
I. Cell Structure and Function  (Chapter 4)
A. Basic Cell Types

1. prokaryotic cells lack a nucleus and other membrane bound organelles
a. chromosome is in a nucleoid rather than a nucleus
b. organelles include flagella and ribosomes

2. eukaryotic cells have a nucleus and membrane bound organelles
a. organelles include flagella and ribosomes
b. membrane bound organelles include mitochondria and chloroplasts
c. chromosome is enclosed in a membrane bound nucleus

3. all cells share many similarities
a. cell membrane
b. DNA as the genetic material
c. mechanism for protein synthesis
d. mechanisms for ATP production

B. Prokaryotic Cell Structure
1. Overview of prokaryotic cell structure

a. size, shape, arrangement
(1) small, 0.1 - 0.2 :m diameter to several hundred :m long
(2) largest about the size of a hyphen (Epulopisicum fishelsoni)
(3) E. coli 1.1 - 1.5 :m x 2.0 - 6.0 :m
(4) coccus = roughly spherical

(a) diplococci (Neisseria), 1 plane
(b) streptococci (Streptococcus), 1 plane
(c) grapelike clusters (Staphylococcus),  random planes
(d) tetrads (Micrococcus), 2 planes
(e) sarcina (Sarcina), 3 planes

(5) bacillus = rod
(a) coccobacillus = short rod (Corynebacterium)
(b) vibrio = curved 
(c) ends can be flat, rounded, cigar-shaped, or bifurcated

(6) long rods twisted into spirals or helices
(a) spirilla if rigid
(b) spirochete if flexible

b. cell organization
(1) almost all cells are bounded by cell walls
(2) plasma (cell, cytoplasmic) membrane inside wall, separated by periplasmic

space
(3) genetic material is contained in the nucleoid
(4) ribosomes and inclusion bodies are scattered throughout the cytoplasm

2. Cell wall
a. general features

(1) very important for several reasons (present in all but mycoplasmas and a few
archaebacteria)
(a) required for cell replication
(b) provide shape and prevent lysis



(c) many pathogens have cell wall components that contribute to
pathogenicity

(d) protect cells from toxic substances
(e) site of activity of many antibiotics

(2) G+ cells have a thick (20 - 80 nm) homogeneous layer of peptidoglygan or
murein outside the plasma membrane

(3) G- cells have a more complex cell wall structure
(a) 1-3 nm peptidoglycan layer
(b) outer membrane 7 - 8 nm thick
(c) periplasm  or  periplasmic space = space between cell wall and plasma

membrane (present but smaller in G+)
(d) periplasmic space contains many hydrolytic enzymes

(4) archaebacteria lack peptidoglycan and have cell walls composed of proteins,
glycoproteins, or polysaccharides

b. peptidoglycan
(1) enormous polymer containing two sugar derivatives and several amino acids

(a) N-acetylglucosamine (NAG)
(b) N-acetylmuramic acid (NAM)
(c) of amino acids, D-glutamic acid, D-alanine, meso-diaminopimelic acid

(DAP) are not found in proteins
(2) in a typical molecule, the backbone is composed of alternating NAG and

NAM residues
(a) peptide chain of 4 alternating L- and D-amino acids connected to the

carboxyl group of NAM (some bacteria substitute L-lysine for DAP in
third position) 

(b) peptidoglycan subunits joined by cross-links between the peptides
i) directly, carboxyl of D-ala to amino of DAP
ii) peptide interbridge (glycine chain) when lysine instead of DAP

(3) isolated peptidoglycan sacs are strong enough to retain their shape and
integrity, yet are also elastic and somewhat stretchable (unlike cellulose)

c. Gram stain
(1) differential stain developed by Christian Gram
(2) mechanism unknown, but appears related to cell wall structure

(a) G+ (purple) have thick cell walls, G- (pink) have thin cell walls
(b) G+ with cell wall removed stain G-
(c) peptidoglycan itself is not stained

