Glicosilacion de proteínas en el RE: síntesis de precursor
ligado a dolichol y transferencia a proteína blanco.

Las glucosas terminales son importantes para permitir el plegamiento de una glicoproteína,
gracias a su interacción con Clanexin/calreticulin.
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a heat-shock response (discussed in Chapter 6), which stimulates the transcription
of genes encoding cytosolic chaperones that help to refold the proteins. Similarly,
an accumulation of misfolded proteins in the ER triggers an unfolded protein
response, which includes an increased transcription of genes encoding proteins
involved in retrotranslocation and protein degradation in the cytosol, ER chaperones, and many other proteins that help to increase the protein-folding capacity
of the ER.
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Chapter 12: Intracellular Compartments and Protein Sorting
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La membrana ER es el sitio de síntesis de
casi todas las clases principales de lípidos
de la célula, incluyendo fosfolípidos y
colesterol, necesarios para la producción de
nuevas membranas celulares.

proteins. It is therefore this firstFLIPPING
step that
enlarges the ER lipid bilayer. The later
FLIPPING OF PHOSPHOLIPID
OF SPECIFIC
MOLECULES FROMsteps
CYTOSOLIC
PHOSPHOLIPIDS
TO
determine the head group
of a newly formed
lipid molecule and therefore
TO LUMENAL LEAFLET
CYTOSOLIC MONOLAYER

the chemical nature of the bilayer, but they do not result in net membrane growth.
The two other major membrane phospholipids—phosphatidylethanolamine and
phosphatidylserine
(see Figure 10–3)—as well as the minor phospholipid phossymmetric
growth
of bothphatidylinositol
halves
(PI), are all synthesized in this way.
of bilayer
Because phospholipid synthesis takes place in the cytosolic leaflet of the ER
lipid bilayer, there needs to be a mechanism that transfers some of the newly
formed phospholipid molecules to the lumenal leaflet of the bilayer. In synthetic
lipid bilayers, lipids do not “flip-flop” in this way (see Figure 10–10). In the ER,
however, phospholipids equilibrate across the membrane within minutes, which
is almost
100,000 times
faster
than can beequilibrates
accounted for by spontaneous “flipphospholipid translocator called
a scramblase,
which
nonselectively
flop.”
This
rapid
trans-bilayer
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phospholipids between the two leaflets of the lipid bilayer (Figure 12–54).
Thus,by a poorly characterized

Las cadenas polipeptídicas translocadas se pliegan y se ensamblan en el lumen del RE
rugoso
Muchas proteínas están en ruta hacia otros destino, pero otras son RESIDENTES y contienen
señales de retención para el RE: 4 aminoacidos en el C terminal.
Entre las funciones de las Residentes encontramos la catálisis del plegamiento y ensamblado
correcto así como glicosilacion y síntesis de lípidos de membrana
PDI (protein disulphide isomerase): cataliza la formación de puentes disulfuro.
BiP: chaperona que previene agregación de proteínas mal plegadas y las retiene en el ER, en
forma cíclica, ATP dependiente.
Calnexin y Calreticulin, chaperonas del ER que colaboran en el plegado de glicoproteinas,
impidiendo el agregado prematuro de proteínas durante su plegamiento.
La mayoría de las proteínas sintetizadas en el RER son glicosilados por la adición de un
oligosacárido N-Linked (ligado a asparagine): son glicoproteinas.

LOS MECANISMOS MOLECULARES DE
TRANSPORTE DE MEMBRANA
Y EL MANTENIMIENTO DE
DIFERENTES COMPARTIMENTOS

El transporte de una proteína fluorescente a través de la via secretoria: https://
www.youtube.com/watch?v=UcQE_YOrTjA

RE, Golgi y Microtúbulos
https://www.youtube.com/watch?v=E-g42U1tTqg
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LOS MECANISMOS MOLECULARES DE
TRANSPORTE DE MEMBRANA
Y EL MANTENIMIENTO DE
COMPARTIMENTOS DIVERSOS
Cómo es que cada compartimiento puede mantener su identidad especial?

