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Key Questions

(e What is passive transport?
What is active transport?

Vocabulary

diffusion e facilitated diffusion
aguaporin e osmosis ®
isotonic e hypertonic
hypotonic e

osmotic pressure

Taking Notes

Compare/Contrast Table As you
read, create a compare/contrast
table for passive and active
transport.

MYSTERY

CLUE

As Michelle ran, she
perspired, losing
salts from her
bloodstream. And
as she drank more
and more water
during the race, the
conceniration of dissolved
salts and minerals in her
bloodstream decreased.
How do you think these
phenomena contributed to
Michelle’s condition?

Biology.com

Cell Transport

THINK ABOUT IT In the previous =
lesson, cell walls and cell membranes
were compared to the roof and walls
of a factory. When you think about
how cells move materials in and out,
it can be helpful to think of a cell as

a nation. Before you can learn any-
thing about a nation, it's important
to understand where it begins and
where it ends. The boundaries of a
nation are its borders, and nearly
every country tries to regulate and
control the goods that move across
those borders, like the shipping con-
tainers seen here entering and leaving
the port of Seattle. Each cell has its own border, which separates the cell
from its surroundings and also determines what comes in and what goes
out. How can a cell separate itself from its environment and still allow
material to enter and leave? That’s where transport across its border, the
cell membrane, comes in.

Passive Transport
What is passive transport?

Every living cell exists in a liquid environment. One of the most impor-
tant functions of the cell membrane is to keep the cell’s internal condi-
tions relatively constant. It does this by regulating the movement of
molecules from one side of the membrane to the other.
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What does diffusion have to do with the cell membrane? Su

substance is present in unequal

ppose a

concentrations on either side of a cell

membrane, as shown in Figure 7-15. If the substance can cross the
cell membrane, its particles will tend to move toward the area where it
is less concentrated until it is evenly distributed. Once the concentra-
tion of the substance on both sides of the cel] membrane is the same,

equilibrium is reached.

Even when equilibrium is reached, particles of a solution continue
to move across the membrane in both directions, However, because
almost equal numbers of particles move in each direction, there is no
further net change in the concentration on either side.

Diffusion depends on random particle movements. Therefore,
substances diffuse across membranes without requiring the cell to use

additional energy. £ m

m The movement of materials across the cell

membrane without using cellular energy is called passive transport.

There is a higher concentration of
solute on one side of the membrane
than on the other.

Diffusion causes a net movement of
solute particles from the side of the
membrane with the higher solute
concentration to the side with the
lower solute concentration.

FIGURE 7-15 Diffusion Diffusion
is the process by which molecules
of a substance move from an
area of higher concentration to
an area of lower concentration.

It does not require the cell to use
energy. Predict How would the
movement of solute particles seen
here be different if the initial area
of high concentration had been
on the inside of the cell instead of
the outside?

Once equilibrium is reached, solute
particles continue to diffuse across the
membrane in both directions but at
approximately equal rates, so there is
no net change in solute concentration.

Facilitated Diffusion Since cell membranes are built around lipid
bilayers, the molecules that pass through them most easily are small
and uncharged. These properties allow them to dissolve in the mem-
brane’s lipid environment. But many ions, like Cl', and large mol-
ecules, like the sugar glucose, seem to pass through cell membranes
much more quickly than they should. It’s almost as if they have a

shortcut across the membrane.

How does this happen? Proteins in the cell membrane act as car-
riers, or channels, making it easy for certain molecules to cross. Red
blood cells, for example, have protein carriers that allow glucose to pass
through them in either direction. Only glucose can pass through these
protein carriers. These cell membrane channels facilitate, or help, the
diftusion of glucose across the membrane. This process, in which mol-
ecules that cannot directly diffuse across the membrane pass through
special protein channels, is known as facilitated diffusion. Hundreds
of different proteins have been found that allow particular substances
to cross cell membranes. Although facilitated diffusion is fast and
specific, it is still diffusion, so it does not require any additional use of

the cell’s energy.

