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What does a cell need?

m Selective isolation from environment
(plasma membrane)

m Energy (ATP)

m Instructions (DNA)

m Machinery to carry out instructions and
regulate processes (proteins)

m Compartmentalization of incompatible or
specialized activities (organelles)

Cell & Organelle Membranes:

More than just a phospholipid bilaye
e

The Cell Theory
“Cell Doctring”
1. All organisms are constructed of one
or more cells.

2. The cell is the basic unit of life.

v' Minimum level of complexity that
exhibits all characteristics of life.

3. All cells derive from previous cells.
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Surface area increases while
total volume remaing constant

Why Must Cells
Be Small?

Total surface area
{height x width x
number of sides =
number of boxes)

Total volume

(height = width x length 1 125 125
* number of boxes)

Surface-lo-volume
ratio 3 12 5
{surface area + voluma

Smaller cells have more total surface area

m Increased surface area makes it easier for gasses,
nutrients, etc. to enter a cell

Surface area Total surface area
of one large cube < Same volume = of 27 small cubes
= 5400 pm?2 = 16,200 pm2

Why Must Cells
Be Small?

Upper limits on cell
size are set by
diffusion distance.
Molecules must
diffuse through cell.

< Volume controlled
by nucleus.

So, Why Can't Cells
Be Even Smaller?

< They must be big
enough to hold all
their parts!

+»*Macromolecules
cannot be shrunk.

m Plasma membrane

m “Nucleus” ( “center”)

unstained
50pm

— filled with “chromatin’  human cheek cell
(“colored stuff”) __ stained
s m—e 2 ;—

m “Cytoplasm” (“cell fluid”)

Modern views of cells

m Better microscopes and
stains
— Electron microscope.

m “Cytoplasm” and
“chromatin” much more
complicated, structured,
and dynamic than
previously appreciated.
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Two major typas of cells

DNA
(no nucleus)
Membrane

Membrane

Cytoplasm

%

Contrasting
eukaryotic and
prokaryotic cells in
size and complexity

Organelles

Nucleus (contains DNA)

Cell-Type

~ Systematics
Five-Kingdom Modell

I. Prokaryotic — Bacteria
*No membranous organelles
IIl. Eukaryotic — Protists
«Single celled or simple colonial
1l. Eukaryotic / multicellular— Plant
«Organelles present, including chloroplasts
«Cellulose cell wall around plasma membrane
IV. Eukaryotic / multicellular—Fungi
*No chloroplasts
« Chitinous cell wall
V. Eukaryotic / multicellular— Animal
*No chloroplasts nor cell wall

Prokaryotic Cell Structure

m Single-celled
organisms

m No nucleus -
nor other
membranous
organelles

m No cytoskeleton

m Most with
Cell wall . L [} & thin section through the
outside plasma - : e
membrane wayme

. hacterm

m Some with capsule

outside cell wall

Ritssomes

Plasma mbete see

o

[T

Eukaryotic Cell Structure
—organelles & cytoskeleton

Not in -
most L
5 Nucleus Rough
glea”r;t _“'Flagelum __ o0 endoplasmic
// Centriole_ = reticulum
Lysosome - 3 —— Ribosomes
\ A Smooth
=Bl endoplasmic
\ reticulum
Golgi - f i
st U \ Peroxisome
- : % Mitochondrion
Plasma N -
membrane | =i \ .
. Microtubule
Microfilament} Cyfosieiston

«Varied cell morphology

Prokaryotes lack a true
endomembrane system

% The plasma
membrane is
the only
membrane.

