BACTERIA

Chapter 11

Goals

· TO LEARN THE FOLLOWING:

· Some of the eubacterial groups and some of their distinguishing characteristics

· Proteobacteria (all Gram –ve)

· Non-proteobacteria Gram –vs bacteria

· Gram +ve bacteria

· The diversity among bacteria

· The different functions of bacteria

· GOOD and BAD

GROUP 1: PROTEOBACTERIA

· Includes most of the Gram –ve bacteria

· Very large and diverse group of eubacteria

· Chemoheterotrophic

· Divided into 5 phyla

· ALPHA 

· BETA

· GAMMA 

· DELTA

· EPSILON

THE ALPHA PROTEOBACTERIA

· Require very little nutrients to survive

· Includes many agriculturally important bacteria & some important plant and human pathogens

· Azospirillum: 

· SHAPE: Gram –ve rod

· Important in agriculture

· Lives in roots of some plants ( nitrogen fixation

· Rickettsia:

· SHAPE: Gram –ve rods or coccobacilli

· Obligate intracellular parasites

· Transmitted by insect bites (lice, ticks)

· Cause spotted fevers in humans

· Rickettsia rickettsii –Rocky Mtn. Spotted Fever
ALPHA PROTEOBACTERIA cont’d

· Ehrlichia

· SHAPE: Gram –ve rods

· Transmitted by tick bites

· Causes Ehrlichiosis

· Rhizobium and Agrobacterium

· Rhizobium – live in roots of bean plants

· Form root nodules in these plants ( N fixation

· Agrobacterium tumefaciens – does NOT N-fix

· Inserts plasmid into plant cell

· Plant pathogen ( crown gall

· Brucella
· Next slide

5. Brucella

· SHAPE: Coccobacilli

· Obligate parasites of mammals

· Usually transmitted to humans by contact with animals

· Can evade immune system because they survive phagocytosis

· Cause brucellosis (undulant fever)

THE BETA PROTEOBACTERIA

· Thiobacillus

· Sulfur-oxidizing bacteria, important in the sulfur cycle

· Bordatella

· SHAPE: Encapsulated Gram –ve rod
· PATHOGEN:
· B. pertussis -  whooping cough (pertussis)
· Neisseria

· SHAPE: Gram –ve diplococci

· FOUND: Human mucous membranes

· PATHOGENS:  

· N. gonorrhea - gonorrhea
· N. meningitides -  meningitis

THE GAMMA PROTEOBACTERIA

· Contains the largest number of important bacteria

· Subdivided into 6 subgroups

· FRANCISELLA

· PSEUDOMONALES

· LEGIONALLES

· VIBRIONALES

· ENTEROBACTERIALES

· PASTEURELLAS

1. FRANCISELLA

· Small, Gram –ve rod but pleomorphic

· Grows on complex media

· Francisella tularensis 

· Causes tularemia (rabbit fever)

· Transmitted to humans with contact with small animals such as rabbits, foxes etc.

2. PSEUDOMONALES 

· Usually Gram –ve aerobic rods and cocci

· GENERA: Pseudomonas (pseudomonads)

· Most medically important pathogen

· P. aeruginosa 
· Resistant to many antibiotics & disinfectants

· Outer membrane contains porins that pump these chemicals outside the cell rapidly

· Secretes a soluble, blue-green pigment into surrounding media

· Causes pneumonia, urinary tract infections, infections in burns

· Nosocomial infections – found in faucets, showers, syringes, soaps, catheters & other hospital instruments

2. PSEUDOMONALES cont’d

· GENERA: Moraxella

· SHAPE: Coccobacilli

· PATHOGEN:

· M. lacunata - conjunctivitis (pink eye)

· M. catarrhalis - possibly involved in some ear infections (otitis media)
3. LEGIONALLES


· GENERA: Legionella

· SHAPE: Rods

· FOUND: streams and warm water supplies

· Found in water of air conditioners & cooling towers

· PATHOGEN:  L. pneumophila 

· Legionnaire’s disease

· GENERA: Coxiella

· Coxiella burnetti – Gram –ve coccobacillus

· Obligate intracellular parasite causes - Q fever

· Aerosol (not via insect bite therefore no longer classified with the rickettsia)

· Can produce an endospore-like structure able to withstand extreme environmental conditions
4. VIBRIONALES

· Facultative anaerobic Gram –ve rods that are usually curved

· GENERA: Vibrio

· Usually have a comma shaped appearance

· Most important human pathogen = Vibrio cholera

· Vibrio cholerae - cholera

· Vibrio parahemolyticus - shellfish food poisoning

· Due to ingesting raw fish and oysters

5. ENTEROBACTERIALES

· Facultative anaerobic Gram –ve rods

· Commonly called the “ENTERICS”

