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MM Youll Do

+ Explain why cells are so small.

« Calculate a cell's surface-to-
volume ratio.

# List the advantages of being

" multicellular.

Explain the difference between

prokaryotlc cells and
eukaryotic cells.

Figure 10 Cork is a soft ma-
terial found in trees. Cork cells
Were the first cells seen with a
microscope.

Figure 11 This is the compound

microscope that Hooke used to see
the first cells. Hooke made a drawing

of the cork cells that he saw.

+ State the parts of the cell theory.

The Discovery of Cells

Most cells are so tiny that they are not visible to the naked
eye. So how did we find out that cells are the basic unit of
all living things? What would make someone think that
a rabbit or a tree or a person is made up of tiny parts that
cannot be seen? Actually, the first person to see cells was not
even looking for them.

Seeing the First Cells

In 1665, a British scientist named Robert Hooke was trying to
find something interesting that he could show to other sci-
entists at a meeting. Earlier, he had built a crude microscope
that allowed him to look at very tiny objects. One day he
decided to look at a thin slice of cork, a soft plant tissue found
in the bark of trees like the ones shown in Figure 10. To his
amazement, the cork looked like hundreds of little boxes,
which he described as looking like a honeycomb. He

rooms” in Latin.

Although Hooke did not-realize it, these boxes
were actually the outer layers of the cork cells that
were left behind after the cells died. Later, he looked
at thin slices of plants and saw that they too were made
of tiny cells. Some of them were even filled with “juice”
(those were living cells). Hooke’s microscope and drawings of
cork cells are shown in Figure 11.

Hooke also used his microscope to look at feathers, fish
scales, and the eyes of house flies, but he spent most of his
time looking at plants and fungi. Since plant and fungal
cells had walls that were easier to see, Hooke thought that
cells were found only in those types of organisms and not
in animals.
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named these tiny boxes cells, which means “little
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Leeuwenhoek saw unicellular organisms
similar to these, which are found in pond scum.

In 1673, a few years after Hooke made
his observations, a Dutch merchant
named Anton van Leeuwenhoek (LAY
vuhn hook) used one of his own
handmade microscopes to get a closer
look at pond scum, similar to that
shown in Figure 12. He was amazed
to see many small creatures swim-
ming around in the slimy ooze; he
named the creatures animalcules,
which means “little animals.”

Leeuwenhoek also looked at blood
he took from different animals and
tartar he scraped off their teeth and
his own. He observed that blood cells
in fish, birds, and frogs are oval-
shaped, while those in humans and
dogs are flatter. He was the first per-
son to see bacteria, and he discovered
that the yeasts used to make bread
dough rise are actually unicellular
organisms.

The Cell Theoxy

After Hooke first saw the cork cells, almost two centuries passed
before anyone realized that cells are present in all living things.
Matthias Schleiden, a German scientist, looked at many slides
of plant tissues and read about what other scientists had seen
under the microscope. In 1838, he concluded that all plant
parts are made of cells.

The next year, Theodor Schwann, a German scientist who
studied animals, stated that all animal tissues are made of cells.
Not long after that, Schwann wrote the first two parts of what
is now known as the cell theory:

o1 All organisms are composed of one or more cells.

ot The cell is the basic unit of life in all living things.

About 20 years later, in 1858, Rudolf Virchow, a German doc-
tor, saw that cells could not develop from anything except
other cells. He then wrote the third part ot the cell theory:

= All cells come from existing cells.



sells come in many different shapes and sizes and perform a
vide variety of functions, but they all have the following
hings in common:

: All cells are surrounded by a cell membrane.
“his membrane acts as a barrier between the inside of the cell
mnd the cell’s environment. It also controls the passage of
naterials into and out of the cell. Figure 13 shows the outside
>f a cell.

‘eieditary Material Part of the cell theory states that all Figure 13 The cell membrane
ells are made from existing cells. When new cells are made,  po14s the contents of the cell
‘hey receive a copy of the hereditary material of the original  together.

-ells. This material is DNA (deoxyribonucleic acid). It controls

11l of the activities of a cell and contains the information

1eeded for that cell to make new cells.

Cytoplasm and Organelles All cells have
chemicals and structures that enable the cell
to live, grow, and reproduce. The structures
are called organelles. Although all cells have
organelles, they don’t all have the same
kind. Some organelles are surrounded by
membranes, but others are not. The cell in
Figure 14 has membrane-covered organelles.
The chemicals and structures of a cell are
surrounded by fluid. This fluid and almost
everything in it are collectively called the
cytoplasm (SIET oh rLAzZ uhm).

