Cells must move materials through membranes and throughout cytonlasm in order

to maintain homeostasis. The movement is regulated because cellular membranes,
including the plasma and organelle membranes, are selectively permeable. Membranes
are phospholipid hilayers containing embedded proteins; the phospholipid fatty acids
i the 13_3_@%;110112 of water because of their hydrophobic characteristics,

The cellular environment is sgueous, meaning that the solvent in which the solutes,
such as salts and organic molecules, dissolve is water. Water may pass slowly througl
the membrane by osmaesis or through specialized protein chammis called agquaporing.
Aquaporing allow the water to move more quickly than it would through osmosts. Most
oiizf:z" st bﬁL"&.i’KQS; stich as lons, move through protein channels, while larger molecules,
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The simplest form of movement is diffusion, in which solutes move from an area
of high concentration to an area of low concentrations ditfusion is directly related
to molecular kinetic energy. Diffusion does not require energy input by cells. The

£,

movement of a solute from an area of low concentration to an area of hi gh concentration
Fequires energy input in the form of ATP and protein carriers called pumps.

Water moves through membranes by diffusion; the movement of water through
memhranes s called osmnonis. Like solutes, water moves down its concentration
gradient. Water moves from areas of high potential (high free water conceniration)
and low solule concentration 1o areas of low potential (low free water concentration)

and high selute concentration. Solutes decrease the concentration of free water, since

water molectules surround the solute molecules. The terms & sepertonic, hypotonic, and
isotonic are used to describe solutions separated by sc—ziectwc&?v permenbie membranes,
A hypertonic selution has a higher solute concentration and a lower &\-aie;' potential
as compared Lo the other solution; therefore, water will move into the hypertonic
solution through the membrane by osmosis. 4 hypotonic solution E'm‘-‘ a fower solute
congentration and 2 higher waler potential

han the solution on the other side of the

H

membrane; water will move dewn its concentration gradient into the other solution.
Isntonic selutions have equal water potentials.




I mesvivalied cells, such as animal cells, the movement of water into and out of a cell

is affected by the relative solute concentration on either side of the plasma membrane,
Aswater moves oul of the cell, the cell shrinks; iff water moves into the cell, i swells and
may eventually burst. In walled cells, including § mng{%; and plant cells, csmosis is affected
not ondy by the solute concentration, but also by the resistance to water movement in
the mh by the celt wall. This resistance is called ng}z‘ pressure, The presence of a cell
wall prevents the cells from bursting as water enters; however, pressure huilds up inside

the cell and affects the rate of osmosis,

Water movement in plants is inportant in water transport fram the roots fnto the
shoots and leaves. You likely will explove this specialized movement called transpiration

iz another lab investigation.

Water potential predicts which way water diffuses through plant tissues and is
abbreviated by the Greek letter psi (). Water potential is the free energy per mole of

cater and is calculated from two major components: {1) the solute potential (v, which
is dependent on soluie s;tanr;:ez}‘irezti{)n, andd (2) the pressure potential (v, ), which results
trom the exertion of pressure—either positive or negative {tension) — o a sobation. The
solute potential is also called the osmotic putential.

RUE 18
Water Potential = Pressure Potential + Solute Potential

Water moves from an arvea of higher water potential or higher free energy (o an areas of

lower water potential or lower {1

ee energy. Water potential measures the tendency of
water 1o diffise from one compartment o another c:)mpz‘ar%:m end.

The water potential of pure water I an open beaker s zevo (v = ) because both the
solute and pressure polentials ave zero fy, =0 ¥, = G}, An incresse in posilive pressurs
raises the pressure potentiel and the water potential, The addition of solute to the water
towers the solute potential and therefore decreases the water potential, This means that a
solution at atmospheric pressure has a negative water potential dus 1o the solute

The sohuie potential (w ) = - KCRT, where i is the lonization constant, C ie the maolar
concentration, R is the pressure constant (B = 6,083 1 liter bars/mole-K), and T is the
ternperarure in K {273 + °C).