2 % s

ﬁhotosynthetic prokaryote

Cytoplasm

m Fills cell; contains
— cytosol

* fluids and more

Figue 7.7 Mitochendricn
Camptmita HI0LCGY

* gel & sol state
— membrane-bound organelles

* concentrate specific
enzymatic activities |

* isolate incompatible reactions
or toxic products -
— cytoskeleton

 maintain and alter cell shape

* hold and move organelles, etc.
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Cell Structure

Organelles & Cytosol

— mitochondrion

lysosome f(@—;:é’ . "\ peroxisome
/ o oo .
A

\ apparatus

\%

==/ andoplasmic
./ reticubum ~

1A} 181 membrana

m Cytosol: Dense, semisolid aqueous gel containing a
tremendous variety of solutes and macromolecular machines

Figarn 134 Exmartial Gl gy, . 102004 s Sciarcn)

Cellular Organelles

m Nucleus
— Nuclear Nuclear envelope
envelope Chromatin Nugleolus
— Nucleolus =

* Nucleus of nucleus
« Transcribes rRNA for
ribosomes
— Chromatin/
chromosomes
— Nuclear lamina
« Protein scaffolding
underlying the
envelope and
supporting the
chromatin

Nucleus

m Double-membrane
with pores

m Contains DNA of #Z"
chromosomes

m Controls cell
— structure
— function

m Blueprints for new cells

Nuclear envelope: 2 membranes

nuclear

Nuclear envelope: 2 membranes

s Pore

Cellular Organelles

m Endoplasmic

Reticulum

Smooth E.R.

— New membrane synthesis

— Lipid synthesis &

processing

— Steroid synthesis

— Lipophilic detoxification

— Intra-cellular Ca*" store

— Usually tubular appearance
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Cellular Organelles

m Endoplasmic
Reticulum
Rough E.R.

— Ribosome attachment sites

— Synthesis of membrane proteins

— Synthesis of proteins for
secretion or intra-organelle
storage

— Flattened beaded stacks;
Membrane often continuous
with nuclear envelope

Cellular Organelles
m Golgi Complex
— Further processing and trafficking of proteins from RER

— Receives vesicles from ER; buds off vesicles to plasma membrane
for export
2,

Golgi apparatus -

\, e

apparatus

+ vaesicle by .4
S 2 _/Iormlng{i 1y ot
i I . N :
SR« Trmagoﬂ -
y 'y icl o o Ll S
/ Mm...%g ete
“Shipping” side of - Golgi ¥
Golgi apparatus 3 Plasma

Progre

Smooth ER
Nuclear envelope

Cellular Organelles

m Ribosomes
— Free and RER-bound

Large subunit

Small subunit

{a) TEM showing fa

RER to Golgi
Transporting proteins in vesicles

Migratin

transpor
vesicle

N _—
—_— —
Budding

vesicle of vesicle

with Golgi

apparatus

Heyer

Cellular Organelles

Plasma Digestion
membrane
Food
vacuole Lysoi‘ﬁm
i engulfin
m Vesicles E?mm Vis S
— Shuttle some organelle
between E
organelles

and plasma @& |
membrane  “Food”




Basic Cell Structure

Plasma Digestion
membrane
m Lysosome
g Food
= Eo(;ltﬁ;ll: vacuole Lyso?npme
YArolytc  epqulfment sl
enzymes  [Gfpaicis Lygo; Canaiia
— Digest food,
bacteria, old
cell parts becdlll,
— Apoptosis Foos
(cellular
self-destruct)?

Cellular Organelles

Heyer

Lysosomes are digestive compartments

— Lysosomes

Rough ER

Lysosomes are digestive compartments

() Lysosomes in a white blood cell (b) A lysosome in action

Vacuoles

Large storage vessels

Fat vacuoles
in adipose cells

Contractile vacuole

Paramecium lives in
fresh water

— takes on water
by osmosis.

Pumps out water
with the contractile
vacuole.

Endomembrane System
m Continuous exchange of membrane and
membranous contents

Transport vesicle
from Golgi

Transport
vesicle
from ER

Rough
ER

Plasma
membrane

Lysosome

Nuclear
envelope

Golgi apparatus
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Endomembrane System

+ Endoplasmic reticulym” "
+ Golgi apparatus ¥
+ Lysosomes

+ Vacuoles & vesicles

Cellular Organelles:

m Mitochondria - Mitochondrion 7 s
— Double-membrane > o
— Aerobic respiration ~ o
« Powerhouse of cell = gemr:::rana #3 :