Marcadores moleculares en la superficie citosólica de la membrana sirven de guía para el tráfico entrante y aseguran
que las vesículas de transporte sólo se fundan con el compartimiento correcto
Combinación específica de moléculas marcadoras = dirección molecular

¿Cómo se mantienen estos marcadores de membrana en alta concentración en un compartimiento y en baja
concentración en otro?
Cómo se forma o brota una vesícula en una zona en particular? Como se fusiona?

only with the appropriate target membrane. A vesicle carrying cargo from the ER
to the Golgi apparatus, for example, must exclude most proteins that are to stay
in the ER, and it must fuse only with the Golgi apparatus and not with any other
organelle.
We begin this chapter by considering the molecular mechanisms of budding
13.02/13.02
and fusion that underlie all vesicle transport.MBOC6
We then
discuss the fundamental
problem of how, in the face of this transport, the cell maintains the molecular and

compartment to the lumen and membrane
of the target compartment, as shown.

Hojas de ruta del tráfico vesicular
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Figure 13–3 A “road-map” of the secretory and endocytic pathways. (A) In this schematic roadmap, which was introduced in Chapter 12, the
endocytic and secretory pathways are illustrated with green and red arrows, respectively. In addition, blue arrows denote retrieval pathways for the
backflow of selected components. (B) The compartments of the eukaryotic cell involved in vesicle transport. The lumen of each membrane-enclosed
compartment is topologically equivalent to the outside of the cell. All compartments shown communicate with one another and the outside of the
cell by means of transport vesicles. In the secretory pathway (red arrows), protein molecules are transported from the ER to the plasma membrane
or (via endosomes) to lysosomes. In the endocytic pathway (green arrows), molecules are ingested in endocytic vesicles derived from the plasma
membrane and delivered to early endosomes and then (via late endosomes) to lysosomes. Many endocytosed molecules are retrieved from early

Existen varios tipos de vesículas recubiertas.
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El ensamblado de la caja de clatrina dirige
la formación de las vesículas.
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Figure 13–6 The structure of a clathrin coat. (A) Electron micrograph of a clathrin triskelion shadowed with platinum.
(B) Each triskelion is composed of three clathrin heavy chains and three clathrin light chains, as shown in the diagram. (C and
D) A cryoelectron micrograph taken of a clathrin coat composed of 36 triskelions organized in a network of 12 pentagons
and 6 hexagons, with some heavy chains (C) and light chains (D) highlighted (Movie 13.1). The light chains link to the actin
cytoskeleton, which helps generate force for membrane budding and vesicle movement, and their phosphorylation regulates
clathrin coat assembly. The interwoven legs of the clathrin triskelions form an outer shell from which the N-terminal domains
of the triskelions protrude inward. These domains bind to the adaptor proteins shown in Figure 13–8. The coat shown was
assembled biochemically from pure clathrin triskelions and is too small to enclose a membrane vesicle. (E) Images of clathrincoated vesicles isolated from bovine brain. The clathrin coats are constructed in a similar but less regular way, from pentagons,
a larger number of hexagons, and sometime
resembling the architecture of deformed soccer balls. The structures
MBoC6 heptagons,
m13.07/13.06
were determined by cryoelectron microscopy and tomographic reconstruction. (A, from E. Ungewickell and D. Branton, Nature
289:420–422, 1981; C and D, from A. Fotin et al., Nature 432:573–579, 2004. All with permission from Macmillan Publishers
Ltd; E, from Y. Cheng et al., J. Mol. Biol. 365:892–899, 2007. With permission from Elsevier.)