(3) thought that EtOH shrinks pores in thick peptidoglycan
(a) G- peptidoglycan is thin, not as highly cross-linked, and has larger pores
(b) may also extract lipids from G- cell wall and increase porosity

d. gram positive cell walls
(1) besides peptidoglycan, also contain teichoic acids (polymers of glycerol or

ribitol joined by phosphate groups)
(2) teichoic acids extend to surface of peptidoglycan, giving the cell wall a

negative charge
(3) functions are unclear



(4) teichoic acids are not present in G-
e. gram negative cell walls

(1) made of peptidoglycan, but in a much thinner layer
(2) the outer membrane has typical membrane structure

(a) Braun's lipoprotein most abundant OM protein
i) embedded in OM by hydrophobic end
ii) covalently bonded to peptidoglycan

(b) OM and CW so strongly linked they can be isolated together
(3) OM contains lipopolysaccharides (LPS)

(a) lipid A (major component of OM)
(b) core polysaccharide
(c) O side chain or O antigen

(4) LPS important for several reasons
(a) the core polysaccharide contains charged sugars and phosphates,

contributing to overall negative charge of cell surface
(b) lipid A helps stabilize the outer membrane 
(c) lipid A is often toxic, so LPS can act as an endotoxin (responsible for

many symptoms in G- bacterial infections
(5) OM acts as a barrier, but is more permeable than plasma membrane

(a) blocks bile salts, antibiotics, other toxic compounds
(b) allows passage of small molecules (monosaccharides)

i) porin proteins form channels spanning the OM
ii) porins pass molecules # 600 - 700  daltons
iii) larger molecules require transport mechanisms with specific carriers

(c) prevents loss of constituents like periplasmic enzymes
f. role of cell wall, osmotic protection

(1) usually required to protect bacteria against destruction by osmotic pressure
(a) cytoplasm has higher solute concentration than environment (hypotonic

medium)
(b) osmosis  moves water into the cell, increasing osmotic pressure to as high

as 20 atmospheres
(c) cell membrane would burst (lysis) without the CW
(d) in hypertonic habitats (external solute concentration higher than cells),

water flows outward, cytoplasm shrivels and pulls away from cell walls
i) plasmolysis
ii) useful for food preservation

(2) Removal of cell wall removes osmotic protection
(a) lysozyme hydrolyzes NAM-NAG bond of peptidoglycan
(b) penicillin inhibits peptidoglycan synthesis
(c) cells grow normally in isotonic solutions

i) G+ converted to protoplasts
ii) G- retain OM and are called spheroplasts (some CW remains)
iii) if either transferred to dilute solution, lysis

(3) bacteria without cell walls (mycoplasmas and L forms) may have stronger cell
membranes



(a) L forms arise from "normal" parents, but lack peptidoglycan
(b) L forms do not revert, as peptidoglycan is required for peptidoglycan

synthesis
3. Cell membranes

a. in all organisms
b. barrier that contains the cytoplasm and inclusions, separating it from the

surroundings
c. selectively permeable (allows specific atoms and molecules to diffuse freely,

while preventing passage of others)
(1) prevents loss of essential components
(2) requires transport systems for non-diffusible

d. site of many critical processes
(1) respiration
(2) photosynthesis
(3) lipid and cell wall synthesis

e. contain receptors that help detect and respond to chemicals in surrounding
environment

f. composed of lipids and proteins
(1) amphipathic = structurally asymmetric (polar and non-polar ends)

(a) polar ends = hydrophilic
(b) non-polar ends = hydrophobic

(2) lipids form a bilayer, with hydrophobic portion inside
(3) proteins are embedded within the bilayer

g. very thin, visible with EM (5 - 10 nm)
h. fluid-mosaic model

(1) 20 - 30% protein is membrane bound (peripheral or extrinsic) and easily
washed off with aqueous solutions

(2) 70 - 80% protein are integral (intrinsic); insoluble in aqueous solutions
(amphipathic)

(3) membrane is highly organized and asymmetric, but also flexible and
dynamic

i. nutrient uptake
(1) membrane-bound transport mechanisms required for uptake of nutrients by

microbial cell
(a) mechanism must be specific (no use to transport unusable compound)
(b) membrane is selectively permeable
(c) transport of dilute solutes against a gradient

