i
HJ\N N)\H <“> <ﬁ
0 CHZ_T_O_ﬁ_O_
K+ - o
HO ?
"0—P=0
|
0

3’-phosphoadenosine-5’-phosphosulfate
(PAPS)

Figure 13-33 Molecular Biology of the Cell (© Garland Science 2008)



(B)

Figure 13-34 Molecular Biology of the Cell (© Garland Science 2008)



cisternae

vesicular .
tubular cis trans
ER cluster CGN IJllnedial TGN
1 I 1 T 1 I 1 I 1
O~ O~
»” »
e o ¢“t/ A/ @ -
@ ©
matrix proteins
(A) VESICULARTRANSPORT MODEL (B) CISTERNAL MATURATION MODEL

Figure 13-35 Molecular Biology of the Cell (© Garland Science 2008)



e’v

‘/ f/t/w‘O

VESICULAR TRANSPORT MODEL

Figure 13-35a Molecular Biology of the Cell (© Garland Science 2008)



cisternae

vesicular |
tubular cis trans
ER cluster CGN |medial] TGN
1 | | I T—1 1
"O\
O~
2
-—©
i

matrix proteins

CISTERNAL MATURATION MODEL

Figure 13-35b Molecular Biology of the Cell (© Garland Science 2008)



ENDOPLASMIC RETICULUM

]

GOLGI
SECRETORY
LATE ENDOSOME VESICLES
LYSOSOME
EARLY ENDOSOME
@ NS NS
CELL EXTERIOR

Page 779 Molecular Biology of the Cell (© Garland Science 2008)



0.2-0.5 pm

| |
pH~7.2

CYTOSOL

ACID HYDROLASES:
nucleases
proteases

glycosidases
lipases
phosphatases
sulfatases
phospholipases

ATP ‘ App + (P

Figure 13-36 Molecular Biology of the Cell (© Garland Science 2008)



Figure 13-37 Molecular Biology of the Cell (© Garland Science 2008)



, hydrolytically active, low-pH compartments

T )

late endosome endolysosome lysosome

Figure 13-38 Molecular Biology of the Cell (© Garland Science 2008)



Figure 13-39 Molecular Biology of the Cell (© Garland Science 2008)



plasma membrane

nucleus
!

0

@

I

strands of
cytoplasm

e

cell wall

vacuole

/

™~

/

¢
D

7 \\l

Figure 13-40 Molecular Biology of the Cell (© Garland Science 2008)




engulfed cytosol
O\ and organelles
—~

@)
@)
wl® *0 CLOSURE FUSION
O oy —
:ﬁ e®. __~ 00 I
donor », autophagosome

organelle

°, _+\DIGESTION

—_—

nucleation
and extension

acid hydrolases <

lysosome

Figure 13-41 Molecular Biology of the Cell (© Garland Science 2008)



(A) EXTRACELLULAR FLUID
\

CYTOSOL

bacterium — phagosome
phagocytosis
plasma
membrane
early endosome
D — @ — i_> ‘ »
endocytosus LATE LYSOSOME (B) mitochondrion peroxisome
ENDOSOME
mitochondrion
o autophagosome
- — )
autophagy

Figure 13-42 Molecular Biology of the Cell (© Garland Science 2008)



EXTRACELLULAR FLUID

\
CYTOSOL
bacterium — phagosome
phagocytosis
plasma
membrane

early endosome

..’.‘-,-.':o — — > > .
endocytosis

LATE LYSOSOME
ENDOSOME

mitochondrion

— (am)—

autophagy

autophagosome

Figure 13-42a Molecular Biology of the Cell (© Garland Science 2008)



ion peroxisome

tochondri

mi

Figure 13-42b Molecular Biology of the Cell (© Garland Science 2008)



mannose 6-phosphate
(M6P)

P —0—CH,

HO
N-linked —
oligosaccharide

lysosomal
hydrolase

Figure 13-43 Molecular Biology of the Cell (© Garland Science 2008)



