
Cells not only constitute the basic units of the
human body but also function in executing all of the
activities that the body requires for its survival. Al-
though there are more than 200 different cell types,
most cells possess common features that permit
them to perform their varied responsibilities. The
living component of the cell is the protoplasm,
which is subdivided into the cytoplasm and the
nucleoplasm (see Graphic 1-1). The protoplasm
also contains nonliving material such as crystals and
pigment.

● CYTOPLASM

Plasmalemma

Cells possess a membrane, the plasmalemma,
which provides a selective, structural barrier be-
tween the cell and the outside world. This phos-
pholipid bilayer, with integral and peripheral
proteins and cholesterol embedded in it, functions
in cell-cell recognition, in exocytosis and endocy-
tosis, as a receptor site for signaling molecules, and
as an initiator and controller of the secondary
messenger system. Materials may enter the cell by
several means, such as pinocytosis (nonspecific
uptake of molecules in an aqueous solution),
receptor-mediated endocytosis (specific uptake of
substances, such as low density lipoproteins), or
phagocytosis (uptake of particulate matter). Secre-
tory products may leave the cell by two means:
constitutive or regulated secretion. Constitutive
secretion, using non–clathrin-coated vesicles, is
the default pathway that does not require an extra-
cellular signal for release and thus the secretory
product (e.g., procollagen) leaves the cell in a con-
tinuous fashion. Regulated secretion requires the
presence of clathrin-coated storage vesicles whose
contents (e.g., pancreatic enzymes) are released
only after the initiation of an extracellular signaling
process.

Cells possess a number of distinct organelles,
many of which are formed from membranes that are
similar but not identical to the biochemical compo-
sition of the plasmalemma.

Mitochondria

Mitochondria are composed of an outer and an
inner membrane with an intervening compartment
between them known as the intermembrane space
(see Graphic 1-2). The inner membrane is folded to
form flat, shelf-like structures (or tubular in steroid-
manufacturing cells) known as cristae and encloses
a viscous fluid-filled space known as the matrix
space. Mitochondria function in the generation of
ATP, utilizing a chemiosmotic coupling mechanism
that employs a specific sequence of enzyme com-
plexes and proton translocator systems (electron
transport chain and the ATP-synthase containing
elementary particles) embedded in their cristae. In
brown fat, this organelle instead of producing ATP
generates heat. Mitochondria also assist in the syn-
thesis of certain lipids and proteins; they possess
the enzymes of the TCA cycle, circular DNA mole-
cules, and matrix granules in their matrix space.
These organelles increase in number by undergoing
binary fission.

Ribosomes

Ribosomes are small, bipartite, nonmembranous
organelles that exist as individual particles that
do not coalesce with each other until protein syn-
thesis begins. Each portion is composed of proteins
and r-RNA and functions as an interactive “work-
bench” that not only provides a surface on which
protein synthesis occurs but also as a catalyst that
facilitates the synthesis of proteins.

Endoplasmic Reticulum

The endoplasmic reticulum is composed of tubules,
sacs, and flat sheets of membranes that occupy
much of the intracellular space (see Graphic 1-2).
There are two types of endoplasmic reticula: rough
and smooth. The rough endoplasmic reticulum
(RER), whose cytoplasmic surface possesses recep-
tor molecules for ribosomes and signal recognition
particles (known as ribophorins and docking pro-
teins, respectively), is continuous with the outer nu-
clear membrane. The RER functions in the
synthesis and modification of proteins that are to
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GRAPHIC 1-1 The Cell
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GRAPHIC 1-2 The Organelles
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be packaged, as well as in the synthesis of membrane
lipids and proteins. Smooth endoplasmic reticu-
lum (SER) functions in the synthesis of cholesterols
and lipids as well as in the detoxification of certain
drugs and toxins (such as barbiturates and alcohol).
Additionally, in skeletal muscle cells this organelle
is specialized to sequester and release calcium ions
and thus regulate muscle contraction and relaxation.