A 015 Moselution of sucrose sl atimoespheric pressure (9, = & and 25°C has an
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osmotic potential of -3.7 bare and & waler potential of -3.7 bars. A bar is 4 metric
neasure of pressure and is the same as 1 atmosphere at sea level A 0.15 M Nall
w?u fion containg 2 jons, Ma”and Cly therefore 1= 2 and the water potential = -7.4 bars,

When a cell's oytoplasm Is separated [rom pure water by a selectively permeable
membrane, water moves from the surrounding ares, wheye the water potential is higher
(= 0, tnto the cell, wherg sater potential is lower because of solutes in the cvtoplasm



(W is negative). It is assumed that the solute is not diffusing (Figure la). The movement
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of water into the cell causes the cell to swell, and the cell membrane pushes against

the cell wall Lo produce an increase in pressure. This pressure, which counteracts the

diffuston of water info the cell, is called turgor pressure,

- Crver time, enough positive e turgot pressure builds up to oppose the more negative
sotute potential of the cell. Eventually, the water potential of the cell equals the water
potential of the pure s
a dynamic equilibrius

ater outside the cell (y of cell = ¢ of pure water = 0). At this point,
n is reached and net water movement ceases {Figure 1h).

Pure water
W o= ‘lfs
0=0 +0

Pure water
U = W + W é\\‘_
D=0 +0

Potato cell Potato cell
\qufp+ \PS i D & \Ir:qu+\lfs
-3=0 + (_3) i - 0 =3 -+ (-3)

Figures 1a-b. Plant cell in pure water. The water potential was calculated at the beginning
of the experiment (a} and after water movement reached dynamic equilibrium and the net
water movement was zero (h).

I solute 1s added to the water surrounding the p
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outside the cell is equal to the water potential inside the cell, and there will Be na net

movement of water. Mowever, the solute concentrations inside and outside the ¢

not equal, because the water potential inside the cell resulis from the combi
o

both the turgor pressure {v ) and the solule pressure (). (See Figure

Solute in water
T =W, + g
=12=0 + {-12)

Plant cell
Jr = \IJ‘P o ’\IJ“S
—12=3 + (—15)

Figure 2. Plant celi in an agueous solution. The water potential of the cell equals that of
surrounding solution at dynamic equilibrium, The cell’s water potential equals the sum of
the furgor pressure potential pius the solute potestial. The solute potentials of the solution
and of the cell are not egual.

H more solute is added to the water surrevmnding the cell, water will leave the cell,

her water potential to an area of Jower water potential, The

fioving from an area of b

water foss the cell to lose turgor. A continued loss a}ﬁ" water will cause the cell

membrane to shrink away from the cell wall, and the cet will plasmol




# Calculate the solute potential of a 6.1 M NaCl solution at 25°C, If the concentration

of NaCl inside the plant cell is 0,15 M, which way will the water diffuse if the cell is

placed info the 0.1 M NaCl solutions?
¢ What must the turgor pressure equal if there is no net diffusion between the solution
and the cell?
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* o investigate the relationship among surface area, volume, and the rate of diffusion
& To design experiments to measure the rate of osmosis in a model system

& To investigate osmosis in plant cells

& o design an experiment to measure water potential in plant cells

¢ o analyze the data collected in the experiments and make predictions about
molecalar movement through cellufar membranes

# o work collaboratively to design experiments and analyze results

& 'To connect the concepts of diffusion and osmosis to the cell structure and function

You must wear safety glasses or goggles, aprons, and gloves because you will be working

¥ ey

with acids and caustic chemicals. The HCland NaOH solutions will cause chemical
bures, and you should use these solutions in spill-proof trays or pans, Follow your
teachers Instructions care .115].2;;. D30 not work in the fmbm’a‘zm v without vour teacher’s
supervision. Talk to your teacher if vou have any guestions or concerns about the

CX }?Qi':ﬁ'ﬁt;‘ s,

THE INVESTIGATIONS

This investigation consists of three parts. In Procedure 1, you use artificial cells to study

-

nd volume. In Procedure 2, vou create maodels of ] living

the relationshiy of surfuce arez 2

cells to explore osmosts and diffusion. You finish by observing osmosis in Hving cells
(Procedure 3). All three sections of the investigation provide opporiumitiss for vou to
design and conduct vour own experiments,

These guestions are designed to help you undersiand kinetic energy, osmosis, and
diffusion and to prepare for vour investigations.
¢ What is Kinetic energy, and how does it differ from potential energy?

& What environmental factors affect kinetic energy and diffusion?



e How do these faciors alter diffusion rates?

