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28.1 Viruses, viroids, and prions

ÅBiology of viruses-noncellular, obligate parasites

ïViral structure

Å0.2 microns in size, much smaller than bacteria

ÅMany shapes- rods, blocks, polyhedrons

Å2 basic parts

ïOuter capsid of protein subunits

ïInner core of nucleic acid

» Can be either double-stranded DNA. Single-stranded DNA, 

single-stranded RNA, or double-stranded RNA

ÅSome viruses have an envelope surrounding capsid

ïDerived from host cellôs plasma membrane

ïViral spikes-extensions of envelop for adherence
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Viral structure

ÅFig. 28.1
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Viruses, viroids, and prions contôd.

ÅViral reproduction

ïHighly specific for host cells

ÅSpike and host cell membrane receptor fits like lock and key

ïLife cycle of typical animal virus has 6 steps

ÅAttachment-spike binds to receptor

ÅEntrance-virus enters cell and uncoating occurs

ÅRNA replication-many copies of viral genome are made

ÅBiosynthesis-viral components synthesized

ÅAssembly-new virus particles assembled

ÅBudding-acquires an envelope with spikes

ï These steps are illustrated on the following slide
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Life cycle of an animal virus

ÅFig. 28.2
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Viruses, viroids, and prions contôd.

ÅLatency

ïViral genome of some viruses can lie dormant within host cell 

genome

ÅCalled a provirus

ÅViral DNA is replicated along with the host genome

ïCan lie dormant for years

ÅStress may stimulate provirus to enter biosynthesis stage

ïRetroviruses

ÅGenome is in RNA

ÅEnzyme reverse transcriptase transcribes RNA into DNA

ïThis DNA is called cDNA (copy DNA)

ÅcDNA can incorporate into host cell genome
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Viruses, viroids, and prions contôd.

ÅHuman viral diseases

ïInfluenza and colds

ÅColds are caused by rhinoviruses

ÅFlu is caused by influenza viruses

ÅMany antigenic forms of both

ïAntigenic drift-re-assortment and combination of RNA from 

more than one viral form

ïExplains why flu vaccinations must be given each year as new 

antigenic forms appear
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Influenza virus

ÅFig. 28.3
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Viruses, viroids, and prions contôd.

ÅMeasles

ïMost contagious human disease

ïSpread by respiratory route

ï7-12 day incubation period before flu-like symptoms and rash 

appear

ÅMajor killer worldwide in non-vaccinated populations

ÅMMR vaccine protects against measles

ÅHerpes

ïChronic viral infection that can remain latent

ÅHerpes simplex type 1-cold sores and fever blisters

ÅHerpes simplex type 2-genital herpes

ÅHerpes zoster- chickenpox and shingles
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Chickenpox

ÅFig. 28.4
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Viruses, viroids, and prions contôd.

ÅDrug control of human viral diseases

ïDifficult to develop drugs that affect viral reproduction without 

harming host cell

ïAntiviral drugs against HIV have been developed

ïAcyclovir is used against Herpes

ïAntibiotics are not effective against viruses 
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Viruses, viroids, and prions contôd.

ÅViroids and prions

ïAlso acellular pathogens

ïViroids are naked RNA molecules which do not code for proteins

ÅInfect plant cells and cause disease

ïPrions are rogue folded proteins-passed through ingestion of 

infected tissues

ÅDerived from normal proteins in the brain

ÅScrapie in sheep

ÅMad cow disease in cattle

ÅCreutzfeld-Jakob disease in people

ÅKuru- human to human transmission through cannibalism
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28.2 Bacteria and Archaea

ÅBiology of bacteria

ï3 basic shapes-cocci, bacilli, spirillum

ÅBacilli and cocci may be solitary or in clusters or chains

ïBacterial structure

ÅPlasma membrane

ÅMany have a cell wall containing peptidoglycans

ïDifferential stains like the Gram stain interact with cell wall 

components

» Gram-positive bacteria-retain crystal violet

» Gram-negative bacteria-retain the counter stain safranin; 

high lipopolysaccarhide content causes crystal violet to be 

washed out

ÅOrganelles as illustrated on the following slide
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Typical bacterial cell

ÅFig. 28.6
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Bacteria and archaea contôd.

