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specific because it involves the use of plasma membrane receplors,
A macromolecule that binds to g Teceptor is called a ligand (fig.
6.14). The binding of ligands to Specific receptor sjtes causes the
receptors to gather at one location before endocytosis occurs, This
location is called a coated pit because there isa layer of fibrous
protein, called clathrin, on the cytoplasmic side. Clathrin s 4
protein designed to form lattices around membrangys vesicles,
When a vesicle forms, it also is coated, but soon itloses its cogy At

this point the ligands can directly enter he cell or else eng
lysosomes, which digest them to smaller molec ules, whigh
the cell, In any case, the TeCeplors return to the Plasma gy
and exocytosis occurs,

called low density lipoprotein (LDL). When cells needq
cholestero] for membrane production they produce recepi
LDL. After LDL molecules bind to receptors, receptor-mef
endocytosis occurs, Later. Teceptors are returned to the e
isengage cholesterol from LDL1
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sosomal
' Table 2-2. Examples of diseases caused 'F"Y r{ed material
MEDICAL APPLICATION enzyme failure and accumulation of undiges
in different cell types.
’ #
A large number of disorders arise from defective Main Organ:
peroxisomal proteins, because this organelle is in- Diseasé Faulty E Mfected
volved in several metabolic pathways. Probably the =~ S ey SO ozt
most common peroxisomal disorder is X-chromo. Hurler a-t-lduronidase Skeleton and
e modadrenoleukodpstrophy caused byade- o e
fectwe fnteg.rap' membrane protein that participates sanfilippo Heparan sulfate Skeleton and
in trar?spamng very long-chain fatty acids into the syndrome A sulfamidase nervous system
peroxisome for f-oxidation. Accumulation of these e i i

fatty acids in body fluids destroys the myelin sheaths Ta:.rSachs Hemsamm 1dasaA i - M oo s;rstem
in nerve tissue, causing severe neurologic symptom:s,

Gaucher B-o-glycosidase Liver and spleen
DEﬁfﬁEﬂqi' l!ﬂ mmxfsumal EHZ]"T??E'S {.auses the fﬂtﬂj u,.......---‘--".u..--1 S o o o G e i L A B B e o e
. : -cell h | d
Zellweger syndrome, mﬂmm'emmmmfanmpafnnent, Rk o fSs oy Ei?v?gg s::tem
liver and kidney lesions, and disorganization of the
central and peripheral nervous systems. Electron mi-
croscopy reveals empty peroxisomes in liver and kid- )
ney cells of these patients. Microtubules
Y ¥V T Within the cyroplasmic matrix of eukaryotic, cells are fine tuby-
" lar struconres known as microtubules (F igures 2-28 and 2-29),
: 7 THE CYTOSKELETUH ;x-i.]i,:..;r_:_:an:.'::.__l s -_'I.‘.Emi- }im:_ulj in cytoplasmic processes called cilia
) (Figure 2-30) and fagella. They have an outer diamerer of 24 nm,
The cytoplasmic cytoskeleton s a complex necwork of ( 1) micro-

with a dense wall S nm thick and 2 hollow lumen. Microtubules
intermedi-  are vaiable w length. but they can become many micrometers

» two or more microtubules are linked by pro-

ges, which are particularly important in cilia
and flagelia (Figure 2-31).

wbules, (2) microfilaments (actin filaments), and (3)

. atefilaments. These protein structures determine the shapeofcells,  long, Occasionally