En condiciones apropiadas, triskelions aislados se
autoensamblan espontáneamente en jaulas
poliédricas típicas, incluso en ausencia de las
vesículas de membrana que estos paneles envuelven
normalmente

There are several types of adaptor proteins. The best characterized have four
different protein subunits; others are single-chain proteins. Each type of adaptor
protein is specific for a different set of cargo receptors. Clathrin-coated vesicles
budding from different membranes use different adaptor proteins and thus pack-

700

Las proteínas adaptadoras seleccionan la carga
para ser tomada por las vesículas recubiertas de
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Although inositol phospholipids typically comprise less than 10% of the total
phospholipids in a membrane, they have important regulatory functions. They
can undergo rapid cycles of phosphorylation and dephosphorylation at the 3 , 4 ,
and 5 positions of their inositol sugar head groups to produce various types of
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Figure 13–8 The assembly and
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coated pit if it is in the plasma membrane).
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Membrane-Bending Proteins Help Deform the Membrane During
Vesicle Formation
The forces generated by clathrin coat assembly alone are not sufficient to
shape and pinch off a vesicle from
the membrane. Other membrane-bending
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BAR domain dimer

+
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The pinching-off process brings the two noncytosolic leaflets of the membrane
into close proximity and fuses them, sealing off the forming vesicle (see Figure
13–2). To perform this task, dynamin recruits other proteins to the neck of the
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Once released from the membrane, the vesicle rapidly loses its clathrin coat. A
PIP phosphatase that is co-packaged into clathrin-coated vesicles depletes PI(4,5)
P2 from the membrane, which weakens the binding of the adaptor proteins. In
addition, an hsp70 chaperone protein (see Figure 6–80) functions as an uncoating
ATPase, using the energy of ATP hydrolysis to peel off the clathrin coat. Auxilin,
another vesicle protein, is thought to activate the ATPase. The release of the coat,
however, must not happen prematurely, so additional control mechanisms must
somehow prevent the clathrin from being removed before it has formed a complete vesicle (discussed below).

cognate phosphoinositides.
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mutant of Drosophila. These mutant flies become
paralyzed because
clathrin-mediated
endocytosis stops, and the synaptic vesicle membrane fails
to recycle, blocking neurotransmitter release. Deeply invaginated clathrin-coated pits form in the nerve endings of the fly’s nerve cells, with a belt of
mutant dynamin assembled around the neck, as shown in this thin-section
electron micrograph. The pinching-off process fails because the required
MBoC6 m13.12/13.12
membrane fusion does not take place. (C, D) A model of how conformational changes in the GTPase domains of membrane-assembled dynamin
may power a conformational change that constricts the neck of the bud. A single dynamin molecule is shown in orange in D. (B, from J.H. Koenig

Tráfico RE - Golgi
https://www.youtube.com/watch?v=XXsAf_3MZNk

the membrane. They bind the clathrin coat to the membrane and trap various
transmembrane proteins, including transmembrane receptors that capture soluble cargo molecules inside the vesicle—so-called cargo receptors. In this way, the
adaptor
select
a specificse
set involucra
of transmembrane
Cadaproteins
tipo de
vesícula
en elproteins,
tráficotogether
entre with
the soluble proteins that
interactcompartimentos.
with them, and package them into each newly
ciertos
formed clathrin-coated transport vesicle (Figure 13–8).
late endosome
KEY:

early
endosome

clathrin

EXTRACELLULAR
SPACE

COPI
COPII
CYTOSOL

trans Golgi
Golgi cisternae network
ER

Golgi apparatus

secretory
vesicle

plasma
membrane

GTPasas 704
monoméricas
reclutan COPI y COPII, participando
Chapter 13: Intracellular Membrane Traffic
en el ensamblado y desensamblado.
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Modelo animado COPII
https://www.youtube.com/watch?v=ABGlD1vQG3s

pel vesicles along actin filaments or microtubules to their target membrane. Others are tethering proteins, some of which have long, threadlike domains that serve
as “fishing lines” that can extend to link two membranes more than 200 nm apart;
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TABLE 13–1 Subcellular Locations of Some Rab Proteins
Protein

