
The process of phagocytosis is just
one of the many ways cells transport
materials in and out of the cell. An
example of phagocytosis is shown
here as a macrophage engulfs a
human tumor cell. (SEM 3,520!)

SECTION 1 Passive Transport

SECTION 2 Active Transport

Unit 1—Cell Transport
and Homeostasis
Topics 3–6
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5
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AND CELL TRANSPORT
HOMEOSTASIS
AND CELL TRANSPORT
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P A S S I V E T R A N S P O R T
Cell membranes help organisms maintain homeostasis by

controlling what substances may enter or leave cells. Some

substances can cross the cell membrane without any input of

energy by the cell in a process known as passive transport.

DIFFUSION
The simplest type of passive transport is diffusion. Diffusion is the
movement of molecules from an area of higher concentration to an
area of lower concentration. This difference in the concentration of
molecules across a distance is called a concentration gradient.
Consider what happens when you add a sugar cube to a beaker of
water. As shown in Figure 5-1, the sugar cube sinks to the bottom of
the beaker. This sinking makes the concentration of sugar mole-
cules greater at the bottom of the beaker than at the top. As the
cube dissolves, the sugar molecules begin to diffuse slowly through
the water, moving towards the lower concentration at the top.

Diffusion is driven entirely by the molecules’ kinetic energy.
Molecules are in constant motion because they have kinetic
energy. Molecules move randomly, traveling in a straight line until
they hit an object, such as another molecule. When they hit some-
thing, they bounce off and move in a new direction, traveling in
another straight line. If no object blocks their movement, they con-
tinue on their path. Thus, molecules tend to move from areas
where they are more concentrated to areas where they are less
concentrated, or “down” their concentration gradient.

In the absence of other influences, diffusion will eventually
cause the molecules to be in equilibrium—the concentration of
molecules will be the same throughout the space the molecules
occupy. Returning to the example in Figure 5-1, if the beaker of
water is left undisturbed, at some point the concentration of
sugar molecules will be the same throughout the beaker. The
sugar concentration will then be at equilibrium.

SECTION 1

O B J E C T I V E S
● Explain how an equilibrium is

established as a result of diffusion.
● Distinguish between diffusion and

osmosis.
● Explain how substances cross the

cell membrane through facilitated
diffusion.

● Explain how ion channels assist the
diffusion of ions across the cell
membrane.

V O C A B U L A R Y
passive transport
diffusion
concentration gradient
equilibrium
osmosis
hypotonic
hypertonic
isotonic
contractile vacuole
turgor pressure
plasmolysis
cytolysis
facilitated diffusion
carrier protein
ion channel

Sugar Water

1 2 3
FIGURE 5-1

Sugar molecules, initially in a high
concentration at the bottom of a beaker,

, will move about randomly through
diffusion, , and eventually reach
equilibrium, . At equilibrium the 
sugar concentration will be the same
throughout the beaker. Diffusion occurs
naturally because of the kinetic energy
the molecules possess.

3

2

1
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It is important to understand that even at equilibrium the ran-
dom movement of molecules continues. But because there is an
equal concentration of molecules everywhere, molecules are just
as likely to move in one direction as in any other. The random
movements of many molecules in many directions balance one
another, and equilibrium is maintained.

Diffusion Across Membranes
Cell membranes allow some molecules to pass through, but not
others. If a molecule can pass through a cell membrane, it will
diffuse from an area of higher concentration on one side of the
membrane to an area of lower concentration on the other side.
Diffusion across a membrane is also called simple diffusion, and
only allows certain molecules to pass through the membrane.

The simple diffusion of a molecule across a cell membrane
depends on the size and type of molecule and on the chemical nature
of the membrane. A membrane can be made, in part, of a phospho-
lipid bilayer, and certain proteins can form pores in the membrane.
Molecules that can dissolve in lipids may pass directly through the
membrane by diffusion. For example, because of their nonpolar
nature, both carbon dioxide and oxygen dissolve in lipids. Molecules
that are very small but not soluble in lipids may diffuse across the
membrane by moving through the pores in the membrane.

OSMOSIS
A solution is composed of a solute dissolved in a solvent. In the sugar
water described in Figure 5-1, the solute was sugar and the solvent
was water, and the solute molecules diffused through the solvent. 
It is also possible for solvent molecules to diffuse. In the case of 
cells, the solutes are organic and inorganic compounds, and the
solvent is water. The process by which water molecules diffuse
across a cell membrane from an area of higher concentration to an
area of lower concentration is called osmosis (ahs-MOH-sis). Because
water is moving from a higher to lower concentration, osmosis does
not require cells to expend energy. Therefore, osmosis is the passive
transport of water.

