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Text
Cells

All living organisms are made of cells and cell products. This simple
statement, called the Cell Theory, was first proposed over 150 years ago. You
may think of a theory as a guess or hypothesis, and sometimes this is so. But a
theory is actually the best explanation of all the available evidence. All of the
evidence science has gathered so far supports the validity of the Cell Theory.

Cells are the smallest living subunits of a multicellular organism such as a
human being. A cell is a complex arrangement of the chemicals; is living; and
carries out specific activities. Microorganisms, such as amoebas and bacteria,
are single cells which function independently. Human cells, however, must
work together, and function interdependently. Homeostasis depends upon the
contributions of all of the different kinds of cells.

Human cells vary in size, shape, and function. Most
human cells are so small they can only be seen with the aid of
a microscope, and are measured in units called microns.
One exception is the human ovum or egg cell, which is about
one millimeter in diameter, just visible to the unaided eye.
Some nerve cells, although microscopic in diameter, may be
quite long. Those in our arms and legs, for example, are at

least two feet long.

With respect to shape, human cells vary greatly. Some
are round or spherical, others rectangular, still others irregular. White blood
cells even change shape as they move.
Cell Structure

Despite their many differences, human cells have several similar structural

features : a cell membrane, cytoplasm and cell organelles, and a nucleus. Red
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2 Unit One

blood cells are an exception since they have no nuclei when mature. The cell
membrane forms the outer boundary of the cell, and surrounds the cytoplasm,
organelles, and nucleus.

Cell Membrane

Also called the plasma membrane, the cell membrane is made of
phospholipids, cholesterol, and proteins. The phospholipids permit lipid-
soluble materials to easily enter or leave the cell by diffusion through the cell
membrane. Cholesterol provides greater stability to the membrane. The proteins
have several functions: some form pores or openings to permit passage of
materials ; others are enzymes that also help substances enter the cell. Still other
proteins, with oligosaccharides on their outer surface, are antigens, markers
that identify the cells of an individual as “self”. And yet another group of
proteins serves as receptor sites for hormones. Many hormones bring about their
specific effects by first bonding to a particular receptor on the cell membrane.
This bonding then triggers chemical reactions within the cell membrane or the
interior of the cell.

Although the cell membrane is the outer boundary of the cell, it should
already be apparent to you that it is not a static or wall-like boundary, but rather
an active, dynamic one. The cell membrane is selectively permeable, that is,
certain substances are permitted to pass through and others are not.

Nucleus

With the exception of mature red blood cells, all human cells have a
nucleus. The nucleus floats in the cytoplasm, and is bounded by a double-
layered nuclear membrane with many pores.

A nucleolus is a small sphere made of DNA, RNA, and protein. The
nucleoli form a type of RNA called ribosomal RNA, which becomes part of
ribosomes (a cell organelle) and is involved in protein synthesis.

The nucleus is the control center of the cell because it contains the
chromosomes. The 46 chromosomes of a human cell are usually not visible;
they are long threads called chromatin. When a cell divides, however, the
chromatin coils extensively into visible chromosomes. Chromosomes are made of
DNA and protein. Remember from our earlier discussion that the DNA is the

genetic code for the characteristics and activities of the cell. Although the DNA
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Unit One 3

in the nucleus of each cell contains all of the genetic information for all human
traits, only a small number of genes are actually active in a particular cell.
These active genes are the codes for the proteins necessary for the specific cell
type. How the genetic code in chromosomes is translated into proteins will be
covered in a later section.

Cytoplasm and cell organelles

Cytoplasm is a watery solution of minerals, gases, and organic molecules
that is found between the cell membrane and the nucleus. Chemical reactions
take place within the cytoplasm, and the cell organelles are found here. Cell
organelles are intracellular structures, often bounded by their own membranes,
which have specific roles in cellular functioning.

The endoplasmic reticulum (ER) is an extensive network of membranous
tubules that extend from the nuclear membrane to the cell membrane. Rough ER
has numerous ribosomes on its surface, while smooth ER has no ribosomes at
all. As a network of interconnected tunnels, the ER serves as a passageway for
the transport of the materials necessary for cell function within the cell. These
include proteins synthesized by the ribosomes on the rough ER, and lipids
synthesized by the smooth ER.

