochemical” gradient between the inside and the outside of a cell membrane.
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• This restores the homeostasis (and the resting membrane chemical and electrostatic voltage
potential) of the cell. The diagramme from Wikipedia on page 8 hints at what is happening.
NB Since there are many Na+/K+ pumps in a cell’s membranes, and since each one of them is
working at 160 cycles per second, and since 3 Na+ ions and 2 K+ ions are being pumped per cycle,
then (depending on how many pumps there are working at any one time5) it is possible to do the
Maths to see that millions of ions could be pumped per second by every cell in order to preserve
Homeostasis and the Resting Voltage Potential for a cell. (Clearly the pumps all need to know
what every other pump is doing!)
• It can be appreciated that as the Na+/K+/ATPase pump and the Na+ and K+ voltage-gated channels
operate, then the potential difference/the electrostatic charge differential at the cell membrane will
fluctuate and take the voltage potential difference from its resting state of -70 mV up to an
overshoot point of +30 mV and then down again to an undershoot/hyperpolarisation point.
• Homeostasis at Resting Voltage Potential is achieved at -70 mV (as is shown in the diagramme
below). The diagramme below is from Brigham Young University, Idaho. You do not need that
much detail for English ‘A’ Level Biology.
https://biology.stackexchange.com/questions/71488/question-about-the-threshold-potential

5

The kidneys have a high level of expression of the Na, K-ATPase, with the distal convoluted tubule expressing
up to 50 million pumps per cell. Source: https://www.ncbi.nlm.nih.gov/books/NBK537088/
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Secondary Active Transport
• As we have just seen, at Resting Voltage Potential (RVP) the net electrostatic charge on the inside
surface of the membrane is negative (-70 mV) in comparison to the external extra-cellular surface
of the cell; but, if the cell pumps 3 positively charged Na+ ions out of the cell while it is pumping 2
positively charged K+ ions into the cell, then at each pump of the cell (at 160 cycles per second) it
is reduces the net charge (for the inside of the membrane compared to the outside of the
membrane) by a factor of 1 charge. If Homeostasis is achieved at an RVP of -70 mV, then the Na+
ions are being pumped/forced into an environment that is repelling them electrostatically (as well
as physically).
• The consequence of this is that when they move back into the cell (cf. the Wikipedia diagramme at
the bottom of page 8), then they are doing so under a force of electrostatic repulsion, and this is
thus no longer just the ordinary Facilitated Diffusion of Passive Diffusion down a concentration
gradient to even out an uneven distribution, – but is in fact a “forced” diffusion where the force
involved is that of electrostatic repulsion.
• This forced diffusion is called “Secondary Active Transport” (SAT) – and SAT can be harnessed
in symport (also called Co-transport) or in Antiport (also called ion Exchange). In the example of
the Na+/K+/ATPase pump, the Active Transport of a net positive charge into the extra-cellular fluid
causes the Na+ ion to subsequently move back into the cell not under Passive Transport but under
Secondary ACTIVE Transport.
• Under SAT, an Na+ ion will subsequently move back into the cell down a concentration gradient
but pushed by an electrostatic force of repulsion – and in doing so it can effect the transport of
another ion or molecule (called a driven ion/molecule) across the membrane. Newcastle University
(Great Britain) says “This primary molecule is what allows the other molecule, possibly another
ion, to move in an uphill direction, against its concentration gradient. The molecule that moves
down its concentration gradient (here Na+) is what drives the movement of the secondary molecule
across the membrane. It is because of this that the molecule that travels down its concentration
gradient is known as the driving ion” and the species that is driven up its concentration gradient is
called the driven species.
• PhysiologyWeb on
https://www.physiologyweb.com/lecture_notes/membrane_transport/secondary_active_transport.html

shows the effect of SAT thus:

