
Chapter 3

Cell Form & Function



Modern Cell Theory
(Most Important Theory in Biology)

• All organisms composed of cells and cell products.

• The cell is the simplest structural and functional unit of life.
//  cells are alive

• An organism’s structure and functions are due to the 
activities of its cells.

• Cells only come from preexisting cells ///   not from 
nonliving matter.  //  therefore, all life traces its ancestry to 
the same original cells

• Cells of all species have many fundamental similarities in 
their chemical composition and metabolic mechanisms.



Cell Shapes
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Cell Shapes 

• about 200 types of cells in the human body

• Squamous - thin and flat with nucleus creating bulge

• Polygonal - irregularly angular shapes with 4 or more sides

• Stellate – starlike shape

• Cuboidal – squarish and about as tall as they are wide

• Columnar - taller than wide

• Spheroid to Ovoid – round to oval

• Discoid - disc-shaped

• Fusiform - thick in middle, tapered toward the ends

• Fibrous – threadlike shape



Cell Size

• Human cell size //  most from 10 - 15 micrometers 
(µm) in diameter

• RBC =  7.5  µm

• egg cells (very large)100 µm diameter  //  barely 
visible to the naked eye

• nerve cell at 1 meter long // longest human cell 
but too slender to be seen with naked eye

• estimated 50 trillion cells in human body //  
typical cell weights 1 nanogram //  see “article 
of interest / cell biology” if you want to see how 
this was calculated



Cell Size

• Limitations on cell size

– cell growth increases volume more than surface area

– surface area of a cell is proportional to the square of 
its diameter

– volume of a cell is proportional to the cube of its 
diameter //  nutrient absorption and waste removal 
utilize surface area

– if cell becomes too large, may rupture like overfilled 
water balloon



1 micron = 1 x 10    meters = 0.000001 meters-6



Parts of a Cell
• Plasma (cell) membrane

– surrounds cell
– made of proteins and lipids
– composition and function can 

vary from one region of the cell 
to another

• Cytoplasm
– organelles
– cytoskeleton
– cytosol  = intracellular

fluid (ICF)

• Nucleus most prominent 
organelle
– 40% of cytoplasmic volume
– chromosomes / genes
– nuclear envelope
– nuclear plasma

Note:  structure and function 
of organelles to follow



Fluid Compartments Associated with a Cell

• Intracellular Fluid (ICF)

– Cytoplasm – between plasma 
membrane and nuclear membrane

– Nucleoplasm – fluid inside nucleus

• Extracellular fluid (ECF) //  fluid 
outside of cell //  two 
compartments  

• Between cells = Interstitial 
Fluid

• Inside blood vessels = 
Vascular Fluid

Note apical vs basal surfaces



Identify the three parts of the cell: plasma membrane, cytoplasm, and nucleus.



Plasma Membrane
Fluid mosaic model = continually moving sea of fluid 
lipids  //  the mosaic is the many different proteins 
dispersed between the lipids – some move like icebergs 
other others anchored at specific locations like islands

Plasma membrane also called a phospholipid
bilayer

- defines cell boundaries

- amphipathic molecules //  both polar and non 
polar region of same molecule

- appears as a pair of dark parallel lines around 
cell  (when viewed with the electron 
microscope) – see image -

- governs interactions between other cells

- controls passage of materials in and out of cell

- intracellular face – side that faces cytoplasm

- extracellular face – side that faces outward

- composite of different types of molecules

Note: two adjacent cellular 
membranes stained brown  / 
nuclear membrane stained 

green



Membrane Chemical Structure

• 98% of molecules in plasma membrane are lipids 

• 75% of membrane lipids are phospholipids

– amphiphilic molecules arranged in a bilayer

– hydrophilic phosphate heads face water on each side 
of membrane

– hydrophobic tails – directed toward the center, 
avoiding water

– drift laterally from place to place  //  movement keeps 
membrane fluid



• Cholesterol

– 20% of the membrane lipids
– holds phospholipids still // cholesterol’s  -OH units link to fatty 

acids
– At normal temperature makes membrane stronger and  stiffen 

membrane

• Glycolipids

– 5% of the membrane lipids
– phospholipids with short carbohydrate chains on extracellular

face  
– contributes to glycocalyx = carbohydrate coating on the cells 

surface  //  (More to come about glycocalyx)

• Proteins and Glycoproteins (see next slide)