MG6P Lizozomal enzimlere takilir

lysosomal hydrolase
precursor
mannose RECEPTOR-DEPENDENT DP
ATP ADP + (P
from ER TRANSPORT - I— g
l BINDING TO
M6P RECEPTOR 5012
\ UNCOVERING OF T ~ i
M6P SIGNAL s ’
ADDITIONOF \{|® o]| 1|4 7\ e
EsGlchifc - - transport retromer @@ REMOVAL OF
clathrin coat  vesicle coat DISSOCIATION PHOSPHATE
ATACIDICPH &
\ lysosomal
-— hydrolase
precursor
M6P receptorin early endosome
RECEPTOR RECYCLING budding vesicle
cis trans
Golgi Golgi
network network
| ]

Golgi apparatus

Figure 13-44 Molecular Biology of the Cell (© Garland Science 2008)



lysosomal hydrolase

BINDING OF SIGNAL PATCH

N-linked TO RECOGNITION SITE
oligosaccharide
with terminal ’\l\’ TRANSFER OF
mannose residue  signal sl';::l:) ;E':NTO
patch
.'“\ CATALYTIC or0—
SITE -
P-P —. _
O-e BINDING TO | (s et
RELEASE
UDP-GIcNAc  CATALYTIC
SITE u_!f lysosomal hydrolase
ump with GIcNAc — P attached
GlcNAc phosphotransferase catalyticsite recognition site tomannose inoligosaccharide
remove
GlcNAc
& '.‘—\
\

Figure 13-45 Molecular Biology of the Cell (© Garland Science 2008)



ENDOPLASMIC RETICULUM

]

GOLGI
SECRETORY
LATE ENDOSOME VESICLES
ll
LYSOSOME
EARLY ENDOSOME
ﬁ =2 Sl
CELL EXTERIOR

Page 787 Molecular Biology of the Cell (© Garland Science 2008)




Figure 13-46 Molecular Biology of the Cell (© Garland Science 2008)



pseudopod

plasma
membrane

phagocytic W L ]
white blood cell 1 pm

Figure 13-47a Molecular Biology of the Cell (© Garland Science 2008)



pseudopod bacterium

Pl 3-kinase

Figure 13-47b Molecular Biology of the Cell (© Garland Science 2008)

62



Figure 13-48 Molecular Biology of the Cell (© Garland Science 2008)



Figure 13-49 Molecular Biology of the Cell (© Garland Science 2008)



22 nm

cholesterol
molecule

phospholipid
monolayer

cholesteryl ester
molecule

surface protrusion
on protein molecule

Figure 13-50 Molecular Biology of the Cell (© Garland Science 2008)



LDL-binding site LDL clathrin

\ EXTRACELLULAR
SPACE

(A)
CYTOSOL
LDL receptor
protein
coated-pit- 1 |
binding site clathrin-coated pit
Q Q Q adaptor
proteins
(B)

plasma

LDL receptor protein with membrane
defective coated-pit-binding site

Figure 13-51 Molecular Biology of the Cell (© Garland Science 2008)



apical domain of plasma membrane

tight junction

2. transcytosis

3.degradation f

’ lysosome K:ransport

vesicles /
| NN
early
endosome \ \
o 1.recycling
_) 4 endgcytosi vj' Y / -

basolateral domain of plasma membrane

Figure 13-52 Molecular Biology of the Cell (© Garland Science 2008)



LDL LDLreceptors plasma membrane

& /
W CYTOSOL ‘?\,*!\
/ ENDOCYTOSIS /

coated | RETURN OF LDL
pit @ UNCOATING recycling endosome RECEPTORS TO

“ PLASMA
coated @ MEMBRANE
vesicle

\ / BUDDING
FUSION WITH @

OFF OF
ENDOSOME / TRANSPORT
2 VESICLES
early endosome \

free
cholesterol

enzymes

lysosome

Figure 13-53 Molecular Biology of the Cell (© Garland Science 2008)



early recycling
endosome endosome
late

endosome

Figure 13-54 Molecular Biology of the Cell (© Garland Science 2008)



multivesicular bodies

Golgi stack

Figure 13-55 Molecular Biology of the Cell (© Garland Science 2008)



plasma membrane

early —O
endosome % =,
Mo
‘ Q\ trans
MICROTUBULE- 2 . _multivesicular n:it::glrk
MEDIATED body
TRANSPORT l ~microtubule
I (@)
ate L Hrm
endosome

l

endolysosome
1

lysosome

O_)

