Cells- the functiond units
of living organisms

Plasma membrane
Tough, flexible lipid bilayer:

Structural features

- Plssma membrane

. Lipidandprotein canplex

. Tough, thin,pliable
hydrophobic barrier

.- Barsfree passage of mog
inorgaric iors (K*, H*, etc.)

. Contains transpor ter proteins
(K*, glucose, etc.)

lasts, Lysosomes,

Cytoplaam - the interral
cell volume bounded by
the plagma membrane

Plagma membrane
Tough, flexible lipid bilayer,
Selectivel

Two Portions

- (1) Cytosol
. Aqueous sdution
containing enzymes,
RNA, metabolites,
€etc.
- (2) Organelles
- Mitochondria,
chloroplads, ER, etc.

ules,
plasts, lysosomes,

Nucleus (eukaryotes or
Nucleoid (prokaryaes

Storage, replication, repair
and expression of genetic
materid (DNA)

Eukaryotic nucleusis
aurrounded by adoube
membrane

endoplasini

Prokaryotes T
(Bacterial Cells) "E
E.coli features and - =
organization
- Cdl envdope

. Protective outer membrane
- Regulates flow of maerials
. Inner plasma membrane
- Energy metabolism

. Peptidaglycan layer biw
membranes

- cross-linked amino acid and M
carbohydratepolymers - ﬁ

Prokaryotes T
(Bacterial Cells)

- Pili (short) and Flagd la (I ong)
. Hair-like protein structures

. Used for binding to sufacesand
propulsion

Prokaryotes ——
(Bacteria Cells)
L
E |
- Cytoplasm

. Ribosomes (proteinsynthesis)
. Enzymes (metabolism, bicsynthesis)
- lons (H*,K* Na', Cl-, etc.)

- Nucleoid =
- Single circular chranosome (DNA ) mm
. Associated proteins and RNA

- Plasmids Mﬁ

- Small, circular DNA madecules e B
- Antibidic redstance
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Eukaryotic Cells- 1000’ sx larger than bacteria
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Major structural features- Nucleus

. DNA storage, replication, repair and expression
. Complex structure surrounded by double memirane
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- a brane M-
- Protenand lipid (fat) complex
. Transpater proteins - impart/export of nutrients and
waste
. Signal recepta proteirs - respandto external stimuli
(hor mones, reurotransmitters, etc.)
- lon channels - permit exit/entry of specific ions (H*,
K*, etc.)

Cell wall Mitochondrion
|

| Vacule

Cytosal

“Tonoplast
{vacuole
‘membrane)

Chloroplast

Plant cells also have cell wallsin addition to
plasma membranes; tough protective shells of
cellulose and lignin (phenalics)

The Endomembrane system

phagocstasis of
bucteria, debris, etc

The endomembrane system

Membrane-encl osed vesicles

Import/export of proteinsand particulate matter
- (endocytosig exocytosis)

. Budsform from one membrare sysem and fuse to
another in import/export

Examples: Endoplasmic reticulum (smooth and
rough), Golgi complex, lysasomes, peroxisomes,
olyoxysomes (plants)

Rough endopl asmic reticulum (ER)

Highly convoluted

Heavy attachment of ribosomes (protein synthess
complexes of protein + RNA)

Site of modification of nascert proteins destined for
export (addition of carbohydrate, lipid, acetyl
groups €tc)
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The Endomembrane system - Snooth ER

Brdocyt
phigeeytazia of
bacteria. debris, etc

Smooth Endoplasmic Reticulum

Physically continuous with Rough ER
Lacksribosomes

Site of lipid (fat) biosynthesis

Site of certain drug and toxin metabdism

Ca?* storage (Muscle contraction, ernzyme activation)

Golgi Complex

Nucleus

Rough endaplasrsic
reticulum

Prateins synthosized
for expart

Transport vesicle

Endocytasis or ‘Esoeytosia of
phagoeyiosis of secretary products,

proteins,
polssnecharides, ete

Golgi complex
Stacks of membraneous*” sacks’

“Cis-" and “trans-" nomenclature (face direction)
- Cis side- facestowards rough ER
- Trans side- faces plasma membraneof cell

Contains enzymesw hich modify proteins for export
(add sulfate, carbohydrate, lipid ec. graups)

