Protein Targeting

Molecular Biology



Chromatin n
Nucleolus ol —_— Nucleus

L B\ , S membrane
‘o7

Centrioles
Centrosome
matrix
Golgi apparatus
Microvilli 4
Microfilament R from cell by exocytosis
Microtubule

Intermediate
filaments
Copyoght © 2004 Paarson Educaton. Inc , pubiaiing as Berpamin Cumeainga



S 0 kW E

Protein Functions

catalyzing chemical reactions
synthesizing and repairing DNA
transporting materials across the cell
receiving and sending chemical signals
responding to stimuli

providing structural support



Why the protein targeting?

 Proteins must travel from polyribosomes to destination
sites to perform their particular functions.

 For proteins to reach their proper locations, they generally
contain information that targets them appropriately (a
signal or coding sequence)

e Certain disease results from mutations that affect these
signals.



INTRACELLULAR COMPARTMENTS AND TRANSPORT
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Many organelles are held in place by
attachment to the cytoskeleton, especially
microtubules.

Cytoskeletal filaments provide tracks for
moving organelles around, for directing the
traffic of vesicles between them

These movements are driven by motor
proteins that use ATP

Total amount of membrane In eukaryotic
cells is enormous, plasma membrane is only
a minor membrane in most.



Table 14-2 The Relative ¥olumes Occupied by the Major
Membrane-bounded Organelles in a Liver Cell (Hepatocyte)

Intracellular Fercent of Approxzimate
C ompartment Total Cell ¥olume  Number per Cell
Cytosol ot 1
Mitochondria 22 1700
Endoplasmic reticulum 12 1

Mucleus & 1

(zolgl apparatus 3 1
Peroxizomes 1 400
Lysosomes 1 =00
Endosommes 1 =00
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Functions

 Eucaryotic cells carry out thousands of chemical
reactions, many of which need to be separated -
glucose breakdown/glucose synthesis.

» Strategies for segregating and organizing their
chemical reactions include

— aggregating the different enzymes required to
catalyze a particular sequence of reactions into
a single large multiprotein complex -
ribosomes

— confining different metabolic processes and the
proteins required to carry them out within
different membrane-bounded compartments -
compartmentalization



Each compartment
contains a unique set of
proteins, which have to be
transferred selectively
from the cytosol, where
they are made, to the
compartment in which
they are used - protein
sorting. Protein sorting
depends on signals built
Into the amino acid
sequence of the proteins.

Table 1

Know all discussed on

page 449

. .;:j-i. endosame
| ‘:::}

@%ﬂ ——— cytosaol
e — PRIMDE]S0me

lysosome

Golgi apparatus
- mitochondrion

endoplasmic
reticulum with
membrane-bound
Fibosomes

nUuclels

plasma
membrane

free
Fiboasomes
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Table 14-1 The Main Functions of the Membrane-bounded Compartments of a Eucaryotic Cell

Compartment Main Function

Cytosol contains many metabolic pathways (Chapters 3 and 4); protein synthesis (Chapter 7)

Mucleus contains main genome (Chapter 8); DMNA and EMNA synthesis (Chapters & and 7)

Endoplastmic synthesis of mest lipidz (Chapter 11); svnthesiz of proteins for distribution to many

reticulum (EE) organelles and to the plasma membrane (thiz chapter)

(>olgl apparatus modification, sorting, and packaging of proteins and lipids for either secretion or delivery
to another organelle (this chapter)

Lwsosomes intracellular degradation (this chapter)

Endosomes sorting of endocytosed material (thiz chapter)

Mitochondria ATF synthesis by omdative phosphorvlation (Chapter 13)

Chloroplasts (in plant
cells)

Peroxisormes

ATP synthesiz and carbon fization by photosynthesis (Chapter 13)

ocxdation of toxic molecules
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hucleus

PROTEIN SORTING
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Synthesis of most proteins
begins on ribosomes in the
cytosol. Few exceptions
Include some mitochondrial
and chloroplast proteins
synthesized on ribosomes in
these organelles.

Each protein contains a
sorting signal which directs
the protein to the organelle
In which it is required.
Lacking a sorting signal,
proteins remain in the
cytosol.
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Signal sequences are both necessary and sufficient to direct

a protein to a particular organelle.