Direction of Osmosis
The net direction of osmosis depends on the relative concentra-
tion of solutes on the two sides of the membrane. Examine Table 
5-1. When the concentration of solute molecules outside the cell is
lower than the concentration in the cytosol, the solution outside is
hypotonic to the cytosol. In this situation, water diffuses into the
cell until equilibrium is established. When the concentration of
solute molecules outside the cell is higher than the concentration
in the cytosol, the solution outside is hypertonic to the cytosol. In
this situation, water diffuses out of the cell until equilibrium is
established.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Observing Diffusion
Materials disposable gloves, lab
apron, safety goggles, 600 mL
beaker, 25 cm dialysis tubing, funnel,
15 mL starch solution (10 percent),
20 drops Lugol’s solution, 300 mL
water, 100 mL graduated cylinder,
20 cm piece of string (2)

Procedure

1. Put on your disposable gloves,
lab apron, and safety goggles.

2. Pour 300 mL of water in the 
600 mL beaker.

3. Add 20 drops of Lugol’s solution
to the water.

4. Open the dialysis tubing, and 
tie one end tightly with a 
piece of string.

5. Using the funnel, pour 15 mL 
of 10 percent starch solution
into the dialysis tubing.

6. Tie the other end of the dialysis
tubing tightly with the second
piece of string, forming a sealed
bag around the starch solution.

7. Place the bag into the solution
in the beaker, and observe the
setup for a color change.

Analysis What happened to the
color in the bag? What happened 
to the color of the water around 
the bag? Explain your observations.

Quick Lab

www.scilinks.org
Topic: Osmosis
Keyword: HM61090



99H O M E O S T A S I S  A N D  C E L L  T R A N S P O R T

When the concentrations of solutes outside and inside the cell
are equal, the outside solution is said to be isotonic to the cytosol.
Under these conditions, water diffuses into and out of the cell at
equal rates, so there is no net movement of water.

Notice that the prefixes hypo-, hyper-, and iso- refer to the relative
solute concentrations of two solutions. Thus, if the solution outside
the cell is hypotonic to the cytosol, then the cytosol must be hyper-
tonic to that solution. Conversely, if the solution outside is hypertonic
to the cytosol, then the cytosol must be hypotonic
to the solution. Water tends to diffuse from hypo-
tonic solutions to hypertonic solutions. 

How Cells Deal with Osmosis
Cells that are exposed to an isotonic external
environment usually have no difficulty keeping
the movement of water across the cell membrane
in balance. This is the case with the cells of ver-
tebrate animals on land and of most other organ-
isms living in the sea. In contrast, many cells
function in a hypotonic environment. Such is the
case for unicellular freshwater organisms. Water
constantly diffuses into these organisms. Because
they require a relatively lower concentration of
water in the cytosol to function normally, unicel-
lular organisms must rid themselves of the excess
water that enters by osmosis.

Some of them, such as the paramecia shown in
Figure 5-2, do this with contractile vacuoles
(kon-TRAK-til VAK-y¯ō¯ō-OL), which are organelles that
remove water. Contractile vacuoles collect the
excess water and then contract, pumping the
water out of the cell. Unlike diffusion and osmosis,
this pumping action is not a form of passive trans-
port because it requires the cell to expend energy.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

(a)

(b)

Vacuole filling with water

Vacuole contracting

TABLE 5-1 Direction of Osmosis

Condition

External solution 
is hypotonic to 
cytosol

External solution 
is hypertonic to 
cytosol

External solution 
is isotonic to 
cytosol

Net movement of water

into the 
cell

out of 
the cell

none
H2O H2O

H2O H2O

H2O H2O

The paramecia shown below live in
fresh water, which is hypotonic to their
cytosol. (a) Contractile vacuoles collect
excess water that moves by osmosis
into the cytosol. (b) The vacuoles then
contract, returning the water to the
outside of the cell. (LM 315!)

FIGURE 5-2
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(a) HYPOTONIC

Cell walls

(b) HYPERTONIC

(a) ISOTONIC (c) HYPERTONIC(b) HYPOTONIC

Other cells, including many of those in multicellular organisms,
respond to hypotonic environments by pumping solutes out of the
cytosol. This lowers the solute concentration in the cytosol, bring-
ing it closer to the solute concentration in the environment. As a
result, water molecules are less likely to diffuse into the cell.

Most plant cells, like animal cells, live in a hypotonic environ-
ment. In fact, the cells that make up plant roots may be surrounded
by water. This water moves into plant cells by osmosis. These cells
swell as they fill with water until the cell membrane is pressed
against the inside of the cell wall, as Figure 5-3a shows. The cell wall
is strong enough to resist the pressure exerted by the water inside
the expanding cell. The pressure that water molecules exert against
the cell wall is called turgor pressure (TER-GOR PRESH-er).