® Why are gradients important in diffusion and osmosis?

® What is the explanation for the fact that most cells are small and hove cell membranes
with many convolutions?

® Wikl water move inte or out of a plant cell if the cell has » higher water potential than
the surrounding environment?

@ What would happen if vou applied saltwater to a plant!

® How does a plant cell control its internal (furgor) pressure?

Procedure 1: Surface Area and Cell Size
Cell size and shape are Important factors in determining the rate of diffusion. Think
about cells with specialized functions, such as the epithelial cells t}

hat line the small
intestine or plant root hairs.

& What is the shape of ¢
# ‘What size are the cells?

® How do small intestinal epithelial and root hair cells funciion in mutrient
pEocurenent?

Step T Place some phenolphthalein in two test tubes. Add 0.1 M HCI to one test wube,
swirl to mix the solutions, and ohserve the color.

¢ the same procedure, add (.1
M NaOH to the other test tabe. Remember to record your observations as you were
instructed.

* Which solution is an acid?

& Which solution is & hase?

& What color is the dye in the base? In the acid?

& What color is the dve when mived with the base?




%@eg} 2 Using a dull knife or a thin strip of hard plastic, cut three blocks of agar of different

These three blocks will be your models for calis.

e What Is the surface area of each of vour three cells?
®  What is the total volume of each of vour celis?

e Ivou put each of the biocks into  solution, into which block would that solution
diffuse throughout the entire block fastest? Slowest? How do vou explain the

difference?

Mix ane packet of unflavored getatin with 237 mL of water: add 2.5 mL 1%

phenalphthatein and a {ew drops of 0.1 M NaOH. The solution should be bright pink.
Pour the gelatin mixture into shallow pang and refrigerate overnight.

You may use white vinegar in place of the 0.1 M FICL

Using the materials listed earlier, gé’s&gn an experiment to test the predictions vou just
mwde regazding the ram%%mﬁsm; Usurface aves and volume in the artificial cells 1o the
diffusion rate using the phenolphthalein-NaOH agar and the HOI selution. Once you
have finished planning your experiment, have your teacher check vour design. When

you have an approved design, run your experiment and record your results. Do your
experimental resulis support your predictions?

Z Procedure Z: Modeling Diffusion and Osmosis

You are in the hospital and need intravenous fuids. You read the label on the TV bag,
winich Hists all of the solutes in the water,

e Whyis it importani for an IV solution to have salts in 17

& What would impfzﬁen i vou were given pure water i an JV?

#  How would vou determine the best concentration of solutes o give a patient in need
o
£
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sody?

af fluids & ;’t}rs” e introduced the flulds into the pat
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16 walel and some soluies. You wzﬁ 1l your model cells with different s@i utions and

determine the rate of diffusion.



o determine the mate and divectio

& How can you use weights of the flled cell models

of diffusion? What would be an appropriate control for the procedure you just
described?

= Suspose you could test other things bestdes weights of the dialysis tubes. How could
you determine the rates and directions of diffusion of water, sucrose, Nall, ghucose,
and ovalbamin?

@ Wil protein diffuse? Wil it affect the rate of diffusion of other molecules?

Step 1 Choose up to four pairs of different sobutions. One solution from each praty will be
int the model cell of dialysis tubing, and the other will be outside the cell in the cup. Your
fifth model cell will have water inside and outside; this is your control. Before starting,
use vour knowledge about solute gradients (o predict whether the water will diffuse into
o out of the cell Make sure you label the cups to indicate what solurion 35 inside the cel
andd inside the cup.

Step 2 Make dialysis tubing cells by tying 2 knot ip one end of five pieces of dialysis
tubing, Fill each “cell” with 10 mi of the solution vou chose for the inside, and knot the
other and, leaving enough space for water to diffuse into the cell,

1

Step 3 Weigh each cell, record the initial weight, and then place it into » cup filled with the

second solution for that pair. Weigh the cell after 30 minutes and record the fimal weight,

Step 4 Caleulate the percent change in welght using the following formula

o

X109, Becord FOUr resiits,

-

{E%mi ~ initialy/int

71

¢ Which pair(s] that you tested did not have o change in weight? How can vou explain

pal

this?

sl sofution more or fess h yper fonic

# Ifvou compared 1 M solutions, was a | M Ne

then a 1M sucrose sohutiont What is your evidence? What abont

LYy

I M MNaC and 1 M glocese and 1 M sucrose?