Each protein contains
a sorting signal
which directs the
protein to the
organelle in which it
Is required. Lacking
a sorting signal,
proteins remain in the
cytosol. Signal
sequences specifying
the same destination
can vary greatly even
though they have the
same function.

cytosolic protein
(ho signal sequence)

ER prc'.tein ER siﬁnal SROQUENACE

ER protein with signal
sequence removed

cytosolic protein with
ER signal sequence

SwWAFPPED SIGNAL SEQUEMCES
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Proteins enter the nucleus through outer

nuclear pores. huclear
huclear | membrane
- - inner
The composition of the outer nuclenume::"’em”e et
membrane closely resembeles the \ ,men membrane

ER membrane

ER, which is continuous.
ER lumen

The inner membrane contains
proteins that act as binding sites for
chromosomes and for the nuclear
lamina

The nuclear envelope contains many § '

nuclear pores which form gates : < '
'
laming
space huclear

through which molecules enter or
leave the nucleus. perinuclear

pore
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outer nuclear
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annular
subunit
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upon completion.
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Protein fibrils
protrude from both
sides of the complex;
on the nuclear side
they converge to form
a cagelike structure.

outer nuclear

annular, membrane

lumingl L nuclear
subunit [£/ i \ J envelope
column ¥ : ‘
subLRit nuclear g
i inner nuclear
== membrane
ring subunit =T A= nuclear "cage”
L |
(&) S0 nm
cytosol

; S TR e, g
S B TP i = i
: o 4‘
nucleus \/

(B)

0.1 pm



Nuclear import
receptors (cytosol)
bind to the nuclear
localization signal ucheaiagoftresoplor
on the protein being
transferred, bind the
fibrils, and help
direct it to the pore.
The nuclear protein
IS actively
transported into the
hydrolysis and the  fesssssssss—
nuclear import Nuclear pores transport protems NUCLEUS

receptors return to  and ribosomal subunits in their ’ @
the cytoplasm fully folded conformation
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Most mitochondrial and chloroplast proteins are encoded by nuclear
genes and imported from the cytosol. Proteins unfold to enter
mitochondria and chloroplasts. The protein is translocated
simultaneously across both the inner and outer membranes at specialized
sites where the two membranes are in contact with each other

protein transliocator

contact site
Hﬂ J outer membrane
ﬁjﬁg’—mﬂ | / | inner membrane CYTOSOL
| )
| 5
S‘L. — x
precursar receptar
protein protein
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proteins help T

pull proteins mature
\

protein

across and help

!
it refold cleaved
signal segquence

E11995 GAPLANHD PUELISHING



In many cells the ER is the most extensive membrane system in the cell.
The ER serves as an entry point for proteins destined for other
organelles, as well as the ER. Once inside the ER, proteins will not
reenter the cytosol. - they are ferried by transport vesicles to various

_'“ ~, ‘1,,;; z > 4 a -;”}i‘v »,t“\\'&)” \>~ s "": e
3 SRR RS e Two Kinds of proteins are
JEa® transferrred from the
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e Prospective transmembrane
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Water soluble
proteins that do

not remain in the
ER WI” be remains free in cytosol
secreted or will be 5._@_,\_ m—
transported into ‘
the lumen of an &
organelle.
Transmembrane
proteins that do
not remain in the
ER membrane are
transported into
the membrane of
another organelle .

EE membrane
or the plasma
membrane.

| mEN& encoding a protein
targeted to ER remains
mermbrane-bound

polyribosome bound tn:uEE
membrane by multiple
growing polypeptide chains,

=~

",
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SRP (signal-recognition particle) binds the ER signal sequence on the
MRNA. This slows protein synthesis. Once SRP bind its receptor in the
ER membrane and docks with the translocation channel, it is released
and protein synthesis resumes.

SEF displaced and recycled

MEMA ribosome

signal-
_~recognition
particle (SEP)

CYTOSOL

EF signa'l
SEqQUENCE

. . | ER LUMEM
On growing SRP receptor in translocation
polypeptide ER mermbrane channel

chiain
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The signal sequence opens the translocation channel. The ribosome
remains attached while the rest of the protein is threaded through the
membrane. Slgnal peptidase cleaves the signal sequence.

_ it :| remainder of
polypeptide chain

signal
Sequence

/[
Ac(:) c.": (\’7 H

CHYTOSOL

5: ER LUMEN

translncatlnn
channel

MHz

COoH
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determine the arrangement of a transmembrane

protein in the lipid bilayer.
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The integration of a double pass transmembrane protein.

°

MH-

MH-

MNH-=

stop-
transfer S

SequUence
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=

start-
transfer —_
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Complex multipass proteins .
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and start sequences.