In a hypertonic environment, water leaves the cells through
osmosis. As shown in Figure 5-3b, the cells shrink away from the
cell walls, and turgor pressure is lost. This condition is called
plasmolysis (plaz-MAHL-uh-sis), and is the reason that plants wilt if
they don’t receive enough water.

Some cells cannot compensate for changes in the solute con-
centration of their environment. Red blood cells in humans, for
instance, lack contractile vacuoles, solute pumps, and cell walls.
As shown in Figure 5-4, these cells lose their normal shape when
they are exposed to an environment that is not isotonic to their
cytosol. In a hypertonic environment, water leaves the cells, mak-
ing them shrink and shrivel. In a hypotonic environment, water dif-
fuses into the cells, causing them to swell and eventually burst.
The bursting of cells is called cytolysis (sie-TAHL-uh-sis).

Copyright © by Holt, Rinehart and Winston. All rights reserved.

These two photographs show cells 
in the skin of a red onion. (a) In a
hypotonic environment, the cells are
pressed against the cell walls. (b) In 
a hypertonic environment, the cells
contract and pull away from the 
cell walls.

FIGURE 5-3

(a) In an environment that is isotonic to
the cytosol, a human red blood cell keeps
its normal shape—round and dimpled.
(b) In a hypotonic environment, the cell
gains water and swells. (c) In a
hypertonic environment, the cell loses
water and becomes shriveled.

FIGURE 5-4

cytolysis

from the Greek kytos, meaning
“hollow vessel,” and lysis, meaning

“loosening”

Word Roots and Origins
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FACILITATED DIFFUSION
Another type of passive transport is called facilitated diffusion.
This process is used for molecules that cannot readily diffuse
through cell membranes, even when there is a concentration gra-
dient across the membrane. Such molecules may not be soluble
in lipids, or they may be too large to pass through the pores in
the membrane. In facilitated diffusion, the movement of these
kinds of molecules across the cell membrane is assisted by
specific proteins in the membrane. These proteins are known as
carrier proteins.

The carrier proteins that serve in facilitated diffusion transport
molecules from an area of higher concentration on one side of the
membrane to an area of lower concentration on the other side.
Because the molecules are moving from a higher to lower concen-
tration, which does not require any additional energy, facilitated
diffusion is passive transport.

Figure 5-5 shows a model of how facilitated diffusion is thought
to work. According to the model, a molecule binds to a specific
carrier protein that transports it. As soon as the molecule binds to
the carrier protein, the carrier protein then changes shape. This
altered shape may shield the molecule from the hydrophobic inte-
rior of the lipid bilayer. Once shielded, the molecule can be trans-
ported through the cell membrane. On the other side of the
membrane, the molecule is released from the carrier protein, and
the protein returns to its original shape. The carrier protein is now
free to bind to another molecule.

A good example of facilitated diffusion is the transport of glu-
cose. Many cells depend on glucose for much of their energy
needs. But glucose molecules are too large to diffuse easily across
cell membranes. When the level of glucose within a cell is lower
than the level of glucose outside the cell, carrier proteins transport
glucose into the cell.

101H O M E O S T A S I S  A N D  C E L L  T R A N S P O R T

Facilitated diffusion occurs in four steps.
A molecule, such as glucose, binds 

to a carrier protein on one side of the 
cell membrane. The carrier protein
changes shape, shielding the molecule
from the interior of the membrane.

The molecule is released on the other 
side of the membrane. The carrier 
protein then returns to its original shape.

4

3

2

1

FIGURE 5-5

2 3 4

1

FACILITATED DIFFUSION

Molecule

Carrier
protein

Cell
membrane
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The transport of glucose illustrates two important properties of
facilitated diffusion. First, facilitated diffusion can help substances
move either into or out of a cell, depending on the concentration
gradient. Thus, when the level of glucose is higher inside a cell
than it is outside the cell, facilitated diffusion speeds the diffusion
of glucose out of the cell. Second, the carrier proteins involved in
facilitated diffusion are each specific for one type of molecule. For
example, the carrier protein that helps with the diffusion of glu-
cose and other simple sugars does not assist with the diffusion of
amino acids.

DIFFUSION THROUGH 
ION CHANNELS

Another type of transport involves membrane proteins known as
ion channels. When ion channels transport ions from higher to
lower concentrations they are a form of passive transport. Ion
channels transport ions such as sodium (Na!), potassium (K!),
calcium (Ca2!), and chloride (Cl"). These ions are important for a
variety of cell functions. Because they are not soluble in lipids,
however, ions cannot diffuse across the phospholipid bilayer with-
out assistance. Ion channels provide small passageways across the
cell membrane through which ions can diffuse. Each type of ion
channel is usually specific for one type of ion. For example, sodium
channels will allow Na! ions to go through, but will not allow Ca2!

ions or Cl" to enter the cell.
Some ion channels are always open. Others have “gates” that

open to allow ions to pass or close to stop their passage. The gates
may open or close in response to three kinds of stimuli: stretching
of the cell membrane, electrical signals, or chemicals in the cytosol
or external environment. These stimuli therefore control the abil-
ity of specific ions to cross the cell membrane.

