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Relative volumes of intracellular organelles (hepatocyte)

Compartment % total volume  number/cell  role in the cell

Cytosol 1 metabolism, transport, protein translation
Mitochondria 22% 1700 energy generation, apoptosis

Rough ER 9% 1 synthesis of membrane and export protein
Smooth ER, Golgi 6% 1 protein modification, sorting, catabolism
Nucleus 6% 1 cell regulation, proliferation, DNA transcription
Endosomes 1% 200 intracellular transport and export

Lysosomes 1% 300 cellular catabolism

Peroxisomes 1% 400 very long-chain fatty acid metabolism
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* Rough endoplasmic reticulum (RER): Membrane-bound
ribosomes on the eytosolic’face of RER translate mRNA
into proteins that are extruded into the ER lumen or become
integrated into the ER membrane. This process is directed
by specific'signal sequences on the N-termini of nascent
proteins; synthesis of proteins with signal peptides is
initiated on free ribosomes, but the complex then becomes
attached to the ER membrane, and the protein is inserted
into or passed across the ER membrane as it istranslated.
For proteins lacking a signal sequence, translation remains
on free ribosomes in the cytosol, forming polyribosomes
as multiple ribosomes attach to the mRNA; such transcribed
proteins remain within the ecytoplasm.— - lfu g, g
Proteins inserted into the ER fold into their active
conformation and can form polypeptide complexes
(oligomerize); in addition, disulfide bonds are formed,
and N-linked oligosaccharides (sugar moieties attached
to asparagine residues) are added. Chaperone molecules
assist in folding and retaining proteins in the ER until
the modifications are complete and the proper conforma-
tion is achieved. If a protein fails to appropriately fold

or oligomerize, it is retained and:degraded within the

“ER. A good example of this is the most common mutation
of the CFIR protein incystic fibrosis: In mutant CFTR,
a codon ‘deletion leads to the absence of a single amino
acid (Phe508) which results in its misfolding, ER retention
and catabolism and therefore reduced surface expression.
Moreover, excess accumulation of misfolded proteins —
exceeding the capacity of the ER to edit and ‘degrade
them —leads to the ER stress response (also called the
unfolded protein response [UPR]) (Fig. 1.10B). Detection of
excess abnormally folded proteins leads to asreduction
in protein synthesis overall with a concurrent increase
in chaperone proteins; failure to correct the overload can
trigger cell death through @poptosis (Chapter 2).
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Golgi apparatus: From the RER, proteins and lipids
destined for other organelles or extracellular export are
shuttled into the Golgi apparatus. This consists of stacked
cisternae that progressively modify proteins in an orderly
fashion from ¢is (near the ER) todrans (near the plasma
membrane). Cisternal progression, ie.,, movement of
cis-face cisternae to the trans aspect of the Golgi, akin
to steps on an escalator, allows sequential processing of
newly synthesized proteins and can be facilitated by small
membrane-bound vesicles. Similar vesicles shuttle Golgi-
resident enzymes from trans to cis in order to maintain the
different cisternal contents along this assembly line. As
cisternae mature, the N-linked oligosaccharides originally
added in the ER are pruned and extended in a stepwise
fashion; O-linked oligosaccharides (sugar moieties
linked to serine or threonine) are also appended. Some

of this glycosylation is important in sorting molecules . Ghesykbos 2

to lysosomes (via the mannose=6=phosphate receptor);

W Lpsowe

other glycosylation adducts are important for cell-cell poume & grgnc
or cell-matrix interactions or for clearing senescent '

cells (e.g., platelets and erythrocytes). In the trans Golgi (v )

network, proteins and lipids are sorted and dispatched
to other organelles, plasma membrane, or secretory
vesicles. The Golgi complex is especially prominent in
cells specialized for secretion, including goblet cells of
the intestinal or bronchial epithelium, which secrete large
amounts of polysaccharide-rich mucus. In plasma cells
that secrete antibodies, the Golgi can be recognized as a
perinuclear hoff on simple hematoxylin and eosin stains
(Chapter 6).
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*  Smooth endoplasmic reticulunt (SER): In most cells, the SER is Endoplasmic Nk Cletegyye,] /PRI qutig
relatively sparse and primarily exists as the transition zone e f/ = ﬂ /il
extending from RER to generate transport vesicles that___s}euryi)
carry newly synthesized proteins to the Golgi apparatus.

The SER may, however, be particularly conspicuous

in cells that synthesize steroid hormones (e.g., within ) Jlﬂ”

the gonads or adrenals) or that catabolize lipid-soluble —2 %

molecules (e.g., hepatocytes). Indeed, fepeated expostire

to compounds that are metabolized by the SER (e.g.,

phenobarbital, which is catabolized by the cytochrome

P-450 system) can lead to SER‘hyperplasia. The SER is
miiam also responsible for sequestermg intracellular calcium,

tsiwen Which, when released into the cytosol, can mediate a
number of responses to extracellular signals (including

Senescent
organs

g;@

a Phagocytosis

HETEROPHAGY

" Exocytosis

apoptotic cell death). In muscle cells, specialized SER B PROTEASOMAL DEGRADATION

called sarcoplasmic reticulum is responsible for the cyclic

release and sequestration of calcium ions that regulate / Age, UV, heat,

muscle contraction and relaxation, respectively. M '"”;'F‘,’:cw'" oo,
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Table I.1 Growth Factors Involved in Regeneration and Repair

Growth Factor
Epidermal growth factor (EGF)

Transforming growth factor-o. (TGF-or)
Hepatocyte growth factor (HGF) (scatter
factor)

Vascular endothelial growth factor (VEGF)

Platelet-derived growth factor (PDGF)

Fibroblast growth factors (FGFs) including
acidic (FGF-1) and basic (FGF-2)

Transforming growth factor-B (TGF-B)

Keratinocyte growth factor (KGF)
(i.e., FGF-7)

Sources

Activated macrophages, salivary glands,
keratinocytes, many other cells

Activated macrophages, keratinocytes,
many other cells

Fibroblasts, stromal cells in the liver,
endothelial cells

Mesenchymal cells

Platelets, macrophages, endothelial cells,
smooth muscle cells, keratinocytes

Macrophages, mast cells, endothelial
cells, many other cell types

Platelets, T lymphocytes, macrophages,
endothelial cells, epithelial cells,
smooth muscle cells, fibroblasts

Fibroblasts

Functions

Mitogenic for many cell types; stimulates epithelial cell
migration; stimulates formation of granulation tissue

Stimulates proliferation of hepatocytes and many other
epithelial cells

P

e

WeEn 1 CERBBL) - dtiaigrwy
etthelil  * Gl Mg

Enhances proliferation of hepatocytes and other epithelial -
P — P Ceb

cells; increases cell motility

Stimulates proliferation of endothelial cells; increases
vascular permeability

Chemotactic for neutrophils, macrophages, fibroblasts, and

smooth muscle cells;activates and stimulates proliferation

of fibroblasts, endothelial cells, and other cells; stimulates=*} mm MU tm ‘ELUD LL\‘*

ECM protein synthesis

Chemotactic and mitogenic for fibroblasts; stimulates
angiogenesis and ECM protein synthesis

Chemotactic for leukocytes and fibroblasts; stimulates
ECM protein synthesis; suppresses acute inflammation

Stimulates keratinocyte migration, proliferation, and
differentiation

_‘@ Cb“"“im @ BVﬂ“C - SCDIV‘ (bvm’h’m

ECM, Extracellular matrix.