EE LUMEM
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Vesicular transport between membrane-bounded compartments is highly
organized. Secretory pathway leads from biosynthesis of lipids and
proteins on the ER membrane: msnsnme -

membrane

Each transport late

huclear envelope
- enu:lu:usu:ume

vesicle must >
. . endoplasmic

take with it only% Feticutum
1

the proteins and O o OO

ipids (e 0~ enﬁzggume
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only Wlt_h the 5 Q — Ciﬁ \
appropriate Loig) PO ————
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membrane

EXTRACELLULAR
SPACE
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Vesicle budding is driven by the assembly of a protein coat on their
cytosolic surface - coated vesicles. After budding is complete, the coat
Is lost. There are several kinds of coated vesicles, each with distinctive
protein coats. These are thought to serve at least two functions 1. Shapes
the membrane into a vessicle 2. Helps to capture the appropriate
molecules to be transported. The best described is the clathrin-coated
vesicle.
R
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Clathrin-coated pits and vesicles budding from the inner surface
of the plasma membrane of cultured skin cells

0.2 pm
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Clathrin-coated vesicles bud from the golgi on the outward secretory

pathway and from the plasma membrane on the inward endocytic

pathway. Clathrin molecules assemble on the cytosolic surface of the

membrane - this starts the shaping of the membrane

Into a vesicle. A small GTP-binding protein -

dynamin - forms a ring around the neck. GTP is
hydrolized, the ring constricts, pinching

off the neck and N

glathrin coat

releasing the vesicle.

YESICLE
FORMATION

receptor '

—— adaptin

nakedtrénsport
vesicle

CYTOSOL

cargo molecules
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1. How does the transport vesicle select the appropriate molecules to
transport? Excluding all other?

In the clathrin system, adaptins bind the coat and the vesicle membrane.
These help select the molecules for transport because the adaptins bind

the membrane via specific cargo receptors.
3 %

Molecules to be

transported carry el g
specific transport

signals that bind to
specific cargo
receptors TR

FORMATION

£ 2 %
’ -
cargo molecules

naked transport
vesicle

CYTOSOL

There are other classes of coated vesicles - see Table 4
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2. How do the vesicles get to the appropriate destination? How do
lysosomal enzymes get to the lysosome and not to the mitochondria? If
the distance is short (ER to Golgi) diffusion will work. However, if the
distance is longer, vesicles are actively transported by motor proteins that
move along cytoskeletal fibers.

The imeESSive DOMNOE ORGAMELLE " TARGET ORGAMELLES
specificity of vesicular coate

ueslin::le

transport suggests that '
all types of transport S o
vesicles have surface

molecular markers that
identify the vesicle
according to its origin
and cargo. These must
be recognized by

complementary e
receptors on the target R TaanL vesicle
membrane.

COMP&ETHMEMNT
A

v-SHARES

_.G_.

t-SMARES

COMPARETMEMNT
B
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This recognition is thought to involve a family of proteins - SNARES.
Each organelle is believed to carry a unigue SNARE

DOMNOR ORGAMELLE TARGET ORGAMELLES
coated
wegnﬂe
|
COMPARTMEMNT
— — iy

t-SHAREES

w-5SMARES

V is for vesicle, t is for target 90cked

transport
CYTOSOL iesitle

COMFPAETHMENT
B
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Docking occurs when v- and t-SNAREs bind. However, docking does
not ensure fusion. Fusion requires a much closer approach, probably
catalyzed by specialized proteins. A few of the cytosolic proteins
required for fusion have been identified.

fusion proteins

docked -~ % * - ~\
transport
Cargo vesicle |
molecules Y
CYTOSOL PSS ‘*

v-SNARE _.;;'. - | .

ASSEMEBLY OF MEMBEAMNE
FUSIOMN COMPLEX FLUSION
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Secretory pathways - exocytosis
Most proteins are covalently modified in the ER.

1. Disulfide bonds are formed by the oxidation of pairs of cysteine
side chains catalyzed by an enzyme in the ER lumen. Disulfide
bonds help stabilize the structure of proteins encountering changes

In pH cysteine
.
e
| i
tHa CH,
SH i
SH é‘w
(le | H“*ah interchain
£ [ CH ~disulfide
| = C = oxidants C =~ - bond
(2 - /_' | o)
SH reductants I‘?HE
intrachain
<H | disulfide
| S bind
CH. |
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Disulfide bonds do not form in the cytosol. Remember, they are

Important in the extracellular matrix secreted by cells.

cysteine

R s> )

elastn:: fiber

S0 M U -- short section of a

- collagen fibril
g
-1 .
collagen . %‘, -_'>
. .

