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Animalcules and BeastiesAnimalcules and Beasties
 Van Leeuwenhoek was the first to Van Leeuwenhoek was the first to 

describe small organisms seen through a describe small organisms seen through a 
microscope, which he called animalcules microscope, which he called animalcules 
and beastiesand beasties

 Hooke was the first to sketch and name Hooke was the first to sketch and name 
cellscells

 We have as many as 100 trillion cells in We have as many as 100 trillion cells in 
our body!our body!



The Cell Theory EmergesThe Cell Theory Emerges
 In 1839, Schleiden and Schwann In 1839, Schleiden and Schwann 

proposed the basic concepts of the proposed the basic concepts of the 
modern modern cell theorycell theory
 All organisms consists of one or more cellsAll organisms consists of one or more cells
 Each new cell arises from division of another, Each new cell arises from division of another, 

preexisting cellpreexisting cell



The Basics of Cell StructureThe Basics of Cell Structure
 All cells have a plasma membrane and All cells have a plasma membrane and 

cytoplasm, and all start out life with DNAcytoplasm, and all start out life with DNA
 2 main types of cells2 main types of cells

 Eukaryotic cellEukaryotic cell
 Cell interior is divided into functional Cell interior is divided into functional 

compartments, including a nucleuscompartments, including a nucleus

 Prokaryotic cellProkaryotic cell
 Small, simple cells without a nucleusSmall, simple cells without a nucleus
 DNA in nucleoid region DNA in nucleoid region 



All Cells Have Three Things In All Cells Have Three Things In 
CommonCommon

 Plasma membranePlasma membrane
 Controls substances passing in and out of the cellControls substances passing in and out of the cell

 DNA containing regionDNA containing region
 NucleusNucleus in eukaryotic cells in eukaryotic cells
 NucleoidNucleoid region in prokaryotic cells region in prokaryotic cells

 CytoplasmCytoplasm
 A semifluid mixture containing cell componentsA semifluid mixture containing cell components



Organisms from the domains Bacteria 
and Archaea – Prokaryotic cells

capsule
gel-like coating outside
the cell wall

nucleoid
location of the bacterial
chromosome

conjugation pilus
elongated, hollow
appendage used to transfer
DNA to other cells

flagellum
rotating filament that
propels the cell

ribosome
site of protein synthesis

plasma membrane
sheet that surrounds the
cytoplasm and regulates
entrance and exit of molecules

cell wall
structure that provides support
and shapes the cell

fimbriae
hairlike bristles
that allow
adhesion
to surfaces

cytoplasm
semifluid solution surrounded
by the plasma membrane;
contains nucleoid and
ribosomes
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Visual Summary of Eukaryotic Visual Summary of Eukaryotic 
Cells – Plant CellCells – Plant Cell



Visual Summary of Eukaryotic Visual Summary of Eukaryotic 
Cells – Animal CellCells – Animal Cell



Organization of Cell MembranesOrganization of Cell Membranes

 The basic structure of all cell membranes The basic structure of all cell membranes 
is the lipid bilayer with many embedded is the lipid bilayer with many embedded 
proteinsproteins

 A membrane is a continuous, selectively A membrane is a continuous, selectively 
permeable barrierpermeable barrier



The Lipid BilayerThe Lipid Bilayer

 Phospholipid molecules in the plasma Phospholipid molecules in the plasma 
membrane have two partsmembrane have two parts
 Hydrophilic heads interact with water Hydrophilic heads interact with water 

moleculesmolecules
 Hydrophobic tails interact with each other, Hydrophobic tails interact with each other, 

forming a barrier to hydrophilic molecules forming a barrier to hydrophilic molecules 



Basic Structure of Cell Basic Structure of Cell 
MembranesMembranes



Animation: Lipid bilayer Animation: Lipid bilayer 
organizationorganization

http://www.youtube.com/v/ULR79TiUj80

http://www.youtube.com/v/ULR79TiUj80


The Fluid Mosaic ModelThe Fluid Mosaic Model

 Fluid mosaic modelFluid mosaic model
 Describes the organization of cell membranesDescribes the organization of cell membranes
 Phospholipids drift and move like a fluidPhospholipids drift and move like a fluid
 The bilayer is a mosaic mixture of The bilayer is a mosaic mixture of 

phospholipids, steroids, proteins, and other phospholipids, steroids, proteins, and other 
moleculesmolecules



