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Prokaryotic and Eukaryotic Ribosomes
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The Endomembrane System

The interior of a eukaryotic cell is packed with
membranes that form an endomembrane system.
This endomembrane system fills the cell, dividing
it into compartments, channeling the passage of
molecules through the interior of the cell, and
providing surfaces for the synthesis of lipids and

some proteins. (The Endomembrane System) oLa/uall eLiiadl jlga

slaadl Hlgas JSas ol Luse Y 8/ gadl Aalada Sl Al Aol sl (olia,

e oluyall jsre dangas sl o] Lgandys Glal Say sleall 1ia (odalall

a2 gVl s gil b\ -\ audasdl WIS d- bl e e Slidissdl panss Gsaall el ladacal 58 ga5 lall glalall 5all
(206l 89 rough o SMooth ci dgw dhissg.\ il )\ Aagugul
steroidhormonesysynthesis oflipid Je g0

g;xéﬁ'x\\':

 The endomembrane system in eukaryotic/ cells is
one of the fundamental distinctions” between
eukaryotes and prokaryotes.
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The endomembrane system is composed of: ]
«  Nuclear envelope ---------> outer membrane of the nucleargs;sﬁfw
*  Endoplasmic reticulum (ER) (9»\5)\&\W&\/ngﬂ\@lﬂ\ég)\&)\g\fm\s\ envelope
*  Golgi apparatus Sanibl Sl o el we Hlae Gogill
* Lysosomes
* Vacuoles and Vesicles PSPV EU R [ TR PP v
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The largest of the internal membranes is the endoplasmic reticulum (ER).
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The endoplasmic reticulum (ER)
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* The ER is composed (like membranes) of

a phospholipid bilayer embedded with
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* The two largest compartments in

eukaryotic cells are_the space inside the T e
<~ ER, called fhe cisternal space; or lumen, ="~ ‘?‘)‘V\" * Wel?
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* The ER is a network _of flattened sacs and branching tubules that extends throughout
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* These sacs and tubules are all interconnected by a single continuous membrane so
that the organelle has only one large complexly arranged lumen (cisternal space).
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* The membrane of ER is continuous with the outer nuclear membrane.
* Two regions can be recognized in most cells, known as smooth ER and rough ER.

* The basic difference is that the RER is covered in ribosomes, which give it its rough
appearance in the electron microscope.
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The smooth ER (SER)
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*  Smooth ER (SER) refers to the regions of the ER with no or relatlvely Very few bound rlbosomes.
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* The ratio of SER to RER is not fixed and can vary greatly depends on a cell’s function.
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* Cells that carry out extensive lipid synthesis, such as those in the testes 'Lntestine and brain, have
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* The membranes of the SER contain many embedded enzymes, involved in the synthesis of a
variety of carbohydrates and llplds
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*  Steroid hormones are also synthesized in the SER of ovaries, testes, and the adrenal gland.
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Synthesis of phospholipids. The majority of membrane lipids are assembled in the SER and then
sent to whatever parts of the cell need membrane components
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Store intracellular Ca?* (sequestering calcium), which keeps the cytoplasmic level low, allowing
Ca?* to be used as a signaling molecule. Ca?"ions are pumped from the cytosol into the lumen of
the smooth endoplasmic reticulum to more than 100 times the concentration found in the cytosol.
In muscle cells, for example, Ca?* is used to trigger muscle contraction. In other cells, Ca?* release

from SER stores is involved in diverse signaling pathways.
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* SER modifies foreign substances to make them more soluble and less toxic. In the liver, enzymes
in the SER carry out this detoxification which involves adding hydroxyl group to drug making

them more soluble and easer to flush from the body. 7
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* The SER is responsible for some carbohydrate metabolism. In the liver, for example, the cell
breaks down the glycogen. First Glycogen is broken into glucose-6- phosphate, an ion that, if
released would harm our blood cells. So, enzyme found in the membrane of the SER can remove

the phosphate, allowing pure glucose to be released
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The rough ER (RER)
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* The rough ER 1s a site of pmtem synthesm
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* The rough ER (RER) gets its name from the rough appearance of its surface because
of the bound ribosomes.
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* The proteins synthesized on the surface of the RER are destined to be exported from
the cell, sent to lysosomes or vacuoles, or vesicles or embedded in the plasma
membrane. These proteins enter the cisternal space as a first step in the pathway that
will sort proteins. to-thei--eventual destinations. This export pathway also involves
vesicles and the Golgl apparatus. _.-
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* The sequence of the protein being synthesized determines whether the ribosome will
become associated with the ER or remain a cytoplasmic ribosome.
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In the RER, newly synthesized proteins can be modified by the addition of short-chain
carbohydrates to form glycoproteins.
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* Proteins bound for secretion are separated from other products and packaged into
vesicles that move to the Golgi for further modification and packaging for export.
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* After secretory proteins are formed, the ER membrane keeps them separate from
proteins in the cytosol, which are produced by free ribosomes.
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* Secretory proteins depart from the ER are wrapped in the membranes of vesicles
(transport vesicles) that bud like bubbles from a specialized region called transitional
ER. -
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Signal sequence

* Proteins to be exported contain special amino acid sequences called signal
sequences.

