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Bacteria

Taxonomy
3Classification of organisms

2Establish criteria for identification
2Arrange related organisms into groups

2Provide information about evolution

Binomial nomenclature
3“two-name” system

2Genus

2species

3Strains are subgroups of species
2Escherichia coli 0157:H7

Microbe names

Bacterium vs human taxonomy A dichotomous key
1a.  Prokaryotic  MONERA
1b.  Eukaryotic  see 2a

2a. Strictly unicellular  PROTISTA
2b.  Either uni-or multicellular see 3a

3a.  Nutrition by photosynthesis  PLANTAE
3b.  Nutrition by absorption or ingestion see 4a

4a.  Reproduce primarily sexually ANIMALIA
4b.  Reproduce either sexually or asexually FUNGI
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Bacterial Key DNA hybridization

Bergey’s manual Eubacteria vs Archaeabacteria

Rickettsiae and Clamydiae
present special problems 1.  Primary stain

2.  Mordant (fixes the primary dye)
3.  Decolorizing rinse --critical step
4.  Counter stain

Differential staining



3

1.  Crystal violet
2.  Iodine
3.  Alcohol rinse
4.  Safranin

Gram stain Gram reaction

Step
Crystal violet

Iodine

Alcohol

Safranin

Positive    Negative

Gram positiveGram positive

peptidoglycan

cytoplasmic
membrane

cytoplasm

Gram positive cell wall

Gram (+)

Gram (+) cell wall Gram negativeGram negative

outer membrane

peptidoglycan

cytoplasmic
membranecytoplasm

periplasm

Gram negative cell wall
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Gram (-) Gram (-) cell wall

PeptidoglycanPeptidoglycan
 peptidoglycan contains cross-linked

modified sugar subunits:

 N-acetylglucosamine (NAG)
 N-acetylmuramic acid (NAM)

Gram (-) peptidoglycan

Lipopolysaccharide (endotoxin)
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Acid fast reaction

Step

Carbolfuchsin

Acid alcohol

Methylene blue

Positive    Negative

Acid fast bacteria

Carbolfuchsin gets into the cytoplasm and resists
decoloration by the acid alcohol

Acid-fast
stain

Special Stains
3Endospore stain
3Flagella stain
3Negative stain
3Capsule stain

Flagellum stain
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Negative stain (bacillus) Diplobacilli

Diplococci Staphylococci

Electron Microscope

Electrons are generated, condensed, and
focused onto an object.  An image is
created and magnified on a fluorescent
screen.

Electron microscopy
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1.Heavy metals
2.Radioactive materials

Why?
It is difficult for electrons to pass through very

dense materials.

Staining for electron microscopy

Cell shapes
CocciCocci

 One coccus, many cocci.

1µm
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Arrangements of cocciArrangements of cocci

diplococcus

streptococcus

tetracoccus

sarcina

staphylococcus

BacilliBacilli

 One bacillus, many bacilli.

1-3µm

SpiralsSpirals

spiral helix

spirochete

5-10µm

5-100µm
Micrococcus

Methanopyrus (archaean)

Leptospirosis interrogans

Clostridium endospores Aqiofex (archaean)
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Binary fission Conjugation

Oscillatoria (chlorophyll in membranes) Nitrogen fixing bacteria
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Prokaryotic cell
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Envelops of archaeobacteria Membranes of archaeobacteria

Halobacteria

Thermophilic Methanogenic
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Thermoplasma Green sulfur bacteria

Cyanobacteria Myxobacteria

Streptococcus and Lactobacillus Purple sulfur bacteria

Green sulfur bacteria
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Oxygenic phototrophs Aerobic chemolithrotrophs

Thylacoids Botulism
3Botulus

2Sausage

3Causative agent
2Clostridium botulinum

1Endospore forming bacillus

1Obligate anaerobe
1Produces a very potent neurotoxin

0(exotoxin)

1Found in the soil

Clostridium botulinum C. botulinum endospores
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Endospore formation Growth in thioglycollate medium