1. Toward what condition does diffusion eventually
lead, in the absence of other influences?

2. How is osmosis related to diffusion?

3. If the concentration of solute molecules outside
a cell is lower than the concentration in the
cytosol, is the external solution hypotonic,
hypertonic, or isotonic to the cytosol?

4. What role do carrier proteins play in facilitated
diffusion?

5. How is facilitated diffusion similar to diffusion
through ion channels?

CRITICAL THINKING
6. Applying Information Sea water has a higher

concentration of solutes than do human body
cells. Why might drinking large amounts of sea
water be dangerous for humans?

7. Relating Concepts What would happen to a
grape placed in a bowl with highly concentrated
sugar water?

8. Applying Information Using what you know
about osmosis, explain what would happen to a
jellyfish placed in a freshwater lake.

SECTION 1 REVIEW

ConnectionConnectionEcoEcoEco
Purifying Water with
Membranes
The tendency for water molecules 
to diffuse across membranes can
be used to extract pure water from
a mixture of water and solutes. If a
dilute solution is separated from 
a more concentrated solution by 
a selectively permeable membrane,
osmosis will occur, as water mol-
ecules diffuse from the dilute solu-
tion to the concentrated solution.
However, if enough external pres-
sure is applied to the concentrated
solution, the opposite will happen:
water molecules will diffuse from
the concentrated solution to the
dilute solution. This process, called
reverse osmosis, effectively moves
most of the water to one side of
the membrane and leaves most of
the solutes on the other side.

Reverse osmosis was initially
developed for desalination plants,
which produce fresh water from
sea water. It is now also used to
purify polluted water from a variety
of sources, including manufacturing
facilities and sanitary landfills. After
the polluted water from these
sources is purified through reverse
osmosis, it is clean enough to be
returned safely to the environment.

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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A C T I V E T R A N S P O R T
In many cases, cells must move materials from an area of lower

concentration to an area of higher concentration, or “up” their

concentration gradient. Such movement of materials is known

as active transport. Unlike passive transport, active transport

requires a cell to expend energy.

CELL MEMBRANE PUMPS
Ion channels and carrier proteins not only assist in passive trans-
port but also help with some types of active transport. The car-
rier proteins that serve in active transport are often called cell
membrane “pumps” because they move substances from lower to
higher concentrations.

Carrier proteins involved in facilitated diffusion and those
involved in active transport are very similar. In both, the molecule
first binds to a specific kind of carrier protein on one side of the cell
membrane. Once it is bound to the molecule, the protein changes
shape, shielding the molecule from the hydrophobic interior of the
phospholipid bilayer. The protein then transports the molecule
through the membrane and releases it on the other side. However,
cell membrane pumps require energy. Most often the energy needed
for active transport is supplied directly or indirectly by ATP.

Sodium-Potassium Pump
One example of active transport in animal cells involves a carrier
protein known as the sodium-potassium pump. As its name sug-
gests, this protein transports Na! ions and K! ions up their con-
centration gradients. To function normally, some animal cells
must have a higher concentration of Na! ions outside the cell and
a higher concentration of K! ions inside the cell. The sodium-
potassium pump maintains these concentration differences.

Follow the steps in Figure 5-6 to see how the sodium-potassium
pump operates. First, three Na! ions bind to the carrier protein on
the cytosol side of the membrane, as shown in step . At the same
time, the carrier protein removes a phosphate group from a mole-
cule of ATP. As you can see in step , the phosphate group from
the ATP molecule binds to the carrier protein. Step shows how
the removal of the phosphate group from ATP supplies the energy
needed to change the shape of the carrier protein. With its new
shape, the protein carries the three Na! ions through the mem-
brane and then forces the Na! ions outside the cell where the Na!

concentration must remain high.

3

2

1

SECTION 2

O B J E C T I V E S
● Distinguish between passive

transport and active transport.
● Explain how the sodium-potassium

pump operates.
● Compare endocytosis and

exocytosis.