. CHIE: Almost all cells are too small to
be seen with the naked eye. You are made
up of 100 trillion cells, and it would take 50
of these cells just to cover up the dot on the
letter i.

Figure 14 This cell has many organelles. These
organelles are surrounded by membranes.

Why do all cells need DNA? (See
page 782 to check your answer.)
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This is not a headline you are likely to ever see. Why not?
Amoebas consist of only a single cell. Most amoebas can’t
even grow large enough to be seen without a microscope.
That'’s because as a cell gets larger, it needs more food and
produces more waste. Therefore, more materials must be
able to move into and out of the cell through the cell
membrane.

Surface-to-VolumaRatic To keep up with these demands,
a growing cell needs a larger surface area through which
to exchange materials. As the cell’s volume increases, its
outer surface grows too. But the volume of a cell (the
amount a cell will hold) increases at a faster rate than the
area of its outer surface. If a cell gets too large, its surface
will have too few openings to allow enough materials into
and out of it.

To understand why the volume of a cell increases faster
than its surface area, look at the table below. The surface-
to-volume ratio is the area of a cell’s outer surface in relation
to its volume. The surface-to-volume ratio decreases as cell
size increases. Increasing the number of cells but not their
size maintains a high surface-to-volume ratio.

Surface-to-Volume Ratio :

Each side of this cell is
1 unit long.

The surface area of one side is
1 square unit.
Ox1=1)

The surface area of the cell is
6 square units.
(1X1x6=86)

The volume of this cell is
1 cubic unit.
Ix1x1=1)

The surface-to-volume ratio
of this cell is 6:1.
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Each side of this cell is
2 units long.

The surface area of one side is
4 square units.
2X%X2=4)

This cell has a surface area of
24 square units.
(2 X 2 X 6 = 24)

The volume of this larger cell is
8 cubic units.
2x2x2=28)

The surface-to-volume ratio
of this cell is 24:8, or 3:1.

The sides of each of these
8 cells are 1 unit long.

The combined surface area of
these 8 cells is
48 square units.
(8 X 6 square units = 48)

The combined volume of
these cells is
8 cubic units.
{8 X 1 cubic unit = 8)

The surface-to-volume
ratio of the combined
cells is 48:8, or 6:1.



The Benefiis of Being Muliicellular Do you know now
why you are made up of many tiny cells instead of one large
cell? A single cell as big as you are would have an incredibly
small surface-to-volume ratio. The cell could not survive because
its outer surface would be too small to allow in the materials
it would need. Multicellular organisms grow by producing more
small cells, not larger cells. The elephant in Figure 15 has cells
that are the same size as yours.

Many Kinds of Cells In addition to being able to grow larger,
multicellular organisms are able to do lots of other things
because they are made up of different kinds of cells. Just as
there are teachers who are specialized to teach and me- & W LA T A
! chanics who are specialized to work on cars, different cells are  Figure 15 An elephant is larger
1 specialized to perform different jobs. A single cell cannot do than a human because it has
all the things that many different cells can do. Having many /more cells, not larger cells.
different cells that are specialized for specific jobs allows multi-
cellular organisms to perform more functions than unicellular
organisms.
The different kinds of cells can form tissues and organs
with different functions. People have specialized cells, such
as muscle cells, eye cells, and brain cells, so they can walk,

al 2l QYW YR

Examine the cells below, and
answer the questions that

{ run, watch a movie, think, and do many other activities. If Surface-to-Volume Ratio
i you enjoy doing many different things, be glad you are not a The shape of a cell can affect
{ single cell. its surface-to-volume ratio.

follow:

H 1
! APPLY micrometer of surface every |

minute, how many mol- 4, 4 | 5 B
A Pet Paramecium ecules can it eat in T minute? . D)
Imagine that you have a If your pet needs one food 2 1 2
pet Paramecium, a type of molecule per cubic micro- 1. W SHTiE e, SuTiaes BTes
unicellular organism. In order meter of volume every of Cell A? of Cell B?
to properly care for your pet,  minute to survive, how 2. What is the volume of
you have to figure out how much would you have to Cell A? of Cell B? |
much you need to feed it. feed it every minute? 3. Which of the two cells pic- |

|

The dimensions of your
Paramecium are roughly
125 pm X 50 pm X 20 pm.
If seven food molecules can
enter through each square

tured here has the greater
surface-to-volume ratio?
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. microscope slide. Add a drop

\/ Seli-Chegit
1. As a cell grows
larger, what hap-

pens to its surface-
to-volume ratio?