(Signal sequence) 3Ly aalis
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 New protein is made by a free ribosome, the signal sequence of the growing
polypeptide attaches to a recognition factor that carries the ribosome and its partially
completed protein to a “docking site or receptor” on the surface of the ER.
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* As the protein is assembled it passes through the ER membrane into the interior
ER compartment, the cisternal space, from which it is transported by vesicles to the
Golgi apparatus
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Smooth ER
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Synthesis and Sidedness of Membranes

(Synthesis and Sidedness of Membranes) dadis¥ | da 919 g

Membranes have distinct inside and outside faces.
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« Membrane sidedness is determined as it being built.
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Lipid bilayer  Transmembrane
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carbohydrate

Plasma membrane:
Cytoplasmic face
Extracellular face
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Attached /

Glycolipid @) Secretory proteins, membrane proteins, and lipids are
y‘Secretory synthesized in the endoplasmic reticulum (ER). In the ER,

N The carbohydrate portions may then be modified. Materials
/,,/: \ are transported in vesicles to the Golgi apparatus.
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carbohydrates (green) are added to the transmembrane

rotein : J :
P proteins (purple dumbbells), making them glycoproteins.

@ Inside the Golgi apparatus, the glycoproteins
AR Golgi undergo further carbohydrate modification, and
o9 iy apparatus lipids acquire carbohydrates, becoming glycolipids.
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Vesicle w» he glycoproteins, glycolipids, and secretory

proteins (purple spheres) are transported in

vesicles to the plasma membrane
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o As vesicles fuse with the plasma membrane,
the outside face of the vesicle becomes
continuous with the inside (cytoplasmic) face of
the plasma membrane. This releases the secretory
proteins from the cell, a process called exocytosis,
and positions the carbohydrates of membrane
glycoproteins and glycolipids on the outside
(extracellular) face of the plasma membrane
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 The Golgi apparatus 1s a warehouse for receiving, sorting, packaging,
shipping, and even manufacturing, of molecules synthesized at one location and
used at another within the cell or even outside of it.
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* The Golgi apparatus, named after its discoverer, 1906 Nobel prize winner an
[talian physician named Camillo Golgl
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* Golgi apparatus “1s a distinctive stack of flattened sacks<alled cisternae, which
vary in number within the Golgi apparatus from 1 or a few in protists to 20 or
more in animal cells, and to several hundred in plant cells.
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* Unlike the ER cisternae, the Golgi apparatus sacs are n(xt physmally coimnected.
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* The Golgi apparatus is the distribution point of the cell where proteins and
lipids made within the RER and SER are further processed, modified, stored

and then directed to their final destination.
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* A Golgi apparatus has a front and a back sides or faces, each with a distinct

membrane composition.

*Transitional ER £~
)

 The receiving side is called the cis face and is usually located near the ER.
Materials arrive at the cis face in transport vesicles that bud off the ER and exit

the trans face, where they are discharged in secretory vesicles .
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The Golgi apparatus: Receiving & Shipping Center

* Proteins and lipids manufactured on the RER and SER are transported into the
Golgi apparatus and modified during their transit from the cis region to the trans
region.
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« The most common alteration 4s the addition or modification of short sugar chains,
forming a glycoprotein and a glycolipid. Membrane phospholipids may also be
altered in the Golgi.
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* In addition to its finishing work, the Golgi apparatus also manufactures some
macromolecules. Many polysaccharides secreted by cells are Golgi products. For
example, pectins (heteropolysaccharide) and certain other noncellulose
polysaccharides are made in the Golgi of plant cells and then incorporated along
with cellulose into their cell walls.
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* Like secretory proteins, nonprotein Golgi products that will be secreted depart
from the trans face of the Golgi inside transport vesicles that eventually fuse with
the plasma membrane. The contents are released and the vesicle is incorporated
into the plasma membrane, adding to the surface area.
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* Before a Golgi apparatus dispatches its products by budding vesicles from the trans
face, it sorts these products and targets them for various parts of the cell.
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* Finally, transport vesicles budded from the Golgi may have external molecules on
their membranes that recognize “docking sites” on the surface of specific
organelles or on the plasma membrane, thus targeting the vesicles appropriately.,

&ch)huuﬁﬁc@ﬂpwi&sﬁ:\llJLJICAM,}Pgs}L:_\_u‘IPI .
el s Laall gle o Gnas Slude mhan gle " guudl 831 90" (e 55aT Lgiuie |



Protein

Budding Migrating Fusion
vesicle transport of vesicle
vesicle with Golgi

apparatus

cis face
(“receiving” side of
Golgi apparatus)
© Vesicles move

from ER to Golgi. ©) Vesicles coalesce to

O Vesicles also form new cis Golgi cisternae.
transport certain — A
proteins back to ER, . —

their site of function.

€ Cisternal
maturation:
Golgi cisternae
move in a cis-
to-trans
direction.

O Vesicles form and
leave Golgi, carrying
specific products to
other locations or to
the plasma mem-
brane for secretion.

© Vesicles transport some proteins trans face
backward to less mature Golgi ("Shlpplng" side of
cisternae, where they function. Golgi apparatus)




Rough
endoplas
reticulum

-

*

’ 1. Vesicle containing
proteins buds from
the rough endo-
plasmic reticulum,
diffuses through the
cell, and fuses to the
cis face of the Golgi

apparatus.

transport.

e 2. The proteins are
modified and
packaged into
vesicles for

Nucleus

Membrane
protein

Newly
synthesized
Protein

ansport
vesicle

Smooth
endoplasmic
reticulum

mbrane protein

3. The vesicle may
travel to the plasmi
membrane, \\\
releasing Its contentss
to the extracellular \
environment.




oT’ln‘ nuclear envelope Is

connected to the rou
which is also continuous
with the smooth ER

6 Membranes and proteins

produced by the ER move via +
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O The lysosome is available
for fusion with another
vesicle for digestion.

© A transport vesicle carries
proteins to the plasma
membrane for secretion.

@ The plasma membrane ex-
pands by fusion of vesicles; pro-
teins are secreted from the cell
by exocytosis.
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