Membrane Chemical Structure



Membrane Proteins (Integral vs Peripheral Proteins)

• Membrane proteins
– 2% of the molecules in plasma membrane
– 50% of its weight 

• Transmembrane proteins (Integral)
– pass through membrane
– have hydrophilic regions in contact with 

cytoplasm and extracellular fluid
– have hydrophobic regions that pass back and 

forth through the lipid of the membrane
– most are glycoproteins
– can drift about freely in phospholipid film
– Other transmembrane protein anchored to 

cytoskeleton

• Peripheral proteins
– adhere to the intracellar face of the membrane
– usually tethered to the cytoskeleton
– Integral proteins may bond to peripheral 

proteins



Membrane Protein Functions
receptors,  second-messenger systems, enzymes,  ion channels,  

carriers,  cell-identity markers,  cell-adhesion molecules

Chemical
messenger

Breakdown
products

Ions CAM of
another cell

(a) Receptor
A receptor that
binds to chemical
messengers such
as hormones sent
by other cells

(b) Enzyme
An enzyme that
breaks down
a chemical
messenger and
terminates its
effect

(c) Ion Channel
A channel protein
that is constantly
open and allows
ions to pass
into and out of
the cell

(d) Gated ion channel
A gated channel
that opens and
closes to allow
ions through
only at certain
times

(e) Cell-identity marker
A glycoprotein
acting as a cell-
identity marker
distinguishing the
body’s own cells
from foreign cells

(f) Cell-adhesion
molecule (CAM)
A cell-adhesion
molecule (CAM)
that binds one
cell to another



Second Messenger Systems / Special Type of Integral Protein

A messenger such as epinephrine (red triangle)
binds to a receptor in the plasma membrane.

1

Receptor Adenylate cyclase

First
messenger

G G

The G protein
binds to an enzyme,
adenylate cyclase, in
the plasma membrane.
Adenylate cyclase
converts ATP to cyclic
AMP (cAMP), the
second messenger.

3

The receptor releases
a G protein, which
then travels freely in
the cytoplasm and
can go on to step 3
or have various other
effects on the cell.

2 ATP Pi

Pi

Inactive
kinase

cAMP
activates a
cytoplasmic
enzyme called
a kinase.

4

cAMP
(second
messenger)

Activated
kinase

Inactive
enzymes

Various metabolic effects

Pi
Kinases add
phosphate groups (Pi)
to other cytoplasmic
enzymes. This activates
some enzymes and
deactivates others, leading
to varied metabolic effects
in the cell.

5

Activated
enzymes



Neighboring lipid molecules change places about 10 million times per 
second  //  double bonds in fatty acids create “kinks” which makes 
membrane more fluid like



Plasma Membrane

Oily film of lipids with diverse proteins embedded

Extracellular
face of
membrane

Intracellular
face of
membrane

Peripheral
protein

Extracellular fluid

Glycolipid Glycoprotein
Carbohydrate
chains

Transmembrane
protein

Peripheral
protein

Channel

Intracellular fluid

Cholesterol

Proteins of
cytoskeleton

Phospholipid
bilayer



Cell-Identity Markers

• Glycoproteins and glycolipids contribute to 
the glycocalyx

– carbohydrate surface coating
– acts like a cell’s ‘identification tag’

• Enables our bodies to identify which cells 
belong to it and which are foreign invaders





Membrane Permeability

• Permeable vs impermeable 

• Selective permeability (best description)

• Permeable (nonpolar molecules / oxygen, carbon dioxide, 
steroids)

• Moderately permeable (small uncharged polar molecules / 
water and urea)

• Impermeable (ions and large uncharged polar molecules 
like glucose)

• Plasma membranes able to create concentration and 
electrical gradients



Transport Across Plasma Membrane

• Passive process

– Solute moves “down” concentration gradient

– No energy required

• Active process

– Solute moves “up” concentration

– Requires “ATP”



Simple Diffusion / Passive Process

• Simple Diffusion – the net 
movement of particles from 
area of high concentration to 
area of low concentration

– due to solute spontaneous 
motion 

• Diffusion also known as the 
movement of the solute down 
its concentration gradient //   
concentration of a substance 
differs from one point to another

Down
gradient

Up
gradient





Diffusion Rates
• Factors affecting diffusion rate through a membrane 

– temperature - ↑ temp., ↑ motion of particles

– molecular weight - larger molecules move slower

– steepness of concentrated gradient - ↑difference, ↑ rate

– membrane surface area - ↑ area, ↑ rate

– membrane permeability - ↑ permeability, ↑ rate

• Please note: You do not need a membrane for diffusion.  It is the 
movement of a solute from high to low concentration.  However, 
diffusion of a solute may occur across membrane from high to low 
concentration if the solute is soluble in the membrane or the 
membrane contain pores through which the solute can diffuse.