V O C A B U L A R Y
active transport
sodium-potassium pump
endocytosis
vesicle
pinocytosis
phagocytosis
phagocyte
exocytosis

www.scilinks.org
Topic: Active Transport
Keyword: HM60018
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K+

K+

K+

K+

K+

K+

INSIDE
OF CELL

OUTSIDE
OF CELL

Carrier protein

Cell membrane

P

P

P

P

Na+

Na+

Na+

ATP

ADP

Na+
Na+ Na+

Na+

Na+

Na+

1

2

3

4

5

6

At this point, the carrier protein has the shape it needs to bind
two K! ions outside the cell, as step shows. When the K! ions
bind, the phosphate group is released, as indicated in step ,
and the carrier protein restores its original shape. As shown in
step this time, the change in shape causes the carrier protein
to release the two K! ions inside the cell. At this point the carrier
protein is ready to begin the process again. Thus, a complete
cycle of the sodium-potassium pump transports three Na! ions
out of the cell and two K! ions into the cell. At top speed, the
sodium-potassium pump can transport about 450 Na! ions and
300 K! ions per second.

The exchange of three Na! ions for two K! ions creates an
electrical gradient across the cell membrane. That is, the outside
of the membrane becomes positively charged relative to the inside
of the membrane, which becomes relatively negative. In this way,
the two sides of the cell membrane are like the positive and nega-
tive terminals of a battery. This difference in charge is important
for the conduction of electrical impulses along nerve cells. The
sodium-potassium pump is only one example of a cell membrane
pump. Other pumps work in similar ways to transport important
metabolic materials across cell membranes.

6

5

4

Follow what happens during one
cycle of the sodium-potassium pump.

Three Na! ions located in the
cytosol bind to the carrier protein.

A phosphate group, represented by
the letter P in the diagram, is removed
from ATP and bound to the carrier
protein. The binding of the
phosphate group changes the shape
of the carrier protein, allowing the three
Na! ions to be released into the cell’s
environment. Two K! ions located
outside the cell bind to the carrier
protein. The phosphate group is
released, restoring the original shape of
the carrier protein. The two K! ions
are released into the cytosol, and the
cycle is ready to repeat.

6

5

4

3

2

1

FIGURE 5-6
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Cell membrane

Vesicle
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MOVEMENT IN VESICLES
Some substances, such as macromolecules and nutrients, are too
large to pass through the cell membrane by the transport processes
you have studied so far. Cells employ two other transport mecha-
nisms—endocytosis and exocytosis—to move such substances
into or out of cells. Endocytosis and exocytosis are also used to
transport large quantities of small molecules into or out of cells at
a single time. Both endocytosis and exocytosis require cells to
expend energy. Therefore, they are types of active transport.

Endocytosis
Endocytosis (EN-doh-sie-TOH-sis) is the process by which cells ingest
external fluid, macromolecules, and large particles, including other
cells. As you can see in Figure 5-7, these external materials are
enclosed by a portion of the cell’s membrane, which folds into
itself and forms a pouch. The pouch then pinches off from the cell
membrane and becomes a membrane-bound organelle called a
vesicle. Some of the vesicles fuse with lysosomes, and their con-
tents are digested by lysosomal enzymes. Other vesicles that form
during endocytosis fuse with other membrane-bound organelles.

Two main types of endocytosis are based on the kind of material
that is taken into the cell: pinocytosis (PIEN-oh-sie-TOH-sis) involves
the transport of solutes or fluids, and phagocytosis
(FAG-oh-sie-TOH-sis) is the movement of large particles or whole cells.
Many unicellular organisms feed by phagocytosis. In addition,
certain cells in animals use phagocytosis to ingest bacteria and
viruses that invade the body. These cells, known as phagocytes,
allow lysosomes to fuse with the vesicles that contain the ingested
bacteria and viruses. Lysosomal enzymes then destroy the bacteria
and viruses before they can harm the animal.

CYTOSOL

EXTERNAL ENVIRONMENT

During endocytosis, the cell membrane
folds around food or liquid and forms a
small pouch. The pouch then pinches off
from the cell membrane to become a
vesicle.

FIGURE 5-7

vesicle

from the Latin vesicula,
meaning “bladder” or “sac”

Word Roots and Origins
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1. Explain the difference between passive trans-
port and active transport.

2. What functions do carrier proteins perform in
active transport?

3. What provides the energy that drives the
sodium-potassium pump?

4. Explain the difference between pinocytosis and
phagocytosis.

5. Describe the steps involved in exocytosis.

6. How do endocytosis and exocytosis differ? How
can that difference be seen?

CRITICAL THINKING
7. Analyzing Information During intense

exercise, potassium tends to accumulate in the
fluid surrounding muscle cells. What membrane
protein helps muscle cells counteract this
tendency? Explain your answer.

8. Evaluating Differences How does the sodium-
potassium pump differ from facilitated diffusion?

9. Relating Concepts The vesicles formed during
pinocytosis are much smaller than those formed
during phagocytosis. Explain.

