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Lesson One

Inside -the Living Cell: Structure and
Function of Internal Cell Parts

1. Cytoplasm: The Dynamic, Mobile Factory

Most of the properties we associate with life are properties of the cytoplasm. Much of the mass of a
cell consists of this semifluid substance, which is bounded on the outside by the plasma membrane.
Organelles are suspended within it, supported by the filamentous network of the cytoskeleton.
Dissolved in the cytoplasmic fluid are nutrients, ions, soluble proteins, and other materials needed
for cell functioning.

2. The Nucleus: Information Central

The eukaryotic cell nucleus is the largest organelle and houses the genetic material (DNA) on
chromosomes. (In prokaryotes the hereditary material is found in the nucleoid.) The nucleus also
contains one or two organelles—the nucleoli—that play a role in cell division. A pore-perforated
sac called the nuclear envelope separates the nucleus and its contents from the cytoplasm.
Small molecules can pass through the nuclear envelope, but larger molecules such as mRNA and
ribosomes must enter and exit via the pores.

3. Organelles: Specialized Work Units

All eukaryotic cells contain most of the various kinds of organelles, and each organelle performs a
specialized function in the cell (Figure 1). Organelles described in this section include ribosomes,
the endoplasmic reticulum, the Golgi complex, vacuoles, lysosomes, mitochondria, and the plastids
of plant cells.

The number of ribosomes within a cell may range from a few hundred to many thousands.
This quantity reflects the fact that ribosomes are the sites at which amino acids are assembled
into proteins for export or for use in cell processes. A complete ribosome is composed of one
larger and one smaller subunit. During protein synthesis the two subunits move along a strand
of mRNA, “reading” the genetic sequence coded in it and translating that sequence into protein.
Several ribosomes may become attached to a single mRNA strand; such a combination is called
a polysome. Most cellular proteins are manufactured on ribosomes in the cytoplasm. Exportable
proteins and membrane proteins are usually made in association with the endoplasmic reticulum.

The endoplasmic reticulum, a lacy array of membranous sacs, tubules, and vesicles, may
be either rough (RER) or smooth (SER). Both types play roles in the.synthesis and transport of
proteins. The RER, which is studded with polysomes, also seems to be the source of the nuclear



Lesson One
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Figure 1 Plant cell {A) and animal cell (B).

envelope after a cell divides. SER lacks polysomes; it is active in the synthesis of fats and steroids
and in the oxidation of toxic substances in the cell. Both types of endoplasmic reticulum serve as
compartments within the cell where specific products can be isolated and subsequently shunted to
particular areas in or outside the cell.

Transport vesicles may carry exportable molecules from the endoplasmic reticulum to another
membranous organelle, the Golgi complex. Within the Golgi complex molecules are modified
and packaged for export out of the cell or for delivery else where in the cytoplasm.

Vacuoles in cells appear to be hollow sacs but are actually filled with fluid and soluble
molecules. The most prominent vacuoles appear in plant cells and serve as water reservoirs and
storage sites for sugars and other molecules. Vacuoles in animal cells carry out phagocytosis (the
intake of particulate matter) and pinocytosis (vacuolar drinking).

A subset of vacuoles is the organelles known as lysosomes, which contain digestive enzymes
(packaged in lysosomes in the Golgi complex) that can break down most biological macromolecules.
They act to digest food particles and to degrade damaged cell parts.

Mitochondria are the sites of energy-yielding chemical reactions in all cells. In addition,
plant cells contain plastids that utilize light energy to manufacture carbohydrates in the process
of photosynthesis. It is on the large surface area provided by the inner cristae of mitochondria that
ATP-generating enzymes are located. Mitochondria are self-replicating, and probably they are the
evolutionary descendants of what were once free-living prokaryotes.

There are two types of plastids: leucoplasts, which lack pigments and serve as storage sites for
starch, proteins, and oils; and chromoplasts, which contain pigments. The most important chro-
moplasts are chloroplasts—organelles that contain the chlorophyll used in photosynthesis. The
internal structure of chloroplasts includes stacks of membranes called grana, which are embedded,
in & matrix called the stroma.