Figure 13-56 Molecular Biology of the Cell (© Garland Science 2008)




early endosome

ubiquitin

PINCHING OFF
1 (SEQUESTRATION)

lysosomal -
lysosomal lipase multivesicular
protease body
late endosome
or lysosome !

lysosome

Figure 13-57 Molecular Biology of the Cell (© Garland Science 2008)



Q"

ESCRT-IlI

ESCRT-0 ESCRT-I ESCRT-II ESCRT-III

CYTOSOL

OS2 2024 |

endosomal
membrane

PI(3)P PI1(3,5)P,

cargo

Figure 13-58 Molecular Biology of the Cell (© Garland Science 2008)



J, virus
particle

Figure 13-59 Molecular Biology of the Cell (© Garland Science 2008)



basolateral domain of plasma membrane

EXTRACELLULAR FLUID

\

antibody
bound to
endocytosed /
Fc receptor

5

Fc receptor ‘

A

transcytosis

transport
vesicle
recycling
endosome
early Ve
endosome ’
o
transport
vesicle

\ recyclingtransport/o
; vesicles
-

N

Y

y

.

INTESTINAL LUMEN

apical domain of plasma membrane

Figure 13-60 Molecular Biology of the Cell (© Garland Science 2008)



unstimulated cell insulin-stimulated cell

insulin -
receptor A
/ i transporter '2-“1'"\
D e T
glucose b
l ) glucose
signal causes relocalization

intracellular pool of glucose of glucose receptors to
transporters in specialized plasma membrane to boost
recycling endosomes glucose uptake into the cell

Figure 13-61 Molecular Biology of the Cell (© Garland Science 2008)



tight apical \©\ - O’
junction | domain of
apical

plasma membrane ’

early
% baslolateral endosome. B
° early .
. \ endosome 5
late .

o
S O’O;:a endosome

- Iysosome
- nucleus
o basolateral
= domain of .
- plasma .
membrane *

extracellular space

Figure 13-62 Molecular Biology of the Cell (© Garland Science 2008)



ENDOPLASMIC RETICULUM

I

GOLGI
SECRETORY
LATE ENDOSOME VESICLES
ﬂ
LYSOSOME
EARLY ENDOSOME

1L

CELL EXTERIOR

Page 799 Molecular Biology of the Cell (© Garland Science 2008)



newly synthesized CYTOSOL \. EXTRACELLULAR SPACE
soluble proteins :
newly synthesized plasma

for constitutive v
membrane lipids

/ CONSTITUTIVE

secretion
B \ \ SECRETORY
unregulated PATHWAY
membrane
fusion plasma membrane
newly synthesized plasma
membrane protein
signal such as
trans @ — hormone or
Golgi - neurotransmitter
network yd
intracellular
signaling pathway ®
%o °.°  REGULATED
\ - SECRETORY
regulated Y PATHWAY
""" - secretory ve5|cle membrane
Golgi apparatus storing secretory  fusion

proteins

Figure 13-63 Molecular Biology of the Cell (© Garland Science 2008)



protein mixture sorting

cis cis medial
Golgi

| trans
ER mletwork |

Golgi apparatus

Golgi
network

Figure 13-64 Molecular Biology of the Cell (© Garland Science 2008)

1 SIGNAL-MEDIATED
DIVERSION TO LYSOSOMES

mannose 6-
phosphate
receptor
p; \/ 3 CONSTITUTIVE
\'\ ~/ SECRETORY
PATHWAY

plasma membrane

EXTRACELLULAR
SPACE

. SIGNAL-MEDIATED
DIVERSION TO SECRETORY
VESICLES (FOR REGULATED
SECRETION)

CYTOSO



Golgi trans Golgi immature mature
network secretory vesicle secretory
vesicle

CARGO CONCENTRATION

Figure 13-65a Molecular Biology of the Cell (© Garland Science 2008)



cis Golgi network Golgi stack

trans Golgi network mature secretory

vesicle

Figure 13-65b Molecular Biology of the Cell (© Garland Science 2008)



DOCKING FUSION °

./.