Membrane ProteinsMembrane Proteins

 Cell membrane function begins with the Cell membrane function begins with the 
many proteins associated with the lipid many proteins associated with the lipid 
bilayerbilayer



Membrane ProteinsMembrane Proteins
 Each type of protein in a membrane has a Each type of protein in a membrane has a 

special functionspecial function
 Recognition proteinsRecognition proteins
 Receptor proteinsReceptor proteins
 EnzymesEnzymes
 Transport proteins (active and passive)Transport proteins (active and passive)
 Junction proteinsJunction proteins



Cell membranes:  animation!Cell membranes:  animation!

http://www.youtube.com/v/GW0lqf4Fqpg

http://www.youtube.com/v/GW0lqf4Fqpg


  Cell TransportCell Transport

 Ions and molecules tend to move from one Ions and molecules tend to move from one 
region to another, in response to gradientsregion to another, in response to gradients

 Concentration gradientConcentration gradient
 The difference in concentration (# molecules The difference in concentration (# molecules 

in fluid) between two adjacent regionsin fluid) between two adjacent regions
 Molecules move from a region of higher Molecules move from a region of higher 

concentration to one of lower concentrationconcentration to one of lower concentration

 The cell membrane is selectively The cell membrane is selectively 
permeablepermeable



The Selectively Permeable Nature The Selectively Permeable Nature 

of Cell Membranesof Cell Membranes



3 Ways To Enter the Membrane3 Ways To Enter the Membrane
 Passive Transport – higher to lower Passive Transport – higher to lower 

concentrations, no energy neededconcentrations, no energy needed
 DiffusionDiffusion
 Facilitated diffusionFacilitated diffusion

 Active Transport – lower to higher Active Transport – lower to higher 
concentration, requires energyconcentration, requires energy

 Bulk Transport – independent of gradients, Bulk Transport – independent of gradients, 
requires energy, large moleculesrequires energy, large molecules



Examples of DiffusionExamples of Diffusion



Active Transport: Calcium PumpActive Transport: Calcium Pump

http://www.youtube.com/v/STzOiRqzzL4

http://www.youtube.com/v/STzOiRqzzL4


Membrane-Crossing Membrane-Crossing 
MechanismsMechanisms

Bulk Transport



Bulk Transport - Endocytosis and Bulk Transport - Endocytosis and 
ExocytosisExocytosis

 Vesicles take substances Vesicles take substances 
in or out of the cellin or out of the cell
 Exocytosis – out of cellExocytosis – out of cell
 Endocytosis – into cellEndocytosis – into cell

http://www.youtube.com/v/HndmASfmI8Y

http://www.youtube.com/watch?v
=U9pvm_4-bHg&feature=
player_embedded

http://www.youtube.com/v/HndmASfmI8Y
http://www.youtube.com/watch?v=U9pvm_4-bHg&feature=player_embedded
http://www.youtube.com/watch?v=U9pvm_4-bHg&feature=player_embedded
http://www.youtube.com/watch?v=U9pvm_4-bHg&feature=player_embedded


Which Way Will Water Move?Which Way Will Water Move?
 Water diffuses across cell membranes by Water diffuses across cell membranes by 

osmosisosmosis
 The movement of water down its concentration The movement of water down its concentration 

gradient – from a region of lower solute concentration gradient – from a region of lower solute concentration 
to a region of higher solute concentrationto a region of higher solute concentration

 Osmosis is driven by tonicityOsmosis is driven by tonicity
 TonicityTonicity

 The relative concentrations of solutes in two fluids The relative concentrations of solutes in two fluids 
separated by a selectively permeable membraneseparated by a selectively permeable membrane



  TonicityTonicity

Water moves from a Water moves from a 
region of lower solute region of lower solute 
concentration to a region concentration to a region 
of higher solute of higher solute 
concentrationconcentration



Eukaryotic Cells – a closer lookEukaryotic Cells – a closer look
 Eukaryotic organismsEukaryotic organisms

 PlantsPlants
 AnimalsAnimals
 ProtistansProtistans
 FungiFungi

 Eukaryotic (“true nucleus”) cells carry out Eukaryotic (“true nucleus”) cells carry out 
much of their metabolism inside membrane-much of their metabolism inside membrane-
enclosed organellesenclosed organelles