If you refer to
this diagramme
as you read my
text, then you
should get a
good idea of
how SAT works.
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At the “two o’clock” position in the diagramme on page 10, PhysiologyWeb shows a symport
mechanism where Na+ is being repulsed down a concentration gradient back into the cell and is
using that electromotive force to take an ion or molecule (“x”) up its concentration gradient into
the cell. The small “x” and the capital “X” are used by PhysiologyWeb to indicate the direction of
the concentration gradient. (Moving up a concentration gradient is not possible under Passive
Transport, and it is only SAT that allows this to happen.)
At the “eight o’clock” position in the diagramme above, PhysiologyWeb shows an antiport
mechanism where Na+ is being repulsed down a concentration gradient back into the cell and is
using that electromotive force to take an ion or molecule up its concentration gradient (“y ––> Y”)
out of the cell.
• The diagramme below shows examples of SAT Antiport (Source: PhysiologyWeb). HCO3– is the
anion of Carbonic Acid (H2CO3) when one Proton has been dissociated.

The next diagramme is a rather nice one (from Lumen Learning) and shows the electrostatic voltage
potential difference across a cell membrane in different situations.
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Source: https://courses.lumenlearning.com/wm-biology2/chapter/resting-membrane-potential/
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• By now you may have forgotten that early in this note I asked the question

What does a cell need to do in order to get Glucose and Oxygen into the cell so that
mitochondria can generate energy from the raw materials?
• Please remember that in Respiration, Glucose and Oxygen are the food of the cell. A cell needs
both in order to generate the energy that will be stored in the ATP that can subsequently provide
the energy needed by the cell to “live”. Without ATP, a cell would die!
Glucose + Oxygen ––> Carbon Dioxide + Water + ENERGY ; ∆H = -2,820 kJ mol–1
(and this energy is stored in ATP)
• Well, we are now at last in a position where we can answer that question. We know that Oxygen is
small enough to just diffuse into a cell through Passive Transport, but Glucose

Source: Shutterstock.com
is too large a molecule to diffuse by Passive Transport through a phospholipid bi-layer cell
membrane – and, in any case, in a dissolved state, Glucose would find it difficult to get through
the hydrophobic mesh that is the interior of the bi-layer phospholipid cell membrane. How then
does a cell get the Glucose into itself?
• PhysiologyWeb shows the following examples of Symport and the first one on the left is the
Na+/Glucose SAT mechanism. (Please note the different stoichiometric ratios that are involved.)
Please also note that there are many other ways for Glucose to get into a cell (with the
Insulin/Glucose mechanism being a crucial one for diabetics). One of the lovely things about
Biology is the complex interdependence of the systems that are involved.

NB Under one classification system, symport and antiport are sub-sets of Cotransport. Each transmembrane protein operates for one and for only one species or set of species.
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• There are many ways that a cell can get the Glucose that it needs into itself, and some of these
ways are Passive gated-channel transport/SAT/the Insulin-Glucose mechanism/Endocytosis (and I
will talk about Endocytosis in one moment)/etc. The diagramme below is somewhat complicated
(but do not worry about that because we will talk about it when we examine the Krebs’ Cycle), but
it shows rather nicely the relationship between blood vessels and cells, and some of the species
that enter and exit a cell. (“Hb” is the haemoglobin in red blood cells, and Glucose needs Insulin to
activate some trans-membrane transport proteins.)

Source: https://www.researchgate.net/figure/18-Glucose-is-transported-into-the-cell-where-itundergoes-glycolysis-the-metabolism_fig7_276068674

Endocytosis (Phagocytosis/Pinocytosis) and Exocytosis
• Sometimes, the species that a cell wants to ingest /engulf/take into itself is too large to go through
an ordinary protein channel. A whole section of the cell membrane then bulges inwards to
encompass the species/to wrap around the species, and then that section of the membrane forms a
phospholipid bi-layer balloon called a “vesicle” around the species and swallows the vesicle. The
cell membrane then closes up so that there is no trace of the hole that would otherwise be there in
the membrane. This is called Endocytosis. If the species is something that has to be ejected from
the cell, then the process is called Exocytosis. Where the ingested species is a solid object, then it
is given the name Phagocytosis6, and where the species being ingested is a liquid or a dissolved
substance (and remember that the interior of the phospholipid bi-layer is hydrophobic) then the
term used is Pinocytosis.

