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Objectives

Ultrastructural features
Production pathway followed by proteins

Cell biological and biochemical evidence
of the pathway

Mechanisms for protein sorting

Post-translational modification of proteins



CYTOSOL - is the liquid
matrix inside the cell
membrane but outside

-f and around the
organelles and inclusions

Cytoplasm = cytosol +
Membranous organelles
Non-membranous organelles
lysosome A |nclusions

endosome cytosol

Golgi apparatus

peroxisome ;
mitochondrion

§ . endoplasmic reticulum
-5 with membrane-bound

O : ; polyribosomes
free °-'°, it I
polyribosomes :J nucleus

7 &b (§ |

e asma membrane
BN e O % P

~




Examples of secretory cells

Pancreatic acinar cell - digestive enzymes

Zymogen

granules




Exam P les of secretory cells Con’t

Pancreatic acinar cell - digestive enzymes

Plasma cell —
antibodies

plasma cells

plasma cells Gal bladder




Exam P les of secretory cells Con’t

Plasma cell —
antibodies

Chief cells in stomach | "y

Neurons




Exam P les of secretory cells Con’t

Neutrophils —
lysosomes to kill

Ingested bacteria Neutrophils
- Azurophil
. - Py ranules
2 ycogen “ ‘t\’i :
All cells housekeeping — N .,g//

¢
cell membranes, ot g8 .
lysosomes Vi !

Substrate



Secretory Cells have Two types of Release

1. Constitutive - consistently releasing without storage granules

e.g., Plasma cell
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Method to detect release types Light microscopy

Fluorescent
ODITI1DOUING

Electron microscopy (TEM) = electron opaque

Histochemical reaction
creates e-opaque
deposit using the
enzymatic activity of

Peroxidase the peroxidase

O /,
Gold Gol

Protein A particles

particles




Plasma cells

Typical as seen by TEM

Figure 13-7. (A) Electron micrograph of a p
rough endoplasmic reticulum. (B) Plasma ce
used as an antigen. (B) The spleen cells wert
histochemical reaction for demonstrating

Giiuupiasiine Tcusaian, naicating the prest

Evidence for

S. Avrameas.)

Cbhstli't

Dense reaction product is seen in the
cisternae of the RER indicating the location
of antibody protein in plasma cells with no
storage of antibody in secretory granules

1. The cvionlasm disnlavs a hiahlv develioped

it. which was injected with horseradish peroxidase

ientlv exposed to the peroxidase antigen and stained Dy ne
— Sy 3 !
tivity ~THe dense reacuon proguct 1S seen in the cisternae («

roxidase antibody. (Micrograph courtesy of E.D. Leduc and

utive secretion of plasma cells




horseradish peroxidase
Histochemistry reaction where by PSRN T reaction product is
native enzymes within the mature face K# — SEalel
of Golgi reacted with substrate to % opaque with EM
produce electron opaque participate

Histochemistry

Peroxidase + reaction

v',',"

¢
N4

Injection of animal with horseradish peroxidase caused its plasma
cells to produce antibodies against peroxidase (and the antibodies
are located where they are produced in the cisternae of RER) and
bind to peroxidase when exposed to the cell by experimental
treatment followed by histochemical reaction induction of a electron

opaque participate



Secretory Cells have Two types of Release

2. Induced —release from storage granules after

signal received (hormone/antibody binding) e.g.,
Pancreatic acinar cell and mast cell

Insulin induces
release of secretions
Pancreatic acinar cell




Antigen . IgE receptor CA™  Fusion of granules

Receptors on mast cell

. Igt  ~
surface bind IgE ,// Adenylate cyclase Q Heparin
antibodies and cAMP is | / = /‘ i
produces inside the cell ATP  phosphorylated "*l\ /
when the antibodies bind oroteins = ) ;% Proeogycans
to their specific antigens /\:MP Active V O
. protein kinase Microfilaments
_ ATP <
This allows several TSN
antigens to induce mast protein kinase
cell degranulation S
depending on antigen ; s . cnc —p Membrane
present. P phospholipids ™ Leukotrienes

Induced degranulation of

mast cells

Antibody-antigen induced mechanism makes
mast cells respond to specific antigens.
Hence, it gives specificity to mast cells.