ÅBacterial reproduction

ïBinary fission-after a period of growth a bacterial cell can 

replicate its genome and divide in half asexually

ïIn harsh conditions, Gram-positive bacteria (and some Gram 

negatives) can form a resistant endospore

ïNo sexual reproduction, but three mechanisms of genetic 

recombination

ÅConjugation-òmaleò cell passes DNA to ñfemaleò through a sex pillus

ÅTransformation-bacterium takes up DNA from environment released 

by dead bacteria

ÅTransduction-viruses carry bacterial DNA from cell to cell
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Binary fission

ÅFig. 28.7
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Bacteria and archaea contôd.

ÅBacterial metabolism
ïMost are heterotrophic

ÅSome are anaerobic and cannot use oxygen as final electron 
acceptor

ïSulfate reducers-transfer electrons to sulfate

ïDenitrifying bacteria use nitrate

ïSome are photosynthetic

ÅCyanobacteria- have chlorophyll a and undergo photosynthesis

ÅOther types split hydrogen sulfide instead of water to produce sulfur 
as a by-product

ïSome are chemosynthetic

ÅReduce carbon dioxide to an organic compound using electrons 
from ammonia, hydrogen gas, hydrogen sulfide, or certain minerals 
such as iron
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Cyanobacteria

ÅFig. 28.8
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Bacteria and archaea contôd.

ÅEnvironmental and medical aspects of bacteria

ïBacteria are decomposers

ÅBreak down organic matter and make inorganic nutrients available 

for plants

ÅEssential to biogeochemical cycles

ïCyanobacteria produce oxygen from photosynthesis

ÅFirst colonizers of rocky habitats

ÅMany capable of both carbon and nitrogen fixation

ÅForm a symbiotic relationship with fungi in lichens
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Bacteria and archaea contôd.

ÅEnvironmental and medical aspects of bacteria

ïFood processing

ïAntibiotic production

ïGenetically engineered bacteria produce many products such as 

insulin and vaccines



28-21

Bacteria and archaea contôd.

ÅBacterial diseases in humans

ïStreptococcus infections

ÅCause more disease than any other genus

ÅPharyngitis-most common and mild strep disease

ÅStreptococcus pneumoniae-important agent in bacterial pneumonia

ÅStreptococcus mutans- contributes to dental caries

ÅStreptococcus pyogenes-causes the most disease of any strep

ïImpetigo in infants- mild skin disease

ïRheumatic fever- from endotoxins

ïNecrotizing fasciitis-òflesh-eatingò bacteria
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Streptococcus pyogenes

ÅFig. 28.9
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Bacteria and archaea contôd.

ÅBacterial diseases in humans

ïTuberculosis

ÅHighest mortality worldwide of any disease

Å1/3 of the worldôs population is infected

ÅCaused by Mycobacterium tuberculosis

ÅActive lesions in lung cause tubercles from immune response

ïBecome calcified

ïFood poisoning

ÅSalmonella-symptoms take several days to weeks to develop

ÅStaphlyococcus- acts quickly due to toxin production

ÅClostridium botulinum- produces one of the most deadly toxins on 

Earth; anaerobic, and can survive in improperly canned foods
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Tuberculosis

ÅFig. 28.10
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Bacteria and archaea contôd.

ÅBacterial diseases in humans

ïChlamydia infections

ÅChlamydia trachomatis

ïsmall intestinal parasite causing variety of diseases

» Blindness

» Venereal disease
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Bacteria and archaea contôd.

ÅDrug control of human bacterial diseases

ïAntibiotics interfere with metabolic processes unique to bacteria

ÅInhibition of synthesis of bacterial proteins

ÅShould not harm human cells

ïProblems related to antibiotic therapy

ÅPotentially fatal allergic reactions

ÅKilling off of normal flora

ÅPrevention of natural immunity

ÅBacterial resistance
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Bacteria and archaea contôd.

ÅBiology of archae

ïVery different from the bacteria

ïArchaea are more closely related to Eukarya based on nucleic 

acid similarities

ïInhabit extreme environments

ÅExtreme thermophiles- live in extremely high temperatures

ÅExtreme thermoacidophiles- line in habitats with high temperature 

and low pH

ÅHalophiles- live in salty habitats

ÅMethanogens- anaerobic environments
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Comparison of domains Archae and 

Eukarya

ÅTable 28.1
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Extreme habitats

ÅFig. 28.11
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Bacteria and archaea contôd.