4. The Cytoskeleton

All eukaryotic cells have a cytoskeleton, which is a convoluted latticework of filaments and tubules
that appears to fill all available space in the cell and provides support for various other organelles
(Figure 2). A large portion of the cytoskeleton consists of threadlike microfilaments composed

2
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mainly of the contractile protein actin. They are involved in many types of intracellular movements
in plant and animal cells. A second protein, myosin, is involve in the contraction of muscle cells.
Another main structural component of the cytoskeleton consists of microtubules, which are
composed of the globular protein tubulin and together act as scaffolding that provides a stable cell
shape. Cytoskeletal intermediate filaments appear to impart tensile strength to the cell cytoplasm.
Mechanoenzymes such as myosin, dynein, and kinesin interact with the cytoskeletal filaments and
tubules to generate forces that cause movements.

Microtubule Intermediate Microfilament
filament
25 nm 7~10 nm 6nm

Figure 2 A comparison of the molecules that make up the cytoskeleton.

5. Cellular Movements

Although the cytoskeleton provides some stability to cells, its microtubules and filaments and their
associated proteins enable cells to move by creeping or gliding. Such movements require a solid
substrate to which the cell can adhere and can be guided by the geometry of the surface. Some
cells also exhibit chemotaxis, the ability to move toward or away from the source of a diffusing
chemical. -

Certain eukaryotic cells can swim freely in liquid environments, propelled by whiplike cilia
or flagella. Both cilia and flagella have the same internal structure: nine doublets (pairs of mi-
crotubules) are arranged in a ring and extend the length of the cilium or flagellum, and two more
microtubules run down the center of the ring. Every cilium or flagellum grows only from the cell
surface where a basal body is located. Movement is based on the activities of tiny dynein side
arms that extend from one of the microtubules of each doublet.

Nutrients, proteins, and other materials within most plant cells are moved about via
cytoplasmic streaming. The process occurs as myosin proteins attached to organelles push against
microfilaments arrayed throughout the cell. Microsfilaments and microtubules are responsible for

3
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almost all major cytoplasmic movements. During cell division, microtubules of the spindle—
agsembled from tubulin subunits near organelles called centrioles—move the chromosomes.

Glossary

actin['=ktin] M3 %& G
A globular contractile protein. In muscle
cells, actin interacts with another protein,
myosin, to bring about contraction.

basal body ['beisl 'bodi] 1k
A body identical in structure to a centriole,
found always at the base of a cilium or eu-
karyote flagellum.

centriole ['sentrioul] P& #2
An organelle located close to the nucleus in
most animal and lower plant cells but absent
from prokaryotes and higher plants.

chemotaxis| , keimou'tacksis] # 4t
A locomotory movement of an organism or
cell in response to, and directed by, an ex-
ternal directional stimulus.

chloroplast ['kla(:)replaest] *+4k4k
A plastid in which photosynthesis is car-
ried out. Chloroplasts occur in all photosyn-
thetic organisms except photosynthetic bac-
teria and blue-green algae.

chromosome [ 'kroumassum| # &4k
A DNA-histone thread residing in the nu-
cleus of a cell. Each chromosome possesses
two telomeres and a centromere, and some
contain a nucleolus organizer. RNA proteins
are invariably associated with the chromo-
some.

cilia ['silie] ¢F&
Numerous short, hairlike structures project-
ing from the cell surface that enable locomo-
tion.

cytoplasm |['saitepleezm] [48] FLR
The living contents of a cell bounded extern-

ally by the plasmalemma, including an aque-
ous ground substance (hyaloplasm, cell sap,
or cell matrix) containing organelles and
various inclusions but excluding the nucleus

and visible vacuoles.
cytoskeleton [,saitou'skeliten] 428 R

Of eukaryotic cells, - an internal “skele-
ton”. Its microtubules and other compo-
nents structurally support the cell, organize
and move its internal components. The cy-
toskeleton also helps free-living cells move

through their environment.

dynein ['daini:n] 31 1 & &
A group of at least four distinct pro-
teins found in the flagella and microtubules
of eukaryotic cells and possessing ATPase
activity.

endoplasmic reticulum
[.endou'pleezmik  ri'tikjulom] A E M
Folded membranes and tubes throughout
the eukaryotic cell that provide a large sur-
face upon which chemical activities take
place.

flagella [fls'dzelo] (#fflagellum [fla'd3elom))
23 '
Long, hairlike structures projecting from the
cell surface that enable locomotion.

