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Moving

Cellular Materials

What You'll Learn

m Describe the function of a selec-
tively permeable membrane.

m Explain how the processes of
diffusion and osmosis move
molecules in living cells.

m Explain how passive transport
and active transport differ.

Wéy It’s Important

Cell membranes control the sub-
stances that enter and leave the
cells in your body.

® Review Vocabulary
cytoplasm: constantly moving
gel-like mixture inside the cell
membrane that contains heredi-
tary material and is the location
of most of a cell’s life process

New Vocabulary

® passive ® active
transport transport

e diffusion e endocytosis

e equilibrium
® 0SMosis

® exocytosis

Figure 6 A cell membrane, like a
screen, will let some things through

more easily than others. Air gets
through a screen, but insects are
kept out.
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Passive Transport

“Close that window. Do you want to let in all the bugs and
leaves?” How do you prevent unwanted things from coming
through the window? As seen in Figure 6, a window screen pro-
vides the protection needed to keep unwanted things outside. It
also allows some things to pass into or out of the room like air,
unpleasant odors, or smoke.

Cells take in food, oxygen, and other substances from their
environments. They also release waste materials into their envi-
ronments. A cell has a membrane around it that works for a cell
like a window screen does for a room. A cell’s membrane is
selectively permeable (PUR mee uh bul). It allows some things
to enter or leave the cell while keeping other things outside or
inside the cell. The window screen also is selectively permeable
based on the size of its openings.

Things can move through a cell membrane in several ways.
Which way things move depends on the size of the molecules or
particles, the path taken through the membrane, and whether or
not energy is used. The movement of substances through the
cell membrane without the input of energy is called passive
transport. Three types of passive transport can occur. The type
depends on what is moving through the cell membrane.




Figure 7 Like all other cells in your
body, cells in your toes need oxygen.

Describe What is diffusion? In your big toe,

oxygen diffuses out
of red blood cells.

Airsacin lung

Oxygen

Red bleed
_cell

In your lungs, oxygen dif-
fuses into red blood cells.

Diffusion Molecules in solids, liquids, and gases move con-
stantly and randomly. You might smell perfume when you sit
near or as you walk past someone who is wearing it. This is

Observing Molecule

because perfume molecules randomly move throughout the air. : Movement
This random movement of molecules from an area where there : Procedure 223 Iz B B
is relatively more of them into an area where there is relatively : 1. Use two clean glasses of

equal size. Label one Hot,
then fill it until half full
with very warm water.

fewer of them is called diffusion. Diffusion is one type of cellu-
lar passive transport. Molecules of a substance will continue to

move from one area into ?nother until the relative n}lmber of Label the other Cold, then
these molecules is equal in the two areas. When this occurs, : fill it until half full with
equilibrium is reached and diffusion stops. After equilibrium : cold water. WARNING: Do
occurs, it is maintained because molecules continue to move.  : not use boiling hot water.

2. Add one drop of food color-

WILEELIOTRATE W What is equilibrium? ing to each glass. Carefully

: release the drop just at the
Every cell in your body uses oxygen. When you breathe, how : water’s surface to avoid

does oxygen get from your lungs to cells in your big toe? Oxygen splashing the water.

is carried throughout your body in your blood by the red blood : 3. Immediately observe the
cells. When your blood is pumped from your heart to your ;v::(o)e: (;n;:.regtl)isesrssa.tions
lungs, your red blood cells do not contain much oxygen. and agayin after 15 min.
However, your lungs have more oxygen molecules than your red

blood cells do, so the oxygen molecule§ dlf.fuse into your red What is the relationship
blood cells from your lungs, as shown in Figure 7. When the between temperature

blood reaches your big toe, there are more oxygen molecules in and molecule
your red blood cells than in your big toe cells. The oxygen dif- movement? e:.“.g at '
fuses from your red blood cells and into your big toe cells, as : rome
shown also in Figure 7.

Analysis
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Figure 8 Cells respond to differ-
ences between the amount of
water inside and outside the cell.
Define What is osmosis?

The carrot stick becomes limp
when more water leaves each
of its cells than enters them.
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Osmosis—The Diffusion of Water Remember that water
makes up a large part of living matter. Cells contain water and
are surrounded by water. Water molecules move by diffusion
into and out of cells. The diffusion of water through a cell mem-
brane is called osmosis.

If cells weren’t surrounded by water that contains few dis-
solved substances, water inside of cells would diffuse out of
them. This is why water left the carrot cells in this chapter’s
Launch Lab. Because there were relatively fewer water mol-
ecules in the salt solution around the carrot cells than in the car-
rot cells, water moved out of the cells and into the salt solution.

Losing water from a plant cell causes its cell membrane to
come away from its cell wall, as shown on the left in Figure 8.
This reduces pressure against its cell wall, and a plant cell
becomes limp. If the carrot sticks were taken out of salt water
and put in pure water, the water around the cells would move
into them and they would fill with water. Their cell membranes
would press against their cell walls, as shown on the right in
Figure 8, pressure would increase, and the cells would become
firm. That is why the carrot sticks would be crisp again.