Protein modification servesto “address’ proteins
(organelle destinati on or ex port)

o

o .
Containenzymescapable d degrading proteins, polysaccherides,
nucleic acids andlipids- monomeric componentsmay be recycled

Unique“ sfety” feature- pH lower than cytosol - required for
enzymatic activity - enzymes inactivated in caseof rugure

Other organelles of the endomembrane system

Peroxisomes

Specialized enzymes (catd ase) which neutrdize free
radi cals (H,O,, ec.) - reactive metaboli cbyproduds

Glyoxysomes (Plants)
Glyoxylate cycle enzymes
- Convet fatst o carbohydrate

Lysosomes, peroxisomes and glyoxysomes
arereferred to as“ micrabodies’
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Vacudes (Plants)

- Functions smiler to lysosome

. pH difference with cytosol

. Pigments (flower cdor)

. Physical support -Turgar pressure

Nucleus - Storage and expression of the genome

Nuclea envd ope - two :,.,...-.. = iy

membane bil ayers -

- Continuous with rough - B
ER . , ,

Envelope pinched to form H
pores
- Movement of specific
proteins and RNA

Nucleus filled with chromatin

. Diffuse assod aion of protein and DNA

- DNA (-) wound tight|y aroundHistone
protein(+)

- Nucleosomes (DNA + Hi stanes)
- Ordered, na random assodation

. Chromatin fibers mndensefurther into
looped regions

. Usudly invisible

. Dense condensati on prior to cell
division

S R W

Inner membrane surrounds the matrix - concentrated
olution of enzymes involved in energy metabolism

i

Chemical energy releasedin mitochordria used to generate ATP,

The biolagical “ currency” of chemical energy

Mitochondria - Cellular Power Plants

G
. Each mitochondrion has 2 ; ; ,
membranes: e

- Outer, unwrinkled
surrounding membrane

- Inner, convol uted membrane
Infoldings (christae) provide
more surface aeafor
enzymatic readtions

Unlike other organelles, new mitochondria are
produced by division from “mother” organelles

Each mitochondria contains its own DNA, RNA
and ribosomes (praein synthesis)

However, these are not sufficiert to code or
produce dl the enzymes found inthe
mitochondrion
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Chloroplasts
. Photosynthetic cells of plants and dgae

. “Poweplants’, smilar to mitochondria

. Pigment moleculesabsorb sunlight, transfer energy

to molecular machinery for synthesis of ATP ard
carbohydrates

- High concentration of chlorgphyll pigment gives
photosynthetic tissue green color

Chlorophyll and other pigments localized in
gack of internal membranes (thylakads)

Outer membrane

Inner membrane

DNA  Ribesomes  Thylakoids

Like mitochondria, chloroplags cortain their
ownDNA, RNA and ribosomes

The cytoskeleton

Cell shape, internal organization and motility

The Cytoskeleton

Protein retwork stabilizes cell shape, organizes
cytoplasm and cell matility

3 types of protein filaments:
- Actin

- Miaotubules

- intemediate filaments

differ i n width, composition and sped fic functi on

Filaments are formed by the

reversible polymerization of o
protein subunits ==
v
] i
Reversible pol ymeri zation confers | |
flexibility required for cellul ar and —_— 3
organd le motility and growth 1 By
L
L LF i |
b | i 'y

Actin filaments form cell “framé’ by binding to
proteirs just below the cell surface

Confers shape and rigidity to the cell surface
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Actin filaments can bind to

proteirs called myosin \a@:ﬂd?
Myosin can corvert ATP to 2 AN %ﬂ’\
mechanical work L
Myosin bindsand moves g T E—
along an actin filament, /G o
driven by the breakdown £ fp e
of ATP WA\ 77 Vacuole

\ \ \,—?);“, Chloroplasts
Net result: movement of organelles % ]  opem
and mixingof cytoplasm —

(nutrients, O,, ions, etc.)