Facilitated Diffusion / Passive Process

• carrier-mediated transport of solute through a membrane 
down its concentration gradient (diffusion!)

• does not consume ATP

• solute attaches to binding site on carrier, carrier changes 
confirmation, then releases solute on other side of membrane

• allows solute to “transit” membrane //  without integral protein 
solute would not be able to diffuse through membrane

ECF

ICF

1 2 3A solute particle enters
the channel of a membrane
protein (carrier).

The solute binds to a receptor
site on the carrier and the
carrier changes conformation.

The carrier releases the
solute on the other side of
the membrane.



Different Types of Diffusion //  All Are Passive!!!



Facilitated Diffusion / Passive Process

Carrier-mediated Facilitated Diffusion



Regulated Facilitated Diffusion with Gates 

Maybe Regulated by Ligands, Voltage, or Mechanical Forces



Osmosis

• Flow of water from one side of a 
selectively permeable membrane 
to the other side of the membrane

– from side with higher water 
concentration to the side with 
lower water concentration

– reversible attraction of water to 
solute particles forms hydration 
spheres

– makes those water molecules less 
available to diffuse back to the side 
from which they came

Side A Side B

Water Diffusion



Osmotic Pressure

• Amount of hydrostatic 
pressure required to stop 
osmosis 

• Osmosis stops due to 
hydrostatic pressure

Osmotic
pressure

(b) 30 minutes later

Hydrostatic
pressure



Filtration
• Filtration - process in which 

water molecules and extremely 
small solutes are forced to move 
through a selectively permeable 
membrane by a hydrostatic 
pressure (i.e. reverse osmosis!) 

• Think of a plunger being pushed 
down a column of water forcing 
water to move across a semi-
permeable membrane at the 
bottom of the water column.

Blood pressure in capillary
forces water and small
solutes such as salts through
narrow clefts between
capillary cells.

Capillary wall

Red blood
cell

Water

Solute

Clefts hold back
larger particles
such as red blood
cells.

Examples //  filtration of nutrients through gaps in blood capillary walls into 
tissue fluids  //  filtration of wastes from the blood in the kidneys while holding 
back blood cells and proteins



Filtration = 
Reverse Osmosis



Aquaporins

• Aquaporins – channel formed by  
proteins in plasma membrane 
specialized for passage of water

– cells can increase the rate of 
osmosis by installing more 
aquaporins

– decrease rate by removing 
them

• Note: Significant amounts of water 
may diffuse even through the 
hydrophobic, phospholipid regions 
of the plasma membrane  //  kinks 
formed by double bonds in fatty 
acids

Side A Side B

Note: aquaporins stored in 
cytoplasm and can be rapidly 

inserted into plasma membrane 
//  if more aquaporins are 
required then new protein 
synthesis must be initiated



Osmolarity
• One osmole - 1 mole of dissolved particles

– 1M NaCl (1 mole Na+ ions + 1 mole Cl- ions) thus 1M 
NaCl = 2 osm/L

• Osmolarity – number of osmoles of solute per liter of 
solution

• Osmolality – number of osmoles of solute per kilogram of 
water

• Physiological solutions are expressed in milliosmoles per 
liter (mOsm/L)

– blood plasma = 300 mOsm/L

– osmolality similar to molarity at concentration
of body fluids – less than 1% difference



Tonicity
• Ability of a solution to affect fluid volume and pressure in a cell

– depends on concentration and permeability of solute

• Hypotonic solution 
– has a lower concentration of  nonpermeating solutes than intracellular fluid 

(ICF) 
• high water concentration

– cells absorb water, swell and may burst (lyse)

• Hypertonic solution 
– has a higher concentration of non-permeating solutes 

• low water concentration
– cells lose water + shrivel (crenate)

• Isotonic solution 
– concentrations in cell and ICF are the same
– cause no changes in cell volume or cell shape
– normal saline 