6

A phagocyte, at its simplest, is a refuse disposal processing unit for the body. It goes round collecting rubbish
(such as bacteria, viruses, and even cancer cells) /ingesting the rubbish/destroying it/and then excreting the
resulting harmless debris from the cell so that it can be taken to the appropriate ejection point from the body.
Phagocytosis was first studied by a gentleman called Metchnikoff towards the end of the 19th century. We will
talk about the body’s immune system on another day.
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Receptor-Mediated Endocytosis
• In some instances, the species that the cell wishes to ingest first binds to a receptor located on the
membrane, and then the receptor-bound species migrates to a spot on the cell membrane called a
‘clathrin (coated) pit’ where the cell surrounds and swallows up the receptor-bound species via a
vesicle and then either uses the species or destroys it. The Encyclopaedia Britannica has a couple
of nice diagrammes that shows the mechanism visually. (A ligand is a mechanism that ties one
species to another. I my Year 2 book on Inorganic Chemistry, in Chapter 12 I talked a lot about
Transition Metal ligands.)
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I think that that covers all that you need to know about Active Transport at ‘A’ Level. In the next
Introductory note on Biology, I will examine the Electron Transport Chain.
I must say that I am beginning to really like Biology. I shall enjoy teaching it to my grandchildren. I
have hitherto not realised how closely Biology and Chemistry are related!
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APPENDIX
Passive Transport across a Cell Membrane, Diffusion and Osmosis
A First Year Blog for the week commencing the 9th February 2020.

Passive Transport
(no energy input required)
Diffusion

When it comes to diffusion into and out of a cell, it is only small, non-charged entities or
species 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/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 chemical terms, this process goes to a position of ‘dynamic equilibrium’.

Osmosis

With regard to two solutions separated by a membrane, Osmosis requires a membrane that
will allow the free passage of a solvent across the membrane, but where the membrane does
not allow the passage of the solute in either one direction or in the other direction. Where
two similar solutions are separated by a membrane, and the concentration of one solution is
greater than that of the other, the ‘evening-out’ in dissimilar concentrations is again caused
by the random translational movement of molecules – but forces imposed by Physics
rather than by Biology (e.g. the 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

Small non-polarised molecules (such as Oxygen, O2, and Carbon Dioxide, CO2), and small
fat soluble species such as Vitamins A/D/E/K, can easily diffuse through a cell membrane
without the need for any special channels, but Water molecules/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 (cf. diagramme on page 3) (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 the 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
proteins 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 is passive, the motive force for the carrier protein may be provided by
the proton/pH gradient and/or electrical gradient which has created by the proton pumps.”.
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• In the past I have made the mistake of taking basic elements of knowledge for granted. I now do
not like to take too many things for granted, therefore let me start with the Chemistry of a cell
membrane.

What is a “fatty acid”?
• Fats/oils (and ‘triglycerides’ are the most common type of fat found in the human body) are the
ESTERS of three fatty Acid chains attached to a Glycerol head.
• Gycerol (or Glycerin) is the Alcohol Propane-1,2,3-triol and, as the IUPAC name implies, it has 3
Carbon atoms joined together in the following manner

=

=

• An Ester is formed by reacting a Carboxylic Acid with an Alcohol, therefore if three Carboxylic
Acids form an Ester through the three “–OH” alcohol regions of Glycerol, then a fat/an oil will be
formed as follows.

H

H
This is the Glycerol
side of the fatty acid.

H

H

O
C

R

C

R

C

R

O
O

C

C

The 3 Carboxylic Acids are on
this side of the fatty acid.