19709 Mast cells In stained
testlcular tlssue




Endoplasmic reticulum in secretion

General:

 Membrane-bound
canalicull

 Loose network of
branching and
anastomosing
tubules (SER)




General:
 Membrane-bound canalicull

 Loose network of branching and anastomosing
tubules (SER)

* Cisternae - flattened sacks (RER) with ribosomes

........

Endoplésmic Reticulum

Smooth
Endoplasmic ="' A .
Reticulum = 2 < - : Figure 1
8 — Nuclear
e ‘ Pore
' LY

Nuclear
Envelope

Endoplasmic
Reticulum

Ribosomes



Nerve cell body
--

Ribosomes make RER rough . -.~“‘
J’

. .
Ribosomal RNA and protein ] (3 .
Basophilic due to phosphate groups -
. . . b .
— (Nissl bodies of nerve cell bodies) Nissl bodies

Polyribosomes - group attached by common mRNA
carrying code for

amino acid sequence
Function-decoding
(translating)

MRNA during

protein synthesis

Ribosome



Ribosomes on RER started
their protein synthesis as free
ribosomes and then became
attached to RER.

endosome ' cytosol

- lysosome

Golgi apparatus

peroxisome

mitochondrion

endoplasmic reticulum
with membrane-bound
polyribosomes

free : |
polyribosomes nucleus

[———~ plasma membrane
-




A. Free polyribosomes, whose proteins remain B. Bound polyribosomes, shoyving protein
in the cytoplasm synthesis and segregation into the rough

endoplasmic reticulum

_— Ribosome —__ P i
o / \\ - .
2  ©) &
; /@ e N Cisternal membrane — | /' 3

Segregated ———
protein in
endoplasmic |

reticulum : -y
& €& &)
mRNA //

Free protein in
cytoplasm

-
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ure 3-8. This diagram illustrates (A) the concept that cells synthesizing proteins (represented here by spirals) that
to remain within the cytoplasm possess (free) polyribosomes (ie, nonadherent to the endoplasmic reticulum). In B,
ere the proteins are segregated in the endoplasmic reticulum and may eventually be extruded from the cytoplasm
port proteins), not only do the polyrnbosomes adhere to the membranes of rough endoplasmic reticulum, but the
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A. Free polyribosomes, whose proteins remain
in the cytoplasm

Reactions

« Scaler reactions
e

=, Cisternal membrane
: o e g Segregated
a + b — C GrF& ’ protein in
I 5 Rszsn ) endoplasmic
: . reticulum

™~ mRNA

Free protein in

- Vectorial reactions L gt e

a+b| =|c

N

Membranes
separate




Ribosomes

newly born protein

amino acids ——3§

_ large subunit \

~ mMRNA~_

Ao TR
RSy

~ small subunit

Nissl bodies of nerve cell bodies = ribosomes Nerve cell bodies



Ribosomes

Free —
Intracellular
proteins

Attached to RER —

secretory proteins
« Signal sequence - attach new protein to RER
« Stop transfer sequence

 Docking protein on RER for protein synthesis to
continue

 Ribophorins - attach ribosomes to RER







Rough endoplasmic reticulum

Ribosomes

Protein synthesis and initial glycosylation > Golgi >
plasma membrane

Nuclear pore

Outer nuclear membrane

Nuclear
envelope

Heterochromatin

RER cistern

Nucleolus

Point of continuity

Nuclear cistern
Euchromatin

Inner nuclear membrane




Golgl In secretion

 Present in nearly all eukaryotic cells

 Function - concentration, chemical
modification and packaging of secretory
products and production of lysosomes

Transport
vesicles

\
R

Golgi

.
" o ' i
( T e, \ cisternae

\

v
‘,/ Secretory

granules
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Transport
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CYTOSOL - is the liquid
matrix inside the cell
membrane but outside
and around the
organelles and inclusions




Endoplasmic reticulum

Transitional
vesicles

Structural and
functional polarity

Forming face of

Golgi complex \g

Maturing face of
Golgi complex

Condensing vacuole //

A Secretory granules

— Thiamine
pyrophosphatase
activity







Cells that use the same pathway of protein
secretio

e o7 v
W 4 v R > : o
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Pancreatic acinar cell
Plasma cell