A

malecule g = —
/ \ R C@-'

STEETCH ‘REL'&H

T = — : ; collagen
1.5 nm - trlp_le single elastin malecule
1 helix /
ML

CCross-1ink —

(&)

(BJ
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Most proteins are covalently modified in the ER

2. Glycosylation -

covalent attachment of short .
oligosaccharide side chains - ) = sueose
results in glycoproteins.
Glycosylation is carried out by
enzymes in the lumen of the ER.
These oligosaccharides have

various functions:

1. Protects proteins from
degradation

2. Retain the protein in the ER
until properly folded

3. Help guide it to the appropriate
organelle by serving as a

MHx
= mannose

O = A-acetylglucosaming

!
CYTOSOL

ER LUMEM

grawing
polypeptide chain

transport signal 0o oligssaccharise
rotein transterase
4. On the cell surface they form lpit-linked ¢
aligosaccharide () b

the glycocalyx
5. Function as recognition
molecules between different cells.

E1995 GARLAHD PUEBLISHIHG



5. EX. Function as recognition molecules between different cells.

LLELLULLLLUS

neutrophil

blood
vessel

specific
oligosaccharide

lectin

endothelial cell

SITE OF INFECTION
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A preformed

branched % _giichse
OligOSaCCharide’ . = mannose

containing 14

. O = A-acetylglucosamine
sugars is attached

to all proteins that (i) ..o
carry the

appropriate site for

glycosylation.
ThlS gru;klwing

polypeptide chain

oligosaccharide is
originally attached
to a lipid — dolichol o

oligosaccharide
protein transferase
— then transferred lipid-linksd - &

. oligosaccharide ]
to the amlno group 993 GARLAHD PLUELIZHIHG
of an asparagine A simple sequence of 3 amino acids defines this

side chain. signal. These are called N-linked.




Glycoproteins are
remarkably diverse.

These core
oligosaccharide
chains are modified
In the ER and
Golgi.

EEY:

O = glucose
NH NH
‘ = mannose z z

O = A-acetylglucosamine 1 '
| | L]
CYTOSOL

(P) ER LUMEN
'
.\l ®

G _
®/"

growing
(] polypeptide chain
]
]
55 -
[ ~ oligosaccharide
protein transferase
lipid-linked )
oligosaccharide (] ~
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Exit from the ER is controlled to ensure protein quality. Proteins
that function in the ER are retained there or returned from the
Golgi by an ER retention signal (KDEL) which is recognized by a
membrane-boupEd receptor protein in the ER and Golgi.

chaperong
protein

| |
misfolded prnperﬂg folded
protein protein

nuddihgtranspnrt

vesicle
& GARLAHD PUEBLIZHLHG

All other proteins move in transport vesicles to the Golgi if they
are folded and assembled properly. Chaperone proteins in the ER
hold proteins until they fold and assemble properly, or are
degraded. Any protein, even a functional protein, that can not fold

properly will be degraded. EX. cystic fibrosis — mutant plasma
membrane transport protein



ois face

Golgi apparatus: 7

transport
vesicle

ois
Golgi
network

ois
cisterna

1EGiErl
cisterna

IrERS
cisterna

IrERS
Golgi
network

(B) [

(&) irens face

Ordered progession through the Golgi.

Ex. Many proteins have complex oligosaccharide
chains created by a highly ordered process in which
sugars are added or removed in a determined
sequence performed by a series of enzymes
positioned in the Golgi stacks in the proper order.

()
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Secretory proteins are released from the cell by exocytosis in either a
constitutive or a regulated manner.

Hew 1y
synthesized
soluble proteins_
for constitutive
secretion

Extracellular matrix,
hormones, etc

unregulated
| rmembrane

fusian

CYTOSOL signal such as
-y hortmone or
Golgi — neurotransmitter
network e
signal
transduction

__._S-—-‘H
regulated
membrane

fusion

secretory vesicle hormones, mucus, digestive

enzymes, etc

Golgi apparatus

storing secretory
proteins
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In secretory cells like beta cells of the pancreas, large quantities of a
particular molecule, like insulin, are stored at high concentrations
(aggregated) in vesicles near the plasma membrane. These cells can
then respond to a signal by releasing large quantities quickly.