O
O

C

O

H
• As is usual, the size and the characteristics of the three “R” components will determine the size of
each molecule of the fat/the oil, and the molecular mass of the molecules will be one of the factors
that determines whether it is a fat (a solid at room temperature) or an oil (a liquid at room
temperature).
• A “fatty acid” is thus an ESTER formed from a Carboxylic Acid and Propane-1,2,3-triol as
drawn above. In former times (before the IUPAC was formed) Propane-1,2,3-triol was known as
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Glycerol – but that name does not convey anything about its structure, and that is why I prefer the
IUPAC name Propane-1,2,3-triol.
• If a Phosphate group (a derivative of Phosphoric Acid, H3PO4) is attached to one of the Carbon
atoms in Glycerol, then there would be room for only two Carboxylic Acid chains to join on to the
Glycerol/Propane-1,2,3- triol, and thus would the Phospholipid parts of the Phospholipid bi-layer
of a cell membrane be formed. NB A phospholipid bi-layer cell membrane has only two
Carboxylic Acid legs (or tails) attached to the Glycerol/Phosphate head.

Phosphoric Acid is
H3PO4, and if any
legitimate “R” species
were to replace one of
the three H species in
H3PO4, and if a Carbon
species in Glycerol were
to replace a second of the
three H species, and two
Carboxylic Acid chains
were to attach to the
Glycerol, then the
species that is the main
constituent of the
skin/the membrane of a
cell would be obtained.

• We can now see what the main constituent of the Phospholipid bi-layer of a cell membrane looks
like, and the whole membrane would look like this. In the membrane below, the Phospholipid bilayer (from Wikipedia) is shown in light blue, while the access channels that transport different
species from one side of the membrane to the other are shown in green.
• The following diagramme is from the Encyclopaedia Britannica, and it shows a number of the
features of the cell membrane: the main components possibly being phospholipids/ cholesterol/and
glycolipids (not shown in the diagramme).
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Facilitated diffusion is effected (i) via gated or non-gated
channel proteins or (ii) via. carrier proteins.

“Pi” in
“ATP ––> ADP + Pi”
stands for “Phosphate ion”.

• The access channels shown are needed by cells because the membrane of a cell will allow the
passage of (i) small molecules such as Oxygen, O2, and Carbon Dioxide, CO2, and (ii) small fatsoluble molecules such as Vitamins A/D/E/K to diffuse through the membrane, and also the
passage of (iii) big molecules such as Glucose to cross the membrane through facilitated diffusion
down a concentration gradient – but, it will not allow the unaided passage of ions (such as Na+
/ K+ / Ca2+ /etc) across the cell membrane, except with the aid of special protein ‘pumps’ that need
energy to operate the pumps viz. only by means of Active Transport. Active Transport takes
place AGAINST a concentration gradient from an area of low concentration to an area of high
concentration, and this is why Active Transport requires an input of energy to operate the process.
• However, in all that you have now read, please remember that all that we are describing in this
note, are species going down a species concentration gradient (from an area of high concentration
to an area of low concentration) that might exist between one side of a cell membrane and the
other side of a cell membrane. Passive transport does not allow movement up/against a
concentration gradient, and this would require Active Transport (usually with help of the energy
generated by bond-breaking in ATP, Adenosine-Tri-Phosphate).

What is a Protein?
• In Chemistry a “protein” is a long chained polymer comprised of amino acids in different
sequences, and in Biology the whole polymeric molecule is wrapped-up/coiled/contorted into tiny
packages of different shapes.
• An Amino Acid has an Acid ‘–COOH’ end and a base ‘H2N–’ end, and Proteins consist of long
strands of joined up Amino Acids where the Acid end of one molecule has joined up with the base
end of another molecule of an Amino Acid and has thus formed a long Polypeptide/Protein
Polymer.7
• The examiners gave this Biology example in a Chemistry exam paper some years ago.