Mast cells
Neutrophils

Chief cells
Spermatids

Most all cells




Key characteristics of the
pathway

e Directional

« Deliver from organelle to organelle by small
vesicles

« Specificity of end
destination

transitional elements of ER lysosome

envelope | outer
membrane Golgi secretory

apparatus vesicle

inner
nuclear | membrane




Evidence for protein pathway

Temporal appearance of
radioactive proteins in

different organelles S X ‘:,,:p:,;:,
(Produced from radioactive " 50 i amino o
precu rsors eg S Iabeled AA) A COVER SECTION wn;n THIN EMU;tcsrrjc:voro!ein

Detected by:
Autoradiography -
visual

Cell fractionation -
biochemical



Evidence for protein pathway

Autoradiography

Procedure to localize a
product (e.g., protein) within a
cell or gel that is self-
radioactive due to the cell’s
Incorporation of radioactive
precursors (e.g., radioactive
amino acids) into that product
that I1s visualized in a
photographic emulsion.

ER membrane of .

jumen endoplasmic reticulum
/ .

\ ”

cytosol 41— X — *_-.," i / % _thin section of tissue

O 4 | X .
\ —_— \ - \

supporting
" carbon film

3 H-1abeled amino acid
™~ incorporated into a
secretory protein

COVER SECTION WITH THIN EMULSION

1 photographic
[T emulsion

gelatin

“~silver halide crystals

DEVELOP EMULSION AFTER SEVERAL WEEKS

silver grain indicates position of
. radioactive protein molecule




A pulse — chase experiment to detect the temporal

appearance of radioactive proteins in different organelles

“PULSE" ““CHASE"

Figure 4—41 Schematic diagram outlining the logic of a
typical pulse-chase experiment using radioisotopes. The
chambers labeled A, B, C, and D represent either different
compartments in the cell (detected by autoradiography or by
cell fractionation experiments) or different chemical

compounds (detected by chromatography or other chemical
methods).




Do the :

Pulse — chase
experiment

Look for the:

Temporal
appearance

of silver grains in
the photographic
emulsion over
organelles of
Interest

Figure 4-41 Schematic diagram outlining the logic of a
typical pulse-chase experiment using radioisotopes. The
chambers labeled A, B, C, and D represent either different
compartments in the cell (detected by autoradiography or by

. ALt Alumcninal

3 minutes: 20 minutes: 90 minutes:
silver grains over the ER silver grains over the silver grains over
Golgi apparatus secretory vesicles




Figure 4—41 Schematic diagram outlining the logic of a
typical pulse-chase experiment using radioisotopes. The
chambers labeled A, B, C, and D represent either different
compartments in the cell (detected by autoradiography or by
cell fractionation experiments) or different chemical
compounds (detected by chromatography or other chemical
methods).

Temporal appearance = sequence / timing of occurrence

When compared to a cell: B =RER, B/C = Golgi,
C/D = Secretory granules, and D = Secretory products




Pulse followed with

continued pulse (i.e., no
chase) PULSE” Only

‘u\
| (\\ Results are more
WL\l difficult to follow

(interpret)




Note: Good science uses different methods
to answer the same question.

Cell fractionation

Grind cell into components, separate
components on sucrose gradient by
ultra centrifugation, and analyze
components for radioactivity.

smooth
smooth microsomes




Temporal appearance of
radioactive proteins in
different organelles with
smooth or rough membranes

OOQ smooth microsomes Gol |
mixture O entri O 0.0 have a low density and g
homogenized (@) ugation 0O O | stop sedimenting and

O ) float at low sucrose
O concentration

8z ‘0*_. rough microsomes
rough and Sk p '9_"»"“"", » have a high density and RER

stop sedimenting and

Seen by mlscr?:;t':cs e float at high sucrose
cell fractionation

tube with gradient of
Increasing sucrose concentration

3 minutes: 20 minutes: 90 minutes:
silver grains over the ER silver grains over the silver grains over
Golgi apparatus secretory vesicles




Temporal appearance of
radioactive proteins in
different organelles with
smooth or rough membranes

OOQ smooth microsomes Gol |
mixture O entri O 0.0 have a low density and g
homogenized (@) ugation 0O O | stop sedimenting and

O ) float at low sucrose
O concentration

R rough microsomes
\ : "?.’—' B have a high densit d RER
rough and Sk P o ¥ o a high density an
S b . smooth . 44 " stop sedimenting and
e
een y - microsomes float at high sucrose

concentration

cell fractionation

autoradiography

rough (RER) vesicles smooth (Golgi) vesicles '
3 minutes: 20 minutes: 90 minutes:

silver grains over the ER silver grains over the silver grains over
Golgi apparatus secretory vesicles




Protein sorting? g R

early

1.