Effects of Tonicity on RBCs

(a) Hypotonic (b) Isotonic (c) Hypertonic





About Energy for Active Process

• Energy is required for carrier proteins to move solutes 
against concentration gradient //  across the membrane

• Two possible sources of energy

– Hydrolysis of adenosine triphosphate (ATP)

– Energy stored in an ionic concentration gradient  //  
secondary active transport

• Carrier proteins are called “pumps” //  most common 
and most important = sodium-potassium ATP pump



Sodium-Potassium “ATP-ase” Pump

• each pump cycle consumes one 
ATP and exchanges three Na+ for 
two K+

• keeps the K+ concentration higher 
and the Na+ concentration lower 
with in the cell than in ECF

• necessary because Na+ and K+

constantly leak through membrane

– half of daily calories you consume 
each day utilized for Na+ - K+ 
ATP pump

– 70% energy consumed by  brain //  
due to high level of action 
potentials created by neurons!!!

2 K+ in

Extracellular
fluid

Intracellular fluid
+

ATP

PiADP +

3 Na+ out





Functions of Na+ - K+ ATP Pump
• Regulation of cell volume

– “fixed anions” attract cations causing osmosis
– cell swelling stimulates the Na+- K+ pump to 

↓ ion concentration, ↓ osmolarity and cell swelling 

• Heat production 

– thyroid hormone increase # of Na+ - K+ pumps
– consume ATP and produce heat as a by-product

• Maintenance of a membrane potential in all cells

– pump keeps inside more negative, outside more positive
– necessary for nerve and muscle function



Functions of Na+ - K+ ATP Pump (cont.)

• Secondary active transport system / another role of 
the sodium-potassium pump / glucose co-transport

– Steep concentration gradient maintained between one side 
of the membrane and the other – (like water behind a dam)

• The sodium-potassium pump’s function  //  On basal side of 
the cell //  powered by ATP

– Sodium-glucose transport protein (SGLT)

• simultaneously binds Na+ and glucose and carries both into 
the cell

• On apical surface of the cell

• does not consume ATP



Secondary Active Transport

(Powered by the Sodium Potassium ATP Pump)

Apical Surface

Basal 
Surface

(Lumen) 

ATP

3 Na

2 K

Na Glucose

Active Pump
(Antiport)

Facilitated Diffusion
(Symport)

Note: the active pump lowers 
the intracellular concentration of 
Na //  this creates a 
concentration gradient that 
favors the movement of sodium 
from the lumen into the cell 
(passive) //  glucose is co-
transported passively with the 
sodium by an symport

(Tissue space of body)



Uniport – Antiport – Symporter Pumps

Note: unitport denotes the movement of one solute across 
the plasma membrane



Types of Membrane Carriers

• Uniport //  carries only one solute at a time

• Symport //  carries 2 or more solutes 
simultaneously in same direction (cotransport)

• Antiport //  carries 2 or more solutes in opposite 
directions (countertransport)

– E.g. //  sodium-potassium pump brings in K+

and removes Na+ from cell



Carrier-Mediated Transport 

• Carrier Saturation:

– as the solute concentration rises, the rate 
of transport rises up to a point

– Think of a bus with empty seats but when 
all the seats are filled the bus can not 
transport anymore people!!!

– Once Transport Maximum (Tm) reached  
then increasing conc. of ligand will not 
result in an increase of movement across 
membrane



Membrane Carrier Saturation

• Transport maximum - transport rate when all carriers are occupied
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Transport in Vesicles

• These mechanisms are considered to be “active” / 
use ATP to “make membranes”

• Process used to move “large particles” or “liquids” in 
and out of the cell

• Endocytosis (enter cell) vs exocytosis (leaves cell)

• Endocytosis //  three types 

– receptor mediated endocytosis

– phagocytosis

– bulk-phase endocytosis



Receptor Mediated 
Endocytosis

This is the mechanism used by HIV 
to enter the human body.



Phagocytosis

Macrophage and Neutrophils are 
WBC that use this process

Primary cells which use 
phagocytosis but other cells also 
use this mechanism (see video)





Bulk-phase Endocytosis

Also known as pinocytosis

Common to most cells

Move liquids into cell



Exocytosis & Transcytosis

Exocytosis

moves large particles out of cell

secretory cells / e.g. digestive enzymes, hormones, 
neurotransmitters

segments of cell membrane lost during endocytosis are 
regained during exocytosis

Transcytosis

occurs most often endothelial cells lining blood vessels

solute move between blood and interstitial space (e.g. mother 
antibodies cross into placenta)



Transcytosis

• Transport of material across the cell by capturing it on one side and 
releasing it on the other

• Receptor-mediated endocytosis moves it into cell and exocytosis
moves it out the other side //  This is how insulin moves between 
compartments in your body!

