Bacteria

Taxonomy

v Classification of organisms
eEstablish criteria for identification
®Arrange related organisms into groups
«Provide information about evolution

Binomial nomenclature

v “two-name” system
=Genus
®species

v Strains are subgroups of species
«Escherichia coli 0157:H7

Microbe names

NAME OF

MICROORGANISM MEANING OF NAME

Entamoeba histolytica Ent = intestinal, amoebae =
shape and means of move-
ment, histo = tissue, lytic =
lysing, or digesting, tissue

Escherichia coli Named after Theodor Escherich
in 1888; found in the colon

Haemophilus ducreyi Hemo = blood, phil = love;
named after Augusto Ducrey
in 1889

Neisseria gonorrhoeae Named after Albert L. Neisser in
1879; causes the disease gon-
orrhea

Bacterium vs human taxonomy

TAXONOMIC BACTERIUM THAT
CATEGORY HUMAN CAUSES SYPHILIS
Kingdom Animalia Monera (Prokaryotae)
Division/Phylum  Chordata Gracilicutes
Subphylum Vertebrata

Class Mammalia Scotobacteria

Order Primate Spirochaetales
Family Hominidae Spirochaetaceae
Genus Homo Treponema

Specific epithet sapiens pallidum

A dichotomous key

la. 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




Bacterial Key

1a Gram-positive Goto2

1b_Not gram-positive Goto3

2a Cells spherical in shape Gram-positive cocci
2b Cells not spherical in shape Goto 4

3a Gram-negative Goto5

3b _Not gram-negative (lack cell wall) Mycoplasma

4a Cells rod-shaped Gram-positive bacilli
4b Cells not rod-shaped Goto6

5a Cells spherical in shape Gram-negative cocci
5b_Cells not spherical in shape Goto7

6a Cells club-shaped Corynebacteria

Bb Cells variable in shape Propionibacteria

7a Cells rod-shaped Gram-negative bacilli
7b_Cells not rod-shaped Gotod

8a Cells helical with several turns Spirochetes

8b Cells comma-shaped Vibrioids

DNA hybridization
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7 Heat to
{ "melt" (separate) ¥
| DNA into single strands ,

Bergey’s manual

Bergey's Section 5:
Facultatively Anaerobic Gram-Negative Rods

Oxidase test
(a few exceptions \
may occur) L
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£ Enterobacteriaceae

e.g. Escherichia
Organic nitrogen Salmonella
sources required? Klebsiella

/ (a few exceptions
may occur)
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e.g. Pasteurella e.g. Vibrio
Haemophilus Photobacterium

Eubacteria vs Archaeabacteria
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Rickettsiae and Clamydiae
present special problems
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4, Reproduction of
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3. Conversion to
reticulate bodies
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Condensa-
tion of reticulate
bodies to form
elementary bodies

Differential staining

1. Primary stain
Mordant (fixes the primary dye)
Decolorizing rinse --critical step
Counter stain
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Gram stain

Crystal violet
lodine
Alcohol rinse
Safranin
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Gram reaction

Positive Negative
Step

Crystal violet . . ‘ -
lodine . . . -
Alcohol ‘ .

Safranin . ' . ‘

Gram positive

Gram positive cell wall

peptidoglycan

cytoplasmic
membrane

cytoplasm

:I» Peptidoglycan

Cell
membrane

Gram (+) cell wall

Teichoic acid
Wall associated
protein

Gram negative

Gram negative cell wall

——— outer membrane

I ;cpicogiycan
periplasm
cytoplasmic

membrane
cytoplasm




Lipopoly-
saccharide
Protein
Outer membrane

&% Periplasmic
Peptidoglycan L ~_— space

Cell membrane {

Gram (-) cell wall

Outside.

Lipopoly-
saccharide

8 00 &) Phospholipid

“.ﬁ- Lipoprotein

Peptidoglycan
peptidoglycan contains cross-linked
modified sugar subunits:

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

Gram (-) peptidoglycan

D-glutamic acid

D-glutamic acid

Lipopolysaccharide (endotoxin)
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aride
Core
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Glucosamine = pyro-
N p.o.p.G.G.p.Q.p.G.G.p.o.p.} phosphate polymer

LIPID A
Long chain fatty acids

= S, piglie s B 0 2 FIGURE 3.8 A Gram stain of a 48-hour culture of
. b - Staphylococcus aureus. A 48-hour culture does ot yield
d:‘_i‘l- ol i uniform results. Even though most cells are purple, a

Gram.-positive reaction, some cells are red, a Gram-
negative reaction (3600X).