- plasma -
~ membrane

How does a cell segregate cytoplasmic

proteins from those for secretion? —0 —— 0 —
What signals direct vesicles to a specific cvrosol
organelle? | ?\‘\

secr eto ry

How are proteins designated to be inserted s
Into the membrane or not?

How do proteins loop in the membrane?




apical plasma

EXTRACELLULAR el kot

SPACE = ® .

Oligosaccharides

- g1 transport
" vesicle ‘ . :
- ,: :.‘.' : \ 8 1 . 0"000(‘8\“‘\"“» : 7z
O Golg ' A
) 2 ’ apparatus ¥

o' a'e's'e's
ﬁ'f Lipid bilayer

" g — transport No sugar on this side
- vesicle :
of these membrane proteins

membrane-bound
polyribosomes Sugars are on membrane proteins out side

i of the cell but not on proteins inside of
the cell.
Membrane proteins inside of
the cell were never exposed to Golgi
enzymes that add sugars.

basal plasma membrane




Protein sorting

In vitro vs. In situ translation systems for protein production
(in_vitro translation yielded proteins with 20 hydrophobic AAs more)

Signal peptide (~20 hydrophobic AAS)

Signal recognition particle

Ribophorin - on RER, binds ribosome to RER
Stop transfer sequence

Hydrophobic amino acid sequence — inserted that portion
of the protein into middle of membrane (lipid bilayer)

Sla= GO e =




mRNA

Signal recognition particle
Q Signal peptide (~20 AAS)
Ribophorin - on RER, binds ribosome to RER
R C:::>
Signal-

(g Clp O

Damcg(SRP)/ A SRP q \\
/ receptor | / O Cj \ \
-~ ~d=lal > ‘.’v\ ’ / . \‘
jnal Sequence /I/ Ribosome receptor \
| (ribophorin | and Il) J
( \ Polypeptide |
\ )‘

Transcribed
protein

Jlum membrane

: Y -~ $ Ars e rvce the memhbrane nt the enconlasmic relc m The
Figure 3-9. Diagram illustrating the transport of proteins across \orane of the endoplasmicC reticu :
a . 2 ’ . \ ” ' 3 , .. . “reryit ”™ e T12dT = e .\-" ») - l“'\‘:.‘y‘ ".“ .‘Y‘ "~

ribosomes bind to mRBNA. and the signal peptide tially bound to a signal-recognition particle (SRP). Ribosomes bina
. 3 -~ » .z 1 ¥ . ™ / y "l | »lal i { [ " i 1 9 4"‘., :f"-

to the ER by interacting with the SRP and a ribosomal receptor. ine signai | eplige 1s (nen removea Dy a Signai pej gase

> - ¢ » A . ’ " s rnt O - N ‘y # ntn .,\ > 4 ) | cm
(not shown). These interactions cause the opent y Of a pore through which the protein Is extrudead into the enaopiasmicC

enbimi 1l s




signal-recognition wtmiree ribosomes

RER bound ribosomes

SRP DISPLACED AND RECYQLED

30

5/ SRP-BOUND RIBOSOME
SELECTIVELY RTTACHES

TO SRP RECBPTOR

{ ER MEMBRRNE g «

SIGNAL PEPTIDE:
DEPENDENT BINDING OF
SRP CAUSES A PAUSE IN
TRANSLATION

¥ TRANSLATION CONTINUES
,8\ AND TRANSLOCATION
BEGINS

¥ '.
!F" e

N
«3\, L 3)