· Primarily inhabit the intestinal tracts of humans and animals

· Some are motile - flagella

· Some have fimbriae for attachment to cell surfaces

· Many produce BACTERIOCINS - lyse other enterics

· Divided into 7 genera

5. ENTEROBACTERIALES cont’d #1

· Escherichia

· E. coli -  Most common facultative anaerobe in the gut

· Presence of this organism in food and water usually indicates fecal contamination

· Pathogenic strains (especially E. coli O157:H7) cause a variety of gastrointestinal diseases

· Traveler’s diarrhea

· Urinary tract infections

5. ENTEROBACTERIALES cont’d #2

· Salmonella

· Gram –ve rods, most are pathogenic

· Common inhabitant of intestinal tract of animals

· Cattle and poultry

· Few species, 2000+ serotypes (serovars)

· Based on reaction with antibodies to specific bacterial structures

· Most common human pathogen = S. enterica
· Multiple serovars depending on flagellar antigen

· Variety of food poisonings due to uncooked or undercooked poultry

· S. typhi - typhoid fever (most pathogenic)

· Serious infection of the intestines can lead to intestinal mucosal wall perforation

5. ENTEROBACTERIALES cont’d #3

· Shigella

· Gram –ve rods

· Found only in humans

· S. dysenteriae - causes Bacillary Dysentery
· Klebsiella

· Mainly found in soil and water

· Common in hospitals

· K. pneumoniae - pneumonia in immune compromised individuals
· Serratia

· S. marcescens - hospital acquired (nosocomial) infections

· Urinary & respiratory tract infections & septicemias

· Can produce a red pigment

5. ENTEROBACTERIALES cont’d #4

· Proteus

· Very actively motile

· Urinary tract infections that may lead to kidney infections

· Infant diarrhea

· Yersinia

·  Most important human pathogen = Y. pestis
· Y. pestis - bubonic plague 

· Mainly found in rats and squirrels (rodents)

· Can be transmitted to humans by direct contact with these animals or with their fleas

6. PASTEURELLAS

· Medically important - humans & animals

· Pasteurella

· Mainly found in domestic animals

· Most common bacteria found in a dog or cat bite

· Pasteurella multocida  - main cause of wound infection after a cat or dog bite

6. PASTEURELLAS cont’d

· Haemophilus 

· Mainly found on mucous membranes of nasopharynx

· H. influenzae - pneumonia, ear aches, epiglottitis 

· Most common cause of meningitis in children under 6 years of age
· Culture requirements

· Require blood to grow

· Supplies bacteria with the X & V factors)

· X Factor: heme

· V Factor: NAD+ 

· H. ducreii – causes a sexually transmitted disease called chancre
THE DELTA & EPSILON PROTEOBACTERIA

· DELTA PROTEOBACTERIA

· Include bacteria that are pathogenic to other bacteria and some agricultural organisms
· EPSILON PROTEOBACTERIA

· Organisms that are slender, Gram –ve helical bacteria

· Campylobacter 

· Small vibrio-like organisms, found in cattle & sheep

· May cause abortions in animals

· Campylobacter jejuni -  gastroenteritis after ingesting improperly cooked meat and chicken (can survive at 43 C)

· Helicobacter

· Helicobacter pylori – curved rod that causes gastritis and peptic ulcers in humans

The Nonproteobacteria Gram –ve Bacteria

· Include many photosynthetic and non-photosynthetic bacteria

· Cyanobacteria are classified under this phylum

· Divided into 4 phyla

· CHLAMYDIA

· SPIROCHETES

· BACTERIODES

· FUSOBACTERIA

1. CHLAMYDIAS 

· Obligate intracellular parasites

· Gram –ve  coccobacilli with a unique life cycle

· Infective form that enters the cell: elementary body

· Changes into larger intracellular form: reticulate body

· Transmitted by personal contact, respiratory route

· C. trachomatis  

· May causes trachoma - blindness in humans and non-gonococcal urethritis
· C. psittaci 

· Causes psittacosis (pneumonia from birds) through contact with birds and parrots 

· C. pneumoniae
· Causes a mild form of pneumonia

2. SPIROCHETES

· Gram –ve helical rods

· Motile via axial filaments

· FOUND: Soil, decaying matter, contaminated water, in animals/humans

· Most important human pathogens:

· Treponema pallidum  - syphilis

· Borrelia burgdorferi - Lyme disease

· Leptospira species – spread by water contaminated with animal urine ( leptospirosis

3. BACTEROIDES & 4. FUSOBACTERIA

· Bacteroides

· Strict anaerobic Gram –ve rods

· Non-motile, non-spore-forming

· Usually inhabit the human oral cavity 

· Most common microorganism in the human intestinal tract

· May cause infections in the peritoneum after perforation of the intestines due to surgery, gunshots or knife wounds