Golgi Apparatus, cis-Golgi Network, 
and trans-Golgi Network

The Golgi apparatus (complex) is composed of a
specifically oriented cluster of vesicles, tubules, and
flattened membrane-bounded cisternae. Each Golgi
complex has a convex entry face, known as the cis
face, and a concave exit face, known as the trans
face. The cis face is closer to the nucleus and the trans
face is oriented toward the cell membrane. Between
the cis face and the trans face are several intermedi-
ate cisternae, known as the medial face (see Graphic
1-2). The Golgi complex not only packages but also
modifies macromolecules synthesized on the surface
of the RER. Newly synthesized proteins pass from
the RER to the vesicular-tubular cluster (VTC, for-
merly referred to as the ERGIC) by COPII-coated
transfer vesicles, whose outer membrane has the
protein coatamer II (COPII-coated vesicles), and
from there to the cis-Golgi network, probably via
COPI-coated (coatamer I) vesicles. The proteins
continue to travel to the cis, medial, and trans faces
of the Golgi apparatus by non–clathrin-coated
vesicles (or, according to some authors, via cisternal
maturation). Lysosomal oligosaccharides are phos-
phorylated in the VTC and/or in the cis face; man-
nose groups are removed and other sugar residues
are added in the medial face, whereas the addition of
galactose and sialic acid as well as the sulfation of se-
lected residues occur in the trans face. Sorting and
the final packaging of the macromolecules are the
responsibility of the trans-Golgi network (TGN). It
should be noted that material can travel through
the Golgi complex in an anterograde fashion, as
just described, as well as in a retrograde fashion,
which occurs in situations such as when escaped
proteins that are residents of the RER or of a partic-
ular Golgi face must be returned to their compart-
ments of origin.

Endosomes

Endosomes are intermediate compartments within
the cell, utilized in the destruction of endocytosed,
phagocytosed, or autophagocytosed materials as
well as in the formation of lysosomes. Endosomes
possess proton pumps in their membranes, which
pump H� into the endosome, thus acidifying the in-
terior of this compartment. Also, these organelles
are intermediate stages in the formation of lyso-

somes. Early endosomes are located at the periph-
ery of the cell; they contain receptor-ligand com-
plexes, and their acidic content (pH 6) is responsible
for the uncoupling of receptors from ligands. The
receptors are usually carried into a system of tubu-
lar vesicles, the recycling endosomes, from which
the receptors are returned to the plasmalemma,
whereas the ligands are translocated to late endo-
somes. Within late endosomes the pH is even more
acidic (pH 5.5). Many investigators have suggested
that early endosomes mature into late endosomes
by the fusion of vesicles with one another as well as
with late endosomes that have been formed earlier.

Lysosomes

Lysosomes are formed by the utilization of late
endosomes as an intermediary compartment. Both
lysosomal membranes and lysosomal enzymes are
packaged in the TGN and are delivered in separate
clathrin-coated vesicles to late endosomes, form-
ing endolysosomes, which then mature to become
lysosomes. These membrane-bounded vesicles
whose proton pumps are responsible for their very
acidic interior (pH 5.0) contain various hydrolytic
enzymes that function in intracellular digestion.
They degrade certain macromolecules as well as
phagocytosed particulate matter (phagolysosomes)
and autophagocytosed material (autophagolyso-
somes). Frequently, the indigestible remnants of
lysosomal degradation remain in the cell, enclosed
in vesicles referred to as residual bodies. The lyso-
somal membrane maintains its integrity possibly
because the luminal aspects of the membrane pro-
teins are glycosylated to a much greater extent than
those of other membranes, thus preventing the
degradation of the membrane.

Peroxisomes

Peroxisomes are membrane-bounded organelles
housing oxidative enzymes such as urate oxidase,
D-amino acid oxidase, and catalase. These or-
ganelles function in the formation of free radicals
(e.g., superoxides), which destroy various substances,
and in the protection of the cell by degrading hydro-
gen peroxide by catalase. They also function in
detoxification of certain toxins and in elongation of
some fatty acids during lipid synthesis. Most of the
proteins intended for inclusion into peroxisomes are
synthesized in the cytosol rather than on the RER.
All peroxisomes are formed by fission from preexist-
ing peroxisomes.

Proteasomes

Proteasomes are small, barrel-shaped organelles
that function in the degradation of cytosolic pro-
teins. The practice of cytosolic proteolysis is highly
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regulated, and the candidate protein must be tagged
by several ubiquitin molecules before it is permitted
to be destroyed by the proteasome system.

Cytoskeleton

The cytoskeleton is composed of a filamentous
array of proteins that act not only as the structural
framework of the cell but also to transport material
within it from one region of the cell to another and
to provide it with the capability of motion and cell
division. Components of the cytoskeleton include
microtubules (consisting of �- and �-tubulins
arranged in 13 protofilaments) and thin (actin)
filaments (also known as microfilaments). Thin fil-
aments function in the movement of cells from one
place to another as well as in the movement of re-
gions in the cell with respect to itself. Intermediate
filaments are thicker than thin filaments and thin-
ner than thick filaments. They function in providing
a structural framework to the cell and resisting me-
chanical stress placed on cells. Thick filaments, in-
cluded here although not traditionally included as
part of the cytoskeleton, are composed of myosin,
and they interact with thin filaments to facilitate cell
movement either along a surface or movement of
cellular regions with respect to the cell.