SECTION 2 REVIEW

Vesicle

Cell membrane

EXTERNAL ENVIRONMENT

CYTOSOL

During exocytosis, a vesicle moves 
to the cell membrane, fuses with it,
and then releases its contents to the
outside of the cell.

FIGURE 5-8

INSIDE OF CELL

Vesicle

OUTSIDE OF CELL

Exocytosis
Exocytosis (EK-soh-sie-TOH-sis) is the process by which a substance is
released from the cell through a vesicle that transports the sub-
stance to the cell surface and then fuses with the membrane to let
the substance out of the cell. This process, illustrated in Figure 
5-8, is basically the reverse of endocytosis. During exocytosis, vesi-
cles release their contents into the cell’s external environment.
Figure 5-8 also shows a photo of a vesicle during exocytosis.

Cells may use exocytosis to release large molecules such as pro-
teins, waste products, or toxins that would damage the cell if they
were released within the cytosol. Recall that proteins are made on
ribosomes and packaged into vesicles by the Golgi apparatus. The
vesicles then move to the cell membrane and fuse with it, deliver-
ing the proteins outside the cell. Cells in the nervous and
endocrine systems also use exocytosis to release small molecules
that control the activities of other cells.
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active transport (p. 103)
sodium-potassium

pump (p. 103)

endocytosis (p. 105)
vesicle (p. 105)

pinocytosis (p. 105)
phagocytosis (p. 105)

phagocyte (p. 105)
exocytosis (p. 106)

Vocabulary

passive transport (p. 97)
diffusion (p. 97)
concentration gradient (p. 97)
equilibrium (p. 97)

osmosis (p. 98)
hypotonic (p. 98)
hypertonic (p. 98)
isotonic (p. 99)

contractile vacuole (p. 99)
turgor pressure (p. 100)
plasmolysis (p. 100)
cytolysis (p. 100)

facilitated diffusion (p. 101)
carrier protein (p. 101)
ion channel (p. 102)

Vocabulary

● Passive transport involves the movement of molecules
across the cell membrane without an input of energy by
the cell.

● Diffusion is the movement of molecules from an area of
higher concentration to an area of lower concentration,
driven by the molecules’ kinetic energy until equilibrium
is reached.

● Molecules can diffuse across a cell membrane by
dissolving in the phospholipid bilayer or by passing
through pores in the membrane.

● Osmosis is the diffusion of water across a membrane. The
net direction of osmosis is determined by the relative
solute concentrations on the two sides of the membrane.

● When the solute concentration outside the cell is lower
than that in the cytosol, the solution outside is hypotonic
to the cytosol, and water will diffuse into the cell.

● When the solute concentration outside the cell is higher
than that in the cytosol, the solution outside is hypertonic
to the cytosol, and water will diffuse out of the cell.

● When the solute concentrations outside and inside the
cell are equal, the solution outside is isotonic, and there
will be no net movement of water.

● To remain alive, cells must compensate for the water that
enters the cell in hypotonic environments and leaves the
cell in hypertonic environments.

● In facilitated diffusion, a molecule binds to a carrier
protein on one side of the cell membrane. The carrier
protein then changes its shape and transports the
molecule down its concentration gradient to the other
side of the membrane.

● Ion channels are proteins, or groups of proteins, that
provide small passageways across the cell membrane
through which specific ions can diffuse.

Active TransportSECTION 2

● Active transport moves molecules across the cell
membrane from an area of lower concentration to 
an area of higher concentration. Unlike passive transport,
active transport requires cells to expend energy.

● Some types of active transport are performed by carrier
proteins called cell membrane pumps.

● One example of a cell membrane pump is the sodium-
potassium pump. It moves three Na! ions into the cell’s
external environment for every two K! ions it moves into
the cytosol. ATP supplies the energy that drives the pump.

● Endocytosis and exocytosis are active transport
mechanisms in which large substances enter or leave
cells inside vesicles.

● In endocytosis, the cell membrane folds around
something in the external environment and forms a
pouch. The pouch then pinches off and becomes a vesicle
in the cytoplasm.

● Endocytosis includes pinocytosis, in which the vesicle
contains solutes or fluids, and phagocytosis, in which the
vesicle contains large particles or cells.

● In exocytosis, vesicles made by the cell fuse with the cell
membrane, releasing their contents into the external
environment.
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USING VOCABULARY
1. For each pair of terms, explain how the meanings

of the terms differ.
a. diffusion and facilitated diffusion
b. hypotonic and hypertonic
c. plasmolysis and cytolysis
d. pinocytosis and phagocytosis

2. Explain the relationship between plasmolysis
and turgor pressure in plant cells.

3. Use the following terms in the same sentence:
carrier protein, concentration gradient, facilitated
diffusion, and passive transport.