0

N 4
MV 4
h"l

\

Signal peptide (~20 hydrophobic
AAs) gets stuck in the

ER LUMEN hydrophobic portion of the mRER
membrane

nascent polypeptide

SRP receptor proteinin _—~" Ty,
rough ER membrane W

CYTOSOL




membrane receptor
protein with associated pore

Signal peptide (~20 hydrophobic AAs) gets stuck in the hydrophobic portion of the mRER membrane



ribosome

lipid
bilayer

specifically bound
signal peptide
(start-transfer peptide)
TRANSLOCATION TRANSLOCATION ~—— \.
COMPLETED : OF e
START-TRANSFER ~~—~
PEPTIDE 3

ribosome

y, > /) -
stop-transfer / ‘\:A‘,
\v’/& \ ) }

-

\cleavage site

/

peptide (

\

(C C
U =

,'/ /
J/

—_—

3 s
specifically bound y (’ ¢ =77 (" /
start-transfer peptide e —— \ \._/’:/ e ll., mature
TRANSLOCATION TRANSLOCATION ~~—"  CLEAVAGE “_~—_ transmembrane protein
STOPS OF START
TRANSFER

PEPTIDE

(8)




"
i

lipid
bilayer

HOOC
@Hz NH, CYTOSOL
—_— Y —

(A) (B)
mature protein mature protein = start-transfer peptide
. = stop-transfer peptide
: ‘ / Both = ~20 hydrophobic AAs
NH, ,
NH,
CYTOSOL

lipid
bilaye
nh > LUMEN \

mature protein (D)

mature protein

(C)




CYTOSOL

Stop-transfer
sequence

ER signal
seqguence

peptlidase
cleaves

ER LUMEN

(a) Polypeptide with an internal stop-transfer sequence and a terminal ER signal sequence

Location
of amino
terminus

Intermal

slart-transfer

sequence

(b) Polypeptide with an internal start-transfer sequence

O
i




apical plasma lipid bilayer

EXTRACELLULAR Hbean membfé"elprotein
SPACE s B e / ,luminal contents
> ~___ transport ) \l/ 2 o)

vesicle ((F s

O ’ apparatus - for transport
*f BUDDING l/
SR g |
‘. = — transport transport vesicle
g vesicle in cytoplasm

budding vesicle with
contents selected for

membrane-bound FUSION i/
polyribosomes
in ER

\\_

basal plasma membrane




Membrane-bound ribosomes

Protein sorting summary

1. If Signhal peptide, it goes to RER
and start transfer

2. Signal recognition particle
3. Ribophorin on RER,
binds ribosome and
attaches ribosome to RER
4. Stop transfer

5. Hydrophobic amino acid
sequence —

Inserted into membrane

Another option is for
the protein to stay in
the membrane and
become a cell
membrane protein




apical plasma
membrane

EXTRACELLULAR
SPACE

vesicle

____Golgi
apparatus

r‘w
<‘ - fl
transport ‘ A

\ S . : \\J /CLCAVAGE ( /' | ma(::::::‘uble
' vesicle o=
: )“ STAR;rE:;?:?ESFER E /) For
aambrane-bound secretion
polyribOStme —
in ER . 7 J
/ ] L

= > (K 77 == rur
b D (C:)LESAVAGE \:Fﬁr transmefr:ab(lanee protein
F START
basal plasma membrane TRANSFER

PEPTIDE membrane
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CYTOSOL

il

]

x asymmetric lipid
- bilayer of

8 HE

endoplasmic reticulum

—

lipid synthesis adds to cytosolic
half of the bilayer

RN
éfxg MX

specific protein catalyzes
flipping of selected lipid
, molecules

KXJRXM |__growth of both halves

68

of the bilayer

SBB68b-

ER LUMEN

Membranes are made In
the endoplasmic reticulum

Membranes

flip-flop
(rarely occurs)

. g
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:
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flexion

rotation

Figure 6—6 Different types of
movement possible for phospholipid
molecules in a lipid bilayer.




Post-translational modifications

RER

— Initial glycosylation & trim glucose

— Add chains of sugars first synthesized on a
dolichol [lipid linked (through phosphate

groups) oligosaccharide]




Post-translational modifications

Golgi
— Trim glucose & some mannose added by RER

Transport
vesicles

Endoplasmic reticulum




Cis face
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« Mannose removed

Trans

« Concave region —sialic acid

galactose added



A~

Nucleus |
Spermatid showing the developing acrosome

over its nucleus. Acid phosphatase enzymes
(black precipitates) first appear in the trans face

of the Golgi apparatus and are transferred to the
developing acrosome via transport vesicles.