L4

& Does the protein sclution have a high molarity? What is evidence for vour
conchugion?

& How could vou test for the diffusion of gluco
& Based on what vou learned from vour experiment, how could vou determine the

sohule conceniration inside o Hving cell?
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Living cell membranes are selectively permeable and contain protein channels that
permit the passage of water and molecules. In some respects, the dﬁaﬁys’m ruling vou
used is similar W a cell membrane, and you can use it to explore osimosis in greater
deptl. Think about the questions that came up as you worked through the investigation.
What unanswered questions do vou still have about osmesis that vou could investigate

hvrlh er?
Using the available materials, design an investigation 1o answer one of your questions.

Flave your teacher check your design first. Remember to vecard your resulis, and be supe

£ Use appropriate controls,

These gnestions can help jump-start your thinking.

* Whal factors determine the rate and direction of osmuosis?
® What would you predict i you used a starch solution instead of the protein?

® Can you diagram the flow of water based upon the contents of vour model cell and
the surrounding solution’

® When will the net asmosis rate equal zero in your model cells? Will 1 ever truly be
zera?

¢ Based upon your observations, can you predict the direction of osmosis in living cells
when the cells are placed in various solutions?

& How is the dialysis tublng Tunctionally different from a celludar membrane?

Procedure 3: Observing Osmosis in Living Cell

The interactions between selectively pernieable membranes, water, and solutes are
important in celiular and organismal functions. For example, water and nutrients move
from plant roots to the leaves and shoots because of differences in water potentials,
Based upon what you know and what vou have learned sbout osmosis, (%if‘”f‘"méé:m? and
water potenial in the course of your investigations, think about these questions.

® What would happen if you applied saltwater to the roots of a plant? Why?

* What are two different ways a plant could control turgor pressure, a name for internal
waler potential within its cells? Ts this a sufficient definition for turgor pressure?

@ Wil water move into or out of a plant cell if the cefl has a higher water potential than
fis surronnding environmerit?

Step ¥ Siart by looking at 4 single |
like strocture from Miium hormum (a moss) under the light mi

ieaf blade from either Elodea (2 water plant} or ¢ leal

roscope. I you need
assistance, your teacher will show you how Lo place specimeans o a slide.

& Where is the cell membrane in relation io the cell wall? Can vou see the two

structures 2asily? Why or why not?

® What parts of the cell that vou see control the water concentration inside the cell?



Back in Procedure 2 vou tested diffusion and osmosis properties of several solutions.

MNow you are going to determine how they affect plant cell turgor pressure.

¢ What changes do vou expect to see when the cells are exposed to the solulions?

3
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How will vou know i pariicﬁéar treatment is increasing turgor pressure? Ifitis
reducing turgor pressure?

¢ How could you determine which solution is isotonic 1o the cells?

Btep 2 Test one of the four selutions from Procedure 2 and find out if what you predicted
is what happens. When vou are done, ask other students what they saw Be sure fo record

alt of your procedures, calculations, and ebservations.

iesign an experiment to identify the concentrations of the sucrose selutions and use
the solutions to determine the water potential of iin: plant Gssues. {You might want to

review the information on water potentiel described in Understanding Water Potential )

Use the following questions (o guide your nvestigation:

# How can you measure the plant pleces to determine the rate of osmx

& How would vou caloulate the waler potential in the cells?

® Which solulion had & water potenti f@quai to that of the plant cells? How do von

lenow?
® Wag the waier potential in the different plants the same?
® How does this corapare to your previous determinations in the Elodea cells?

® What would your results be if the potato were placed in a dry area for several davs
[
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# When potatoes are in the ground, do they swell with water when 1 rains? ¥ not, how

do you explain that, and if so, what would be the advantage or disadvantage?

S




"hy are most cells small, and why do they have cell membranes with many

convolutions?
£. What organelles insice the cell have membranes with many convolutions? Why?

3. Do vou think camosis occurs when a cell is in an sotonic solution? Bxplain vour
) b

reasoning,

an Y

Do you think that fungal cells have turgor pressure? Design an experiment to test your

hypothesis.
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