—+ play an important role in the movements of organelles and cyto-  tein arms o brid
plasmic vesicles, and also allow the movement of entire cells.
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Figure 2-26. Autophagosomes. Autophagy is a process in which the cell uses lysosomes to dispose of obsolete or non-func-
tioning organelles or membranes. Details | f the process are highly regulated but not well-understood. Membrane of unk‘nawn
or sses the  forming an autophagosome which then fuses with a lysosome for digestion of
| times be recognized by their contents, as shown here. Upper right: Two
slightly more electron-dense than neighboring normal RER. Center:

membranes (arrow) plus RER. Left: A vesicle that may represent a
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| he rrotein subunit of a microtubule is a heterodimer com-
posed of o and B wabalin molecules of dosehy !-.'1-“‘-"! Amino
cid composition, each with a molecular mass of about 50 kDa.
Under appropriate conditions (in wive or in witra), tubulin
heterodimens polymerize to form microtbules, which have a
slight spiral organization visible with special EM prepartons,
Aol ol 13 Units 18 present in one |.r|1r|'|!!l1_‘11_' turn of the '-[H_Fl-li
(Figure 2-28). | ongiudinally aligned subunits make up protofil-
aments and 13 parallel protofilaments constitute a micmmhuiy.
Polymerization of ubuling to form microtubules i vitw is
directed by microtubule organizing centers (MTOCs), which
contain y-tubulin ring complexes that act as nucleating sites for
polymerization, MTOCs include centrosomes and the basal
bodies of cilia. Microtubules are polarized structures and growth,
via tbulin polymerization, occurs more rapidly at one end of
existing microrubules (Figure 2-31a). This end is referred to as
the plus (+) end, and the other is the minus () end. Micro-
tubules show dynamic instability, with tubulin polymerization
-ll!lld1 dt"|.’U]:'-'I!1‘It.'l'i:-f.:’lliliil‘l L‘h‘l_]:.‘ﬂdﬁ_‘ll]_ 0N COncentrations u!' 7 il
Mg**, GTP and specific microtubule-associated  proteins
(MAPs). Microrubule stability is variable; for example, microtubules
stable, whereas microtubules of the mitotic spin-
dle have a shor duration. The antimitotic alkaloid colchicine
binds specifically to tubulin, and when the complex tubulin-
colchicine binds o microtubules, it prevents the addition of
more tbulin in the plus (+) extremity. Mitotic microrubules are
roken down because the depolymerization continues, mainly at
the minus (-) end, and the lost tubulin units are not replaced.

of cilia are very

MEDICAL APPLICATION

The antimitotic alkaloids are useful tools in cell bigl-
0gy (eg, colchicine is used to arrest chromosomes in

Peroxisomes

Figure 2-27, Peroxisomes,
that use 0, to remove hydro
(H203) which must be broken down to water and O,
homogenous matrix of moderate eie:‘tmmdensity,
concentrations of enzymes. The arrows indicate sm
by immunocytochemistry shows many peroxisom
elongate mitochondria (red) around the DAP|
an antibedy against the me

Peroxisomes (or microbodies) are small spherical,
gen atoms from substrates, typically

by another enzyme, catalase.
but may include darker crystalloid
all aggregates of glycogen. (

metaphase and to prepare karyotypes) and in canee,
chemotherapy (eg, vinblastine, vincristine, and taxa|
are used to arrest cell proliferation in tumaors)

Because tumor cells proliferate rapidly, they are more
affected by antimitotic drugs than are normal cells

However, chemotherapy has many undesirable
consequences. For example, some normal blood
forming cells and the epithelial cells that cover r.p.@
digestive tract also show a high rate of proliferation
and are adversely affected by chemotherapy.

E"'“-’l:"l"’““i" n]in;:l'{'ll'.llhl!l.:.‘:i are stft “:r'l]l.llH'L'\ l|1.11 pl,,|_1,.- 3 \ilr.
ni'r'n..;nl role in the formation and ll‘:.tll'l[{:n..uuu of cell 5|1-t|:-l-_
Procedures that disrupt microtubules result in the loss of celly,
L'Ir .1‘;\'”””1.:“'}'. A : .

