
Membranes and membrane transport
International Baccalaureate ·IB Diploma ·Biology ·HL

Scope and prerequisites
A potato cylinder gains mass in one solution and loses mass in another. A nerve cell
admits an ion through one membrane protein but uses energy to export ions through
another. The same thin boundary must act as a barrier, permit controlled exchange
and respond to signals. How can one structure do all three?
This unit covers B2.1 SL understandings plus additional higher-level content (marked
AHL): membrane structure, simple and facilitated diffusion, osmosis, active transport,
surface carbohydrates, fluidity, vesicles, gated channels, sodium–potassium pumps,
sodium-dependent glucose cotransport and cell adhesion. Prerequisites are water po-
larity, phospholipid structure and protein interactions. All numerical datasets are
invented teaching examples. Sections marked AHL are for Higher Level only.

A phospholipid bilayer separates two aqueous environments
Phospholipids are amphipathic: a hydrophilic head interacts with water, while hy-
drophobic hydrocarbon tails tend to associate away from it. In a bilayer, heads face
water on both surfaces and tails form the interior. A cell has water in its cytoplasm
as well as outside it. A diagram with heads exposed to water on only one side misses
this arrangement.
The hydrophobic core presents a barrier to many hydrophilic particles, especially ions
and large polar molecules. Small non-polar molecules generally cross more readily.
This difference gives the membrane a boundary function without making it completely
impermeable. A cell wall is a separate structure and does not replace this selectively
permeable boundary.
Membranes form continuous sheets that can close around compartments. They also
contain proteins, carbohydrates and, in animal cells, cholesterol, with different func-
tions.

Read and draw the fluid mosaic model
“Fluid” describes the movement of many lipids and proteins within the membrane
plane. “Mosaic” describes the variety and distribution of components. The membrane
is a dynamic structure, not a rigid row of identical tiles. Movement can be restricted
by attachments, so the model does not imply every protein drifts freely everywhere.
An integral protein is embedded in one or both lipid layers; a transmembrane protein
spans the bilayer. A peripheral protein attaches at a membrane surface rather than
extending through the hydrophobic core. Proteins can form channels, carriers, pumps,
receptors, enzymes or attachment sites. Location and molecular shape help explain
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their role; a rectangle in a drawing does not establish its function on its own.

peripheral
protein

outside the cell

cytoplasm (inside)

phospholipid

channel
protein

carrier
protein

glycoprotein
glycolipidcholesterol

Carbohydrate branches face the extracellular side. Heads contact water; tails lie
inside. Protein shapes are schematic. Cholesterol sits among the lipid tails, while a

peripheral protein attaches at a surface.
To draw the model, label both aqueous sides. Add two rows of phospholipids, tails
inward, integral and peripheral proteins, external carbohydrate and cholesterol. Label
hydrophilic and hydrophobic regions; leave the channel pore clear.

Simple diffusion follows random movement and a gradient
Diffusion is the net movement of particles from higher to lower concentration due to
their random motion. Individual particles can move in either direction; the net transfer
reflects unequal numbers moving across a boundary in each direction. At equilibrium
particles continue moving, although there is no net concentration-driven transfer.
Oxygen and carbon dioxide can move between phospholipids by simple diffusion. No
transport protein or direct ATP use is needed for each crossing. Net direction depends
on the concentration gradient. If oxygen concentration is higher outside than inside,
net entry is expected under otherwise comparable conditions; reverse the gradient
and net movement reverses. The membrane does not permanently label oxygen as
“incoming”.
Diffusion rate depends on permeability, concentration gradient, area, distance and
temperature. A gradient cannot drive passage through an impermeable barrier. Simple
diffusion depends on particle size and polarity rather than specific carrier binding.
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Channel proteins permit facilitated diffusion
A channel protein provides a hydrophilic pathway through the hydrophobic core. Suit-
able ions can diffuse through an open channel, while its shape and chemical environ-
ment help determine which particles can pass. A potassium channel is not simply a
wide hole that admits every particle smaller than a potassium ion.
Facilitated diffusion uses a membrane protein but does not move the transported
substance uphill by spending ATP. For an uncharged solute, net movement follows
its concentration gradient. For an ion, both concentration difference and electrical
attraction or repulsion matter; together these form an electrochemical gradient. An
open channel does not automatically mean net entry, and a closed channel does not
imply the concentration gradient has disappeared.
Some facilitated transport uses carriers that bind a solute and change conformation
instead of forming an open pore. A carrier can also form part of an active transport
system, so “carrier” and “active” are not synonyms. Identify energy coupling and net
direction, not only the presence of a protein.