. Testis

Black acid
phosphatase
precipitates in

Acrosomic vesicle
*lof a

i .-



Golgl - polarized shape and

function
° CI S The Golgi Apparatus
— Convex region - phosphate LI . _Incoming
Vesicle— g . Kﬁ& = A -Tl\’?enssi&%rt
groups added Qg ~———=

Cisternae

A e ———
' §,- ——

 Middle

— Mannose removed

— N-acetylglucosamine )y
« Trans O Yo%

! -y i = :
— Concave region —sialic acid, gg:,g;;gg—Q O Figure 1
Vesicles
galactose added




Transport
vesicles

Golgl

cisternae

Also adds

fatty acids, sulfate
groups

Secretory
granules

Recycling of
membrane of transport
vesicles from Golgi to
RER; however, the
cargo does not recycle




Golgl
and plasma
membrane

proteins

Cell membrane proteins are
gylcolasolated only on the out
side as that is the only part of
the protein that had access to
Golgi enzymes that add sugars

Rough ER

Golgi /

apparatus

0}
1t

N O
-

) - )
| >
o d ‘j .

S Plasma membrane

A

w “\A
Secretory —= ~—r

vesicle

Transport
vesicle

Cisternae

trans face

Cell
membrane
protein




Lysosomal pathway

 Mannose-6-PO, directs vesicles with
polypeptide to lysosomes

Transferring
intercisternal
vesicles Primary lysosomes

compartmentalized enzymes O O
/o O

N~
O Membrane protein-
transporting granules

Sequence of cisternae containing

Protein
incorporation
in membrane

Exocytosis

A. Endoplasmic reticulum B. Golgi cisternae

Translation Carbohydrate hydrolysis C. Postcisternal phase
Signal proteolysis Terminal glycosylation Protein packing
Protein segregation Phosphorylation and sulfation Protein condensation
Initial glycosylation Initial proteolysis Final proteolysis

Protein sorting Intracellular accumuiation

Cisternal and postcisternal phases of secretion?




~N Brefeldin A inhibits
FORWARD PATHWAY O O "\ transport of proteins
(blocked by from ER to Golgi

brefeldin’A) C
e B
Cis
ER Golgi
network trans
. Golgi
U network
s
‘ %é :& . =
Golgi recycling P — microtubule
membrane to RER e — :
RETURN PATHWAY Nocodazole acts on cells by interfering

(blocked by nocodazole) with the polymerization of microtubules.



http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Microtubule

lysosome

- plasma -
late ~ membrane
endosome .
\
nuclear envelope PO

endoplasmic reticulum

early
endosome

CYTOSOL

E ‘ \
cis Golgi trans

Golgi stack Golgi secretory
network network vesicle




basolateral apical
transport transport
vesicle vesicle

nucleus

L
¢ &

(A) DIRECT SORTING OF
MEMBRANE PROTEINS IN
THE TRANS GOLGI,
NETWORK

basolateral
early endosome

tight junction

% !'3957?%%‘5 network

/
,? m

nucleus -

(B) INDIRECT SORTING VIA ENDOSOMES




apical plasma
membrane

lateral plasma
membrane

basal plasma
membrane

protein A

'QQQ!Q'

\“( specialized
fcplllunctlon

basal lamina

| protein B

Specialized cell junctions

(tight junctions) isolate

the membrane fluidity to luminal
or basal/lateral domains of the cell
membrane




- lumen of gut

glucose JiNa"

R T
- microvillus in
1 apical domain

Na'-driven tight
_glucose symport — g junction
lateral intestinal

domain epithelium

/ glku}:ose
e @
/

\

\
carrier protein \
nediating facilitated
diffusion of glucose .