0.25 m

Capillary endothelial cell
Intercellular cleft

Capillary lumen

Pinocytotic vesicles

Muscle cell
Tissue fluid



Cytoplasm

• Three components

– Cytosol (intracellualr fluid) //  75 – 90% fluid //  site of 
many of the chemical reactions of the cell 

– Cytoskeleton //  three type of protein filaments

– Organelles //  specialized structures / some 
surrounded by unit membranes / isolates many 
cellular key chemical reactions 



Cytoskeleton
• Collection of filaments and cylinders

– determines shape of cell

– lends structural support

– organizes its contents

– directs movement of substances through the 
cell

– contributes to the movements of cell as a whole

– Three type: microfilaments, intermediate 
filaments, and microtubules





Cytoskeleton
– Microfilaments – made of protein called actin

• form network on cytoplasmic side of plasma membrane called 
the terminal web (membrane skeleton)

– provides physical support for phospholipid bilayer

– actin supports microvilli and produces cell movements

– Intermediate fibers – thicker and stiffer than microfilaments

• resist stresses placed on cell

• participate in junctions that attach some cells to their neighbors

• line nuclear envelope and form cage-like nuclear lamina that 
encloses DNA

– Microtubules – cylinders made of 13 parallel strands called 
protofilaments



Microtubules
• a microtubule is a cylinder of 13 parallel strands called protofilaments

– each proto-filament is a long chain of globular proteins called tubulin

• microtubules radiate from centrosome and hold organelles in place, form 
bundles that maintain cell shape and rigidity, and act somewhat like 
railroad tracks

– motor proteins ‘walk’ along these tracks carrying organelles and other 
macromolecules to specific locations in the cell

• not permanent structures

• tubulin assembles and disassembles

• moment by moment microtubules may change
Dynein arms

Protofilaments

(c)
(b)

(a)

Microtubule

Tubulin



Cytoskeleton
Microvilli

Microfilaments

Secretory
vesicle in
transport
Desmosome

Intermediate
filaments

Centrosome

Microtubule
undergoing
disassembly

Mitochondrion

Terminal web

Lysosome

Microtubule

Nucleus

Microtubule
in the process
of assembly

Intermediate
filaments

(a)

Basement
membrane

Hemidesmosome

Kinesin



EM and Fluorescent Antibodies demonstrate Cytoskeleton

15 m



Organelles
Functional units within cytoplasm

Some are encapsulated by unit membranes

Other organelles have no membranes surrounding 
organelle

Membrane organelles are able to “isolate” chemical 
reactions within their membrane environment

Concept of form and function apply to type and quantity of 
individual organelles within a cell type



Parts of a Cell

• Plasma (cell) membrane
– surrounds cell
– made of proteins and lipids
– composition and function can 

vary from one region of the cell 
to another

• Cytoplasm
– organelles
– cytoskeleton
– cytosol  = intracellular

fluid (ICF)

Note:  structure and function 
of organelles to follow



Parts of a Cell

• Nucleus most prominent 
organelle

– 40% of cytoplasmic volume
– chromosomes / genes
– nuclear envelope
– nuclear plasma

Note:  structure and function 
of organelles to follow



Identify the three parts of the cell: plasma membrane, cytoplasm, and nucleus.



Centrioles

• centriole – a short cylindrical assembly of 
microtubules arranged in nine groups of three 
microtubules each

• In most cells two centrioles are located at one pole 
of the exterior surface of the nucleus in a region 
called the centresome

• two centrioles lie perpendicular to each other //  
play key role in cell division





Centrioles

• Single centriole play role in structure and function of 
cilia and flagella

– each basal body of a cilium or flagellum is a single 
centriole oriented perpendicular to plasma 
membrane

– basal bodies originate in centriolar organizing center  
//  migrates to plasma membrane

– two microtubules of each triplet elongate to form the 
nine pairs of peripheral microtubules of the axoneme

– cilium reaches full length in less than one hour





Centrioles

Microtubules

Protein
link

(a) Cross-section (TEM)