Organelle

Rab1

ER and Golgi complex

Rab2

cis Golgi network

Rab3A

Synaptic vesicles, secretory vesicles

Rab4/Rab11

Recycling endosomes

Rab5

Early endosomes, plasma membrane, clathrin-coated vesicles

Rab6

Medial and trans Golgi

Rab7

Late endosomes

Rab8

Cilia

Rab9

Late endosomes, trans Golgi

cytosol; in their GTP-bound state, they are active and tightly associated with the

continued by the recruitment of a next GEF
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The Golgi Apparatus Consists of an Ordered Series of
Compartments
Because it could be selectively visualized by silver stains, the Golgi apparatus was
one of the first organelles described
by m13.25/13.25
early light microscopists. It consists of a
MBoC6
collection of flattened, membrane-enclosed compartments called cisternae, that
somewhat resemble a stack of pita breads. Each Golgi stack typically consists of
four to six cisternae (Figure 13–26), although some unicellular flagellates can have
more than 20. In animal cells, tubular connections between corresponding cisternae link many stacks, thus forming a single complex, which is usually located near
the cell nucleus and close to the centrosome (Figure 13–27A). This localization
depends on microtubules. If microtubules are experimentally depolymerized, the
Golgi apparatus reorganizes into individual stacks that are found throughout the
cytoplasm, adjacent to ER exit sites. Some cells, including most plant cells, have
hundreds of individual Golgi stacks dispersed throughout the cytoplasm where
they are typically found adjacent to ER exit sites (Figure 13–27B).

La célula produce muchos polisacáridos en el aparato de
Golgi, incluyendo la pectina y hemicelulosa de la pared
celular en plantas y la mayoría de los glicosaminoglicanos de
la matriz extracelular en animales
MBoC6 p.766
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Figure 13–24 Vesicular tubular clusters. (A) An electron micrograph of vesicular tubular
clusters forming around an exit site. Many of the vesicle-like structures seen in the micrograph
are cross sections of tubules that extend above and below the plane of this thin section and are
interconnected. (B) Vesicular tubular clusters move along microtubules to carry proteins from the
ER to the Golgi apparatus. COPI-coated vesicles mediate the budding of vesicles that return to the
ER from these clusters (and from the Golgi apparatus). (A, courtesy of William Balch.)
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KKXX (retención de proteínas transmembrana) y
KDEL
(retención
de
proteínas
solubles)
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Las proteínas residentes solubles en ER, tales como BiP, también contienen una señal de
Figureo13–25
of soluble
ER
recuperación
de ERsignals
cortaon
enERsumembrane
extremoproteins,
C-terminal,
unaRetrieval
secuencia
similar.
Unlike the retrieval
whichLysAsp-Glu-Leu
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resident proteins. ER resident proteins
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soluble ER resident
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esta with
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vesicle transport. (A) The KDEL receptor
se
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lentamente
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protein that binds to the KDEL sequence and packages any protein displaying it
present in both vesicular tubular clusters
and the Golgi apparatus captures the
into COPI-coated retrograde transport vesicles (Figure 13–25). To accomplish this
soluble ER resident proteins and carries
task,
KDEL receptor
itself must
theque
ER and
the Golgi apparatus,
Si the
la señal
se transfiere
a cycle
unabetween
proteína
normalmente
se secreta,
la proteína es ahora
them in COPI-coated transport vesicles
and its affinity for the KDEL sequence must differ in these two compartments.
back to the ER. (Recall that the COPIeficientemente devuelta al ER, donde se acumula.
The receptor must have a high affinity for the KDEL sequence in vesicular tubular
coated vesicles shed their coats as soon as
MBoC6 m13.24/13.24

clusters and the Golgi apparatus, so as to capture escaped, soluble ER resident

Proteína residente del Ap Golgi

Redistribución de proteínas residentes por
bloqueo de función
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Procesamiento de oligosacáridos
en los compartimientos de Golgi
ER

SORTING
• phosphorylation of oligosaccharides on lysosomal proteins
Golgi
apparatus

cis Golgi
network

• removal of Man

cis
cisterna

• removal of Man • addition of GlcNAc

medial
cisterna

• addition of Gal • addition of NANA

trans
cisterna

• sulfation of tyrosines and carbohydrates
SORTING

lysosome

plasma
membrane

Golgi
stack

trans Golgi
network

secretory
vesicle

Two broad classes of N-linked oligosaccharides, the complex oligosacchaMan, mannose; GlcNAc, N-acetylglucosamine;
rides and theGal,
high-mannose
oligosaccharides, are attached to mammalian glygalactose; NANA, N-acetylneuraminic acid (sialic acid)
coproteins. Sometimes, both types are attached (in different places) to the same