Golgi complex ['gold3i 'kompleks]
BRALSK
A stack of flattened, smooth, membranous
sacs; the site of synthesis and packaging of
certain molecules in eukaryotic cells.



lysosome ['laisasoum) % B4k
A specialized organelle that holds a mixture
of hydrolytic enzymes.

microfilament [,maikre'filoment| ##, 4 £
Long, fiberlike structures made of protein
and found in cells, often in close associa-
tion with the microtubules; provide struc-
tural support and enable movement.

microtubule [,maikra'tju:bjul] & &
Small, hollow tubes of protein that function
throughout the cytoplasm to provide struc-
tural support and enable movement.

mitochondrion [,maita'kondrion] (&
mitochondria [,maite'’kondria]) £ ¥4k
A membranous organelle resembling a small
bag with a larger bag inside that is folded
back on itself; serves as the site of aerobic
cellular respiration.

myosin ['maiesin] JLEE &
A protein that, with actin, constitutes the
principal element of the contractile appara-
tus of muscle.

nuclear envelope |['nju:klio 'enveloup]
MR, HAUR
A double membrane (two lipid bilayers and
associated proteins) that is the outermost
portion of a cell nucleus.

nucleoid ['nju:klioid] %4k, ¥4, A&
The DNA-containing area of a prokaryote
cell, analogous to the eukaryote nucleus but
not membrane bounded.

nucleoli [nju:'kli:olai] (# nucleolus
[nju:'kli:eles]) 4=
Nuclear structures composed of completed
or partially completed ribosomes and the
specific parts of chromosomes that contain

the information for their construction.

Glossary

nucleus ['nju:klies] (£ nuclei ['nju:kli,ai])
(%a] Retk, WBH, H
The organelle of the eukaryote cell that
contains the chromosomes and hence ulti-
mately controls cellular activity and inheri-
tance through the activity of the genetic ma-
terial, DNA.

phagocytosis [.feegesai'tousis] 54 [4£ A]
The process by which the cell wraps around
a particle and engulfs it.

pinocytosis [,paindsai'tsusis]
WAk (MR, Aot A
The process by which a cell engulfs some
molecules dissolved in water.

plastid ['pleestid] fi4k, R H 4
An organelle present in all plants except
bacteria, blue-green algae, and fungi; it is
enclosed by two membranes (the envelope)
and has various functions.

polysome ["poliseum]|
% Bmtk, % Rk
Of protein synthesis, several ribosomes
all translating the same messenger RNA
molecule, one after the other.

ribosome ['raibesoum|] HAEK, HE G &K
Small structures composed of two protein
and ribonucleic acid subunits involved in the
assembly of proteins from amino acids.

stroma [ 'stroums)] (# stromata ['streumste])
=p- -3 '
Region within a chloroplast that has no
chlorophyll.

tubulin ['tju:bjulin] #& %% &
A protein that is the major constituent of
microtubules.

vacuole ['vekjueul] &8,
Storage container within the cytoplasm of a

cell having a surrounding membrane.
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1. Key Terms: Matching

Exercises

Match each term on the left with the most appropriate description on the right.

1. polysome a. protein synthesis

2. pinocytosis b. baglike structure

3. exocytosis C. power generator

4. plastid d. where flagella grow

5. Golgi complex e. toward or away from a chemical stimulus

6. flagella f. engulfment

7. phagocytosis g. RNA and ribosomes

8. lysosome h. weblike

9. basal body i. in plants only

10. chemotactic j. control room

11. nucleus k. expel

12. vacuole L. vacant

13. ribosome m. whiplike

14. cytoskeleton n. cell drinking

15. mitochondrion 0. packaging

II. True or False

1. __ The DNA of prokaryotic cells is concentrated in the nucleus.

2. __ Ribosomes are derived from the nucleoli.

3. ____ Unlike other cell membranes, the nuclear envelope has no pores.

4. ___ The smooth endoplasmie reticulum is held in place by the cytoskeleton.
5. __ Structural proteins are exportable.

6. ____ The nuclear envelope is produced by the rough endoplasmic reticulum.
7. ____ Most cellular proteins are manufactured on ribosomes.

8. ____White blood cells work by phagocytosis.

9. ___ Prokaryotic cells have microbodies.

10. ___ Mitochondria are self-replicating,.

11. __ Pinocytosis describes the intake of fluid into a cell by a vacuole.

12. ___ Both prokaryotic and eukaryotic cells have a supporting cytoskeleton.
13. ___ Carotenoids are colorless molecules.

14. _ Grana are surrounded by stomata.