- secretory vesicle The membrane of

} containing insulin R the VeSiC|e
becomes part of
the plasma
membrane.

Endocytosis
returns lipids and
membrane
proteins to the

AT " Golaqi.
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Endocytic pathways: Eucaryotic cells are constantly taking up liquid
and large/small molecules by endocytosis. Ultimately to lysosomes for
digestion. Metabolites generated are transferred dlrectly out of the

lysosome into the cytosol. *:

| plasma
membrane

Pinocytosis = ingestionof )
fluid and molecules via small
vesicles (by all ceIIS)J
Receptor-mediate
endocytosis = uptake of

specific molecules by any cell
with the receptor for this specific molecule

Phagocytosis = ingestion.e o
large particles, such as 0 :
microbes and cell debris via
large vesicles called
phagosomes. (by phagocytic cells)
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Phagocytes are an important part of our immune system.
Macrophages are found in large numbers in all connective tissue.
The are on the spot when microbes break through our barrlors Into

our tissues.

Phagocytes of our
Immune system also
express various
receptors in their
plasma membrane
which bind to
pathogens or antibodies
which are bound to
pathogens. These
receptors help
phagocytes ingest more
efficiently - receptor-
mediated endocytosis.

P

bacterium —

membrane

phagocytic 1 wm
white blood cell
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psuedopods

— fine sheets
In protozoa, of
phagocytosis is a membrane
form of feeding. that the
Phagosomes macrophage
fuse with IS extending
lysosomes, to engulf the
forming red blood
phagolysosomes. cells in the
Here the food is spleen.

digested.
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 Pinocytosis Is a continuous process in
eukaryotic cells, therefore lipids subtracted from
the membrane and fluid taken into the cell must
be balanced since total surface area and volume
IS maintained.

 Pinocytosis is mainly carried out by the clathrin-
coated pits and vesicles.

 Pinocytosis iIs indiscriminate unless it
Incorporates receptor-mediate endocytosis.




Receptor-mediated pinocytosis via clathrin-coated vesicles is an efficient
pathway for uptake of specific marcomolecules from the extracellular

fluid.

LDLJ LOL receptor

‘ﬁ ¥ ¥ CYTOSOL
ENDOCYTOS1S

plasma membrane
s

*defective LDL receptor — cholesterol accumulates in the blood
atherosclerosis

¥
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coated UNCOAT MG g | PLASMA
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ﬁ }' £ BLUDDING OFF
_ —— 20 ~ OF TRANSPORT YESICLES
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IS transported \| reansrerto| 1 NIS T“e”“’d Of_
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Lysosomes are
membranous sacs of
hydrolytic enzymes
that digest both
extracellular materials
and worn out
organelles.

These enzymes are

active at acidic pH.

Therefore, even if

these enzymes escape PH~7.2
Into the cytosol, they

are not active at

neutral pH.

CYTOSOL

BRI e

ALID HYDROLASES

ILIT]

nUcleases
proteases

glycosi
lipases

dases

phosphatases

sUlfata

phospholipases

SES

transport

pPH~3
H+
ATP + pump
ATP ADP

proteins

to pump
breakdown
products
Into the
cytosol for
use by the
cell in

synthesis etc.

- ®
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Three pathways to degradation in lysosomes:

- phagosome

phagocytosis
plasma -~
membrane
early endosome

R - @ % —_— .
" endocytosis

LATE -
LYSOSOME
ENDOSOME \/
Eﬂdﬂlﬂﬂﬂmia mitochondrion

reticulum
- . autnphagnanme

gutophagy

bacterium—
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B N-Acetylglucosamine (GlcNAc)
O Mannose (Man)
() Glucose (Glc)

Tunicz_lm}'cin
|
UMP+ |
5 GDR\ 5 GDP-Man $ UD.P\é/z UDP-GIcNAc Dolichol
Translocation ’L}"'\ P recycled
:_"E :j"E‘j: '
4 4 | ~ \
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i / reticulum .
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~ Dohchol—@— Gle
Dollchol—® P) .
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Synthesis of the oligosaccharide core of glycoproteins and its transfer to the protein in
the endoplasmic reticulum
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Different topological arrangements of integral membrane proteins



BACTERIAL SIGNAL SEQUENCES AND PROTEIN
TARGETING
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Schematic of the synthesis of noncytosolic proteins by ribosomes bound to the plasma
membrane in prokaryotes



Abnormalities

| —cell disease (Inclusion cell disease
Zellweger Syndrome