simple diffusion

down gradient
(passive)

high

low

facilitated diffusion

down gradient
(passive)

high

low

ATP-driven pump

against gradient
(needs ATP)

high

low

ATP

The pump panel is an ATP-driven example. Protein-mediated transport is not
automatically active, and the same blue symbol is a generic particle rather than the

same chemical in every panel.

Osmosis is net water movement through a selectively perme-
able membrane
Osmosis is net water movement through a selectively permeable membrane
in response to a difference in water potential. For solutions at equal pressure, with a
solute that cannot cross, net water movement is generally from the more dilute solution
toward the more concentrated one. Pressure differences can oppose this tendency, so
“toward more solute” is not a complete rule for every situation.
Water molecules move randomly in both directions. A membrane can be permeable to
water while restricting a dissolved solute. Aquaporins are channel proteins that allow
rapid water movement; they do not pump water using ATP. Some water can cross the
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lipid bilayer directly, but aquaporins greatly increase permeability in many cells.
At no net water movement, crossings can balance rather than stop. A plant cell wall
can resist expansion and help generate pressure as water enters. An animal cell lacks
that wall, so its response to water entry differs. A whole-tissue mass measurement is
evidence about the sample under its experimental conditions; it is not a direct movie
of every membrane crossing.

Pumps use energy to maintain unequal distributions
Active transport couples movement of a substance to an energy source and can move
it against its gradient. An ATP-driven pump binds particular particles and changes
conformation through an energy-coupled cycle. It is not an open channel through
which particles simply fall downhill.
Maintaining a concentration difference requires continuing work when diffusion or
other transport tends to dissipate it. A cell can therefore consume ATP while an
average concentration appears constant: input and loss can balance. Constant con-
centration is not proof that transport has stopped.
Specific channels and carriers help make a membrane selectively permeable. A mem-
brane may pass one ion rapidly through an open channel, restrict another, and actively
transport a third. Changes in channel opening, protein number or energy supply can
change the overall permeability and net transfer. “Small molecules always enter” and
“large molecules can never cross a membrane” are inadequate generalizations.

Surface carbohydrates support recognition and adhesion
A glycoprotein has carbohydrate groups linked to a protein; a glycolipid has carbo-
hydrate linked to a lipid. Their carbohydrate regions project from the extracellular
surface of the plasma membrane. These arrangements help create specific recognition
features and can contribute to cell adhesion.
Recognition can involve a receptor binding a particular surface structure. Adhesion
involves attachment between cells or between a cell and surrounding material. These
are related roles but not identical. A membrane protein used for attachment need not
form a transport channel. The external carbohydrate arrangement is part of membrane
asymmetry: the two faces have different components and environments.

Test osmosis with a fair potato experiment
Use similar potato tissue and cylinders of equal dimensions, place them in measured
concentrations of a suitable solution for a fixed time, then measure initial and final
masses. A control variable is a factor kept constant so that the comparison
can be interpreted. Control temperature, immersion time, solution volume, cylinder
dimensions, tissue source and blotting method. Independent repeats help estimate
variation.
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Blot each sample consistently before weighing. Liquid left on the surface adds mass
without showing that water entered cells. A miscalibrated balance or wrongly prepared
solution can bias every repeat; repetition alone does not correct a systematic error.
State the assumptions that membranes remain sufficiently intact and that short-term
mass changes mainly reflect water transfer rather than substantial solute uptake or
tissue loss.

percentage mass change =
final mass − initial mass

initial mass × 100.