Microtubules are also associated with micro-
tubule-associated proteins (MAPs), which permit
organelles, vesicles, and other components of the
cytoskeleton to bind to microtubules. Most micro-
tubules originate from the microtubule-organizing
center (MTOC) of the cell, located in the vicinity of
the Golgi apparatus. These elements of the cytoskele-
ton are pathways for intracellular translocation of
organelles and vesicles, and, during cell division,
chromosomes are moved into their proper locations.
Two important MAPs, kinesin and dynein, are
motor proteins that facilitate anterograde and retro-
grade intracellular vesicular and organelle move-
ment, respectively. The axoneme of cilia and flagella,
as well as a framework of centrioles, are formed
mostly of microtubules.

Inclusions

Cytoplasmic inclusions, such as lipids, glycogen,
secretory granules, and pigments, are also consis-
tent constituents of the cytoplasm. Many of these
inclusions are transitory in nature, although some

pigments, e.g., lipofuscin, are permanent residents
of certain cells.

● NUCLEUS

The nucleus is enclosed by the nuclear envelope,
composed of an inner and an outer nuclear mem-
brane with an intervening perinuclear cistern (see
Graphic 1-2). The outer nuclear membrane is stud-
ded with ribosomes and is continuous, in places,
with the RER. In areas where the inner and outer
membranes fuse with each other, circular profiles
(known as nuclear pores) form that permit com-
munication between the nucleoplasm and the cyto-
plasm. These perforations of the nuclear envelope
are guarded by protein assemblies, which, together
with the perforations, are known as nuclear pore
complexes, providing regulated passageways for
the transport of materials in and out of the nucleus.
The nucleus houses chromosomes and is the loca-
tion of RNA synthesis. Both mRNA and tRNA are
transcribed in the nucleus, whereas rRNA is tran-
scribed in the region of the nucleus known as the
nucleolus. The nucleolus is also the site of assembly
of ribosomal proteins and rRNA into the small and
large subunits of ribosomes. These ribosomal sub-
units enter the cytosol individually.

● CELL CYCLE

The cell cycle is governed by the cell cycle control sys-
tem, which not only ensures the occurrence of the
correct sequence of events in a timely fashion but also
monitors and controls them. The cell cycle is subdi-
vided into four phases: G1, S, G2, and M. During the
presynthetic phase, G1, the cell increases its size and
organelle content. During the S phase, DNA (plus hi-
stone and other chromosome-associated protein)
synthesis and centriole replication occur. During G2,
ATP is accumulated, centriole replication is com-
pleted, and tubulin is accumulated for spindle forma-
tion. G1, S, and G2 are also referred to as interphase.
M represents mitosis, which is subdivided into
prophase, prometaphase, metaphase, anaphase, and
telophase. The result is the division of the cell and its
genetic material into two identical daughter cells. The
sequence of events in the cell cycle is controlled by a
number of trigger proteins known as cyclins.
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I. MEMBRANES AND MEMBRANE
TRAFFICKING

The fluidity of the plasmalemma is an important
factor in the processes of membrane synthesis, en-
docytosis, exocytosis, and membrane trafficking
(see Graphic 1-3)—conserving the membrane as it
is transferred through the various cellular compart-
ments. The degree of fluidity is influenced directly
by temperature and the degree of unsaturation of
the fatty acyl tails of the membrane phospholipids
and is influenced indirectly by the amount of choles-
terol present.

Ions and other hydrophilic molecules are inca-
pable of passing across the lipid bilayer; however,
small nonpolar molecules, such as oxygen and car-
bon dioxide, as well as uncharged polar molecules,
such as water and glycerol, all diffuse rapidly across
the lipid bilayer. Specialized multipass integral
proteins known as membrane transport proteins
function in the transfer of substances across the
plasmalemma. Transport across the cell membrane
may be passive down an ionic or concentration
gradient (simple diffusion or facilitated diffusion
via ion channel or carrier proteins; no energy re-
quired) or active (energy required, usually against a
gradient). Ion channel proteins possess an aqueous
pore and may be ungated or gated. The former are
always open, whereas gated ion channels require the
presence of a stimulus (alteration in voltage, me-
chanical stimulus, presence of a ligand, G protein,
neurotransmitter substance, etc.) that opens the
gate. These ligands and neurotransmitter sub-
stances are types of signaling molecules.

Signaling molecules are either hydrophobic (lipid
soluble) or hydrophilic and are used for cell-to-cell
communication. Lipid-soluble molecules diffuse
through the cell membrane to activate intracellular
messenger systems by binding to receptor molecules
located in either the cytoplasm or the nucleus. Hy-
drophilic signaling molecules initiate a specific se-
quence of responses by binding to receptors (integral
proteins) embedded in the cell membrane.