FIGURE 3.10 A Gram scain of a 24-hour culture of FHUME 1,11 & Canow mp wln T ufices o
Escherichia col, yielding uniform results. All cells are red, a Essbmchar kit s o il i Pk, il e (i

Gram-negative reaction (3600X).

i oy gy

Acid fast reaction

Step Positive Negative

Carbolfuchsin DS 00
L X Y )

Methyleneblue D @ @ @

Acid alcohol

Acid fast bacteria

Carbolfuchsin getsinto the cytoplasm and resists
decoloration by the acid alcohol

Lipid layer
Peptidoglycan

Cell
membrane

Special Stains

v Endospore stain
v Flagella stain

v Negative stain
v Capsule stain

Acid-fast
stain
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Negative stain (bacillus)

FIGURE 3.5 A negative stain of the rod Bacillus
(3600%).

Diplobacilli
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Electron Microscope

Electron source

Condenser lens

Specimen
Objective lens
Intermediate image
Projector lens
Viewing lenses

Fluorescent screen
or photographic
film (final image)

Electron microscopy

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




Staining for electron microscopy

1.Heavy metals
2.Radioactive materials

Why?
It is difficult for electrons to pass through very
dense materials.
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Cocci

One coccus, many cocci.




Arrangements of cocci

“ diplococcus ’ sarcina

\ streptococcus
' staphylococcus
a tetracoccus

Bacilli

One bacillus, many bacilli.

1-3mm ]

)

Spirals

@ 5-10mMm gpiral helix
m 5-100mn  gpirgchete

Methanopyrus (archagan)

- T r ad

Micrococcus

Leptospirosisinterrogans b

Clostridium endospores

Agiofex (archaean)




Binary fission

Conjugation

membranes bearing chlorophyll




Prokaryotic cell

Chromosome

Pilus (fimbria)

Ribosomes

Flagellum
Capsule or
slime layer

Cell wall

Plasmid

Cell membrane

Chamcautotrophs iﬂfhﬁlﬁ.
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Envelops of archaeobacteria

vt

Figure 20.1 Cell Envelopes of Arch ia. Sct
representations and electron micrographs of (a) Methanobacterium
formicicum, a typical gram-positive organism, and (b) Thermoproteus
fenax, a gram-negative archaeobacterium. CW, cell wall; SL, surface
layer; CM, cell membrane or plasma membrane; CPL, cytoplasm.

Membranes of archaeobacteria
i Yl
LLaigunlil
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membrane composed of integral proteins and a bilayer of Cy diethers.
(b) A rigid monolayer composed of integral proteins and Cyp tetrathers.
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Figure 203 Lipid i other bactei
re

archacobacterial glycerolipids are given

Halobacteria

Thermophilic

Figure 20.10 Sulfolobus and Thermoproteus. (a) A thin section
5. “The b bout | i diamet

surrounded by an amorphous layer (AL) instead of a well-defined
cell wall the plasma membrane (M) s clearly visibl. (b) A
e i

the mineral molybdenite (MoS) at 60°C. At pH 1.5-3, the
bacterium oxidizes the sulfide component of the mineral 1o sulfate
and solubilizes molybdenum. (¢ Electron micrograph of
Dhermoproteus tenar. Bar= 1 .
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Thermoplasma

Green sulfur bacteria

Myxobacteria
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Streptococcus and Lactobacillus

Purple sulfur bacteria
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Oxygenic phototrophs

Aerobic chemolithrotrophs
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Botulism

v Botulus
®Sausage

v Causative agent

«Clostridium botulinum
cEndospore forming bacillus
<Obligate anaerobe

cProduces a very potent neurotoxin
< (exotoxin)
<Found in the soil

Clostridium botulinum

—— Vegetative cells

= Endospore-bearing
cells

10 um

C. botulinum endospores
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Endospore formation
/ \ 6
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Growth in thioglycollate medium
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Types of botulism

v Foodborne botulism
«|ngestion of the toxin
«No infection necessary

v Infant botulism

«Germination of endospores in immature
digestive tracts

«"Floppy baby” syndrome (up to 12 months)
v ' Wound botulism
«Deep, crushing wounds

Foodborne botulism

Symptoms/signs of botulism

v Relaxes muscles
«Double vision
«Speaking difficulties
=Swallowing
=preathing
«No fever

Toxin characteristics

v Most potent toxin known
v Exotoxin?
v Heat labile

«Destroyed by heat

14



Botulinum toxin blocks acetylcholine
release at neuronal junctions

Treatment

v Polyvalent antitoxin immediately
v Respiratory help
v Antibiotics?