 OrganelleOrganelle
 A structure that carries out a specialized function A structure that carries out a specialized function 

within a cellwithin a cell



Organelles of Eukaryotic CellsOrganelles of Eukaryotic Cells
4 categories of organelles:

1. Nucleus and ribosomes

2. Endomembrane system

3. Energy-related

4. Cytoskeleton



1. Nucleus & Ribosomes1. Nucleus & Ribosomes

 The nucleus keeps eukaryotic DNA away The nucleus keeps eukaryotic DNA away 
from potentially damaging reactions in the from potentially damaging reactions in the 
cytoplasmcytoplasm

 The nuclear envelope controls when DNA The nuclear envelope controls when DNA 
is accessedis accessed



cytoplasm

nucleus

plasma membrane

nuclear envelope

nucleoplasm

nucleolus

chromatin

NucleusNucleus



The Nuclear EnvelopeThe Nuclear Envelope
 Nuclear envelopeNuclear envelope

 Two lipid bilayers pressed together as a Two lipid bilayers pressed together as a 
single membrane surrounding the nucleussingle membrane surrounding the nucleus

 Outer bilayer is continuous with the EROuter bilayer is continuous with the ER
 Nuclear pores allow certain substances to Nuclear pores allow certain substances to 

pass through the membranepass through the membrane

one of two lipid bilayers 
(facing nucleoplasm)

NUCLEAR 
ENVELOPE

one of two lipid bilayers 
(facing nucleoplasm)

nuclear pore (protein complex 
that spans both lipid bilayers)



The Nucleoplasm and The Nucleoplasm and 
NucleolusNucleolus

 NucleoplasmNucleoplasm
 Viscous fluid inside the nuclear envelope, Viscous fluid inside the nuclear envelope, 

similar to cytoplasmsimilar to cytoplasm

 NucleolusNucleolus
 A dense region in the nucleus where subunits A dense region in the nucleus where subunits 

of of ribosomesribosomes are assembled from proteins  are assembled from proteins 
and RNAand RNA
• Ribosomes help in making proteins!  We’ll see Ribosomes help in making proteins!  We’ll see 

more later!!!more later!!!



The ChromosomesThe Chromosomes
 ChromatinChromatin

 All DNA and its associated proteins in the All DNA and its associated proteins in the 
nucleusnucleus

 ChromosomeChromosome
 A single DNA molecule with its attached A single DNA molecule with its attached 

proteinsproteins
 Human body cells have 46 chromosomesHuman body cells have 46 chromosomes



  2.  The Endomembrane System2.  The Endomembrane System
 A series of interacting organelles between A series of interacting organelles between 

the nucleus and the plasma membranethe nucleus and the plasma membrane
• Nuclear envelope – already talked about!Nuclear envelope – already talked about!
• Endoplasmic reticulum (ER)Endoplasmic reticulum (ER)
• Golgi apparatusGolgi apparatus
• VesiclesVesicles



The Endoplasmic ReticulumThe Endoplasmic Reticulum
 Endoplasmic reticulum (ER)Endoplasmic reticulum (ER)  

 An extension of the An extension of the 
nuclear envelope that nuclear envelope that 
forms a continuous, forms a continuous, 
folded compartmentfolded compartment

 Two kinds of Two kinds of 
endoplasmic reticulumendoplasmic reticulum
• Rough ER (with ribosomes) Rough ER (with ribosomes) 

that modifies proteinsthat modifies proteins
• Smooth ER (no ribosomes) Smooth ER (no ribosomes) 

makes lipids, breaks down makes lipids, breaks down 
carbohydrates and lipids, carbohydrates and lipids, 
detoxifies poisonsdetoxifies poisons