ÅArchaeal structure and metabolism

ïStructure

Å0.1-15 microns in size

ÅDNA genome is a single, closed circular molecule

ÅGram-positive archaea have thick polysaccarhide cell wall

ÅGram-negative archaea have a protein surface layer

ÅCell membranes-single lipid layer which may be highly branched

ÅChemical characteristics make them acid and heat tolerant

ÅReproduce by binary fission
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Bacteria and archaea contôd.

ÅArchaeal structure and metabolism contôd.

ïMetabolism

ÅSome are heterotrophs, some are autotrophs

ÅHalophiles-unique photopigment resembling pigment in human 

retina

ÅMany are obligate anaerobes

ïMethanogens reduce carbon dioxide to methane

» Found in swamps, lake sediments, hot springs, and 

digestive tracts of animals

ïMethane can be used for fuel, also a greenhouse gas
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28.3 Protists

ÅOverview

ïVery diverse group, widespread in moist environments

ïGenerally unicellular

ÅHave combination of characteristics not found in other eukaryotic 

kingdoms

ÅHave complicated life cycles that allow survival in adverse 

conditions

ÅHave some specialized organelles not found in other eukaryotes
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Protists contôd.

ÅBiology and diversity of algae

ïCan be unicellular, colonial, or filamentous

ïComponents of phytoplankton

ÅImportant food source for heterotrophs 

ÅOxygen-producers

ÅSymbiotic relationships with fungi-lichens

ÅGreen algae- have chlorophyll a and b

ïStore carbohydrates in the form of starch within pyrenoids

ïCells walls of cellulose

» Unicellular green algae-Chlamydomonas

» filamentous-Spirogyra

» Colonial- Volvox
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Representative green algae

ÅFig. 28.12
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Protists contôd.

ÅDiatoms

ïMost numerous unicellular algae in the oceans

ïComponent of phytoplankton

ïIntricate shells of silica

ïDiatomaceous earth- shells of diatoms

ÅDinoflagellates

ïHave cellulose plates and 2 flagella

ïComponent of phytoplankton

ÅCan produce neurotoxin- red tides

ïGenerally photosynthetic

ïSome have bioluminescence
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Diatom shells

ÅFig. 28.13
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Dinoflagellates

ÅFig. 28.14
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Protists contôd.

ÅRed algae

ïMainly multicellular seaweeds

ïContain red and blue pigments as well as chlorophyll

ïProduce useful gelling agents

ÅAgar

ÅCarageenan

ÅBrown algae

ïMulticellular seaweeds, kelps

ïHas accessory pigments ranging in color from brown to black

ïSargasso Sea-has large floating mats of brown algae

ïHarvested for food in some parts of the world

ÅAlso as a source of algin-gelatinous product used in foods



28-39

Red alga

ÅFig. 28.15
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Brown alga

ÅFig. 28.16
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Protists contôd.

ÅEuglenoids

ïFreshwater unicellular organisms

ïMost have chloroplasts but some do not; chloroplasts are 

surrounded by 3 membranes instead of 2

ïHave 2 flagella

ïHave a photoreceptor called an eyespot

ïPyrenoids-contain an unusual carbohydrate polymer

ïCell membrane is surrounded by a flexible pellicle-allows 

movement 
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Euglena

ÅFig. 28.17
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Protists contôd.

ÅBiology and diversity of protozoans

ïOverview

ÅUsually motile eukaryotic unicellular heterotrophic protists

ÅCommonly divided and classified by mechanism of locomotion

ÅWide distribution

ïAquatic habitats- zooplankton

ïParasites

ÅVariable cell structure

ïSome have more than one nucleus

ïContractile vacuoles- regulate water balance

ïSome produce cysts for survival in adverse conditions
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Protists contôd.

ÅClassification of protozoans by motility

ïThe ciliates

ÅMove by means of cilia

ïCilia also aid in prey capture and feeding

ïCilia moves food to gullet, engulfed in phagocytic vacuole

ïMerges with lysosome and digested

ÅExamples:  Paramecium and Stentor
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Ciliates

ÅFig. 28.18
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Protists contôd.

ÅProtozoans contôd.