Worked example: compare changes relative to the starting mass
A cylinder changes from 2.50 g to 2.75 g. Its change is +0.25 g, so percentage
change is 0.25/2.50 × 100 = +10%. A 4.00 g cylinder ending at 3.60 g changes by
−0.40/4.00×100 = −10%. A 6.40 g cylinder ending at 8.00 g gives 1.60/6.40×100 =
+25%.
Raw mass change can mislead when starting masses differ. Sample A gains 0.25 g
from 2.50 g: +10%. Sample B gains 0.40 g from 8.00 g: +5%. B gains more grams,
but A has the larger proportional gain. Percentage change allows this comparison;
it does not correct every difference in tissue properties or surface area.

Worked example: estimate a zero crossing rather than invent an exact
value
Invented mean percentage changes at external concentrations of 0.00, 0.10, 0.20, 0.30,
0.40 and 0.50 mol per litre are +12, +8, +4, −2, −6 and −10 respectively. Use
comparable repeats at each concentration.
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Estimated zero: 0.267 mol L−1

Invented mean measurements
Local straight-line interpolation

The dashed interpolation joins the neighbouring means around zero. It estimates a
no-net-change concentration; the plotted data are invented, not measurements from

the school laboratory.
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The zero lies between +4% at 0.20 and −2% at 0.30. With a local linear approximation,
the fraction of the interval is 4/(4+2) = 2/3. The estimate is 0.20+(2/3)(0.10) = 0.267
mol per litre, to three significant figures. Do not select 0.30 simply because it is one
of the tested concentrations, or divide by the final mass instead of the initial mass.
A zero-change concentration estimates the external condition at which the tissue has
no net mass change over the observation period. It does not prove every cell has
exactly that solute concentration, remove pressure effects, or show that water molecules
stop moving. More measurements near the crossing and error estimates improve the
inference.

AHL: Lipid composition and cholesterol modify fluidity
Cis-unsaturated fatty-acid tails contain bends that tend to reduce close packing. Com-
pared with otherwise similar saturated tails, they often help maintain fluidity at lower
temperature. Longer and more saturated chains tend to pack more closely and have
higher melting ranges. Chain composition is therefore relevant to a cell’s thermal
environment.
For a real example, Escherichia coli alters membrane lipid composition with growth
temperature. Classic experiments found increased proportions of saturated and longer-
chain fatty acids at higher temperatures. This primary study of membrane adaptation
supports a mechanism for maintaining membrane properties as conditions change. It
does not show that every species makes exactly the same adjustment or that a cell can
instantly survive any temperature shift.
Cholesterol lies among phospholipid tails in animal membranes, with its small polar
hydroxyl group near the head region. Its rigid ring region restricts some lipid move-
ments at higher temperatures, while disrupting tight packing helps prevent stiffening
at lower temperatures. It acts as a fluidity buffer rather than always increasing or
always decreasing fluidity. A change in composition must be interpreted at the stated
temperature and in the stated membrane.

AHL: Fluid membranes form and fuse vesicles
Membrane components can rearrange during budding and fusion. In endocytosis, the
plasma membrane encloses material and pinches off a membrane-bounded vesicle into
the cell. Phagocytosis of a particle by a suitable immune cell is an example. The
enclosed material enters a compartment; it has not necessarily dissolved directly into
the cytosol.
In exocytosis, a vesicle fuses with the plasma membrane and releases its contents
outside. Secretion of a protein hormone such as insulin is an example. Material can
leave without passing through the hydrophobic core as individual molecules. Vesicle
transport is not the same process as simple diffusion or passage through an aquaporin.
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The boundary line represents a membrane bilayer. Follow the labelled inside and
outside, the enclosed cargo and the direction of each process.

AHL: Gated channels respond to different signals
A gated channel changes between conducting and non-conducting states in response to
a stimulus. A neurotransmitter-gated channel responds to chemical binding; a voltage-
gated channel responds to a change in membrane potential. Opening is different from
pumping: ions still move according to their electrochemical gradients.
The nicotinic acetylcholine receptor is a neurotransmitter-gated cation channel.
Acetylcholine binding can open it; at a typical negative resting potential, the com-
bined cation movements produce a net inward positive current and depolarization. It
is not simply a sodium-only ATP pump. The IUPHAR/BPS channel classification
distinguishes these ligand-gated cation channels from other receptor types.
Voltage-gated sodium and potassium channels in neurons respond to voltage rather
than acetylcholine binding. Their opening and closing contribute to changes in mem-
brane potential. The opening of one channel does not consume one ATP for every
ion that crosses. Energy is needed elsewhere to maintain the gradients that channel
currents use.