WL ILTETI N Why do carrots in salt water become limp?

Osmosis also takes place in animal cells. If animal cells were
placed in pure water, they too would swell up. However, animal
cells are different from plant cells. Just like an overfilled water
balloon, animal cells will burst if too much water enters the cell.

Equilibrium occurs
when water leaves and
enters the cells at the
same rate.



Facilitated Diffusion Cells take in
many substances. Some substances pass
easily through the cell membrane by
diffusion. Other substances, such as
sugar molecules, are so large that they
can enter the cell only with the help of
molecules in the cell membrane called
transport proteins. This process, a type
of passive transport, is known as facili-
tated diffusion. Have you ever used the
drive through at a fast-food restaurant
to get your meal? The transport pro-
teins in the cell membrane are like the
drive-through window at the restau-
rant. The window lets you get food out
of the restaurant and put money into
the restaurant. Similarly, transport pro-
teins are used to move substances into
and out of the cell.

Active Transport

Imagine that a football game is over and you leave the sta-
dium. As soon as you get outside of the stadium, you remember
that you left your jacket on your seat. Now you have to move
against the crowd coming out of the stadium to get back in to
get your jacket. Which required more energy—Ileaving the sta-
dium with the crowd or going back to get your jacket?
Something similar to this happens in cells.

Sometimes, a substance is needed inside a cell even though
the amount of that substance inside the cell is already greater
than the amount outside the cell. For example, root cells require
minerals from the soil. The roots of the plant in Figure 9 already
might contain more of those mineral molecules than the sur-
rounding soil does. The tendency is for mineral molecules to
move out of the root by diffusion or facilitated diffusion. But
they need to move back across the cell membrane and into the
cell just like you had to move back into the stadium. When an
input of energy is required to move materials through a cell
membrane, active transport takes place.

Active transport involves transport proteins, just as facili-
tated diffusion does. In active transport, a transport protein
binds with the needed particle and cellular energy is used to
move it through the cell membrane. When the particle is
released, the transport protein can move another needed parti-
cle through the membrane.

Higher  Lower
mineral mineral
levels levels

Soil Root
particles hair

Figure 9 Some root cells have
extensions called root hairs that
may be 5 mm to 8 mm long.
Minerals are taken in by active
transport through the cell mem-
branes of root hairs.

Transport Proteins Your
health depends on trans-
port proteins. Sometimes
transport proteins are miss-
ing or do not function cor-
rectly. What would happen
if proteins that transport
cholesterol across mem-
branes were missing?
Cholesterol is an important
lipid used by your cells.
Write your ideas in your
Science Journal.
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Endocytosis and Exocytosis

Some molecules and particles are too large to
move by diffusion or to use the cell membrane’s
transport proteins. Large protein molecules and
bacteria, for example, can enter a cell when they are
surrounded by the cell membrane. The cell mem-
brane folds in on itself, enclosing the item in a
sphere called a vesicle. Vesicles are transport and
storage structures in a cell’s cytoplasm. The sphere
pinches off, and the resulting vesicle enters the cyto-
plasm. A similar thing happens when you poke your
finger into a partially inflated balloon. Your finger is
surrounded by the balloon in much the same way
that the protein molecule is surrounded by the cell
membrane. This process of taking substances into a
cell by surrounding it with the cell membrane is
called endocytosis (en duh si TOH sus). Some one-
celled organisms, as shown in Figure 10, take in
food this way.

The contents of a vesicle can be released by a cell

using the process called exocytosis (ek soh si TOH sus). Exo-

Figure 10 One-celled organ-
isms like this egg-shaped one can
take in other one-celled organisms
using endocytosis.

cytosis occurs in the opposite way that endocytosis does. A vesi-
cle’s membrane fuses with a cell’s membrane, and the vesicle’s
contents are released. Cells in your stomach use this process to
release chemicals that help digest food. The ways that materials

can enter or leave a cell are summarized in Figure 11.

Summary
Passive Transport

® (ells take in substances and release waste
through their cell membranes.

® Facilitated diffusion and osmosis are types of
passive transport.

Active Transport

® Transport proteins are involved in active
transport.

@ Transport proteins can be reused many times.
Endocytosis and Exocytosis

® Vesicles are formed when a cell takes in a sub-
stance by endocytosis.

® Contents of a vesicle are released to the out-
- side of a cell by exocytosis.
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Self Check

1. Describe how cell membranes are selectively
permeable.

2. Compare and contrast the processes of osmosis and
diffusion.

3. Infer why endocytosis and exocytosis are important
processes to cells.

4. Think Critically Why are fresh fruits and vegetables
sprinkled with water at produce markets?

Applying Skills

. Communicate Seawater is saltier than tap water.
Explain why drinking large amounts of seawater
would be dangerous for humans.

>
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