«Amoxicillin

«Penicillin

Prevention

v Can food properly/avoid damaged cans
v Boiling home canned food for 10 minutes
v Avoid giving honey to infants

v Clean deep wounds properly

v Avoid dirty needles

Causative agent

v Bacillus anthracis
«Gram + bacteria
«Endospore forming
«Rod shaped
«Encapsulated

Bacillus
anthracis
colony

Anthrax spores

Spore

Vegetative cell

00

(a)
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Bacillus anthracis

- 1..;:“‘5'-;]' =

Bacillus
anthracis
endospore

Figure 3.45 Endospore Structure. Bacillus anthracis endospore
(x151,000). Note the following structures: exosporium, EX; spore coat,
SC; cortex, CX; core wall, CW; and the protoplast or core with its
nucleoid, N, and ribosomes, CR.

Sporulation

N %

Ep-uruhl.bﬂ
(=141 q-up

Spores

Dipicolinc acid
Low water
Low metabolism

Spona Lol

Spores s

@
5um Tl

Figure 11.17 Endospore-Formers (2) Endospores-

forming i the midportion
ofthe cels of Bacilss anthracis. (b) Endospares forming at the ends o the cels in
(Clostridium tetani. Both ofthese species can cause fatal disease, but many other
species of endospore-formers are harmiess.

FIGURE 9.1
Bacillus anthracis
Bacillus anthracis is the cause
of anthrax. (a) Free spores
and vegetative cells of B.
anthracis visualized with the
scanning electron mi
(x5400). Note the oval
shape of the spores and the
typical rod shape of the veg-
etative cell. (b) Anthrax
spores in the process of ger-
minating (X50,000). The
spore coat of the spore in the
center of the photograph has
dided and i beginning to(q)
separate. A vegetative cell
may be seen emerging from
the spore at the bottom.
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Capsule

Poly-D-glutamic acid

1876 - Robert Koch

v First to isolate and
identify B. anthracis as
the cause of anthrax

«German Doctor
«Country practice
«\\orked in his home

«Transmitted the
disease through 20
mice

Koch’s Postulates
== o
iy 7

Postulates
were
originally
outline by
Jakob Henle
in 1940 f

Louis Pasteur

Louis Pasteur’s original picture of Bacillus anthracis
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Anthrax toxin

s' . - "\ ‘...

anthrax
)

Preventing anthrax?
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Decoy receptors?

Vaccines

v First vaccine in the 1930s

| jvestock

c-Attenuated bacteria

cPasteur first to attenuate the organism
®Human

cCell culture extracts that contain the PA protein

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

Vaccine side effects
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Gruinard Island

In 1941
60 sheep

1971 - still anthrax spores
Spread by earthworms

1981 - notes led government
officialsto 10 Ibs of soil
1986 - theisland 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

v Red/sore throat
v Pus filled lesions
«Neck and tonsils

v Enlarged lymph nodes
in the neck

v High fever
v No cough
v No nasal discharge

Pus filled lesions on tonsils

M-protein

Electron micrograph of M-proteins
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a-hemolysis (usually S. pneumonia)

Complications

v Scarlet fever

v Streptococcal toxic shock syndrome
v Necrotizing fasciitis

v Glomerulonephritis

v Rheumatic fever

v Chorea

Necrotizing fasciitis

Prevention/treatment

v Avoid crowds
«Adequate ventilation

v Penicillin (10 days)

v Erythromycin (10 days)

Causative organism

v Neisseria gonorrhoeae
«Gram (-) cocci
=Diplococcus

eFastidious
cChocolate agar - enriched
cThayer-Martin medium - selective
¢’Vancomycin - inhibits Gram (+)
# Colistin & trimethoprim lactate - inhibits Gram (-) rods
#’Nystatin - inhibit fungi

Transmission

v Direct contact
®\/aginal sex
=QOral sex
«Birth canal - neonates
®Anal sex
«Fomites - towels, laundry, sheets
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Pathogenesis

v Pili attach to epithelial cells

v Pili evade phagocytosis

v Other surface antigens help attach

v Endotoxin, proteases, phospholipases
«(Cleave IgA antibodies

v Hitch rides on sperm?

Diagnosis

v Neisseria gonnhoeae identification
«Cultures (Thayer-Martin medium)
«Gram stain of culture and discharge

&Gram(-) diplococci
=An ELISA test (antibody)
«Nucleic acid probe

Treatment

v IM Ceftriaxone
v Penicillin
v Tetracycline

v Combination of ceftriaxone and tetracycline
(doxycycline) or azithromycin

Prevention

v No sexual contact

v Monogamous relationship
«Condoms

US incidence of gonorrhea

Rate per 100,000
population

[ <16 11761 [E=62-100 [EEER >100

(a)

Gonorrhea by ethnicity

e Black
= Hispanic
2400 | _Wh';f;
e (Other
2000 —

1600 —
1200 —

800 —|

Cases per 100,000 Population

400 —

0

T T T T
1982 1984 1986 1988 1990 1892 1994 1996
Year

(b)
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Streak plate of Neisseria gonorrhoeae

FIGURE 9.16 Streak plate on chocolate agar of
Neisseria gonorrhoeae, the causative agent of gonorrhea.