Endocytosis is the process of taking fluid and/or
larger molecules into the cell by the invagination of
the cell membrane and the subsequent formation of
intracellular endocytic vesicles. The size of the en-
docytic vesicles, determined by the material to be
engulfed, discriminates two types of endocytosis,
namely, pinocytosis (“cell drinking”), involving

small vesicles (�150 nm in diameter) and phagocy-
tosis (“cellular eating”), involving larger vesicles,
phagosomes (usually �250 nm in diameter). Re-
ceptors permit the endocytosis of a much greater
concentration of ligands than would be possible
without receptors. This process is referred to as
receptor-mediated endocytosis and involves the
formation of a clathrin-coated endocytic vesicle,
which, once within the cell, sheds its clathrin coat
and fuses with an early endosome. The receptors
and ligands are uncoupled in this compartment,
permitting the receptors to be transported to a sys-
tem of tubular vesicles, the recycling endosome,
from which the receptors are recycled to the cell
membrane. The ligands, left in the early endosome
(pH 6), are ferried to late endosomes (pH 5.5),
deeper in the cytoplasm. Two groups of clathrin-
coated vesicles derived from the TGN ferry lysoso-
mal enzymes and lysosomal membranes (containing
additional ATP-energized proton pumps) to the
late endosome, forming an endolysosome (or lyso-
some). The newly delivered proton pumps further
decrease the pH of the endolysosomal interior (to a
pH of 5.0). Hydrolytic enzymes of the lysosome de-
grade the ligand, releasing the usable substances for
use by the cell. The indigestible remnants of the lig-
and may remain enclosed within special vesicles
known as residual bodies, located in the cytoplasm.

II. PROTEIN SYNTHESIS AND EXOCYTOSIS
Protein synthesis requires the code-bearing mRNA,
amino acid–carrying tRNAs, and ribosomes (see
Graphic 1-4). Proteins that will not be packaged are
synthesized on ribosomes in the cytosol, whereas
noncytosolic proteins (secretory, lysosomal, and
membrane proteins) are synthesized on ribosomes
that are translocated to the surface of the RER. The
complex of mRNA and ribosomes is referred to as a
polysome.

The signal hypothesis states that mRNAs that
code for noncytosolic proteins possess a constant
initial segment, the signal codon, which codes for a
signal protein. As the mRNA enters the cytoplasm,
it becomes associated with the small subunit of a ri-
bosome. The small subunit has a binding site for
mRNA as well as three binding sites (A, P, and E)
for tRNAs.

Once the initiation process is completed, the
start codon (AUG for the amino acid methionine)
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GRAPHIC 1-3 Membranes and Membrane Trafficking
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GRAPHIC 1-4 Protein Synthesis and Exocytosis
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and sorting. Lysosomal enzymes and regulated secretory proteins 
leave the TGN in clathrin-coated vesicles. Membrane and 
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is recognized, and the initiator tRNA (bearing me-
thionine) is attached to the P site (peptidyl-tRNA-
binding site), the large subunit of the ribosome,
which has corresponding A, P, and E sites, becomes
attached, and protein synthesis may begin. The next
codon is recognized by the proper acylated tRNA,
which then binds to the A site (aminoacyl-tRNA-
binding site). Methionine is uncoupled from the ini-
tiator tRNA (at the P site), and a peptide bond is
formed between the two amino acids (forming a
dipeptide) so that the tRNA at the P site loses its
amino acid and the tRNA at the A site now has two
amino acids attached to it. The formation of this
peptide bond is catalyzed by the enzyme peptidyl
transferase, a part of the large ribosomal subunit.
As the peptide bond is formed, the large subunit
shifts in relation to the small subunit and the at-
tached tRNAs wobble just enough to cause them to
move just a little bit, so that the initiator tRNA (that
lost its amino acid at the P site) moves to the E site
(Exit site) and the tRNA that has two amino acids
attached to it moves from the A site to the P site,
freeing the A site. As this shifting occurs, the small
ribosomal subunit moves the space of a single codon
along the mRNA, so that the two ribosomal subunits
are once again aligned with each other and the A site
is located above the next codon on the mRNA
strand. As a new tRNA with its associated amino
acid occupies the A site (assuming that its anticodon
matches the newly exposed codon of the mRNA),
the initiator RNA drops off the E site, leaving the ri-
bosome. The dipeptide is uncoupled from the tRNA
at the P site, and a peptide bond is formed between
the dipeptide and the new amino acid, forming
a tripeptide. The empty tRNA again moves to the
E site to fall off the ribosome, as the tRNA bearing
the tripeptide moves from the A site to the P site. In
this fashion, the peptide chain is elongated to form
the signal protein.