In Your Notebook Explain how you can demonstrate diffusion by
“FToying air freshener in a largs room.
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FIGURE 7-16 An Aquaporin

Lower concentration
of sugar molecules

-

Barrier

FIGURE 7-17 Osmosis Osmosis is
a form of facilitated diffusion. A. In a
laboratory experiment, water moves
through a selectively permeable barrier
from an area of lower to higher solute
concentration. B. In the cell, water
passes in through aquaporins
embedded in the cell membrane.
Although water moves in both
directions through aquaporins, there

is a net movement of water from

an area of lower to higher sugar
concentration. Apply Concepts Does
osmosis require the cell to use energy?
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Higher concentration
of sugar molecules
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Osmosis: An Example of F
research has added water to the | ot
ated diffusion. Recall that the inside ot a c€
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by facilitaied diffusion is ap

water channel proteins, known as
allow water to pass right through them, as s
movement of water through cell membranes

extremely important biological process—the pra‘»c’«:% ol osmosis.
A B A octivielv
Osmosis is the diffusion of water through 4 selecti lv permeable
usion, molecules move

membrane. [n osmosis, as in other forms of difl i
from an area of higher concentration to an arca of én:jw:‘s' concentration.
The only difference is that the molecules that move in the case of osmo-
sis are M;ater molecules, not solute molecules. The process of osmosis is

shown in Figure 7-17.

Water level rises on side with the
more concentrated solution

» How Qsmosis Works Look at the experimental setup in Figure 7-17A.
The barrier is permeable to water but not to sugar. This means that water
can cross the barrier in both directions, but sugar cannot. To start, there
are more sugar molecules on the right side of the barrier :[han on ;he left
side. Therefore, the concentration of water is lower on the right, where
more of the solution is made of sugar. Although water molecgulés move in

both directions across the
membrane, there is 3
s net er
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» Osmotic Pressure Driven by differences in solute concentration, the
net movement of water out of or into a cell produces a force known

as osmotic pressure. As shown in Figure 7-18, osmotic pressure can
cause an animal cell in a hypertonic solution to shrink, and one in a
hypotonic solution to swell. Because cells contain salts, sugars, proteins,
and other dissolved molecules, they are almost always hypertonic to
fresh water. As a result, water tends to move quickly into a cell sur-
rounded by fresh water, causing it to swell. Eventually, the cell may
burst like an overinflated balloon. In plant cells, osmotic pressure can
cause changes in the size of the central vacuole, which shrinks or swells
as water moves into or out of the cell.

Fortunately cells in large organisms are not in danger of bursting
because most of them do not come in contact with fresh water. Instead,
the cells are bathed in blood or other isotonic fluids. The concentra-
tions of dissolved materials in these isotonic fluids are roughly equal

to those in the cells themselves.

What happens when cells do co

me in contact with fresh water? Some,

like the eggs laid in fresh water by fish and frogs, lack wate.tr Channels..
As a result, water moves into them so slowly that osmotic pressure is

hot a problem. Others,
rounded by tough walls. The cell wa
ing, even under tremendous osmotic pressur
in Figure 7-18 holds its shape in both hypertoni
while the animal red blood cell does not. However,

including bacteria and plant cells, are sur-

lIs prevent the cells from expand-

e. Notice how the plant cell
ic and hypotonic solutions
increased osmotic

Pressure makes plant cells extremely vulnerable to cell wall injuries.
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In Your Notebook In your «
really just a special case of facilit

own words, explain why osmosis is
tated diffusion.

Hypotonic: The solution has

a lower solute concentration
than the cell. A net movement
of water molecules into the
cell causes it to swell.