Microtubules

0.1   m

Cross
section

Longitudinal
view

(b) Pair of centrioles



Cilia
• Hairlike processes 7-10 μm long //  one or many per cell

• Single non-motile cilia

– Non-motile “primary cilium”
– found on nearly every cell in the body
– “antenna’ for monitoring extracellular conditions
– sensory in inner ear, retina, nasal cavity, and kidney

• Multiple motile cilia / move fluid across surface of cells

Mucus

Saline
layer

Epithelial
cells

1 2 3 4 5 6 7

Power stroke Recovery stroke



Cilia Lining Trachea

Cilia

10   m



Cilia
• Motile cilia

– these are motile cilia – respiratory tract, uterine tubes, 
ventricles of the brain, efferent ductules of testes

– many per cell

– beat in waves  //  sweep substances across surface in same 
direction

– power strokes followed by recovery strokes 

Mucus

Saline
layer

Epithelial
cells

1 2 3 4 5 6 7

Power stroke Recovery stroke





Cross Section of a Cilium

• Axoneme - core of cilia that is the structural 
basis for ciliary movement

• has 9 + 2 structure of microtubules

– 9 pairs form basal body inside the cell 
membrane //  anchors cilium

– dynein arms “crawls” up adjacent 
microtubule bending the cilia //  uses 
energy from ATP

• Saline Layer

– chloride pumps pump Cl- into ECF
– Na+ and H2O follows
– cilia beat freely in saline layer

Shaft of
cilium

Dynein arms
Central microtubules

Axoneme:

Peripheral microtubules

Basal
body

(b)

(d)

Central
microtubule
Peripheral

microtubules

Dynein
arm

Axoneme

Plasma membrane

Cilia

Microvilli

(c) 0.15   m

Central
microtubule

Peripheral
microtubules

Dynein
arm





Cilia & Cystic Fibrosis

• Saline layer at cell surface due to chloride 
pumps move Cl- out of cell. Na+ ions  and 
H2O follow

• Cystic fibrosis – hereditary disease in which 
cells make chloride pumps, but fail to install 
them in the plasma membrane

– chloride pumps fail to create adequate 
saline layer on cell surface 

• thick mucus plugs pancreatic ducts and 
respiratory tract

– inadequate digestion of nutrients and 
absorption of oxygen

– chronic respiratory infections
– life expectancy of 30

Mucus

Saline
layer

Epithelial
cells





Flagella

• tail of the male’s sperm = only functional flagellum

• whiplike structure with axoneme identical to cilium

– much longer than cilium
– stiffened by coarse fibers that supports the tail

• movement is more undulating, snakelike
– no power stroke or recovery stroke as in cilia







• Extensions of membrane (1-2 μm)

– serves to increase cell’s surface area
– best developed in cells specialized in absorption
– gives 15 – 40 times more absorptive surface area

• on some cells they are very dense and appear as a 
fringe – “brush border”

• milking action of actin //  actin filaments shorten 
microvilli - pushing absorbed contents down into 
cell

Microvilli



Microvilli

Actin microfilaments are found in center of each microvilli.

1.0 m 0.1 m

Glycocalyx

Actin
microfilaments

Microvillus



Ribosomes
• Ribosomes – complex of small granules of protein and 

RNA

– found in nucleoli, in cytosol, on outer surfaces of rough 
ER, and in nuclear envelope

• they ‘read’ coded genetic messages (messenger RNA) 
and assemble amino acids into proteins specified by the 
code

• Commonly called the “protein factories”

• Two type of ribosomes //  make protein either for internal 
use or export outside cell (see endoplasmic reticulum)





• endoplasmic reticulum - system of interconnected 
channels called cisternae enclosed by unit membrane

Endoplasmic Reticulum



• Rough endoplasmic reticulum

– composed of parallel, flattened sacs covered with ribosomes

– continuous with outer membrane of nuclear envelope

– adjacent cisternae are often connected by 
perpendicular bridges

– produces the phospholipids and proteins of the 
plasma membrane

– synthesizes proteins that are packaged in other 
organelles or secreted from cell

Endoplasmic Reticulum



Endoplasmic Reticulum

• Smooth endoplasmic reticulum  //  lack ribosomes

– cisternae more tubular and branching

– cisternae are thought to be continuous with those of 
rough ER

– synthesizes steroids and other lipids

– detoxifies alcohol and other drugs

– manufactures all membranes of the cell

• Note: rough and smooth ER are functionally different 
parts of the same network