4. Word Roots and Origins The prefix pino- means
“to drink,” phago- means “to eat,” and cyto-
means “cell.” Using this information, explain why
the words pinocytosis and phagocytosis are good
names for the processes they describe.

UNDERSTANDING KEY CONCEPTS
5. Explain why diffusion eventually results in

equilibrium.
6. Identify whether all molecules diffuse through all

cell membranes. Explain your answer.
7. Distinguish between diffusion and osmosis.
8. Describe what it means to say that two solutions

are isotonic.
9. Define the term contractile vacuole. What is a

contractile vacuole’s function?
10. Determine how hypotonic, hypertonic and turgor

pressure are interrelated.
11. Summarize the factors that determine the direc-

tion of net movement of water across a cell
membrane.

12. Determine how the phospholipid bilayer of a
membrane forms a barrier to molecules.

13. Explain how substances cross a cell membrane
through facilitated diffusion.

14. Describe how ion channels assist in the diffusion
of ions through a cell membrane.

15. Distinguish between passive transport and active
transport. 

16. Explain how a cell that consumes glucose 
can speed up its intake of glucose from the
environment.

17. Identify how ATP is involved in maintaining the
sodium and potassium gradients across a cell
membrane.

18. Distinguish between the processes of endocytosis
and exocytosis.

19. CONCEPT MAPPING Use the following 
terms to create a concept map that shows

how cells maintain homeostasis: active transport,
carrier protein, cell transport, concentration
gradient, diffusion, endocytosis, exocytosis,
facilitated diffusion, homeostasis, osmosis,
passive transport, and sodium-potassium pump.

CRITICAL THINKING
20. Making Comparisons There is a higher concen-

tration of air molecules inside an inflated balloon
than there is outside the balloon. Because of their
constant random motion, the molecules inside
press against the balloon and keep it taut. How is
the pressure exerted by these air molecules simi-
lar to turgor pressure? How is it different?

21. Comparing Concepts Sometimes, water seeps
through the concrete wall of a basement after a
heavy rain, and the homeowner must remove the
water with a sump pump. How can this situation
be compared to the action of a unicellular non-
photosynthetic organism that lives in a pond?

22. Predicting Results If a cell were exposed to a poi-
son that blocked the cell’s ability to manufacture
ATP, what effect would that have on the cell mem-
brane’s transport processes?

23. Interpreting Graphics The drawing below shows 
a plant cell after the solute concentration of its
environment has been changed. How would you
describe the new external environment?

24. Analyzing Information Write a
report summarizing the roles of
osmosis and diffusion in the

preservation of body organs donated for trans-
plants. Why must organs be preserved in special
solutions prior to a transplant? Find out what
kinds of substances these solutions contain.
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Standardized Test Preparation
DIRECTIONS: Choose the letter of the answer choice
that best answers the question.

1. During diffusion, molecules tend to move in what
direction?
A. the molecules involved in diffusion never

move
B. in a direction that doesn’t depend on the

concentration gradient
C. from an area of lower concentration to an

area of higher concentration
D. from an area of higher concentration to an

area of lower concentration
2. Ion channels aid the movement of which

substances?
F. ions across a cell membrane 
G. water across a cell membrane
H. molecules up a concentration gradient 
J. carrier proteins within the lipid bilayer

3. The sodium-potassium pump transports which of
the following?
A. both Na! and K! into the cell 
B. both Na! and K! out of the cell
C. Na! into the cell and K! out of the cell
D. Na! out of the cell and K! into the cell

4. Which process do some animal cells use to engulf,
digest, and destroy invading bacteria?
F. exocytosis
G. pinocytosis
H. phagocytosis
J. All of the above

INTERPRETING GRAPHICS: The graph below shows
the rate of glucose transport across a cell membrane
versus the concentration gradient. Use the graph that
follows to answer the question.

5. Which line represents the diffusion of glucose
through the lipid bilayer?
A. line X
B. line Y
C. both lines X and Y
D. neither line X nor Y

DIRECTIONS: Complete the following analogy.
6. passive transport : osmosis :: active transport :

F. cytolysis
G. diffusion  
H. ion channel
J. endocytosis

INTERPRETING GRAPHICS: The diagram below
shows one form of cellular transport. Use the dia-
gram to answer the question that follows.

7. What form of cellular transport is being illus-
trated in the above diagram?
A. osmosis
B. exocytosis
C. facilitated diffusion 
D. a cell membrane pump

SHORT RESPONSE
When a cell takes in substances through endocytosis,
the outside of the cell membrane becomes the inside
of the vesicle.

What might this suggest about the structure of the
cell membrane?