Figure 13-66a Molecular Biology of the Cell (© Garland Science 2008)



Figure 13-66b Molecular Biology of the Cell (© Garland Science 2008)



pro-opiomelanocortin

———— M W—r

H2N
/ l
signal
peptide R I -
corticotropin B-lipotropin
| (ACTH) / ‘ \

a-MSH v-lipotropin B-MSH B-endorphin

Figure 13-67 Molecular Biology of the Cell (© Garland Science 2008)



Histamin salinimi

Figure 13-68 Molecular Biology of the Cell (© Garland Science 2008)



nucleus

LLokalize salinim

bead region of —

exocytosis 2 L

Figure 13-69 Molecular Biology of the Cell (© Garland Science 2008)



WOUND
N 4

(A) CLEAVAGE FURROW  (B) PHAGOCYTOSIS (C) WOUND REPAIR

Figure 13-70 Molecular Biology of the Cell (© Garland Science 2008)



nerve terminals

pvat

apical domain
of plasma

membrane
_ axon

molecular
‘fence’

cell
body

. . nucleus
Basl

basolateral
domain of

plasma membrane .. drites

epithelial nerve
cells cell

Figure 13-71 Molecular Biology of the Cell (© Garland Science 2008)



basolateral apical
transport transport
vesicle vesicle

basolateral
early endosome

tight junction

®/ trans

e Golgi
network

nucleus

_""3365‘

(A) DIRECT SORTING OF (B) INDIRECT SORTING VIA ENDOSOMES
MEMBRANE PROTEINS IN
THE TRANS GOLGI NETWORK

Figure 13-72 Molecular Biology of the Cell (© Garland Science 2008)



basolateral apical
transport transport
vesicle vesicle

nucleus

&

DIRECT SORTING OF MEMBRANE PROTEINS
IN THE TRANS GOLGI NETWORK

Figure 13-72a Molecular Biology of the Cell (© Garland Science 2008)



basolateral

early endosome
tight junction
trans
Golgi
network

/ G:m_r@

nucleus

gt

INDIRECT SORTING VIA ENDOSOMES

Figure 13-72b Molecular Biology of the Cell (© Garland Science 2008)



NERVE
TERMINAL

synaptic vesicle
carrier protein

trans Golgi
network
000

00O
BODY OF
NERVE CELL

synaptic vesicle
membrane protein

Figure 13-73 Molecular Biology of the Cell (© Garland Science 2008)

DELIVERY OF SYNAPTIC
VESICLE COMPONENTS
TO PLASMA MEMBRANE

ENDOCYTOSIS OF SYNAPTIC
VESICLE COMPONENTS TO
FORM NEW SYNAPTIC
VESICLES DIRECTLY

ENDOCYTOSIS OF SYNAPTIC
VESICLE COMPONENTS AND
DELIVERY TO ENDOSOME

BUDDING OF SYNAPTIC
VESICLE FROM ENDOSOME

LOADING OF NEURO-
TRANSMITTER INTO
SYNAPTIC VESICLE

SECRETION OF NEURO-
TRANSMITTER BY
EXOCYTOSIS IN RESPONSE
TO AN ACTION POTENTIAL



normal mouse Mocha mouse

Figure Q13-3 Molecular Biology of the Cell (© Garland Science 2008)



v-SNARE (synaptobrevin)

H*/glutamate
transporter

Figure 13-74 Molecular Biology of the Cell (© Garland Science 2008)



vesicle
% % membrane ﬂﬁﬁ&

target membrane 1 5 nm

T

Figure Q13-1 Molecular Biology of the Cell (© Garland Science 2008)




—
L)
e
—

(A) strain A strain B

pro-Pase

~N
)]

\"
l DOCKING

50
pro-Pase !

alkaline phosphatase
(% maximum)

N
(%,

FUSION

0
SNARE strainA vt t t vt v vt t v
combinations strainB vt t vt t v vt v v t vt
3 4 6 7 8 9

experiment 1 2

Figure Q13-2 Molecular Biology of the Cell (© Garland Science 2008)



(A) HRP UPTAKE (B) EGF UPTAKE
20

—
(o))

N
-
N

(-]

HRP uptake

(pmol/hour/108 cells)

125].EGF uptake
(pmol/hour/10° cells)
H

o

o
o

o

10 20 30 40 20 40 60 80

HRP in medium (M) EGF in medium (nM)

Figure Q13-4 Molecular Biology of the Cell (© Garland Science 2008)