Gal, galactose; NANA, N-acetylneuraminic
acid (sialic acid).
plasma
membrane

lysosome

secretory
vesicle

Two broad classes of N-linked oligosaccharides, the complex oligosaccha-

rides and therequieren
high-mannose oligosaccharides,
are attached todiferente
mammalian glyLos carbohidratos complejos
una enzima
en cada paso, siendo cada
coproteins. Sometimes, both types are attached (in different places) to the same
Complex oligosaccharides
are generated
when the
producto reconocidopolypeptide
comochain.
sustrato
exclusivo
para
laoriginal
siguiente enzima de la serie
N-linked oligosaccharide added in the ER is trimmed and further sugars are
MBoC6 m13.28/13.28

added; by contrast, high-mannose oligosaccharides are trimmed but have no new
sugars added to them in the Golgi apparatus (Figure 13–30). The sialic acids in the
NH
Asn
X
Ser or Thr
(A)

CO

CORE
REGION
(B) COMPLEX OLIGOSACCHARIDE

KEY
= N-acetylglucosamine (GlcNAc)
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= mannose (Man)
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= galactose (Gal) Traffic
= N-acetylneuraminic acid
(sialic acid, or NANA)

(C) HIGH-MANNOSE OLIGOSACCHARIDE

glucosidase I

Asn

Figure 13–30 The two main classes of asparagine-linked (N-linked) oligosaccharides found
in mature mammalian glycoproteins. (A) Both complex oligosaccharides and high-mannose
Golgi
oligosaccharides share a common core region derived from the original N-linked oligosaccharide
Golgi and typicallyN-acetylglucosamine
added
in
the
ER
(see
Figure
12–50)
containing
two
N-acetylglucosamines
(GlcNAc)
mannosidase
glucosidase II
mannosidase
I oligosaccharide
and three mannoses (Man).
(B) Each complex
of a core region, together
transferaseconsists
I
with a terminal region that contains a variable number of copies of a special trisaccharide unit
(N-acetylglucosamine–galactose–sialic acid) linked to the
core mannoses.
UDP Frequently, the terminal
UDP
ER mannosidase
region is truncated and contains only GlcNAc and galactose (Gal) or just GlcNAc. In addition,
a fucose may be added, usually to the core GlcNAc attached to the asparagine (Asn). Thus,
MBoC6 m13.30/13.30
although the steps of processing and subsequent sugar addition are rigidly ordered, complex
Asn
Asn
oligosaccharides can be heterogeneous.Asn
Moreover, although the complex oligosaccharide
shown has three terminal branches, two and four branches are also common, depending on the
glycoprotein and the cell in which it is made. (C) High-mannose oligosaccharides are not trimmed
back all the way to the core region and contain additional mannoses. Hybrid oligosaccharides with
one Man branch and one GlcNAc and Gal branch are also found (not shown).
1
3 recognized by the oligosaccharyl
4
The three amino acids2indicated in (A) constitute the sequence
transferase enzyme that adds the initial oligosaccharide to the protein. Ser, serine; Thr, threonine;
X, any amino acid, except proline.

2 UDP
3 UDP

II

3 CMP
5

Asn

UDP + 3 CMP

Asn

5

next
added here
high-mannose
oligosaccharide

Endo Hresistant

complex
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GOLGI LUMEN

ER LUMEN
KEY:
= N-acetylglucosamine (GlcNAc)

Endo Hsensitive

= mannose (Man)

= glucose (Glc)

= galactose (Gal)

= N-acetylneuraminic acid (sialic acid, or NANA)

Figure 13–31 Oligosaccharide processing in the ER and the Golgi apparatus. The processing pathway is highly ordered,

¿Cuál es el propósito de la glicosilación?
La gran abundancia de las glicoproteínas y las vías complicadas que han
evolucionado para sintetizarlos enfatizan que los oligosacáridos en glicoproteínas y
glicosfingolípidos tienen funciones muy importantes.