Ribosomes are very small structures made of protein and ribosomal RNA.
Some are found on the surface of rough ER, while others float freely within the
cytoplasm. Ribosomes are the site of protein synthesis.

The Golgi apparatus is a series of flat, membranous sacs, somewhat like a
stack of saucers. Carbohydrates are synthesized within the Golgi apparatus, and
are packaged, along with other materials, for secretion from the cell. To secrete
a substance, small sacs of the Golgi membrane break off and fuse with the cell
membrane, releasing the substance to the exterior of the cell.

Mitochondria are oval or spherical organelles within the cytoplasm,
bounded by a double membrane. The inner membrane has folds called cristae.
Within the mitochondria, the aerobic ( oxygen-requiring) reactions of cell
respiration take place. Therefore, mitochondria are the site of ATP (and hence
energy) production. Cells that require large amounts of ATP, such as muscle
cells, have many mitochondria to meet their need for energy.

Lysosomes are single membrane structures within the cytoplasm that
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4 Unit One

contain digestive enzymes. When certain white blood cells engulf bacteria, the
bacteria are digested and destroyed by these lysosomal enzymes. Worn-out cell
parts and dead cells are also digested by these enzymes, which contributes to the
process of inflammation in damaged tissues.

Centrioles are a pair of rod-shaped structures perpendicular to one
another. Their function is to organize the spindle fibers during cell division.

Cilia and flagella are mobile thread-like projections through the cell
membrane. Cilia serve the function of sweeping materials across the cell
surface. They are usually shorter than flagella, and an individual cell has many
of them. Cells lining the fallopian tubes, for example, have cilia to sweep the
egg cell toward the uterus. The only human cell with a flagellum is the sperm
cell. The flagellum provides motility, or movement, for the sperm cell.
Cellular Transport Mechanisms

Living cells constantly interact with the blood or tissue fluid around them,
taking in some substances and secreting or excreting others. There are several
mechanisms of transport that enable cells to move materials into or out of the
cell: diffusion, osmosis, facilitated diffusion, active transport, filtration,
phagocytosis, and pinocytosis. Some of these take place without the
expenditure of energy by the cells. But, others do require energy, in the form of
ATP. Each of these mechanisms is described below and an example is included
to show how each is important to the body.
Diffusion

Diffusion is the movement of molecules from an area of greater
concentration to an area of lesser concentration. Diffusion occurs because
molecules have free energy, that is, they are always in motion. The molecules
in a solid move very slowly; those in a liquid move faster, and those in a gas
move faster still, as when ice absorbs heat energy, melts, and then evaporates.
As the sugar dissolves, the sugar molecules collide with one another. These
collisions spread out the sugar molecules until they are evenly dispersed among
the water molecules. The molecules are still moving, but as some go to the top
others go to the bottom, and so on. Thus, an equilibrium is reached.

Within the body, the gases oxygen and carbon dioxide move by diffusion.

In the lungs, for example, there is a high concentration of oxygen in the alveoli

95

100

105

110

115

120



Unit One 5

(air sacs) , and a low concentration of oxygen in the blood in the surrounding
pulmonary capillaries. The opposite is true for carbon dioxide: a low
concentration in the air in the alveoli and a high concentration in the blood in
the pulmonary capillaries. These gases diffuse in opposite directions, each
moving from where there is more to where there is less. Oxygen diffuses from the
air to the blood to be circulated throughout the body. Carbon dioxide diffuses
from the blood to the air to be exhaled.

Osmosis

Osmosis may be simply defined as the diffusion of water through a
selectively permeable membrane or barrier. That is, water will move from an
area with more water present to an area with less water. Another way to say this
is that water will naturally tend to move to an area where there is more dissolved
material, such as salt or sugar. If a 2% salt solution and a 6% salt solution are
separated by a membrane allowing water but not salt to pass through it, water
will diffuse from the 2% salt solution to the 6% salt solution. The result is that
the 2% solution will become more concentrated and the 6% solution will
become more dilute.

In the body, the cells lining the small intestine absorb water from digested
food by osmosis. These cells have first absorbed salts, have become more
“salty” , and water follows salt into the cells. The process of osmosis also takes
place in the kidneys, which reabsorb large amounts of water to prevent its loss in
urine.