Golgi ApparatusGolgi Apparatus
 A folded membrane containing enzymes that finish A folded membrane containing enzymes that finish 

polypeptides and lipids delivered by the ER in vesiclespolypeptides and lipids delivered by the ER in vesicles
 Packages finished products in vesicles that carry them to the Packages finished products in vesicles that carry them to the 

plasma membrane or to lysosomesplasma membrane or to lysosomes

 VesiclesVesicles
 Small, membrane-enclosed saclike organelles that store or Small, membrane-enclosed saclike organelles that store or 

transport substancestransport substances

rough ER
transport
vesicle

secretory
vesicle

smooth ER

transport
vesicle

lysosomes

incoming
vesicle

Golgi
apparatus



Special Types of VesiclesSpecial Types of Vesicles

 Lysosomes (made in Golgi)Lysosomes (made in Golgi)
 Vesicles that digest molecules or portions of Vesicles that digest molecules or portions of 

the cell – have digestive enzymes!the cell – have digestive enzymes!
 PeroxisomesPeroxisomes

 Vesicles containing enzymes that break down Vesicles containing enzymes that break down 
hydrogen peroxide, alcohol, and other toxinshydrogen peroxide, alcohol, and other toxins

 VacuolesVacuoles
 Vesicles for waste disposal, storageVesicles for waste disposal, storage



Please note that due to differing 
operating systems, some animations 
will not appear until the presentation is 
viewed in Presentation Mode (Slide 
Show view). You may see blank slides 
in the “Normal” or “Slide Sorter” views. 
All animations will appear after viewing 
in Presentation Mode and playing each 
animation. Most animations will require 
the latest version of the Flash Player, 
which is available at 
http://get.adobe.com/flashplayer.



Vacuoles

a.

b.

c.

7,700

400

vacuoles
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Animation: The Golgi apparatusAnimation: The Golgi apparatus

http://www.youtube.com/v/cnK7RT1q0bA

http://www.youtube.com/v/cnK7RT1q0bA


3.  Energy-related organelles3.  Energy-related organelles
 ChloroplastsChloroplasts function in photosynthesis in  function in photosynthesis in 

plants and some types of algaeplants and some types of algae
 Use solar energy to synthesize carbohydratesUse solar energy to synthesize carbohydrates

 Eukaryotic cells make most of their ATP in Eukaryotic cells make most of their ATP in 
mitochondriamitochondria

 Endosymbiosis – chloroplasts and mitochondria Endosymbiosis – chloroplasts and mitochondria 
have their own DNA and ribosomeshave their own DNA and ribosomes



two outer membranes

Thylakoid 
membrane, a much-
folded single 
flattened 
compartment inside 
the stroma

Fig. 4-20, p.65

stroma (semifluid 
interior)

central vacuole

chloroplast in the cytoplasm of 
a plant cell



 ATP-producing powerhouses!ATP-producing powerhouses!

 Break down carbohydrates to make Break down carbohydrates to make 
ATP  ATP  

 Found in BOTH plants and animalsFound in BOTH plants and animals

 These reactions require oxygen, These reactions require oxygen, 
produce carbon dioxideproduce carbon dioxide

MitochondriaMitochondria



MitochondrionMitochondrion



4.  Cytoskeleton4.  Cytoskeleton
 Eukaryotic cells have a network of Eukaryotic cells have a network of 

interconnected protein filaments and interconnected protein filaments and 
tubulestubules
 Maintains cell shapeMaintains cell shape
 Allows cell and organelles to move (with Allows cell and organelles to move (with 

motor proteinsmotor proteins



Components of the CytoskeletonComponents of the Cytoskeleton
 MicrotubulesMicrotubules

 Long, hollow cylindersLong, hollow cylinders
 Involved in shape, motility, cell divisionInvolved in shape, motility, cell division

 Actin filamentsActin filaments
 Consist mainly of the globular protein actinConsist mainly of the globular protein actin
 Take part in movement, formation and Take part in movement, formation and 

maintenance of cell shapemaintenance of cell shape
 Intermediate filamentsIntermediate filaments

 Maintain cell and tissue structuresMaintain cell and tissue structures
 ropelikeropelike



Motor Proteins
 Myosin

 Interacts with actin in muscle contraction
 Kinesin and dynein

 Move along microtubules
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

ATP

vesicle

microtubule

kinesin

kinesin
receptor

vesicle moves,
not microtubule

http://www.youtube.com/watch?v=gJ309LfHQ3M

http://www.youtube.com/watch?v=gJ309LfHQ3M


Moving CellsMoving Cells
 Cilia and flagellaCilia and flagella
 Both made of Both made of 

microtubulesmicrotubules
 Cilia shorter and Cilia shorter and 

more abundantmore abundant

Basal body

Flagellum
Flagellum
cross section

triplets

Basal body

microtubule
doublet

central
microtubules

plasma
membrane

dynein side arms

TEM   350,000

TEM   101,000

cilia in bronchial wall
a.