AHL: Sodium–potassium pumps maintain ion gradients
The sodium–potassium pump is an exchange transporter that uses ATP directly. In
its usual cycle, three sodium ions move out of the cell and two potassium ions move in
for each ATP hydrolysed. Binding, phosphorylation, changes in protein conformation
and phosphate release link these movements. The pump does not simply open a pore
connecting both sides.
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This maintains relatively low intracellular sodium and high intracellular potassium.
Because three positive charges leave while two enter, each complete cycle transfers one
net positive charge outward. The gradients and the membrane’s selective permeabil-
ity contribute to membrane potential. The pump helps maintain the conditions for
electrical signalling; it is not the rapid voltage-gated sodium current that produces an
action-potential upstroke.
In an invented count of eight complete pump cycles, sodium export is 8 × 3 = 24
ions, potassium import 8 × 2 = 16 ions, ATP use eight molecules, and net outward
positive-charge transfer eight elementary charges. These counts describe the stated
complete cycles, not all ion movements in a real neuron.

AHL: Sodium-dependent glucose cotransport uses a stored
gradient

Intestinal lumen Epithelial cell Tissue fluid

Apical face Basolateral face

Na +  downhill

Glucose uphill

Glucose exit

Facilitated diffusion

3 Na +  out

2 K +  in
ATP → ADP + Pi

SGLT1 GLUT

Pump

The pump maintains the Na +  gradient; SGLT1 does not itself hydrolyse ATP.

Arrows identify the transported substances and membrane face. The cotransporter
uses the sodium gradient; the sodium–potassium pump uses ATP directly. This is a

pathway schematic, not a full cell drawing.
A sodium-dependent glucose cotransporter binds sodium and glucose and moves them
in the same overall direction across a membrane. Downhill sodium movement can
drive glucose uptake against its concentration gradient. The cotransporter does not
hydrolyse ATP directly, but the sodium gradient depends on ATP-driven pumping.
This is indirect or secondary active transport, not energy-free uphill diffusion.
In intestinal epithelial cells, an apical cotransporter takes sodium and glucose from the
gut lumen into the cell. A basolateral sodium–potassium pump exports sodium toward
the tissue fluid, maintaining the sodium gradient. A separate basolateral glucose
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carrier permits facilitated diffusion toward the tissue fluid when the glucose gradient
favours that direction, allowing onward transfer to the blood. The membrane faces
have different proteins and roles.
A related principle supports glucose reabsorption from the filtrate by epithelial cells
of the kidney’s proximal tubule. Do not say glucose is pumped into urine during
reabsorption: the overall process recovers it from filtrate toward blood. Different
sodium–glucose transporter types have different coupling ratios. If a question supplies
two sodium ions per glucose for an intestinal SGLT1 model, use that ratio; do not
impose it on every nephron transporter.
The cell-biology transport account explains why polarized epithelial transport depends
on different carriers and pumps on different surfaces. Removing ATP supply can
eventually impair cotransport by dissipating its driving gradient, even though the
cotransporter itself is not an ATPase.

AHL: Cell-adhesion molecules help organize tissues
Cell-adhesion molecules, or CAMs, are membrane-associated molecules that contribute
to specific attachments. Different forms participate in different cell contacts, helping
cells remain organized into tissues. Some contacts provide mechanical linkage; spe-
cialized junctions can also create barriers or permit communication. These functions
require appropriate molecular arrangements, not simply two bilayers touching.
Adhesion is not synonymous with recognition or transport. A CAM can help attach
cells without forming an ion channel. An epithelial tissue with damaged contacts
may fail as a barrier even if individual cells still have phospholipid membranes. At
this level, connect the type of contact and its tissue role without memorizing every
junction protein.

Practice
All numerical data are invented. State assumptions about pressure, membrane per-
meability and coupling ratios where needed.
1. Explain bilayer orientation in water on both sides and why its interior restricts

many ions but permits oxygen more readily. Distinguish the membrane from a cell
wall.