Muscle cells are filled with
arrays of actin and myosin
filamerts

Muscle contraction,
cilia/flagelae mation,
trangort of orgarelles
cytoplasmic sreaming all rely
on breakdown of ATP for
their operation

Myosin- thick
Actin - thin

The cytoplagm is crowded, highly ordered and dynamic
. Criss-crossed by ameshwork of gructural fibers

Filaments dissemble and re-assembe

. Complex system of membrane-bound orgarelles
with specific metabalic functions

- Organelles move through cytoplasm along protein
filaments

. Membraneous vesicles bud from one organelle to
fuse with another on path to export

Endomembrane system of orgarelles

-seperates metabolic processes

- increases efficiency of chemical resctions
(pH, concertration of reactarts, enzyme isolation)

Positioning of organelles and cytoskeletal filamentsis

organized and tightly regulated

Multicellular organisms

- Advantages
- Moatility
- Effidency
- Reproductiv esuccess

Permanent associcaions|ed to speci d izati on:
Sensory functi ons (temperaure, chamica environment)
Digestive
Photosynthetic
Reproductiv e
Etc.

. Animal cdls

Cell 2

Céllular connections and
communication

(a) Tight junction

- Tight junctions =
. Close attachment of membranes | §asanie»

- Desmosomes y (‘e)c.m..m,gﬂ
. Fibrousplagues of glycoprateins 2}' :
Extracellular
space ! :

- Gapjunctions ]
. Small, reinforced qpenings [ ==,

| Endoplasmic,
- Allow spassage d ions and i { W?iY
]

other small_molecules
Plasma membra

of two adjacent cells

[e2}



Cell 1

Cellular connections and

communication Plama :
e ¥ (a) Tight junction
Plant cells s ]
_ Plasmodesmata =
. Similar to gap junctians roret L

’ (¢) Gap junction

- Path throughcell wall and ﬂ_
plasma membrare prccalur 1 ; j
Pl R,
e

[ Cell wall ———1

[ - ot

. Movemert of metabditesand | Bk .
evensmal proteins Und

. Viral geretic message and

Viruses - parasites of cells

DNA or RNA gerome

- protective protein or
membrane mat

Nortliving outsde of host
cell (virion)

proteins covert host cdl
enzymes and resourcesto
produdion of new viral - =
particles

Viruses can cause cell lyss as they are released
- Pahology assod ated with viral disease

Some viruseshave DNA becane incorporated
into host cell genome - dormant urtil
conditions are ripe for new particle production

Diverse aray of sizes and sructures

Oftentarget specific cells (AIDS- T lymphocytes of
Immure system)

Study of viruses has provi ded agrea dedl of i nformetion on
DNA and RNA structure, protein synthesisand the
mechani sms of gene expression

Summary

. All cells share certain features
- DNA (geneti cinformation)
- Ribosomes
- (RNA andprotein canplexes f or the synthesisof prateins)
- Plasma membrane
- Tough, flexide permeahility barrier
. Comprised o lipidand ®veral types of proteins (r eceptors,
transporters and channels)
- Cytoplasm
. Cytosol and aganelles

- Cytosol (solutionof proteins, RNA, metabolites, ions, co-factors)
- Organdles (lacking in prokaryotes (bacteria)

Organelles of the endomembrane system

Nucleus

- Chromain: highly organized DNA/protein association
Rough and Smooth Endoplasmic Reticulum

- Prote n modification for export

Golgi complex

- Proten “addressing”

Lysosomes

- Degradation of protd ns, poly sacchaides, nudeic ad ds
Mitochondria

- Cédlular“power plants’ (production of ATP)

I~



Organelles of the endomembrane system

Specidized plart organelles:
. Vacudes
- Degradative reactions, pigments, cel turgor
. Chloroplasts
- Energy metabilism (ATP synthesis)
. Glyoxysomes
- Convesi on of fa to carbohydrate

Cytoskeletan
- Dynamic network of protein filaments
- Actin
- Miaotubules

- Intermediaefil aments

- Revergble polymerization corfersgreat flexibility in

gructure

- Provides shape and aids cellular and orgarelle

movement

Cellular connections and communications

. Strengthen asoci ations within multicel lular
organsms
- Tight junctions, desmosomes
. Allow for exchange of materials
- Gapjunctions (animals)
- Plasmodesmata (plants)

Virusss

. Parasitesof living cells
. Nortliving outdde of host cells
. Subvert cellular machinery and materials for own

replication

. Target specific cells
. Responsible for a nunmber of seriousdiseasesin

plarts, animals and humans
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