7

The bond is called a ‘peptide’ bond (or an ‘amide bond’). Arbitrarily, a ‘Polypeptide’ consists of fewer than 50
consecutively linked Acid molecules, but more than 50, and it mysteriously becomes a ‘Protein’.
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• If you look at the junctions of the ‘Acid end’ of one molecule with the ‘base end’ of its adjoining
molecule (e.g. glycine with threonine), then you will see that these are just bog-standard
Amide/Polypeptide [>C=O(NH)] linkages.
• The permutations that can exist by combining 20 different Amino Acids8 in any sequence, in
theory allows a HUGE number of Proteins to exist in the animal kingdom viz. (20n) where ‘n’ is
itself a massive number!
• The GCSE phrase “movement down a concentration gradient” is a description and not an
explanation. It requires the Physics/Chemistry of random translational movement to explain why an
uneven distribution becomes evened out.
• The word “species” will be used here in the Chemistry sense of the word and not the
‘Genus/Species’ sense of the word as in Darwin’s “On The Origin of Species”.
• Having cleared away the Chemistry and Physics involved, we are now in a position to start talking
about Passive Transport. There is a very good article on Passive Transport by Lumen Learning at
https://courses.lumenlearning.com/boundless-biology/chapter/passive-transport/
and a good series of videos and articles on Transport across cell membranes by the Khan
Academy at https://www.khanacademy.org/test-prep/mcat/cells/transport-across-a-cellmembrane/a/passive-transport-and-active-transport-across-a-cell-membrane-article .
• This week’s Blog is a First Year Blog and does not deal with Active Transport systems. The next
Blog on Biology will attempt to deal with Active Transport.
• The diagramme overleaf (from Molecular Biology of the Cell. 4th edition., Alberts B, Johnson A,
Lewis J, et al., New York: Garland Science; 2002) shows, in three different formats, the chemical
components of the phospholipid bi-layer that constitutes the envelope/the membrane of most cells.

• Each of the two ‘skins’/the two layers of the membrane bi-layer are a Choline9
cation and a Phosphate (H2PO4–) anion water-loving (hydrophilic) “head” on the surface of each of
the two layers, and two water-hating (hydrophobic) inward-facing fatty acid tails attached to each
head (cf. The inside of the bi-layer membrane is thus an environment that is hostile to all charged
species such as ions, and to Water and also to anything that is soluble in Water (such as sugars).
There is therefore Water on the inside of cells (in the cytosol/intra-cellular fluid), and Water on

8

There were 20 recognised amino Acids that make up Proteins. A 21st was discovered in the 1980s and then in
this century a 22nd was discovered. However, there is an argument going on about stop coda regarding
Selenocysteine and Pyrrolysine, and I am not at all qualified to make any worthwhile comment on that subject.
9

Needed for the maintenance of the structural integrity and signalling functions of cell membranes,
for neurotransmission, and for transport of lipids and as a source of methyl groups. Nutr Today. 2007;
42(4): 181–186. doi: 10.1097/01.NT.0000286155.55343.fa
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the outside of cells (in the extra-cellular fluid) – but inside the membrane itself it would be
unusual to find Water, or Water-soluble species, or ionic/charged species).

• There is a huge amount more that could be said in the description of the phospholipid bi-layer –
but, that is probably enough for this note.

Diffusion (in a gas or in a solution or in heterogeneous phases)
• Gaseous diffusion: Where there is (for whatever reason) a high concentration of molecules of
species A in gaseous form in a containment vessel (and where unrestricted movement within the
vessel is possible), then the random translational movement of gaseous molecules of A will
eventually result in an even distribution of species A in its containment vessel.
• This is purely a statistical phenomenon. In Biology, this phenomenon is described as a “movement
down a concentration gradient” from a high concentration to a low one; but, to be precise, in
Mathematical terms, this is just a movement from an uneven distribution to an even distribution of
species A – and nothing more than that.
• Molecules are not human beings and they have no awareness whatsoever of ‘concentration
gradients’. They do not rush to a gradient as a child might rush to a slide in a children’s
playground/climb to the top of the slide/and then slide down the gradient! Nor is there some sort of
‘moral/ethical’ compulsion behind the movement. The air in an alveoli does not say to the blood in
the de-oxygenated bloodstream “It is not fair that I have more Oxygen than you do, therefore I will
give you some of my Oxygen”. Nature has no concept of ‘fairness’.
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• I am not a great fan of the term “movement down a concentration gradient” as an explanation
because of the implications that may unconsciously be involved in the phrase. However, because the
phrase is accepted in Biology, let us stick with the description. (In Physics, Gravity would not
explain the ‘evening-out’ of the distribution, but if the species were charged, then electrostatic
repulsive forces would certainly ‘even-out’ the concentrations involved.)
• In scientific terms therefore, one can say that where there is a difference of concentration in a
gaseous medium in a containment vessel, then because of the random translational movement of
the molecules involved, the statistical probability is that the gaseous molecules will distribute
themselves evenly throughout the containment vessel. Even in a mixture of different gases, this
phenomenon will still occur (as the diagramme below shows).