2. Draw a labelled fluid mosaic model with phospholipids, integral and peripheral
proteins, glycoprotein and cholesterol. Identify hydrophilic and hydrophobic re-
gions and the external side of the carbohydrate chain.

3. Explain net oxygen entry when its concentration is higher outside. What changes
if the gradient reverses, and what continues at equilibrium? Why does simple
diffusion not need a specific carrier?
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4. Explain how a selective open channel enables facilitated diffusion. Distinguish
concentration and electrochemical gradients, and explain why channel opening
does not guarantee net entry of an ion.

5. Define osmosis and explain aquaporin function. For equal-pressure solutions sepa-
rated by a membrane that passes water but not the stated solute, predict the net
water direction and explain zero net movement.

6. Compare an ATP-driven pump, an open channel and a facilitated-diffusion carrier.
Explain why constant concentration does not prove that no energy-consuming
transport occurs.

7. Compare glycoproteins and glycolipids. State which side of the plasma membrane
their carbohydrate groups face and distinguish recognition from adhesion.

8. Calculate percentage mass changes for 2.50 → 2.75 g, 4.00 → 3.60 g and 6.40 →
8.00 g. Compare a 0.25 g gain from 2.50 g with a 0.40 g gain from 8.00 g.

9. Invented mean changes are +4% at 0.20 mol per litre and −2% at 0.30 mol per
litre. Estimate the zero crossing by linear interpolation. Explain two limits of
interpreting it as an exact intracellular concentration.

10. Plan a fair potato-cylinder investigation. Give five control variables, explain blot-
ting, and distinguish a benefit of independent repeats from a systematic error that
repeats cannot remove.

11. A solute enters through a protein while its concentration is lower inside than
outside. Does that observation alone establish active transport? Propose evidence
needed to distinguish passive movement from energy-coupled transport and give
one experimental caution.

12. AHL Explain how cis unsaturation and cholesterol affect fluidity at different tem-
peratures. Use the E. coli example to explain a temperature-related change with-
out generalizing it to all organisms.

13. AHL Compare endocytosis and exocytosis with examples. Distinguish
neurotransmitter-gated and voltage-gated channels, using the nicotinic acetyl-
choline receptor and sodium/potassium channels as examples. Explain why these
channels are not ATP pumps.

14. AHL For eight complete sodium–potassium pump cycles, calculate sodium export,
potassium import, ATP use and net outward charge transfer. Explain intestinal
and kidney glucose cotransport and its indirect energy source. If a supplied model
uses two sodium ions per glucose, how many sodium ions accompany 25 glucose
molecules? Explain one distinct role for CAMs in the epithelial tissue.

Worked answers
1. Hydrophilic heads face the aqueous exterior and cytoplasm; hydrophobic tails point

inward. Charged ions interact unfavourably with the non-polar core, whereas small
non-polar oxygen can pass between lipids. A cell wall is a separate supporting
structure, not a substitute for the selectively permeable membrane.
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2. Draw two lipid rows, tails inward, embedded integral proteins, a surface-attached
peripheral protein, and a glycoprotein with carbohydrate facing the exterior. Place
cholesterol among the tails with its polar region near the heads. Label out-
side/cytoplasm and hydrophilic/hydrophobic regions. Fluidity means lateral rear-
rangement of many components; it does not mean every protein moves without
restriction.

3. Random motion produces unequal crossing rates when concentrations differ, giving
net entry down the gradient. Reversal gives net exit. At equilibrium particles
still cross both ways with no net transfer. Simple diffusion depends on physical
permeability, including size and polarity, rather than recognition by a specific
transport carrier.

4. An open channel provides a hydrophilic, selective path through the core without
direct ATP use for each crossing. An ion responds to both concentration difference
and membrane voltage. Its electrochemical gradient may favour entry, exit or no
net movement. Closing a gate blocks that pathway even if a gradient remains.

5. Osmosis is net water movement through a selectively permeable membrane in
response to a water-potential difference. Under the supplied equal-pressure/non-
penetrating-solute assumptions, net water moves from the more dilute toward
the more concentrated solution. Aquaporins increase water permeability without
pumping. No net movement can mean equal opposing crossing rates, not station-
ary water.