(2) passive diffusion = molecules move from a region of higher concentration to
one of lower concentration as a result of random thermal agitation
(a) rate is dependent on size of concentration gradient
(b) requires relatively high external concentration
(c) inefficient, not extensively employed

(3) facilitated diffusion = diffusion process aided by a carrier
(a) permeases embedded in membrane function as carrier proteins
(b) more efficient than passive diffusion



i) more rapid at lower concentrations
ii) saturatable (levels off, compared to linear increase with passive

diffusion)
iii) no energy requirement, still gradient driven (still diffusion)

(c) permeases may function by changing conformation, allowing buildup of
internal concentration
i) allows lipid-insoluble molecules to enter cell
ii) can work in reverse if internal concentration is high enough

(d) does not appear to be very important in procaryotes (used with glycerol);
larger role in eucaryotes (for sugar and amino acids)

(4) active transport = energy-linked transport of solute molecules
(a) works against a concentration gradient
(b) employs carrier proteins

i) high specificity
ii) saturatable

(c) can use ATP, other high energy phosphate compounds, or proton motive
force

(d) many compounds have multiple transport  systems (may have selective
advantage in different environments)

(e) typically used with sugars and amino acids
(f) symport = linked transport of two substances in the same direction (H+ -

linked uptake of amino and organic acids)
(g) antiport = linked transport of two substances in opposite directions

(Na+/H+)
(h) occurs in G- and G+

(5) group translocation = molecule is transported and chemically altered at the
same time
(a) phophenolpyruvate:sugar phosphotransferase system (PTS) best studied

i) transports sugars into procaryotes
ii) phosphorylates sugar using phosphoenol pyruvate (PEP) as phosphate

donor
(b) systems are fairly complex, with cytoplasmic and membrane enzymes

involved
(c) present in facultative anaerobes and anaerobes (rare in aerobes, except for

some Bacillus species)
(6) siderophores = low molecular weight molecules that complex with ferric iron

(a) hydroxamates or phenolates-catecholates
(b) complex binds to cell surface receptor protein and iron or complex is

transported inside
(c) iron reduced to ferrous form inside cell

4. Cytoplasmic components
a. cytoplasm (cytoplasmic matrix) = cellular contents inside the plasma membrane,

except for the nucleoid
b. protoplast = everything inside the plasma membrane



c. inclusion bodies = organic or inorganic materials, often visible with light
microscopy
(1) glycogen 

(a) starch-like glucose polymer ("-1,4 and "-1,6)
(b) used for carbon and energy

(2) poly-$-hydroxybutyric acid (PHB) 
(a) lipid-like linear polymer of $-hydroxybutyrate
(b) used for carbon and energy

(3) volutin (metachromatic granules) = polyphosphate
(4) sulfur granules

d. ribosomes
(1) complex structures made of protein and RNA
(2) site of protein synthesis
(3) located throughout the cytoplasm or loosely attached to the membrane

5. Nucleoid
a. nucleoid, nuclear body, chromatin body, nuclear region
b. region containing the prokaryotic chromosome
c. 60% DNA, some RNA, some protein
d. chromosome is a single circle of double stranded DNA

(1) tightly packaged
(2) E. coli, 2 - 6 :m long, DNA = 1400 :m

e. plasmids = circular, double stranded DNA molecules existing
extrachromasomally
(1) generally not required for cell growth and replication, but may confer selective

advantages
(2) commonly contain genes for antibiotic resistance mechanisms

6. Endospores
a. endospore = specialized dormant structure resistant to adverse conditions

(1) endo because they form inside vegetative cells
(2) resist boiling (remember Tyndall), desiccation, and disinfection
(3) can remain viable for hundreds of years

b. formed by several genera, but Clostridium and Bacillus most common
(1) Sporosarcina
(2) Desulfotomaculum
(3) Oscillospira

c. exosporium = thin, delicate, outer covering
d. spore coat = several protein layers