The cytosol contains proteins known as signal
recognition particles (SRP). An SRP binds to each
signal protein, inhibits the continuation of protein
synthesis, and the entire polysome proceeds to the
RER. A signal recognition particle receptor, a
transmembrane protein located in the membrane of
the RER, recognizes and properly positions the
polysome. The docking of the polysome results in
the movement of the SRP-ribosome complex to a

protein translocator, a pore in the RER membrane.
The large subunit of the ribosome binds to and
forms a tight seal with the protein translocator,
aligning the pore in the ribosome with the pore in
the protein translocator. The signal recognition par-
ticle and SRP receptor leave the polysome, permit-
ting protein synthesis to resume, and the forming
protein chain can enter the RER cisterna through
the aqueous channel that penetrates the protein
translocator. During this process, the enzyme signal
peptidase, located in the RER cisterna, cleaves signal
protein from the growing polypeptide chain. Once
protein synthesis is complete, the two ribosomal
subunits fall off the RER and return to the cytosol.
The newly synthesized protein is modified in the
RER by glycosylation as well as by the formation
of disulfide bonds, following which the linear pro-
tein is transformed into a globular form. The newly
formed protein is transported in COPII-coated
transfer vesicles to the vesicular-tubular cluster and
from there in COPI-coated vesicles to the cis-Golgi
network and from there to the cis face for further
processing.

Within the cis face, the mannose groups of lyso-
somal enzymes are phosphorylated. Nonphospho-
rylated mannose groups are removed, and galactose
and sialic acid residues are added (terminal glycosy-
lation) in the medial compartment of the Golgi ap-
paratus. Final modification occurs in the trans
compartment, where selected amino acid residues
are phosphorylated and sulfated. Modified proteins
are then transported from the Golgi apparatus to the
TGN for packaging and sorting.

All transfers between the various faces of the Golgi
apparatus including the TGN probably occur via
COPI-coated vesicles. (A concurrent theory suggests
the possibility of cisternal maturation, that is, as the
vesicular-tubular cluster matures, it is transformed
into the various faces of the Golgi and it is replaced
by the coalescence of newly derived transfer vesicles.)
Mannose 6-phosphate receptors in the TGN recog-
nize and package enzymes destined for lysosomes.
These lysosomal enzymes leave the TGN in clathrin-
coated vesicles. Regulated secretory proteins are
separated and are also packaged in clathrin-coated
vesicles. Membrane proteins and proteins destined
for constitutive (unregulated) transport are packaged
in non–clathrin-coated vesicles.
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Certain individuals suffer from lysosomal storage
diseases, which involve a hereditary deficiency in the
ability of their lysosomes to degrade the contents of
their endolysosomes. One of the best-characterized
examples of these diseases is Tay-Sachs disease,
which occurs mostly in children whose parents are
descendants of Northeast European Jews. Because
the lysosomes of these children are unable to catab-
olize GM2 gangliosides, due to hexoaminidase defi-
ciency, their neurons accumulate massive amounts
of this ganglioside in endolysosomes of ever-increas-
ing diameters. As the endolysosomes increase in size,
they obstruct neuronal function and the child dies by
the third year of life.

Zellweger’s disease is an inherited autosomal re-
cessive disorder that interferes with normal peroxi-

CLINICAL CONSIDERATIONS

somal biogenesis whose characteristics include renal
cysts, hepatomegaly, jaundice, hypotonia of the mus-
cular system, and cerebral demyelination, resulting
in psychomotor retardation.

Recent studies have suggested that most cancers
arise not from mutations in individual genes but from
the formation of aneuploidy. In fact, within the same
tumor the chromosomal configurations of individual
cells vary greatly, and the DNA content of the cells
may be 50% to 200% of the normal somatic cell. It is
interesting to note that in the apparently chaotic
reshuffling and recombination of chromosomes in
cancer cells, there appears to be an order, as in
Burkitt’s lymphoma, in which chromosomes 3, 13,
and 17 usually display translocations and chromo-
somes 7 and 20 are usually missing segments.
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PLATE 1-1  Typical Cell

FIGURE 3 • Cells. Monkey. Plastic section. �540.

Cells come in a variety of sizes and shapes. Note that the
epithelium (E) that lines the lumen of the bladder is com-
posed of numerous layers. The surface-most layer consists
of large, dome-shaped cells, some occasionally displaying
two nuclei (N). The granules evident in the cytoplasm
(arrowhead) are glycogen deposits. Cells deeper in the ep-
ithelium are elongated and narrow, and their nuclei
(arrow) are located in their widest region.

FIGURE 2 • Cells. Monkey. Plastic section. �540.

Cells may possess tall, thin morphologies, like those of a
collecting duct of the kidney. Their nuclei (N) are located
basally, and their lateral cell membranes (arrowheads) are
outlined. Because these cells are epithelially derived, they
are separated from connective tissue elements (CT) by a
basal membrane (BM).

FIGURE 4 • Cells. Monkey. Plastic section. �540.

Some cells possess a rather unusual morphology, as ex-
emplified by the Purkinje cell (PC) of the cerebellum.
Note that the nucleus (N) of the cell is housed in its
widest portion, known as the soma (perikaryon). The cell
possesses several cytoplasmic extensions, dendrites (De),
and axon. This nerve cell integrates the numerous digits
of information that it receives from other nerve cells that
synapse on it.