Figure 1. Partial pressure is the force exerted by a gas. The sum of the partial pressures of all the
gases in a mixture equals the total pressure. (Source: Lumen Learning:
https://courses.lumenlearning.com/suny-ap2/chapter/gas-exchange/
• It is however, perfectly correct to describe (rather than to explain) the phenomenon of the eveningout of a distribution as a movement down a concentration gradient, because that is exactly what is
taking place.
• Diffusion in a solution: if a solute A is dissolved in a solvent B, and if there is a high concentration
of A in one part of B, then the random translational movement of the molecules of the solute A in
the solvent B will eventually result in an even distribution of species A in the solvent B. In Biology,
the phenomenon is described as “movement down a concentration gradient” from a high
concentration to a low concentration.
• Diffusion across different phases (both homogeneous and heterogeneous phases): Where there is a
phase boundary, as for example between the alveoli (the little air sacks in the extremities of the
lungs) and the blood in blood vessels (and there are in fact different phase boundaries involved
here), and there is a difference in concentration across the phase boundary(-ies), then once again
there will be an evening-up of the distribution of the species in the two different phases.
• With regard to the Oxygen and the Carbon Dioxide contained in the lungs and in the blood stream,
there will be an exchange of Oxygen (out of the lungs and into the bloodstream) and Carbon Dioxide
(out of the bloodstream and into the lungs) between the alveoli and the blood vessels.
• In Biology, the phenomenon of Diffusion can thus be seen in gaseous forms, in solutions, and
also in homogeneous and heterogeneous phases. As animals, we inhale the air that surrounds us,
and the Oxygen in the air travels right down into our lungs and into the alveoli. The tissue from
which alveoli are made is porous to small gaseous molecules such as Oxygen, Nitrogen and
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Argon, but the alveoli are not permeable to big gaseous molecules. Small gaseous molecules can
(and do) therefore diffuse down concentration gradients unaided (and there will occur an “eveningup” of the distribution of the species in the different phases).
• The question then becomes “Why then is there no gas exchange between e.g. Nitrogen/Argon/etc
in the alveoli and in the bloodstream?” – and, on the face of it, the answer has nothing to do with
uneven distributions. The primary answer is that there is very little propensity by blood to react
chemically with biologically inert gases such as Nitrogen/Argon/etc, nor for such gases to dissolve
physically in the bloodstream. Nitrogen/Argon/etc do indeed move down the concentration
gradient between the alveoli and the bloodstream, but then promptly move back again because the
position of blood and absorbed Nitrogen in the bloodstream is already at a position of dynamic
equilibrium. (Please see the footnote10.) When the environmental pressure alters (as in a deep-sea
dive), then the ability of the blood to contain Nitrogen will alter, and a new position of dynamic
equilibrium will be reached, and it is this that causes the ‘bends’ in deep-sea divers.
• We have thus stablished that there is a tendency for species to move down a concentration gradient
in gases/in solutions/and between both homogeneous and heterogeneous phases, and that this
phenomenon is caused by the random translational movements of molecules, and that it is this
that, in statistical terms (much the same as in Entropy), evens-out the distribution of the molecules.
The larger the concentration gradient, the more quickly will the “evening-out” process take place,
and temperature is also a factor in the evening-out process.