(1) beneath exosporium
(2) can be fairly thick
(3) impermeable
(4) primarily responsible for spore's resistance to chemicals

e. cortex = peptidoglycan layer
(1) beneath spore coat
(2) can fill half spore volume
(3) less cross-linked than in vegetative cells



f. spore cell wall  (core wall) = inside cortex, surrounding protoplast or core
g. protoplast = normal cell structures, including ribosomes and nucleoid

(1) largely dehydrated
(2) important to heat resistance

h. dipicolinic acid = up to 15% of spore weight
(1) complexed with calcium
(2) role unknown

i. spore formation usually triggered by lack of nutrients, but not by lack of energy
j. activation prepares spores for germination and usually results from treatments

like heating
k. germination = breaking spore's dormant state

(1) spore swells, spore coat cracks
(a) loss of resistance to heat and other stresses
(b) loss of refractivity
(c) release of spore components
(d) increase in metabolic activity

(2) can be triggered by normal metabolites or nutrients
(a) amino acids
(b) sugars

l. outgrowth = protoplast makes new components, emerges from remains of spore
coat, develops into active bacterium

7. External components
a. capsules, slime layers, RS layers

(1) capsule = layer of material external to the cell, well organized, not easily
removed

(2) slime layer = zone of diffuse, unorganized material that's easily removed
(3) glycocalyx = network of polysaccharides extending from cell surface (could

be capsule or slime layer)
(a) usually composed of polysaccharides, but could also have protein
(b) capsules protect cells from phagocytosis
(c) Streptococcus pneumoniae non-pathogenic without a capsule
(d) unencapsulated strains easily destroyed 
(e) capsules contain a lot of water and can protect against desiccation
(f) exclude phages and hydrophobic toxic agents, like detergents
(g) aids attachment to surfaces or tissues

(4) RS  (regularly structured) layer
(a) protein or glycoprotein
(b) pattern similar to floor tiles
(c) may act as protection

i) ion and pH fluctuations
ii) osmotic stress
iii) enzymes
iv) predacious bacteria

b. pili and fimbriae
(1) fimbriae = thin, hairlike appendages often called pili



(a) G- cells
(b) helically arranged protein subunits (3 - 10 nm x several :m)
(c) some types used to attach cells to surfaces

(2) sex pili = similar to fimbriae, but larger (9 - 10 nm diameter) and fewer (1 -
10/cell)
(a) genetically determined by sex factors
(b) required for mating
(c) some phages bind to receptors on sex pili

c. flagella and motility
(1) flagella = threadlike locomotor appendages

(a) mechanism for majority of motile bacteria
(b) inserted through plasma membrane
(c) 20 nm diam. x 15 - 20 :m long

(2) distribution patterns
(a) monotrichous = one flagellum (polar = at one end)
(b) amphitrichous = single flagellum at each pole
(c) lophotrichous = cluster of flagella at one or both ends
(d) peritrichous = flagella spread evenly over whole surface

(3) structure
(a) filament, made of single protein flagellin
(b) basal body embedded in cell
(c) hook, links filament to basal body

(4) synthesis
(a) flagellin subunits transported through core to outer end
(b) subunits spontaneously aggregate (self-assembly)

(5) mechanism of movement
(a) filaments are in a rigid helix
(b) when filament rotates, it acts as a propeller and bacterium moves
(c) rotation rates as fast as 40 - 60 rpm
(d) flagella rotate counterclockwise during swimming, clockwise during

random tumbling
i) monotrichous cells turn clockwise (when flagella turn

counterclockwise)
ii) peritrichous arrangements do not appear to spin the cell

(e) mechanism of "motor" still unclear, but proton flow appears required
(ATP has no direct role)

(f) bacterial movement is relatively rapid (2 - 100 body lengths/sec) through a
fairly viscous environment

(6) spirochetes move by flexing and spinning caused by an axial filament
(7) some bacteria use gliding motility