Facilitated Diffusion

The word facilitate means to help or assist. In facilitated diffusion,
molecules move through a membrane from an area of greater concentration to an
area of lesser concentration, but they need some help to do this.

In the body, our cells must take in glucose to use for ATP production.
Glucose,, however, will not diffuse through most cell membranes by itself, even
if there is more outside the cell than inside. Diffusion of glucose into most cells
requires carrier enzymes, proteins that are part of the cell membrane. Glucose
bonds to the carrier enzymes, and by doing so becomes soluble in the
phospholipids of the cell membrane. The glucose-carrier molecule diffuses

through the membrane and glucose is released to the interior of the cell.
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6  Unit One

Active Transport

Active transport requires the energy of ATP to move molecules from an area
of lesser concentration to an area of greater concentration. Notice that this is the
opposite of diffusion, in which the free energy of molecules causes them to move
to where there are fewer of them. Active transport is therefore said to be
movement against a concentration gradient.

In the body, nerve cells and muscle cells have “sodium pumps” to move
sodium ions (Na* ) out of the cells. Sodium ions are more abundant outside the
cells, and constantly diffuse into the cell, their area of lesser concentration.
Without the sodium pumps to return them outside, the incoming sodium ions
would bring about an unwanted nerve impulse or muscle contraction. Nerve and
muscle cells constantly produce ATP to keep their sodium pumps working and
prevent spontaneous impulses.

Another example of active transport is the absorption of glucose and amino
acids by the cells lining the small intestine. The cells use ATP to absorb these
nutrients from digested food, even when their intracellular concentration
becomes greater than their extracellular concentration.

Filtration

The process of filtration also requires energy, but the energy needed does
not come from ATP. It is the energy of mechanical pressure. Filtration means
that water and dissolved materials are forced through a membrane from an area of
higher pressure to an area of lower pressure.

In the body, blood pressure is created by the pumping of the heart.
Filtration occurs when blood flows through capillaries, whose walls are only one
cell thick and very permeable. The blood pressure in capillaries is higher than
the pressure of the surrounding tissue fluid, and more tissue fluid is formed. In
capillaries throughout the body, blood pressure forces plasma and dissolved
materials through the capillary membranes into the surrounding tissues. This is
how tissues receive glucose, amino acids, and other nutrients. Blood pressure in
the capillaries of the kidneys also brings about filtration, which is the first step
in the formation of urine.

Phagocytosis and Pinocytosis

These two processes are similar in that both involve a cell engulfing
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Unit One 7

something. An example of phagocytosis is a white blood cell engulfing bacteria.

The white blood cell flows around the bacterium, taking it in and eventually

digesting it.

Other cells that are stationary may take in small molecules that become 195

adsorbed or attached to their membranes. The cells of the kidney tubules

reabsorb small proteins by pinocytosis, so that the protein is not lost in urine.

New Words and Phrases

multicellular / malti'seljula/adj.
amoeba /o'mi:ba/ n.

micron /'maikron/ n.
ovum /'suvom/ n.

rectangular /rek'tenpgjulo/adj.
cytoplasm /'saitouplezm/ n.

organelle /,5:ga'nel/ n.
phospholipid /fosfa'lipid/ n.
cholesterol /ka'lestoraul,-rol/ n.

oligosaccharide / oligou'sakoraid/ n.

nucleolus /nju:'klizolos/ n.
ribosome /'raibasoum/ n.

chromosome /'kroumosaum/ n.

chromatin /'kroumotin/ n.

intracellular / intra'seljula/ adj.

endoplasmic /'endoupleezmik/ adj.

ZHRERY , 2 55

form of animal life, made up of a single
cell ZFE iy, FIKE

(&N

female egg cell which begins to develop
into an embryo FIF

LW, KITTER

substance inside the cell membrane, which
surrounds the nucleus of a cell 4HHJFE
Hfaas, /NMFE

BERR

JIE [ %

R SHE

B

tiny particle in a cell, containing RNA

and protein, where protein is synthesized
BER, Bk

rod-shaped structure in the nucleus of a
cell, formed of DNA which carries the
genes L fafk

network which forms the nucleus of a cell
and can be stained with basic dyes 3ufa [
inside or within the cells in tissue 4Hfi N
5]
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reticulum /ri'tikjulom/ n.
mitochondria / .rriaitau'kondrigl n.
aerobic / eis'roubik/ adj.