Types of botulism
3Foodborne botulism

2Ingestion of the toxin
2No infection necessary

3Infant botulism
2Germination of endospores in immature

digestive tracts

2“Floppy baby” syndrome (up to 12 months)

3Wound botulism
2Deep, crushing wounds

Foodborne botulism

Symptoms/signs of botulism
3Relaxes muscles

2Double vision
2Speaking difficulties

2Swallowing
2breathing
2No fever

Toxin characteristics
3Most potent toxin known
3Exotoxin?
3Heat labile

2Destroyed  by heat
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Botulinum toxin blocks acetylcholine
release at neuronal junctions

Treatment
3Polyvalent antitoxin immediately
3Respiratory help
3Antibiotics?

2Amoxicillin
2Penicillin

Prevention
3Can food properly/avoid damaged cans
3Boiling home canned food for 10 minutes
3Avoid giving honey to infants
3Clean deep wounds properly
3 Avoid dirty needles

Causative agent
3Bacillus anthracis

2Gram + bacteria
2Endospore forming

2Rod shaped
2Encapsulated

Bacillus
anthracis
colony

Anthrax spores
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Bacillus anthracis

Bacillus
anthracis
endospore

Sporulation Spores

Dipicolinc acid
Low water
Low metabolism

Spores Spore formation and germination



17

Capsule

Poly-D-glutamic acid

1876 - Robert Koch
3First to isolate and

identify B. anthracis as
the cause of anthrax
2German Doctor
2Country practice

2Worked in his home
2Transmitted the

disease through 20
mice

Koch’s Postulates

Postulates
were
originally
outline by
Jakob Henle
in 1940

Louis Pasteur

Louis Pasteur’s original picture of Bacillus anthracis
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Anthrax toxin Preventing anthrax?

Decoy receptors?  

Vaccines
3First vaccine in the 1930s

2Livestock
1Attenuated bacteria
1Pasteur first to attenuate the organism

2Human
1Cell culture extracts that contain the PA protein

3New? -- DNA vaccine with the PA and LF
genes on a plasmid

Vaccine side effects

Gruinard Island

In 1941

60 sheep

1971 - still anthrax spores
Spread by earthworms

1981 - notes led government
officials to 10 lbs of soil
1986 - the island was
decontaminated
1987 - sheep were on the
island again

Strept throat (streptococcal pharyngitis)

Causative agent: Streptococcus pyogenes 
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Electron micrograph of S. pyogenes Signs/symptoms
3Red/sore throat
3Pus filled lesions

2Neck and tonsils

3Enlarged lymph nodes
in the neck

3High fever
3No cough

3No nasal discharge

Pus filled lesions on tonsils M-protein

Electron micrograph of M-proteins ß-hemolysis
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α-hemolysis (usually S. pneumonia) Complications
3Scarlet fever
3Streptococcal toxic shock syndrome
3Necrotizing fasciitis
3Glomerulonephritis
3Rheumatic fever
3Chorea

Necrotizing fasciitis Prevention/treatment
3Avoid crowds

2Adequate ventilation

3Penicillin (10 days)
3Erythromycin (10 days)

Causative organism
3Neisseria gonorrhoeae

2Gram (-) cocci
2Diplococcus

2Fastidious
1Chocolate agar - enriched
1Thayer-Martin medium - selective

0Vancomycin - inhibits Gram (+)

0Colistin & trimethoprim lactate - inhibits Gram (-) rods

0Nystatin - inhibit fungi

Transmission
3Direct contact

2Vaginal sex
2Oral sex

2Birth canal - neonates
2Anal sex
2Fomites - towels, laundry, sheets
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Pathogenesis
3Pili attach to epithelial cells
3Pili evade phagocytosis
3Other surface antigens help attach
3Endotoxin, proteases, phospholipases

2Cleave IgA antibodies

3Hitch rides on sperm?