Nucleolus

Cell

Nucleus

BM basal membrane
C cytoplasm
CT connective tissue

De dendrite
E epithelium
L lumen

N nucleus
n nucleolus
PC Purkinje cell

KEY

FIGURE 1 • Cells. Monkey. Plastic section. �1323.

The typical cell is a membrane-bound structure that con-
sists of a nucleus (N) and cytoplasm (C). Although the
cell membrane is too thin to be visualized with the light
microscope, the outline of the cell approximates the cell
membrane (arrowheads). Observe that the outline of these
particular cells more or less approximates a square shape.
Viewed in three dimensions, these cells are said to be
cuboidal in shape, with a centrally placed nucleus. The
nucleolus (n) is clearly evident, as are the chromatin gran-
ules (arrows) that are dispersed around the periphery as
well as throughout the nucleoplasm.
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PLATE 1-2  Cell Organelles and Inclusions

FIGURE 1 • Nucleus and Nissl bodies. Spinal cord. Human. Paraffin
section. �540.

The motor neurons of the spinal cord are multipolar neu-
rons because they possess numerous processes arising
from an enlarged soma (S), which houses the nucleus (N)
and various organelles. Observe that the nucleus displays
a large, densely staining nucleolus (n). The cytoplasm also
presents a series of densely staining structures known as
Nissl bodies (NB), which have been demonstrated by
electron microscopy to be rough endoplasmic reticulum.
The staining intensity is due to the presence of ribonucleic
acid of the ribosomes studding the surface of the rough
endoplasmic reticulum.

FIGURE 3 • Zymogen granules. Pancreas. Monkey. Plastic section.
�540.

The exocrine portion of the pancreas produces enzymes
necessary for proper digestion of ingested food materials.
These enzymes are stored by the pancreatic cells as zymo-
gen granules (ZG) until their release is effected by hor-
monal activity. Note that the parenchymal cells are
arranged in clusters known as acini (Ac), with a central
lumen into which the secretory product is released. Ob-
serve that the zymogen granules are stored in the apical
region of the cell, away from the basally located nucleus
(N). Arrows indicate the lateral cell membranes of adja-
cent cells of an acinus.

FIGURE 4 • Mucous secretory products. Goblet cells. Large intes-
tines. Monkey. Plastic section. �540.

The glands of the large intestine house goblet cells (GC),
which manufacture a large amount of mucous material
that acts as a lubricant for the movement of the com-
pacted residue of digestion. Each goblet cell possesses an
expanded apical portion, the theca (T), which contains
the secretory product of the cell. The base of the cell is
compressed and houses the nucleus (N) as well as the or-
ganelles necessary for the synthesis of the mucus—
namely, the rough endoplasmic reticulum and the Golgi
apparatus. Arrows indicate the lateral cell membranes of
contiguous goblet cells.

FIGURE 2 • Secretory products. Mast cell. Monkey. Plastic section.
�540.

The connective tissue (CT) subjacent to the epithelial lin-
ing of the small intestines is richly endowed with mast
cells (MC). The granules (arrows) of mast cells are dis-
tributed throughout their cytoplasm and are released
along the entire periphery of the cell. These small gran-
ules contain histamine and heparin as well as additional
substances. Note that the epithelial cells (EC) are tall and
columnar in morphology and that leukocytes (Le) are mi-
grating, via intercellular spaces, into the lumen (L) of the
intestines. Arrowheads point to terminal bars, junctions
between epithelial cells. The brush border (BB) has been
demonstrated by electron microscopy to be microvilli.

Nucleus

Cell

Ac acinus
BB brush border
CT connective tissue
EC epithelial cell
GC goblet cell

L lumen
Le leukocyte
MC mast cell
N nucleus
n nucleolus

NB Nissl body
S soma
T theca
ZG zymogen granule

KEY

12645_CH01.qxd  7/23/08  6:38 PM  Page 14



THE CELL • 15

S

N

NB

n

CT

Le
MC

EC

L

BB

EC

N

Ac

ZG N

GC

T

FIGURE 1 FIGURE 2

FIGURE 3 FIGURE 4

12645_CH01.qxd  7/23/08  6:38 PM  Page 15



16 • THE CELL

PLATE 1-3  Cell Surface Modifications

FIGURE 1 • Brush border. Small intestines. Monkey. Plastic section.
�540.

The cells lining the lumen (L) of the small intestine are
columnar cells, among which are numerous mucus-
producing goblet cells (GC). The columnar cells’ func-
tion is absorbing digested food material along their free,
apical surface. To increase their free surface area, the cells
possess a brush border (BB), which has been demon-
strated by electron microscopy to be microvilli—short,
narrow, finger-like extensions of plasmalemma-covered
cytoplasm. Each microvillus bears a glycocalyx cell coat,
which also contains digestive enzymes. The core of the mi-
crovillus contains longitudinally arranged actin filaments
as well as additional associated proteins.