Water in

FIGURE 7-18 Osmotic Pressure
Water molecules move equally

into and out of cells placed in an
isotonic solution. In a hypertonic
solution, animal cells, like the red
blood cell shown, shrink, and plant
cell central vacuoles collapse. In a
hypotonic solution, animal cells swell
and burst. The central vacuoles of
plant cells also swell, pushing the
cell contents out against the cell
wall. Predict What would happen
to the cells of a saltwater plant if the
plant were placed in fresh water?
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Active Transport

ACTIVE TRANSPORT What is active transport?
FIGURE 7-19 Energy from the cell

. _ i : As powerful as diffusion is, cells sometimes must move materials
is required to move particles against

a concentration gradient. against a concentration difference. (@ The movement of materials
Compare and Contrast What against a concentration difference is known as active transport.
are the similarities and differences Active transport requires energy. The active transport of small
between facilitated diffusion and

molecules or ions across a cell memb
transport proteins—protein pumps
itself. Larger molecules and clumps

rane is generally carried out by

active transport by protein pump?
P —that are found in the membrane
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[TIT:) Vocabular
Bulk Transport Larger molecules and even solid clumps of material ERE) 4

can be transported by movements of the cell membrane known as Zﬁzgfjisjshfogi?rg;dg (IBnreek
word meaning “inside” or “within.”
The prefix exo- in exocytosis means
"outside.”

bulk transport. Bulk transport can take several forms, depending on
the size and shape of the material moved into or out of the cell.

» Endocytosis Endocytosis (en doh sy Tow sis) is the process of
taking material into the cell by means of infoldings, or pockets,
of the cell membrane. The pocket that results breaks loose from
the outer portion of the cell membrane and forms a vesicle or
vacuole within the cytoplasm. Large molecules, clumps of food,
even whole cells can be taken up in this way.

Phagocytosis (fag oh sy T0H sis) is a type of endocytosis, in
which extensions of cytoplasm surround a particle and pack-
age it within a food vacuole. The cell then engulfs it. Amoebas
use this method for taking in food, and white blood cells use
phagocytosis to “eat” damaged cells, as shown in Figure 7-20.
Engulfing material in this way requires a considerable amount
of energy and is considered a form of active transport.

In a process similar to phagocytosis, many cells take up liquid
from the surrounding environment. Tiny pockets form along the
cell membrane, fill with liquid, and pinch off to form vacuoles

TEM 5300X i
within the cell. This type of endocytosis is known as pinocytosis :
(py nuh sy TOH sis). ] S i
FIGURE 7-20 Endocytosis
» Exocytosis Many cells also release large amounts of material, a process The white blood cell seen here
known as exocytosis (ek soh sy TOH sis). During exocytosis, the membrane 15 ‘ﬁ“é?“'f'ﬁg ?) jaof:?ged ;edmbk?)d
of the vacuole surrounding the material fuses with the cell membrane, cell by phagocytosis—a torm o

endocytosis. Extensions, or “arms,” of

forcing the contents out of the cell. The removal of water by means of a the white blood cell’s cell membrane

contractile vacuole is one example of this kind of active transport. have completely surrounded the red
blood cell.
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Review Key Concepts 3. Based on the meanings of isotonic, hypertonic,
1. a. Review What happens during diffusion? and hypotonic, write definitions for the prefixes
b. Explain Describe the process of osmosis. iso-, hyper-, and hypo-. Then come up with
c. Compare and Contrast What is the difference another set of words that uses these prefixes (the
between diffusion and facilitated diffusion? words do not need to have the same suffixes).
2. a. Review How is active transport different 4. Tbe prefix phfgo— icals “to eat” The preﬁ.x'
from passive transport? (P;lf"_(; tlz)lsfz;lr;sn C{O d}‘tl‘gngéﬁi?gknipf (E?e ;liaef:)nltiog
b. Explain Describe the two major types of ad ;inoc;ztosis.wrl 0 phagocytosis

active transport. ‘
¢. Compare and Contrast How 1s endocytosis
different from exocytosis?

0 T R TS TR S AR

Cell Structure and Function 213