Papel en la fabricación de productos intermedios plegables más solubles
"Glyco-code" que marca la progresión del plegamiento
Limitar la aproximación de otras macromoléculas a la superficie de la proteína
La capa mucosa de las células pulmonares y intestinales, por ejemplo, protege de muchos
patógenos
El reconocimiento de las cadenas de azúcar por lectinas en el espacio extracelular es
importante en muchos procesos de desarrollo y en el reconocimiento de célula a célula
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ENDOPLASMIC RETICULUM

estive system: the membrane of the lysosome keeps the digestive enzymes
e cytosol, but, even if they leak out, they can do little damage at the cytoGOLGI
of about 7.2.
gi appaall other membrane-enclosed organelles, the lysosome not only contains
rding
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e collection of enzymes, but also has a unique surrounding membrane.
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for
SECRETORY
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elpsconto protect them from the lysosome proteases in the lumen. Transport
sosome
in the lysosome membrane carry the final products of the digestion of
olecules—such as amino acids, sugars, and nucleotides—to the cytosol,
LYSOSOME
he cell can either
reuse or excrete them.
cuolar H+ ATPase in the lysosome membrane uses the energy of ATP
is to pump H+ into the lysosome, thereby maintaining the lumen at its
EARLY
drolytic
H
(Figure 13–37).
The ENDOSOME
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addition
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uitable
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mes Are Heterogeneous

mes are found in all eukaryotic
cells. They were initially discovered by the
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mical fractionation of cell extracts; only later were they seen clearly in the
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phosphatases
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H+ pump

ATP
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+
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Figure 13–37 Lysosomes. The acid
hydrolases are hydrolytic enzymes that
are active under acidic conditions. An H+
ATPase in the membrane pumps H+ into
the lysosome, maintaining its lumen at an
acidic pH.
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Figure 13–44 The structure of mannose
6-phosphate on a lysosomal hydrolase.
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Figure 13–45 The transport of newly
adding the M6P units to oligosaccharides must reside somewhere in the polypepsynthesized lysosomal hydrolases to
tide chain of each hydrolase. Genetic engineering experiments have revealed that
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plant cells, as we discuss next.

Plant and Fungal Vacuoles Are Remarkably Versatile Lysosomes
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Most plant and fungal cells (including yeasts) contain one or several very larg
fluid-filled vesicles called vacuoles.MBoC6
Theym13.38/13.39
typically occupy more than 30% of t
cell volume, and as much as 90% in some cell types (Figure 13–40). Vacuoles a
related to animal cell lysosomes and contain a variety of hydrolytic enzymes, b
their functions are remarkably diverse. The plant vacuole can act as a stora
organelle for both nutrients and waste products, as a degradative compartme
as an economical way of increasing cell size, and as a controller of turgor pressu
(the osmotic pressure that pushes outward on the cell wall and keeps the pla
from wilting) (Figure 13–41). The same cell may have different vacuoles with d
tinct functions, such as digestion and storage.
The vacuole is important as a homeostatic device, enabling plant cells to wit
stand wide variations in their environment. When the pH in the environme
drops, for example, the flux of H+ into the cytosol is balanced, at least in part,
an increased transport of H+ into the vacuole, which tends to keep the pH in t

icated to the engulfment, or phagocytosis, of large particles and microorganisms
to form phagosomes. A third pathway called macropinocytosis specializes in the
nonspecific uptake of fluids, membrane, and particles attached to the plasma
membrane. We will return to discuss these pathways later in the chapter. A fourth
pathway called autophagy originates in the cytoplasm of the cell itself and is used
to digest cytosol and worn-out organelles, as we discuss next. The four paths to
degradation in lysosomes are illustrated in Figure 13–42.
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ENDOPLASMIC RETICULUM