FIGURE 3 • Stereocilia. Epididymis. Monkey. Plastic section.
�540.

The lining of the epididymis is composed of tall, colum-
nar principal cells (Pi) and short basal cells (BC). The
principal cells bear long stereocilia (arrows) that protrude
into the lumen. It was believed that stereocilia were long,
nonmotile, cilia-like structures. However, studies with
the electron microscope have shown that stereocilia are
actually long microvilli that branch as well as clump with
each other. The function, if any, of stereocilia within the
epididymis is not known. The lumen is occupied by nu-
merous spermatozoa, whose dark heads (asterisks) and
pale flagella (arrowhead) are clearly discernible. Flagella
are very long, cilia-like structures used by the cell for
propulsion.

FIGURE 4 • Intercellular bridges. Skin. Monkey. Plastic section.
�540.

The epidermis of thick skin is composed of several cell lay-
ers, one of which is the stratum spinosum shown in this
photomicrograph. The cells of this layer possess short,
stubby, finger-like extensions that interdigitate with those
of contiguous cells. Before the advent of electron mi-
croscopy, these intercellular bridges (arrows) were be-
lieved to represent cytoplasmic continuities between
neighboring cells; however, it is now known that these
processes merely serve as regions of desmosome forma-
tion so that the cells may adhere to each other.

FIGURE 2 • Cilia. Oviduct. Monkey. Plastic section. 
�540.

The lining of the oviduct is composed of two types of
epithelial cells: bleb-bearing peg cells (pc), which prob-
ably produce nutritional factors necessary for the survival
of the gametes, and pale ciliated cells (CC). Cilia (arrows)
are long, motile, finger-like extensions of the apical
cell membrane and cytoplasm that transport material
along the cell surface. The core of the cilium, as shown
by electron microscopy, contains the axoneme, com-
posed of microtubules arranged in a specific configura-
tion of nine doublets surrounding a central pair of
individual microtubules.

BB brush border
BC basal cell
CC ciliated cell

GC goblet cell
L lumen

pc peg cell
Pi principal cell
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PLATE 1-4  Mitosis, Light and Electron Microscopy

FIGURE 1 • Mitosis. Whitefish blastula. Paraffin section. �270.

This photomicrograph of whitefish blastula shows differ-
ent stages of mitosis. The first mitotic stage, prophase (P),
displays the short, threadlike chromosomes (arrow) in the
center of the cell. The nuclear membrane is no longer
present. During metaphase (M), the chromosomes line
up at the equatorial plane of the cell. The chromosomes
begin to migrate toward the opposite poles of the cell in
early anaphase (A) and proceed farther and farther apart
as anaphase progresses (arrowheads). Note the dense re-
gions, centrioles (c), toward which the chromosomes
migrate.

FIGURE 3 • Mitosis. Mouse. Electron microscopy. �9423.

Neonatal tissue is characterized by mitotic activity, in
which numerous cells are in the process of proliferation.
Observe that the interphase nucleus (N) possesses a typ-
ical nuclear envelope (NE), perinuclear chromatin (as-
terisk), nucleolus, and nuclear pores. A cell that is
undergoing the mitotic phase of the cell cycle loses its nu-
clear membrane and nucleolus, whereas its chromosomes
(Ch) are quite visible. These chromosomes are no longer
lined up at the equatorial plate but are migrating to oppo-
site poles, indicating that this cell is in the early- to mid-
anaphase stage of mitosis. Observe the presence of
cytoplasmic organelles, such as mitochondria, rough en-
doplasmic reticulum, and Golgi apparatus.

FIGURE 2 • Mitosis. Whitefish blastula. Paraffin section. �540.

During the early telophase stage of mitotic division, the
chromosomes (Ch) have reached the opposite poles of
the cell. The cell membrane constricts to separate the cell
into the two new daughter cells, forming a cleavage furrow
(arrowheads). The spindle apparatus is visible as parallel,
horizontal lines (arrow) that eventually form the mid-
body. As telophase progresses, the two new daughter cells
will uncoil their chromosomes and the nuclear membrane
and nucleoli will become reestablished.

A anaphase
c centriole
Ch chromosome

M metaphase
N nucleus

NE nuclear envelope
P prophase

KEY
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PLATE 1-5  Typical Cell, Electron Microscopy

Nucleus
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m mitochondrion
N nucleus
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NC nucleolus-associated
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NE nuclear envelope
rER rough endoplasmic

reticulum
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PLATE 1-5  Typical Cell, Electron Microscopy

cytoplasm also displays secretory products (asterisks),
which are transitory inclusions.