EXTENDED RESPONSE
Some cells have carrier proteins that transport sugar
molecules and hydrogen ions into the cytosol at the
same time. These proteins move sugar up their gradi-
ent as hydrogen ions move down their gradient.

Part A How would the transport of sugar into these
cells affect the pH of the cells’ external
environment?

Part B What would happen to the transport of sugar
if hydrogen ions were removed from the
external environment?

Pay close attention to questions
that contain words such as not, only, rather, and some,
because these words can often help you eliminate
answer choices.

Glucose concentration gradient
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Glucose Transport

EXTERNAL ENVIRONMENT 

CYTOSOL
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■ Relate a cell’s size to its surface area-to-volume ratio.
■ Predict how the surface area-to-volume ratio of a cell

will affect the diffusion of substances into the cell.

■ making observations
■ using scientific methods
■ designing an experiment
■ collecting data
■ organizing data 
■ graphing
■ analyzing data

■ safety goggles
■ lab apron
■ disposable gloves
■ block of phenolphthalein

agar (3 ! 6 cm)
■ plastic knife
■ metric ruler
■ 250 mL beaker
■ 150 mL vinegar
■ plastic spoon
■ paper towel

Background

1. Substances enter and leave a cell in several ways
including by diffusion.

2. Describe the process of diffusion.
3. Define the terms surface area and volume.
4. How efficiently a cell can exchange substances

depends on the surface area-to-volume ratio.
Surface area-to-volume ratio can be calculated 
by dividing surface area by volume of the cell 
(surface area ÷ volume of cell).

Designing an Experiment
1. Using the materials listed for this lab, design an

experiment to test how the surface area-to-volume
ratio affects the diffusion of a substance into a cell.

You Choose
As you design your experiment, decide the following:

a. what question you will explore
b. what hypothesis you will test
c. how many “cells” (agar cubes) you will have and

what sizes they will be
d. how long to leave the “cells” in the vinegar
e. how to determine how far the vinegar diffused into

a “cell”
f. how to prevent contamination of agar cubes as you

handle them
g. what data to record in your data table

PART A

MATERIALS

PROCESS SKILLS

OBJECTIVES

C H A P T E R  5110

Analyzing the Effect of 
Cell Size on Diffusion

INQUIRY LAB
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2. Write a procedure for your experiment. Make a list of
all the safety precautions you will take. Have your
teacher approve your procedure and safety precau-
tions before you begin the experiment.

Conducting Your
Experiment

3. CAUTION Always wear
safety goggles and a lab

apron to protect your eyes and clothing. Put on
safety goggles, a lab apron, and disposable gloves.
Do not touch or taste any chemicals. Carry out the
experiment you designed. Record your observations in
your data table.

4. CAUTION Know the location of the emer-
gency shower and eyewash station and how to

use them. If you get a chemical on your skin or cloth-
ing, wash it off at the sink while calling to the teacher.
Notify the teacher of a spill. Spills should be cleaned up
promptly, according to your teacher’s directions.

5. CAUTION Glassware is fragile. Notify the
teacher of broken glass or cuts. Do not clean up

broken glass or spills with broken glass unless the
teacher tells you to do so.

6. Clean up your work area and all lab equipment.
Return lab equipment to its proper place.

Dispose of solutions, broken glass, and agar in the
designated waste containers. Do not pour chemicals
down the drain or put lab materials in the trash
unless your teacher tells you to do so. Wash your
hands thoroughly before you leave the lab and after
you finish all work.

Analysis and Conclusions
1. Describe any changes in the appearance of the cubes.
2. Make a graph using your group’s data. Plot “Diffusion

distance (mm)” on the vertical axis. Use graph paper
to plot “Surface area-to-volume ratio” on the horizon-
tal axis.

3. Using the graph you made in item 2, make a state-
ment about the relationship between the surface area-
to-volume ratio and the distance a substance diffuses.

4. Make a graph using your group’s data. Use graph
paper to plot “Rate of diffusion (mm/min)” (distance
vinegar moved time) on the vertical axis. Plot “Surface
area-to-volume ratio” on the horizontal axis.

5. Using the graph you made in item 4, make a
statement about the relationship between the surface
area-to-volume ratio and the rate of diffusion of a
substance.

6. In what ways do your agar models simplify or fail to
simulate the features of real cells?

7. Calculate the surface area and volume of a cube with
a side length of 5 cm. Calculate the surface area and
volume of a cube with a side length of 10 cm.
Determine the surface area-to-volume ratio of each of
these cubes. Which cube has the greater surface area-
to-volume ratio?

8. How does the size of a cell affect the diffusion of
substances into the cell?

Further Inquiry 
Write a new question about cell size and diffusion that
also explores hypotonic and hypertonic solutions that could
be explored with another investigation.

PART B
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