6. A pump couples transport to ATP and can move particles uphill. An open channel
permits passive movement down an electrochemical gradient. A facilitated carrier
binds and changes conformation for passive transfer, without direct uphill energy
coupling. Constant concentration can reflect balanced active input and passive
loss, so ATP consumption can continue.

7. A glycoprotein has carbohydrate attached to protein; a glycolipid has carbohydrate
attached to lipid. Plasma-membrane carbohydrate groups project extracellularly.
Recognition involves specific binding/identification of surface structures; adhesion
is attachment. Neither function implies that the component is an open transport
pore.

8. (2.75 − 2.50)/2.50 × 100 = +10%; (3.60 − 4.00)/4.00 × 100 = −10%; (8.00 −
6.40)/6.40 × 100 = +25%. The two gains correspond to 0.25/2.50 = 10% and
0.40/8.00 = 5%: the smaller gain in grams is the larger proportional gain.

9. The interval fraction is 4/(4+ 2) = 2/3, giving 0.20+ (2/3)(0.10) = 0.267 mol per
litre to three significant figures. It is an interpolation from finite, variable tissue
measurements, not an exact value. Pressure, tissue compartments, membrane
integrity and possible solute exchange complicate a direct inference about every
cell’s solute concentration. Water still crosses at no net mass change.

10. Use comparable tissue and cylinder dimensions; control solution volume, temper-
ature, immersion time and blotting/weighing procedure. Any five appropriate
controls suffice. Vary the prepared external concentration deliberately between
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treatments. Blotting removes external liquid. Independent repeats estimate ran-
dom variation; they do not repair a wrongly calibrated balance or a consistently
misprepared solution.

11. Protein-mediated downhill entry could be facilitated diffusion. Establish the rel-
evant gradient, including voltage for ions, and investigate energy coupling and
transport behaviour under controlled conditions. A change after ATP depletion
can also reflect indirect effects on gradients, membrane integrity or protein func-
tion; it is not sufficient by itself to call the observed protein an ATP-driven pump.
Keep the assay conditions and cell viability comparable.

12. AHL Cis bends disrupt packing and tend to maintain fluidity at lower tempera-
ture compared with otherwise similar saturated chains. Cholesterol restricts some
movements at higher temperatures and disrupts close packing at lower tempera-
tures, buffering fluidity. In the cited E. coli experiments, warmer growth increased
saturated and longer-chain fatty-acid proportions, consistent with compensation
for temperature’s effect. Different species and membranes can use different ad-
justments.

13. AHL Endocytosis encloses material in an internal vesicle, as in phagocytosis; exo-
cytosis fuses a vesicle with the plasma membrane to release contents, as in insulin
secretion. The nicotinic acetylcholine receptor is a ligand-gated cation channel;
voltage-gated sodium and potassium channels respond to membrane potential.
Open channels allow downhill electrochemical movement rather than coupling each
crossing directly to ATP hydrolysis.

14. AHL Sodium export = 8(3) = 24 ions; potassium import = 8(2) = 16 ions; ATP
use eight molecules; net outward positive-charge transfer = 24−16 = 8 elementary
charges. ATP-driven sodium export maintains the sodium gradient that can drive
uphill glucose entry by a separate cotransporter. Intestinal transport takes glucose
from gut lumen toward blood; nephron reabsorption recovers it from filtrate toward
blood. The supplied ratio gives 25(2) = 50 accompanying sodium ions and must
not be assumed for every transporter type. CAM-mediated contacts help hold
epithelial cells in a tissue and support its barrier organization; that attachment
role differs from ion transport.

Exam tips
Identify the particle, pathway, net direction and energy source. Show water on both
sides of a bilayer, external carbohydrate branches and the correct protein locations.
Use initial mass in percentage change, distinguish net movement from individual cross-
ings, and state the limits of an interpolated zero. A protein in a pathway does not by
itself establish active transport.
• AHL: Separate channel gating, pumping, cotransport and vesicle movement; trace

ATP use.
Scope reference: IB Biology guide, B2.1. Numerical practice data are invented.
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