flagella of sperm

http://www.youtube.com/v/E1L27sUzwQ0

http://www.youtube.com/v/E1L27sUzwQ0


 Structural component that wraps around the Structural component that wraps around the 
plasma membraneplasma membrane

 Occurs in plants, some fungi, some protistansOccurs in plants, some fungi, some protistans

Outside the Eukaryotic Cell - Cell WallOutside the Eukaryotic Cell - Cell Wall

cell wall

plasmodesmata

cell wall
Cell 1 Cell 2

plasma
membrane

cell wall

cytoplasm cytoplasm

plasmodesmata

53,000

middle lamella

     Junctions 
between 
plant cells



Animal Cells – No cell walls!Animal Cells – No cell walls!
 Some are surrounded by a matrix of fibrous Some are surrounded by a matrix of fibrous 

proteins & polysaccharides (called the proteins & polysaccharides (called the 
extracellular matrix) – ECMextracellular matrix) – ECM

receptor
protein

collagen
polysaccharides

cytoplasm

cytoskeleton
filament

elastic fiber



Cell JunctionsCell Junctions Plants Plants 
 Plasmodesmata  Plasmodesmata  

 Animals Animals 
 Tight junctions - barriersTight junctions - barriers

 Adhering junctions – Adhering junctions – 
sturdy but flexiblesturdy but flexible

 Gap junctions – Gap junctions – 
communication between communication between 
cellscells



  Introducing Prokaryotic CellsIntroducing Prokaryotic Cells

 Bacteria and archaea are the prokaryotes Bacteria and archaea are the prokaryotes 
(“before the nucleus”), the smallest and (“before the nucleus”), the smallest and 
most metabolically diverse forms of lifemost metabolically diverse forms of life

 Bacteria and archaea are similar in Bacteria and archaea are similar in 
appearance and size, but differ in structure appearance and size, but differ in structure 
and metabolismand metabolism



General General 
Prokaryote Body Prokaryote Body 

PlanPlan
Cell wallCell wall surrounds the plasma  surrounds the plasma 

membranemembrane
Made of peptidoglycan (in Made of peptidoglycan (in 
bacteria) or proteins (in archaea) bacteria) or proteins (in archaea) 
and coated with a sticky and coated with a sticky capsulecapsule

FlagellumFlagellum for motion for motion

PiliPili help cells move across surfaces help cells move across surfaces
Sex pilus aids in sexual Sex pilus aids in sexual 
reproductionreproduction



Archaeans – prokaryotic examplesArchaeans – prokaryotic examples



Bacteria – more prokaryotic Bacteria – more prokaryotic 
examples!examples!



Key Concepts:  Key Concepts:  
Prokaryotic CellsProkaryotic Cells

 Archaeans and bacteria are prokaryotic Archaeans and bacteria are prokaryotic 
cells, which have few, if any, internal cells, which have few, if any, internal 
membrane-enclosed compartmentsmembrane-enclosed compartments

 In general, they are the smallest and In general, they are the smallest and 
structurally the simplest cellsstructurally the simplest cells



Biology Help!
 Ways to study for my exam:  

 Answer the study guide & COME TO ME/USE THE BOOK IF 
YOU DON’T UNDERSTAND SOMETHING!!!  I CAN’T HELP 
YOU MEMORIZE, BUT I CAN HELP IN YOUR 
UNDERSTANDING!!!

 Memorize answers/info
• Use flash cards
• Get in groups
• Walk around a pool table
• There aren’t any shortcuts!!!

 Need help?  The Student Success Center offers free tutoring 
for many De Anza classes.  See 
http://www.deanza.edu/studentsuccess for details.

 Writing and Reading Center: ATC 309 408-864-5840
 Math, Science and Technology Resource Center: 
 S-43 408-864-8683
 General Subject Tutoring: ATC 305 408-864-8682
 Listening and Speaking Center: 
 ATC 304 408-864-5385
 Skills Center: ATC 302 408-864-8253
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