Osmosis
• In Osmosis where there is a membrane involved, the membrane must allow some species
(Oxygen/Carbon Dioxide/protons/ions/whatever) to cross the membrane in either one direction or
the other – but to not allow other species to cross in any direction.
• To keep the matter as simple as possible, in Osmosis let us consider two solutions of initially
different concentrations of solute A dissolved in solvent B, and let us examine a situation where
there is a membrane between the two solutions of different concentrations, and where the
membrane is permeable to one of those species (the solute) but is not permeable to the other (the
solvent) e.g. NaCl(aq) where Water molecules (H2O) can cross the membrane, but the Sodium
Chloride ions (Na+ and Cl–) cannot do so.
• If there is a difference in concentration between the two solutions (where there is more solute on
one side of the membrane than on the other side), then despite the concentration gradient that
exists in the solute, how can the distribution be “evened-up” if the membrane is impermeable to
the solute?
10

“When a gas-free liquid is first exposed to a gas mixture, gas molecules will diffuse into the liquid,
driven into solution by the partial pressure of each individual gas. The measure of the amount of gas
molecules dissolved in a liquid is called the blood “gas tension,” which can be thought of as the partial
pressure of the gas dissolved in the liquid. The difference between the gas tension in the liquid and the
partial pressure of the gas outside the liquid is called the “pressure gradient.” The greater the gradient, the
more quickly the gas tends to enter or leave the solution. As the number of gas molecules in the liquid
increases, the gas tension increases until it reaches a state of equilibrium. At that point, the liquid is
“saturated” with the gas molecules, and the pressure gradient is zero. Unless a change in temperature or
pressure occurs, the net rate at which gas molecules enter or leave the liquid will be zero, and the gas
tension will remain constant. In a deep dive, the pressure increase is very considerable. Bubbles of
Nitrogen gas then appear in the bloodstream, and this causes considerable pain, and can be very dangerous
if the gas bubbles block important arteries.” Source: Mevagh Dive Centre http://mevaghdiving.com/canyou-explain-the-transfer-of-gases-into-and-out-of-a-scuba-divers-body/
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• Strangely enough, the uneven distribution (between the two solutions) of the solute in the solvent
does get evened-out despite the inability of the solute to cross the membrane – and once again it
is random translational motion that evens-up the distribution.
• Molecules of the solvent are free to move unhindered across the membrane, and they do precisely
that until the concentration has been evened-up (and by reference to Prof Chapman’s diagramme)
it will be seen that an unusual situation is created where the heights of the solutions are not the
same even though both sides of the tube are open to atmospheric pressure.

Prof Chaplin says: Water flows from the
pure water arm to the solution arm until
the excess pressure on the solution in the
right-hand arm (ρ ˣ g ˣ h) is balanced by
the osmotic pressure.

Please note that in Osmosis H2O
molecules have to move against
atmospheric pressure. In normal
circumstances this is not possible.

• Wikipedia puts it nicely thus
“When a biological cell is in a hypotonic environment, the cell interior accumulates water:
water flows across the cell membrane into the cell, causing it to expand. In plant cells, the cell
wall restricts the expansion, resulting in pressure on the cell wall from within called turgor
pressure. Turgor pressure allows herbaceous plants to stand upright. It is also the determining
factor for how plants regulate the aperture of their stomata. In animal cells excessive osmotic
pressure can result in cytolysis.”
Source: https://www.google.com/search?client=firefox-b-d&q=osmotic+pressure
• Wikipedia also points out that
•
•
•

Hypertonicity is the presence of a solution that causes cells to shrink (because water exits the
cell).
Hypotonicity is the presence of a solution that causes cells to swell (because the cell takes up
water).
Isotonicity is the presence of a solution that produces no change in cell volume (because the
ingress and egress of water is in a position of dynamic equilibrium).
Source: ibid.

There is a great deal more that has to be said about Osmosis in Physics, but the above is sufficient for
a First Year Blog on Passive Transport.
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