{:;]r['lijl_['x microtubule nertworks also participate in 1h.¢- intry.
cellular transport of organelles and 'lr'-:.'i!l;]r.“i. |'..\'..Lr1'||_‘l.l¢.'3 '_”"thd;-
axoplasmic transport in neurons, melan in [1.:1.11\5‘:11” in pigmen,
cells, chromosome movements by the mitotic spindle, and ves;.
cle movements among djl}-..'ra'n: cell compartments. In each of
these examples, movement Is :;usp-;ndrd_tf microtubules are i,
rupted. Transport along mlcmtu1‘.:ul::5 15 rundcr 1hlc_a]'nntm| of
special MADS called motor proteins, which use AT] t0. moye
molecules and vesicles. Kinesins ca rry organelles away from the
MTOC toward the p]ux end of _r11|{;r1l:s1l.|b.uin: EFmPLHH‘:ic
dyneins carry vesicles in the opposite direction.

Microtubules provide the ha:ils_fur several complex
mic components, including v::l:ntrmie.s, basal hud.mn..
flagella (Figure 2-31b and c). Centrioles are cylindrical serye.
tures (0,15 pm in diameter and i].f:—ﬂ.lﬁ Lm in ]:.-nf,:lh_:. composed
primarily of short, highly organized microtubules (I gure -3
Each centriole has nine microtubular triplets and adjacent micyy,
tubules share some protofilaments. A pair of cen

Cytoplas.
cilia, and

|;:Z..|||;:5 ST-
rounded by a matrix of mubulin subunits close to k. | ucleus of
nondividing cells constitutes a centrosome (Figure 2-32).

membranous organelles, containing enzymes
fatty acids, in a reaction that produces hydrogen peroxide
(a): By TEM peroxisomes generally show a
internal structures representing very dense
x30,000) (b): A cultured endothelial cell processed

ere specifically stained using
with permission, from Invitrogen.)




Protofilament

Figure 2-28. Molecular organization of a microtubule.
Microtubules are rigid structures which assemble from het-
erodimers of a and B tubulin. Microtubules have an outer
diameter of 24 nm and a hollow lumen 14 nm wide. Tubulin
molecules are arranged to form 13 protofilaments, as seen in
the cross section in the upper part of the drawing. The spe-
cific orientation of the tubulin dimers results in structural
polarity of the microtubule. Microtubules elongate or rapidly
shorten by the addition or removal of tubulin at the ends of
individual protofilaments. The lengths and locations of cyto-
plasmic microtubules vary greatly during different phases of
cell activity, with assembly dependent on shifting balances

ymerized and ung olymerized tubulin and other
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Figure 2-29. Micotubules and actin filaments in cyto-
plasm. (a): Actin micro filaments (MF) and microtubules (MT)
can both be clearly distinguished in this TEM photo of fibrob-
last eytoplostn. The image also provides a good comparison
of the relative diameters of these two cytoskeletal compo-
nents. X60,000.

(b): The ultrastructural view can be compared to the
appearance of microfilaments and microtubules in a cultured
cell stained by immunocytachemistry, Actin filaments {red) are
maost concentrated at the cell periphery, forming prominent
circumferential bundles from which finer filaments project
into the transient cellular extensions at the edge of the cell
and push against the cell membrane. Such an arrangement
of actin filaments forms a dynamic network important for cell
shape changes such as those during cell division, locomo-
tion, and formation of cellular processes, folds, pseudopadia,
tamellipodia, veils, microvilli, etc. which serve to change a cell’s
surface area or give direction to a cell's crawling movements.

Microtubules (greenfyellow) are present throughout the
cytoplasm and are oriented in arrays which generally extend
from the area around the nucleus into the most peripheral
extensions. Besides serving to stabilize cell shape, micro-
tubules form the tracks for kinesin-based transport of vesicles
and organelles into the cell periphery and dynein-based trans-
port toward the cell nucleus. Variations of these arrangements
of microfilaments and microtubules can be seen in Figure
2-20c and Figure 2-11b, respectively. (Figure 2-29b, with per-
mission, from Albert Tousson, University of Alabama—Birmingham
High Resolution Imaging Facility)
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