2. What does a
eukaryotic cell have
that a prokaryotic
cell does not?

(See page 782 to check .

your answer.) |

Do Bacteria Taste Good?

If they're the kind found in
yogurt, they taste great! Using
a cotton swab, put a small
dot of yogurt on a plastic

of water, and use the cotton

swab to stir. Add a plastic

coverslip, and-examine the

- slide using a microscope.

. Draw what you see.

' The masses of rod-shaped
bacteria feed on the sugar in

- milk (lactose) and convert it

into lactic acid. Lactic acid

causes milk to thicken, which

makes yogurt!

R e
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Types of Cells

The many different kinds of cells that exist can be divided
into two groups. As you have already learned, all cells have
DNA. In one group, cells have a nucleus, which is a
membrane-covered organelle that holds the cells’ DNA. In
the other group, the cells’ DNA is not contained in a nucleus.
Cells that do not have a nucleus are prokaryotic (proh kar
ee AH tik), and cells that have a nucleus are eukaryotic (yoo

KAR ee AH tik).

Prokaryotic Cells Prokaryotic cells are also called bacteria.
They are the world’s smallest cells, and they do not have a
nucleus. A prokaryotic cell’s DNA is one long, circular
molecule shaped sort of like a rubber band.

Bacteria do not have any membrane-covered organelles,
but they do have tiny, round organelles called ribosomes.
These organelles work like little factories to make proteins.

Most bacteria are covered by a hard cell wall outside a
softer cell membrane. Think of the membrane pressing
against the wall as an inflated balloon pressing against the
inside of a glass jar. But unlike the balloon and jar, the
membrane and the wall allow food and waste molecules
to pass through. Figure 16 shows a generalized view of a
prokaryotic cell.

Bacteria were probably the first type of cells on Earth.
The oldest fossils ever found are of prokaryotic cells. Scientists
have estimated these fossils to be 3.5 billion years old.

Ribosome

Cell
membrane

Cell wall

Figure 16 Prokaryotic cells do not have a nucleus or any
other membrane-covered organelles. The circular DNA is
bunched up in the cytoplasm.
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Zularyotic Calls  Eukaryotic cells are more complex than RhiGlEts
prokaryotic cells. Although most eukaryotic cells are about
10 times larger than prokaryotic cells, they still have a high
enough surface-to-volume ratio to survive. Fossil evidence
suggests that eukaryotic cells first appeared about

2 billion years ago. All living things that are not
bacteria are made of one or more eukaryotic cells.
This includes plants, animals, fungi, and protists.

Eukaryotic cells have a nucleus and many
other membrane-covered organelles. An advan-
tage of having the cell divided into compart-
ments is that it allows many different
chemical processes to occur at the same time.

A generalized eukaryotic cell is shown in
Figure 17.

There is more DNA in eukaryotic cells than
in prokaryotic cells, and it is stored in the nucleus.
Instead of being circular, the DNA molecules in _ -
eukaryotic cells are linear. Figure 17 Fukaryotic cells

All eukaryotic cells have a cell membrane, and some of contain a nucleus and many
them have a cell wall. Those that have cell walls are found other organelles.

in plants, fungi, and some unicellular organisms. The tables
below summarize the differences between eukaryotic and
prokaryotic cells.

Prokaryotic Cells : Eukaryotic Cells : 50' ence

No nucleus Nucleus CONNECTION
No membrane-covered Membrane-covered

organelles organelles A new way to cure sick cells? See
Circular DNA Linear DNA page 80.
Bacteria All other cells

- What are the three parts of the cell theory?

Z. What do all cells have in common?

$. What are two advantages of being multicellular?

%. If a unicellular organism has a cell wall, ribosomes, and

. = . . TOPIC: Prokaryotic Cells
circular DNA, is it eukaryotic or prokaryotic? GO T0: wwvv.s}éilinks org

sciLINKS NUMBER: HSTL065

Which has the greater surface-to-
Volume ratlo a tennis ball or a basketball? Explain your = S
answer. What could be done to increase the surface-to- '

volume ratio of both?