Discharge with N. gonorrhoeae

WBC with N. gonorrhoeae

Neisseria
gonorrhoeae

Diplococcus

Diplococcus
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Causative agent

v Borrelia burgdorferi
®Bacterium
®| arge spirochete
«]11 to 25 um
«| inear genome (multiple copies)

Borrelia burgdorferi

Transmission

v Bite of an infected tick

v Borrelia burgdorferireproduce and spread
radially

v No transmission to other people

v Major reservoir
«\\hite footed mouse
«\Vhite tailed deer

Vector

=Black-legged tick
®|xodes scapularis
=Deer tick

Ixodes scapularis (Black legged tick)
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Life-cycle

Signs/symptoms
v Stage 1 - one week
=Bull's-eye rash develops at bite site
&Ring-like - up to 6 inches
«Fever, malaise, headache, and body aches
&Flu-like

Signs/symptoms

v/ Stage 2 & 3

=Acute - 2-8 weeks -
cheart and nervous system
cParalysis of the face, pacemaker, impairment of

arm and leg movement, fatigue, severe headache,

«Chronic - 6 months -
cArthritis, joint pain, swelling, tenderness in joints

Bull's-eye rash

Bull's-eye rash

Bull's-eye rash

e Y

i

FiGukD 551
Ervihemas Cheonicum Migrans
{ECM)
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Lime Disease

v Clinical symptoms
®Rash - sometimes
®Arthritis - most cases

v Antibody test

Lyme disease

v Treatment
«Doxycyline
«Amoxicillin
«Ampicillin
«Cefriaxone
v Prevention
=Protective clothing, tick repellents
®\/accine (4/5 people it works)
®Parasitic wasp against black-legged ticks

Lyme disease distribution
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FIGURE 9.12
Life Cycle of the Tick

Rickettsiae and Clamydiae
present special problems

2. 2. Entry by
6. Rell f ¢ N~ .
e;;isn;aw = 3 i o » Phagocytosis
bodies ° 'v. 1. Atta ) A
2eol host cell |

(t LIFE CYCLE OF
CHLAMYDIA

4, Reproduction of

reticulate bodies @ v ,"
— o

5. Condensa- G / >
tion of reticulate 9*{390_ P 3. Conversion to
bodies to form LY ) reticulate bodies

elementary bodies

Mycoplasma pneumonia
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Causative agent

v Mycobacterium tuberculosis
v Mycobacterium bovis
v Mycobacterium avium

v Acid fast bacillus bacterium
v Obligate aerobe
v Slow grower

«Generation time = 12 hours

Mycobacterium diseases

SPECIES DISEASE
M. tuberculosis Tuberculosis
M. avium

ike di in
transmitted from birds and swine

M. bovis Tuberculosis, transmitted from cat-
tle; could be transmitted from
subhuman primates

M. fortuitum complex Wound infections

M. kansasil Tuberculosislike disease

M. leprae Hansen's disease (leprosy)
M. marinum Cutaneous lesions in humans,

tuberculosis in fish

M. ulcerans Ulcerative lesions

Acid fast and staining

v Lipid layer - mycolic acid
«Prevents drying
®Prevents staining with most dyes

«Carbofuchsin -red (positive)
=Methylen blue - blue (negative)

Acid fast staining
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Transmission

v Aerosol droplets
«10 or fewer cells cause disease
«Coughing
«\/entilation
«Crowding
cFamilies
&Schools
cHospitals
<Elderly homes
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Signs/symptoms

v Slight fever

v Chronic cough

v Sweating at night

v Weight loss

v Blood streaked sputum

US incidence of TB

Asian/Pacific

0 20 40 60 80 100
Age group Islander 11.8

Native American/
Alas kﬂ1 n4native

Non-Hispanic
black 37.6
/

Incidence of tuberculosis

Tuberculin or Mantoux test

v Inject under the skin the purified protein
«PPD - purified protein derivative
v If infected

«Redness and firmness develops
©48-72 hr

v T-cell delayed hypersensitivity response

v Positive test - infected or exposed to
Mycobacterium tuberculosis

PPD skin test

Positive skin test
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Diagnosis

v Sputum culture
®Slow - 8 weeks

v Genetic probes
®Fast

v Chest x-rays

v Skin test

Treatment

v Isoniazid & rifampin
«Six months or more
v Other drugs...

v GCG vaccine
«Discouraged in US
®| iving attenuated bacteria

Growth of M. tuberculosis

Micrococcus

Copyright © The

panies, Inc. Permission required for tion or display.

Psuedomonas

1 T B BT
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Corynebacteria

Azotobacter

Myxobacteria
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Actinomycetes (Streptomyces)
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