. Completion

1. Phagocytosis is a method of cell feeding that first requires that the food be

2. The packages some fifty hydrolytic enzymes in




Ezercises

3. are lysosome-like vesicles containing waste products. They

are thought to be involved with cell

4. Both and are thought to have arisen from endosymbiosis.

5. The cytoskeleton is composed of very fine
and larger

, medium

6. Creeping and gliding cell movements are usually -dependent.

7. behavior is shown when a cell moves toward or away from a chemical substance.

8. Flagella grow from the cell surface only at the

IV. Multiple Choice

Finish each of the following sentences by circling the letter of the correct response.

1. Most of the properties associated with pro-
cesses of life are properties of
a. the nucleus
DNA
the cytoplasm
endosymbionts
none of the above
2. Ribosomes

o o T

a. are organelles involved in protein synthesis
are the cell’s main energy source

are storage sites for starch

are involved in the breakdown of proteins

o Ao T

store genetic information in the form of
DNA
3. Smooth endoplasmic reticulum (SER) .
a. lacks ribosomes
b. is active in fat and steroid synthesis
c. is involved in the oxidation of toxins
d. all of the above
e. none of the above
4. Ribosomes are manufactured in
cytoplasm
nucleoli
mitochondria
smooth endoplasmic reticulum

© fo T

rough endoplasmic reticulum
5. Lysosomes contain

a. hydrolytic enzymes

b. genetic material

c. stored fats

d. proteins

e —— e ——— T

e. carbohydrates
6. The process of phagocytosis involves
a. vacuolar engulfing of particulate matter
b. exocytosis
c. intake of water by a cell’s vacuole
d. expulsion of particulate matter from a cell
e. expulsion of water from a cell
7. Transformation of energy and storage of en-
ergy in the cell are the main function of
a. ribosomes
b. microbodies
c. contractile vacuoles
d. mitochondria
e. smooth endoplasmic reticulum
8. In the mitochondria, enzymes involved in
ATP generation are .
a. located within the matrix
b. located on the cristae
c. located on ribosomes in the matrix
d. dispersed throughout the cristae and ma-
trix
associated with polysomes

©
Qe

hromoplasts are a type of
pigment

storage bin

nutrient tank

plastid

none of the above

© e T

10. An mRNA molecule and its associated ribo-
somes make up,
a. a multisome
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a polysome
a lysosome
a monosome

o oo T

. none of the above’

11. Leucoplasts are plastids that

contain carotenoid

are involved in photosynthesis

serve as a storage site for starch, proteins,
and oils

d. are responsible for plant pigmentation

e TP

e. are none of the above
12. Each individual cell is supported by a net-
work of filaments and tubules known as

a. cytoplasm

b. a vacuole

c. an endoplasmic reticulum

d. a cytoskeleton

e. a plasma membrane
13. In prokaryotic cells the DNA is

a. found in the nucleus

b. organized into a number of discrete chro-

INOSOIMeS
¢. condensed into an unbounded area called
the nucleoid

d. condensed into nucleoli

e. enclosed in a nuclear envelope
14. Amino acids are assembled into proteins in
the cells

a. in the nucleus

b. on ribosomes

¢. in mitochondria

d. in lysosomes

e. in the Golgi complex
15. During protein synthesis a single mRNA
molecule may be associated with several ribo-
somes to form

a. a gene

b. a lysosome

c. a polysome

d. smooth endoplasmic reticulum

e. rough endoplasmic reticulum
16. Export proteins are proteins destined for ex-

port from the cell or for inclusion in cell mem-
branes. The can be identified by .
a. their secondary structure
b. a sequence of amino acids known as signal
peptide
c. their association with a polysome
d. all of the above
e. none of the above
17. Proteins synthesized on endoplasmic reticu-
lum are modified
in vacuoles
in the cell membrane
in the Golgi complex
in lysosomes

e Ao T e

. not at all after synthesis
18. An amoeba living in water whose tonicity
is lower than that of its internal cytoplasm must
deal with a constant influx of water into the cell.
It expels this excess water by

a. using excretory proteins

b. waterproofing its cell membrane with

' lipids

c. using a contractile vacuole

d. using phagocytosis

e. moving to an environment with lower

tonicity

19. Hydrolytic enzymes in the cell digest food in
the. . .
lysosome
Golgi complex
mitochondria
chloroplast

o R TP

. endoplasmic reticulum
20. An organelle isolated from an animal cell is
found to contain large numbers of enzymes in-
volved in energy transformation. This organelle
is most likely to be

a. a lysosome
a Golgi complex
a mitochondrion
a chloroplast

o &0 T

a leucoplast