ïAmeboids

ÅMove by pseudopodia

ÅAquatic, freshwater and saltwater forms

ÅComponent of zooplankton

ÅFeed by phagocytosis

ÅExamples

ïAmeba proteus- free-living freshwater ameba

ïEntamoeba sp.- causes amebic dysentary

ïForaminiferans and radiolarians- have a skeleton called a test

» Deposits indicate presence of oil on land and sea

» Used to date sedimentary rocks

» Deposits form White Cliffs of Dover
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Ameboids

ÅFig. 28.19
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Protists contôd.

ÅZooflagellates (mastigophora)

ïColorless heterotrophs

ïMove by flagella

ïMost are symbiotic, many parasitic

ÅTrypanosoma- causes African sleeping sickness

ïTsetse fly is vector

ïLives in bloodstream of host

ÅChagas disease- transmitted by the kissing bug

ÅGiardia lamblia- giardiasis- severe diarrhea
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Trypanosome

ÅFig. 28.20
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Protists contôd.

ÅSporozoans

ïGenerally nonmotile with complex life cycles

ïIntercellular or intracellular parasites

ïProduce resistant spores

ïMalaria- most widespread and dangerous sporozoan disease

ÅPlasmodium vivax- spread by the Anopheles mosquito

ïLife cycle illustrated on the following slide
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Life cycle of Plasmodium vivax

ÅFig. 28.21
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Protists contôd.

ÅOther sporozoan diseases

ïToxoplasmosis

ÅToxoplasma gondii- oocysts commonly transmitted by infected cats

ïFor most people, it produces only mild flu-like symptoms

ïIn pregnant women it can infect the fetus and cause 

neurological damage

ïCryptosporidium ïcauses mild gastroenteritis in most, but can be 

fatal in people who are immunosuppressed

ÅPassed in feces of infected animals

ÅCan pass through water filtration processes and is unaffected by 

chlorination
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Protists contôd.

ÅMolds as protists

ïWater molds and slime molds are classified as protists

ïBoth have flagellated cells

ïWater molds

ÅSaprophytic, live off dead matter

ÅHave a filamentous body with cell walls of cellulose

ÅProduce flagellated spores during asexual reproduction

ÅDuring sexual reproduction, produce eggs and sperm
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Protists contôd.

ÅMolds as protists contôd.

ïSlime molds

ÅFeed on dead plant material and bacteria

ÅPlasmodial (acellular) slime molds- exist as a plasmodium

ïDiploid multinucleate cytoplasmic mass with a slimy sheath

ïCrawls along forest floor and phagocytizes dead organic matter

ïPlasmodium produces sporangia which produce resistant 

spores

» Spores germinate to form flagellated cells and amoeboid 

cells

» These fuse and develop into a new plasmodium
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Plasmodial slime molds

ÅFig. 28.22
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Protists contôd.

ÅMolds as protists contôd.

ïCellular slime molds

ÅExist as individual amoeboid cells

ÅCommon soil decomposers

ÅWhen food is scarce, they aggregate together to form a 

pseudoplasmodium 

ïThis gives rise to sporangia which produces spores

ïSpores germinate releasing haploid amoeboid cells
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28.4 Fungi

ÅOverview of fungi

ïTrue multicellularity with differentiation

ïStrict heterotrophs

ïRelease enzymes into environment- digestion is extracellular

ïMost are saprophytic

ïAlong with bacteria, fungi are important as decomposers

ÅBiology of fungi

ïBody- mass of filaments called a mycelium

ÅEach filament is a hypha- increase surface area for absorption

ïSome have crosswalls between cells-septa

ïNonseptate fungi lack crosswalls between cells-multinucleate
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Fungal mycelia and hyphae

ÅFig. 28.23
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Fungi contôd.

ÅFungal cell structure

ïCell walls contain chitin

ÅPolymer of glucose

ïEach glucose has an amino group attached

ÅFound in exoskeletons of animals

ÅEnergy reserve is glycogen like animal cells

ÅMove toward food source by growing toward it

ïHyphae can grow as much as a meter per day!
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Fungi contôd.

ÅFungal reproduction

ïAdapted to dry land-produce wind-blown spores

ÅHaploid reproductive cell- germinates and develops into new 

mycelium-asexual

ÅSexual reproduction-conjugation of two different mating types

ïDesignated as + and ï

ïDikaryonic state-in some, the + and ïnuclei do not fuse for 

long periods of time

ïAfter fusion of nuclei a zygote forms- undergoes meiosis 

» Produces haploid spores and cycle begins again
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Dispersal of spores

ÅFig. 28.24