8. Bacterial taxis
a. net movement to or away from an attractant or repellent

(1) run = travel in straight or slightly curved line for a few seconds
(2) tumble or twiddle = stop in linear movement
(3) tumble followed by run in another direction



(4) with attractant, tumbling less frequent, runs longer, so net movement towards
attractant

b. receptors may influence the direction of flagellar rotation
c. different types of taxis

(1) chemotaxis = response to chemical stimulus
(2) aerotaxis = response to oxygen concentration
(3) phototaxis = response to light energy
(4) magnetotaxis = positive tactic response to magnetic field lines

(a) large amounts of iron as magnetite located near location of flagellar
insertion

(b) isolates from northern hemisphere seek the north
i) magnetic lines are about 70o

ii) tactic response bring cells downward into more anoxic zones (cells are
anaerobes or microaerophiles)

iii) northern isolates die in southern hemisphere (mutants can reverse
fields and survive)

C. Eukaryotic Cell Structure
1. Overview

a. unit of structure in plants, animals, protozoa, fungi, alga (except cyanobacteria)
b. differ from procaryote cells most obviously by having variety of membranous

organelles in cytoplasm and membrane bound nucleus
(1) organelle = intracellular structures that perform specific functions in the cell
(2) partitioning by membranes allow simultaneous biochemical and physiological 

activities under independent control and proper coordination (necessary due to
greater size and complexity)
(a) greater membrane surface area increases membrane bound activities

i) respiration
ii) photosynthesis

(b) internal membrane system serves as transport system
c. cytoskeleton instead of cell wall

(1) made up of small organelles microtubules, microfilaments, and other filaments
(2) involved in cell movements

d. cell walls not always present
(1) constructed from polysaccharides (e.g. cellulose)
(2) structurally simpler than prokaryotic cell walls

e. Motile through several mechanisms, but flagella and cilia most common
(1) structure very different than prokaryotic flagella
(2) cilia and flagella similar structure

2. Cytoplasmic matrix and organelles
a. endoplasmic reticulum (ER), an extensive system of membranes forming tubes

and plates in the cytoplasm
(1) smooth ER involved in lipid synthesis
(2) rough ER (ribosomes bound to surface) involved in protein synthesis

b. Golgi apparatus (composed of one or more stacks of cisternae)
(1) prepares and packages products for secretion



(2) form lysosomes (intracellular digestion, including materials taken up by
endocytosis)

c. lysosomes membrane bound organelles that contain digestive enzymes
(1) made by Golgi apparatus
(2) fuse with vacuoles containing ingested materials

d. ribosomes  (free or bound to ER) are organelles without a membrane that are the
site of protein synthesis

e. mitochondria 
(1) bounded by two membranes
(2) inner membrane folded into cristae
(3) energy generation

(a) TCA cycle
(b) electron transport
(c) oxidative phosphorylation

f. chloroplasts
(1) site of photosynthesis
(2) thylakoid membranes = site of reaction centers
(3) stroma = site of CO2 incorporation

3. The nucleus and cell division
a. nuclear structure

(1) contains cell's chromosomes
(2) double membrane envelope perforated by pores]

b. nucleolus
(1) within the nucleus
(2) synthesis of ribosomal RNA and ribosomal subunits

c. mitosis and meiosis
(1) chromosomes distributed to daughter cells by mitosis
(2) meiosis is a reductive division for sexual reproduction

4. External cell components include cilia and flagella, used for locomotion
5. Procaryote vs. Eucaryote cells (Table 4.1, page73)

D. Endosymbiote theory
1. hypothesis that some organelles evolved from bacteria

a. mitochondria and chloroplasts are bacterial in size
b. both contain closed, circular DNA and reproduce semiautonomously
c. ribosomes similar to bacterial ribosomes; similar sequences in rRNA and tRNA

2. Protozoan flagellate Cyanophora paradoxa has photosynthetic organelle (cyanellae)
with structures similar to cyanobacteria
a. some peptidoglycan in cell walls
b. DNA < cyanobacteria, about same as chloroplasts
c. lacks OM that cyanobacteria have