« Converts chemical  Intermembrane
energy from e
catabolism into ATP

— Have some of own
DNA to maintain
activity when
nucleus is
unavailable i

Peroxisomes

m May form from ER or autonomously

m Both produces and removes hydrogen peroxide
— Detoxifies organic compounds, e.g. ethanol
— Destroy bacteria

m B-oxidation of E hloroplast
fatty acids i Peroxjsome
m Phospholipid
synthesis
— esp. myelin

Figure 6.19 C1um

Cellular Organelles:
m Chloroplast

— Triple-membrane

— Photosynthesis
« uses sunlight to construct organic molecules (CO,— sugar)

— Also have some of their own DNA
— Plants

& some
protists

Cytoskeleton

Smooth
endoplasmic
reticulum

Cytoskeleton
Nuclear
envelope Organizing
Nucleolus the
Rough organelles
endoplasmic
reticulum

Cytoskeleton

';.protein framework that
-/ extends throughout the
= cytoplasm
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Cell Support Structures
m Cytoskeleton

—= Tubulin
- subunit
X 2s 2 5

Fibrous subunits

Actin subunit

o&cﬂmrm i—amr

t ;EJ nm
§saess 1—_@ |

MICROFILAMENT INTERMEDIATE MICROTUBULE

FILAMENT

Cytoskeleton

Cell membrane

Rough endoplasmic
reticulum

< Ribosome

Intermediate filament

Microtubule
Actin filament _\

Microtubule

Intermediate filament

Cytoskeletal structures

10um 10 pm
b 5=}

@O0 Tubulin dimer Actin subunit v 5
Pg e erescenl i
e Wt
VeSS | & |7 om = NN

micro- micro-
tubules filaments

structural Tubulin Actin

protein (dimer)

motor Dynein Myosin

protein (and others)

Cytoskeleton

Cytoskeleton

Cellular Structure:
Centrioles

i Y o By }_ i - \\:1\3

& Ll St ) s - ’

eeils g o . Centrioles
Longitudinal section  Microtubules  Cross section
of centriole of cenfricle
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The nucleus & the cytoskeleton

turchromatin

m Intermediate filaments penetrate envelope to
connect with nuclear lamina

m Microtubule organizing center adjacent to nucleus

Cell Mobility Structures

Directicn of swimming

m Flagella :\\//\%
o \SFCS
\f\_f(}
m Cilia o

Direction of organism's movement
—

Direction of Direction of
active stroke  recovery stroke

e

&

in

Vesicle transport along
mlcrotubule “rails”
Vil .: q

— Receptor foe
motor protein

[

ATP energy is
used to pull

vesicles along
microtubules.

L}
Mhicertubub

|n= po—mol of cytosio sfeton

Microtubule Vesicies

HOW DO CILIA AND FLAGELLA MOVE ?

Heyer

Microtubules D :
oy ® Dynein arms cause
membrane microtubules to bend

I

‘\ \— Flagellum 9
-
Basal body q $
."' TN - -
q 4
= -3
Microtubules 1
o

flagella & cilia
Eukaryotic versions

Cross section of basal bady

Eukaryotis Cite and Flageils i

Molecular
motors:
structure of
cilia &
flagella
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Myosin cross-bridges pull
actin filaments along

e
Muscle cell

[

L=y
athafetiefagiel

b

(a) Actin and myosin in a muscle cell

Cytoskeletal support of
cell membrane

Crowded network
i of cross-linked
microfilaments
(red) underlying
the plasma
membrane (blue) .

“cytoplasmic cortex”

Cytoplasmic Streaming

m Motor proteins pull
cytoplasmic
macromolecular
complexes and
organelles along the
microfilament
meshwork

Cytoskeleton and pseudopodia

newbom
ol e e sctin llament

m Selective growth —

of the
microfilament
meshwork
produces a bulge
(pseudopodium)
in cell membrane
for amoeboid
movement or
phagocytosis.

cepping
mancmer protein

ARP  depolymerizing  aalin
complex proteln

The Cell: A Living Unit greater than the sum of Its parts

Figure 6.32

m Cells rely on the integration of structures and organelles
in order to function

_SumI
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