· Fusobacterium

· Long, slender, pointed end rods

· Mainly found in the human oral cavity, gingival crevices

· May cause gum disease

The Gram Positive Bacteria

· Include many rods and cocci that are important human pathogens

· MYCOPLASMATALES

· EPULOPISCIUM

· CLOSTRIDIALES

· BACILLALES

· LACTOBACILLALES

MYCOPLASMATALES

· Mycoplasmas are cell wall-less – but are discussed with the Gram +ve bacteria

· Can be filamentous and are pleomorphic because they lack a cell wall

· Plasma membrane does contain sterols

· Filterable and have a “fried egg” appearance on agar plates

· Aerobes or facultative aerobes

· M. pneumoniae 

· Primary atypical pneumonia or “walking pneumonia”

EPULOPISCIUM

· GIANT prokaryotes
· 1991: Discovered in gut of a surgeonfish

· LARGE: 80 m x 600 m

· E. coli - 1 um long

· So large at first thought it was a protozoan
· Procaryote:  no nucleus

· Also rRNA analysis confirms as a prokaryote

· Epulopiscium - “guest at the banquet of fish”

1. CLOSTRIDIALES

· Obligate anaerobic, Gram +ve rods that produce endospores  

· Important in medicine and food industry due to the resistance of the endospores

· Clostridium

· C. tetani - tetanus

· C. botulinum - botulism - severe food poisoning

· C. perfringes - gas gangrene, food poisoning
2. BACILLALES

· Includes members that are aerobic Gram +ve rods that produce endospores

· Mainly found in the soil

· Some are important pathogens of humans and animals

· Bacillus anthracis – anthrax

· Disease of cattle that can be transmitted to humans
· B. thuringensis - insect pathogen 

· Used as a vector for recombinant DNA work using insect cell lines

3. LACTOBACILLALES

· Includes members of the genera lactobacilli, streptococci and staphylococci

· Lactobacillus

· Important Gram +ve bacilli for the milk and yogurt industries

· In humans found in the intestinal & oral cavities and vagina

· Ferment CHOs to lactic acid

· Aerotolerant anaerobes

· No cytochromes  no respiration

· Secrete acid --> industry

· Pickles, sauerkraut, yogurt

3. LACTOBACILLALES cont’d #1

· Streptococci 

· Gram +ve cocci, typically grow in chains

· Characterized by their patterns of hemolysis of RBCs

· Grown on BLOOD AGAR PLATES

· Alpha – partial RBC hemolysis ( greenish color
· Beta – complete RBA hemolysis ( clear area

· Most important human pathogens

· Gamma – no RBC hemolysis
Streptococci pathogens

· Alpha hemolytic 

· Usually non-pathogenic, normal flora of mouth and oropharynx

· S. pneumoniae - diplococci is a human pathogen

· Causes pneumonia and meningitis in adults

· S. mutans – causes plaques and cavities
· Beta hemolytic
· S. pyogenes 

· Causes pharyngitis (strep throat), scarlet fever, impetigo, rheumatic fever and necrotizing fascitis

· Gamma hemolytic

· Usually non-pathogenic

3. LACTOBACILLALES cont’d #2

· Staphylococcus
· Gram +ve cocci that grow in grape-like clusters

· S. aureus - most important human pathogen

· Grows as a yellow golden colony on agar plates

· Can be found on the skin and in nasal passages

· Can grow under high salt concentrations

· Causes many skin infections & serious infections as well as nosocomial infections

· Food poisoning, acne

· Release toxins ---> disease TSS (toxic shock syndrome)

· S. epidermidis - normal skin flora

· Associated with nosocomial infections 

· Heart valve & hip replacement surgeries

3. LACTOBACILLALES cont’d #3

· Listeria - Gram +ve rod

· Listeria monocytogenes

· Contaminates dairy products that are un-pasteurized and processed meats

· Causes stillbirths, miscarriages, fetal abnormalities

3. LACTOBACILLALES cont’d #4

· Mycobacteria - Gram +ve, acid-fast rods

· Cells wall contain a layer of waxy lipids called mycolic acids

· Allows them to resist acid alcohol decolorization

· Also gives increased resistance to desiccation and disinfection

· Slow growers (generation time = several hours)

· Myco = fungus due to filamentous growth

· Many found in soil

· PATHOGENS

· Mycobacterium tuberculosis - TB

· M. leprae - leprosy

3. LACTOBACILLALES cont’d #5

· Corynebacterium

· Gram +ve rods, very pleomorphic – often club shaped

· Corynebacterium diptheria - diptheria
· Propionibacterium

· Propionibacterium acnes -  associated with acne
· Gardnerella 

· Gram variable rod
· Gardnerella vaginalis – implicated in causing vaginitis

· Actinomycetes

· Next slide

9. Actinomycetes

· Filamentous bacteria

· Look similar to filamentous fungi

· Commonly found in soil

· Streptomyces - most common genus
· Produce many of the antibiotics used commercially

· Actinomyces 

· Found in soil, mouth and throat of humans and animals

· Actinomyces israelii – actinomycosis which is a tissue destroying disease

· Nocardia – another genus

· Some members cause pulmonary infections and mycetoma (local destruction of feet and hands)
· Nocardia asteroides - pulmonary & skin disease