Smooth and Rough ER

(c)

Rough endoplasmic 
reticulum

Cisternae

Ribosomes

Smooth
endoplasmic
reticulum



Endoplasmic Reticulum

1 μm(a) Lysosomes

Mitochondria

Lysosomes

Golgi
complex

0.3 μm(b) Peroxisomes

Smooth ER

Peroxisomes





Golgi Complex
• Golgi complex - a small system of cisternae that synthesize 

carbohydrates and put the finishing touches on protein and 
glycoprotein synthesis

– receives newly synthesized proteins from rough ER

– sorts them, cuts and splices some of them, adds 
carbohydrate moieties to some, and packages the protein 
into membrane-bound Golgi vesicles

• some become lysosomes

• some migrate to plasma membrane and fuse to it

• some become secretory vesicles for later release



Golgi Complex

600 nm

Golgi vesicles

Golgi
complex











Lysosomes
• Lysosomes - package of enzymes bound by a single 

unit membrane  //  extremely variable in shape

• Functions

– intracellular hydrolytic digestion of proteins, nucleic 
acids, complex carbohydrates, phospholipids, and 
other substances

– autophagy – digest and dispose of worn out 
mitochondria and other organelles

– autolysis – ‘cell suicide’ – some cells are meant to do 
a certain job and then destroy themselves



Note:  Proteosomes are vesicles recently discovered which specifically degrade 
proteins either damaged or no longer needed





Lysosomes and Peroxisomes

1 μm(a) Lysosomes

Mitochondria

Lysosomes

Golgi
complex

0.3 μm(b) Peroxisomes

Smooth ER

Peroxisomes



Peroxisomes
• Peroxisomes - resemble lysosomes but contain different 

enzymes

• General function is to use molecular oxygen to oxidize organic 
molecules (creates free radicals like hydrogen peroxide)

– Contain catalase that can break down excess peroxide to 
H2O and super oxides (O2-)

– neutralize free radicals, detoxify alcohol, other drugs, and a 
variety of blood-borne toxins

– breakdown fatty acids into acetyl groups for mitochondrial 
use in ATP synthesis

• In all cells, but abundant in liver and kidney



Mitochondrion
• mitochondria – organelles specialized for 

synthesizing ATP

• variety of shapes – spheroid, rod-shaped, kidney 
bean-shaped, or threadlike

• surrounded by a double unit membrane

– inner membrane has folds called cristae
– spaces between cristae are called matrix

• matrix contains ribosomes, enzymes used 
for ATP synthesis, small circular DNA 
molecule – mitochondrial DNA (mtDNA)

• “Powerhouses” of the cell
– energy is extracted from organic molecules 

and transferred to ATP
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Evolution of Mitochondrion

• It is a virtual certainty that mitochondria 
evolved from bacteria that invaded another 
primitive cell  ///  survived in the cytoplasm, 
and became permanent residents 

– its two unit membranes suggests that the original 
bacterium provided the inner membrane, and the 
host cell’s phagosome provided the outer 
membrane

– mitochondrial ribosomes more like bacterial 
ribosomes

– has its own mtDNA //  small circular molecule 
resembling bacterial DNA  //  replicates 
independently of nuclear DNA



Evolution of Mitochondrion
– when a sperm fertilizes the egg, any mitochondria 

introduced by the sperm are usually destroyed, and 
only those provided by the egg are passed on to the 
developing embryo

• mitochondrial DNA is almost exclusively inherited 
through the mother

– mutates more readily than nuclear DNA

• no mechanism for DNA repair

• produces rare hereditary diseases

• mitochondrial myopathy , mitochondrial 
encephalomyopathy, and others



Nucleus

• Largest organelle (5 μm in diameter) //  40% 
volume of cell

– most cells have one nucleus
– a few cells are multinucleated

• nuclear envelope - two unit membranes surround 
nucleus

– perforated by nuclear pores formed by rings of protein
• regulate molecular traffic through envelope

• hold two unit membranes together



Nucleus

– supported by nuclear lamina

• web of protein filaments
• supports nuclear envelope and pores
• provides points of attachment and organization for 

chromatin
• plays role in regulation of the cell life cycle

• nucleoplasm – material in nucleus

– chromatin (thread-like matter) composed of  DNA and 
protein

– nucleoli – one or more dark masses where ribosomes are 
produced







Micrograph of The Nucleus
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