The nucleus is bounded by the typical nuclear enve-
lope (NE), consisting of a ribosome-studded outer nu-
clear membrane and an inner nuclear membrane. The
peripheral chromatin and chromatin islands are clearly
evident, as is the nucleolus-associated chromatin (NC).
The clear area within the nucleus is the nucleoplasm rep-
resenting the fluid component of the nucleus. The nucle-
olus (n) presents a spongelike appearance composed of
electron-lucent and electron-dense materials, suspended
free in the nucleoplasm. The electron-dense region is
composed of the pars granulosa and the pars fibrosa,
whereas the electron-lucent region is probably the nucle-
oplasm in which the nucleolus is suspended. (From
Stokreef JC, Reifel CW, Shin SH. A possible phagocytic
role for folliculo-stellate cells of anterior pituitary follow-
ing estrogen withdrawal from primed male rats. Cell Tis-
sue Res 1986;243:255–261.)

FIGURE 1 • Typical cell. Pituitary. Rat. Electron microscopy. 
�8936.

The gonadotrophs of the pituitary gland provide an ex-
cellent example of a typical cell because they house many
of the cytoplasmic organelles possessed by most cells. The
cytoplasm is limited by a cell membrane (arrowheads) that
is clearly evident, especially where it approximates the
plasmalemma of the adjacent electron-dense cells. Mito-
chondria (m) are not numerous but are easily recogniza-
ble, especially in longitudinal sections, because their
cristae (arrows) are arranged in a characteristic fashion.
Because this cell actively manufactures a secretory prod-
uct that must be packaged and delivered outside of the
cell, it possesses a well-developed Golgi apparatus (GA),
positioned near the nucleus (N). Observe that the Golgi is
formed by several stacks of flattened membranes. Addi-
tionally, this cell is well-endowed with rough endoplas-
mic reticulum, indicating active protein synthesis. The
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PLATE 1-5  Typical Cell, Electron Microscopy

branes of the nuclear envelope fuse to form nuclear pores
(NP). The rough endoplasmic reticulum is richly en-
dowed by ribosomes (R). Note the presence of numerous
mitochondria (m), whose double membrane and cristae
(Cr) are quite evident. Observe the slightly electron-dense
microtubule (Mi) as it courses through the cytoplasm.

PLATE 1-6  Nucleus and Cytoplasm, Electron Microscopy

FIGURE 1 • Nucleus and cytoplasm. Liver. Mouse. Electron
microscopy. �48,176.

The nucleus (N) displays its nucleoplasm and chromatin
(c) to advantage in this electron micrograph. Note that
the inner (arrowheads) and outer (double arrows) mem-

Rough endoplasmic reticulum Nuclear pore complex
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PLATE 1-5  Typical Cell, Electron Microscopy

scattered in the matrix of the intercristal spaces. The
perinuclear area presents the Golgi apparatus (GA),
which is actively packaging material in condensing vesi-
cles (CV). The rough endoplasmic reticulum is obvious
due to its ribosomes (R), whereas the smooth endoplas-
mic reticulum is less obvious.

PLATE 1-7  Nucleus and Cytoplasm, Electron Microscopy

FIGURE 1 • Nucleus and cytoplasm. Liver. Mouse. Electron
microscopy. �20,318.

This electron micrograph of a liver cell displays the nu-
cleus (N), with its condensed chromatin (c), as well as
many cytoplasmic organelles. Note that the mitochondria
(m) possess electron-dense matrix granules (arrows)

Golgi apparatus Mitochondrion
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26 • THE CELL

PLATE 1-5  Typical Cell, Electron Microscopy

receives transfer vesicles (TV) derived from the rough en-
doplasmic reticulum. The concave, trans-Golgi network
(mf) releases condensing vesicles (CV), which house the
secretory product. (From Gartner LP, Seibel W, Hiatt JL,
et al. A fine-structural analysis of mouse molar odontoblast
maturation. Acta Anat (Basel) 1979;103:16–33.)

PLATE 1-8  Golgi Apparatus, Electron Microscopy

FIGURE 1 • Golgi apparatus. Mouse. Electron microscopy. 
�28,588.

The extensive Golgi apparatus of this secretory cell presents
several flattened membrane-bound cisternae (Ci), stacked
one on top of the other. The convex face (cis face) (ff)

Golgi apparatus Mitochondrion
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28 • THE CELL

PLATE 1-5  Typical Cell, Electron Microscopy

membrane of each mitochondrion is smooth, whereas its
inner membrane is folded to form cristae (Cr). Note that
the matrix houses matrix granules (arrowheads). Observe
also the basal lamina whose lamina densa (open arrow-
heads) and lamina lucida (arrows) are clearly evident.

PLATE 1-9  Mitochondria, Electron Microscopy

FIGURE 1 • Mitochondria. Kidney. Mouse. Electron microscopy. 
�18,529.

The basal aspect of the proximal tubule cell presents nu-
merous interdigitating processes, many of which house
longitudinally oriented mitochondria (m). The outer

Mitochondrion
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