/
/
I
|
|
|

basal - ——
domain

Na*-K* extracellular
ATPase " fluid

{glucose) @

LOW

high

glucose
concentration

LOW




Voyage inside the Cell: Membrane

organelles


https://www.youtube.com/watch?v=yKW4F0Nu-UY
https://www.youtube.com/watch?v=FzcTgrxMzZk

| RIBOSOMES
retention I

O CYTOSOL
bl

retention

ENDOPLASMIC
RETICULUM

retentuon

MITOCHONDRIA PEROXISOMES

GOLGI O

NUCLEUS

r

B

LYSOSOMES

SECRETORY

VESICLES

CELL SURFACE




A. Free polyribosomes, whose proteins remain

Scaler rx Vectorial rx Reactions

retention retention

f « Scaler reactions Ribosome
. CYTOSOL ENDOPLASMIC ‘ ~ .
RETICULUM &
D g ) Segregated
retention a+b=c Y . Q m‘éﬁ?&.ﬁ

MITOCHONDRIA PEROXISOMES GOLGI ' _ _
» Vectorial reactions
NUCLEUS LYSOSOMES SECRETORY a+b
VESICLES

membranes

CELL SURFACE

Free ribosomes in cytosol

Signal Peptide on
newly synthesizes

protein being il
produced directs free 50
ribosome to RER

Mucleus i i Feroxisomes | FPlasma
b b mermbra ree

Mlitochondria Chiloroplases

Scaler rx Vectorial rx



=5 PETOXIS0OMC

specific receptor
protein that catalyzes
protein import a3,
~ &2
‘eﬁ" 9 - o
UPTAKE OF SPECIFIC GROWTH
CYTOSOLIC PROTEINS

daughter peroxisomes

Figure 8—-34 A model for how
peroxisomes are assembled. The
peroxisome membrane contains
specific import receptor proteins. All
peroxisomal proteins, including new
COPIIES OF UG Il L 1 CL priers; war e
synthesized by cytosolic ribosomes and
then imported mrom e Cyiosoi. inaus
peroxisomes form only from preexisting
peroxisomes by a process of growth
and fission; like mitochondria and
chloroplasts, they continually import

5 Y SRSt lP n XML SR e X

200 nm

figure 8-32 Electron micrograph of
hiree peroxisomes in a rat liver cell.
'he paracrystalline electron-dense
nclusions are the enzyme urate
xidase. (Courtesy of Daniel S. Friend.
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Peroxisomes

1. O, metabolism

2. Detoxification of
harmful
substances In
fatty acid
metabolism

3. Crystalline core



Next time, but do not go yet lesson on taking the quizzes

Lysosomes, smooth ER,









Approach for studying for quizzzes

basic tissues part A
Epithelium

Connective tissue
Protein production / secretion — structure/process

Ribosome

Ribophorin

Dolichol

Post-translational modification
Protein sorting

classes of cellular structures

Non-membranous organelles
Membranous organelles



Approach for studying for quizs
.Characteristic of membranes part A Con,t

Cellular compartmentalization
Chemical heterogeneity of the cell
Amphipathic molecules

Organelles
Nuclear envelope
Peroxisome

Microsopy
Resolution

Procedures in cell biology
Autoradiography

Cell fractionation

SDS gel electrophoresis




Part B

8. Based on the following characteristics, name the basic type of tissue and give one
function of the stated characteristic:

Characteristic Tissue Type Function

a. Gap junction Epithelium Allows cell-to-cell communication

b. Avascular Epithelium Blood vessels don't interfere in
function

c. Histologic glue Connective tissue Attach tissues

d. Myelin sheath Nervous tissue Aid in impulse conduction



Part B con't

List the corresponding cellular organelle and the function of the following structures

’ or distinct structural characteristics.
Characteristic Organelle
a. Phospholipid bilayer = Membrane
b. Functions in decoding Ribosomes
c. Signal proteolysis RER
d. Phosphorylation & sulfation Golgi

Function
Compartmentalization

Produce proteins

Separate signal from secretory protein

Post translational modifications of proteins



Part B con't

10 Contrast light (bright field) with conventional transmission electron (TEM) or scanning
electron (SEM) microscopy.

Microscope Type Light Source Lens Type Method
of Observation

a. Light

b. TEM

c. SEM



Part C

13.What is a distinguishing feature of this cell? (Neutrophil) Granular, light staining cytoplasm, lobulated
nucleus.

14.What would eosin stain in these cells? (Apical cytoplasm pancreatic acinar cells) secretory granules,
protein in cytoplasm.

15. Name two functions of this organelle. (Mitochondrium) (a) ATP production; (b) Ca++ storage; or
cholesterol-side chain cleavage.

16.Which is greatest? The thickness of a plasma membrane (7-10 nm), thickness of a microtubule (25
nm), or diameter of a ribosome (15 nm)?

Microtubule
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