Diagnosis
3Neisseria gonnhoeae identification

2Cultures (Thayer-Martin medium)
2Gram stain of culture and discharge

1Gram(-) diplococci

2An ELISA test (antibody)

2Nucleic acid probe

Treatment
3IM Ceftriaxone
3Penicillin
3Tetracycline
3Combination of ceftriaxone and tetracycline

(doxycycline) or azithromycin

Prevention
3No sexual contact
3Monogamous relationship

2Condoms

US incidence of gonorrhea Gonorrhea by ethnicity
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Streak plate of Neisseria gonorrhoeae Discharge with N. gonorrhoeae

WBC with N. gonorrhoeae Pili of N. gonorrhoeae

Diplococcus Diplococcus
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Causative agent
3Borrelia burgdorferi

2Bacterium
2Large spirochete

211 to 25 µm
2Linear genome (multiple copies)

Borrelia burgdorferi

Borrelia burgdorferi Transmission
3Bite of an infected tick
3Borrelia burgdorferi reproduce and spread

radially
3No transmission to other people

3Major reservoir
2White footed mouse
2White tailed deer

Vector
2Black-legged tick
2Ixodes scapularis

2Deer tick

Ixodes scapularis (Black legged tick)
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Life-cycle Signs/symptoms
3Stage 1 - one week

2Bull’s-eye rash develops at bite site
1Ring-like - up to 6 inches

2Fever, malaise, headache, and body aches
1Flu-like

Signs/symptoms
3Stage 2 & 3

2Acute - 2-8 weeks -
1heart and nervous system
1Paralysis of the face, pacemaker, impairment of

arm and leg movement, fatigue, severe headache,

2Chronic - 6 months -
1Arthritis, joint pain, swelling, tenderness in joints

Bull’s-eye rash

Bull’s-eye rash Bull’s-eye rash
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Lime Disease
3Clinical symptoms

2Rash - sometimes
2Arthritis - most cases

3Antibody test

Lyme disease
3Treatment

2Doxycyline
2Amoxicillin

2Ampicillin
2Cefriaxone

3Prevention
2Protective clothing, tick repellents

2Vaccine (4/5 people it works)
2Parasitic wasp against black-legged ticks

Lyme disease distribution

Rickettsiae and Clamydiae
present special problems

Mycoplasma pneumonia
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Mycoplasma pneumonia Causative agent
3Mycobacterium tuberculosis

3Mycobacterium bovis

3Mycobacterium avium

3Acid fast bacillus bacterium
3Obligate aerobe
3Slow grower

2Generation time = 12 hours

Mycobacterium diseases Acid fast and staining
3Lipid layer - mycolic acid

2Prevents drying
2Prevents staining with most dyes

2Carbofuchsin -red (positive)
2Methylen blue - blue (negative)

Acid fast staining Transmission
3Aerosol droplets

210 or fewer cells cause disease
2Coughing

2Ventilation
2Crowding

1Families
1Schools

1Hospitals
1Elderly homes
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Signs/symptoms
3Slight fever
3Chronic cough
3Sweating at night
3Weight loss
3Blood streaked sputum

US incidence of TB

Incidence of tuberculosis Tuberculin or Mantoux test
3Inject under the skin the purified protein

2PPD - purified protein derivative

3If infected
2Redness and firmness develops

148-72 hr

3T-cell delayed hypersensitivity response
3Positive test - infected or exposed to

Mycobacterium tuberculosis

PPD skin test Positive skin test
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Diagnosis
3Sputum culture

2Slow - 8 weeks

3Genetic probes
2Fast

3Chest x-rays
3Skin test

X-rays

Treatment
3Isoniazid & rifampin

2Six months or more

3Other drugs...

3GCG vaccine
2Discouraged in US
2Living attenuated bacteria

Growth of M. tuberculosis

Micrococcus Psuedomonas
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Corynebacteria Azotobacter

Myxobacteria Actinomycetes (Streptomyces)

Coxiella and Chlamydia