lysosome /'laisasoum/ n.

engulf /in'galf/ v.

centriole /'sentrioul/ n.
perpendicular /,pa:pan'dikjula/ adj.
spindle /'spindl/ n.

cilia /'silia/ n.

flagella /flo'&ela/ n.

uterus /'jurtoras/ n.

flagellum /fls'd&zelom/ n.

osmosis /2z'mousis/ n.

diffusion /di'fju:zon/ n.
facilitate /fo'siliteit/ vt.
phagocytosis /fagosai'tousis/ n.

pinocytosis / painousai'tousis/ n.
evaporate /i'veporeit/ v.

collide /ka'laid/ v.
equilibrium /i:kwi'libriam/ n.

series of small fibres or tubes forming a
network FIRZHZ, sz

tiny rod-shaped part of a cell’s cytoplasm
responsible for cell respiration £& ¥ A&
living or occurring only in the presence of
oxygen TR AN , EAFHE

particle in a cell which contains enzymes
which break down substances which
enter the cell (40 &) Bk

T8, B

231 RS SRS AR ST N

REMAWN,EEN

long thin structure 4@k

“E

HEE

hollow organ in a woman’s pelvic cavity,
behind the bladder and in front of the
rectum +E

tiny growth on a microorganism, shaped
like a whip #i£

movement of solvent from one part of the
body through a semipermeable membrane
to another part where there is a higher
concentration of molecules ¥ % (/EF),
YR BT, SR
(RUNEEIER) 5, HER
destruction of bacteria cells and foreign
bodies by phagocytes W& /& Fi

process by which a cell surrounds and
takes in fluid Htk/E
to convert liquid into vapor({i#)# %, 4%
Bl , BAE, hoR

¥ VA



Unit One 9

capillary /ka'pilori/ n. ES¥olik=g

sodium /'soudjom,-diom/ n. &

spontaneous /spon'teinjas,-nias/ adj. which happens without any particular
outside cause H 3l ; A<BBH

amino /'&minou/ adj. HER

filtration /fil'treifon/n. substance which has passed through a

filter 38k , 138K

Notes
1. DNA: deoxyribonucleic acid, Bl EAZFELIR . ZHUEYIRIRIEYIR, b I B0  BERR
& BRI BT R L TRAA
2. RNA :ribonucleic acid , BMZER . &7 0 5 PR E ) — KA MR, #EXTH 4T & H DNA
N, — B B
Word Study
diffuse
v. to spread about, to become widely dispersed #FF, ¥ #
e. g The valley was diffused with fog. 1A KBKE,
adj. (1) widely spread or scattered, not concentrated #(FF
e. g. The organization is becoming diffuse. X/MHZASEMELT .
(2) wordy JTK K, B5WIHY
e. g. His diffuse style discouraged readers. i 0% SCIARHIEE THEIE T £,
pore )
n. tiny opening /Nl
e. g. He was sweating at every pore. i) &/ BFLAERFEH T,
v. (1) study with great closeness {F4H#F5Y , ik
e. g. She pores over a book. HifFBFiE—4H,
(2) consider # &
e. g Let’s pore deeply on the matter. itRATEA L B—FXHE,
pressure
n. (1) force exerted continuously on or against sth. by sth. that touches it &7

e. g. See that the tire pressure is right. B{E#BHENEXR
(2) compelling force or influence 38 %77, & ma S

put pressure on sbh. FRIEF A



10  Unit One

(3) sth. that oppresses or weighs down Eifa%¥y; ¥, R

e. g. He lived under the pressure of poverty. {4 iEZEEMEZ H

Combining Form

COCCO-

cyto-

endo-

fore-

gluco-

homo-

immuno-

kera-

lyo-

micro-

Word Building

Meaning
ball

cell

within

before

sweetness

same

immunity

horn

to dissolve

small

Terminology
coccobacteria
coccoid
coccolith
cytobiology
cytolysis
cytoplasm
endocrine
endoderm
endolymph
forearm
forebrain
foregut
glucogen
glucolysis
glucosan
homotype
homograft
homogenicity
immunocyte
immunodeficiency
immunodiffusion
keracele
kerasin
keratin
lyoenzyme
lyocephalin
lyolipase

microadenpathy
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