GOLGI

directly or via a recycling endosome, and others are designated for degradation
by inclusion in a late endosome. Late endosomes form from a bulbous,
vacuolar portion of early endosomes by a process called endosome maturation.
This conversion process changes the protein composition of the endosome
membrane, patches of which invaginate and become incorporated within the
organelles as intralumenal vesicles, while the endosome itself moves from the
cell periphery to a location close to the nucleus. As an endosome matures, it
ceases to recycle material to the plasma membrane and irreversibly commits
its remaining contents to degradation: late endosomes fuse with one another
and with lysosomes to form endolysosomes, which degrade their contents, as
discussed earlier (Figure 13–47).
Each of the stages of endosome maturation—from the early endosome to the
endolysosome—is connected through bidirectional vesicle transport pathways to
plasma membrane
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Las vías secretoras constitutivas y reguladas

La formación de vesículas secretoras

Exocitosis regulada: el botón pre-sináptico
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receptor for the N-terminal import signal, causes a milder peroxisomal disease.
It has long been debated whether new peroxisomes arise from preexisting ones
by organelle growth and fission—as mentioned earlier for mitochondria and plastids—or whether they derive as a specialized compartment from the endoplasmic
reticulum (ER). Aspects of both views are true (Figure 12–30). Most peroxisomal
membrane proteins are made in the cytosol and insert into the membrane of

Los Peroxisomas Usan Oxígeno Molecular Y Peróxido De
Hidrógeno Para realizar reacciones de oxidación

ys. Most
t contain
heir prooteins by
oxisome

consider
ing their
n oxidaons that,
OXISOMES
se
of the

specific proteins that
catalyze protein import

CYTOSOL

Pex19
FISSION

NUCLEUS
PLASTIDS

peroxisomal
precursor
vesicle

PEROXISOMES

peroxisomal
precursor
proteins

MITOCHONDRIA
ENDOPLASMIC RETICULUM
endoplasmic
reticulum

peroxisome

daughter
peroxisomes

GROWTH BY UPTAKE OF SPECIFIC
PEROXISOMAL PROTEINS AND
LIPIDS FROM CYTOSOL

667

Figure
how p
new p
precur
At leas
protein
route.
buddin
peroxis
these v
other c
unknow
may th
preexis
memb
protein
for the
made o
new co
translo
the lipi
import
directly
peroxis

GOLGI

on. One
Catalase
enzymes in the organelle to oxidize
hat per-uses the H2O2 generated by other
SECRETORY
rietycells.
of other substrates—including
formic
acid, formaldehyde, and alcohol—
LATE ENDOSOME
VESICLES
otic
he
reaction: H2O2 + R H2
R + 2H2O. This type of oxidation
ed “peroxidation”
in the
tion
is particularly important in liver and kidney cells, where the peroxisomes
es
might
LYSOSOME
xify
various
harmful
molecules that enter the bloodstream. About 25% of the
oiting its
nolview,
we drink is oxidized to acetaldehyde in this way. In addition, when excess
his
EARLY ENDOSOME
2 accumulates in the cell, catalase converts it to H2O through the reaction
obsolete
been car2H2O + O2
2H2O2
CELL EXTERIOR
d to ATP
Aons
major
per-function of the oxidation reactions performed in peroxisomes is the
kdown
se
whoseof fatty acid molecules. The process, called oxidation, shortens the
l chains of fatty acids sequentially in blocks of two carbon atoms at a time,
Una función
principal
de The
lasperoxisomes
reacciones
eby converting
the fatty acids
to acetyl CoA.
then export the
CoA to the cytosol
for use in biosynthetic
reactions.
In mammalian cells,
eyl to
de oxidación
realizadas
en los
ation occurs in both mitochondria
and peroxisomes; in yeast and plant cells,
MBoC6 mp686/p721
es laexclusively
descomposición
de
ever, thisperoxisomas
essential reaction occurs
in peroxisomes.
enzymes
An
essential biosynthetic
function
animal peroxisomes
moléculas
de ofácidos
grasos. is to catalyze the
anic
sub- in the formation of plasmalogens, which are the most abundant
reactions

MBoC6 m12.33/12.33

catalasa y la urate oxidasa

200 nm

Figure 12–27 An electron micrograph
of three peroxisomes in a rat liver
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