 
Pathogenic Bacteriology Exam Notes
Bioterrorism
Human Pathogens and Toxins Act
· Act to promote safety and security with respect to human pathogens and toxins
· Why think about this act?
· Scientists: need to conduct research in safe and transparent manner
· Citizens: need to understand implications of scientific research on potentially dangerous organisms
· Details of the Act: no person shall knowingly conduct any of the following activities without a license:
· Possessing, handling, or using human path/toxin
· Producing “
· Storing “
· Permitting any person to access to “
· Transferring “
· Importing or exporting “
· Releasing or otherwise abandoning “
· Disposing “
· Fine: 250,000 first offence or imprisonment (3 months), 500,000 or imprisonment (6 months)
· Who enforces act? Public Health Agency of Canada (PHAC)
Bioterrorism
· When an infectious agent such as a bacterium or virus is used intentionally to inflict harm upon others
· Include: living microrgs (bacteria, protozoa, viruses and fungi), and toxins produced by microorgs
Biodefense
· Use medical measures to protect people against bioterrorism 
· Medicines and vaccines
· Research to understand infectious agent pathogenesis 
· Apply research to diagnose, treat and prevent I.D’s
· Prep to defend against bioterrorist attacks
· Accomplishments
· Anthrax vaccine (rPA or recombinant protective antigen) has made it to Phase 1 and 2 clinical trials
· Anthim: human monoclonal antibody intended for use as IV treatment for individuals with inhalational anthrax has made it to Phase 1 clinical trials
History
· 6th century BC: Assyria
· First known example of bio warfare: Assyrians poisoning enemy wells with rye ergot (toxin produced by fungus growing on rye)
· 1346: Siege of Kaffa
· Tatars (Mongol Empire) catapulted plagued corpses into city 
· Allowed spread of Black plague through Europe
· 1763: French Indian Wars
· British troops give Native Americans hostile to the British blankets of patients with smallpox
· 1917: German agents inoculate horses with glanders in US
· 1937-1945: Unit 731 of Japanese army
· 1979: Sverdlovsk (850 miles east of Moscow)
· Accidental release of weaponized Bacillus anthracis
· 1-5 min release time
· 78 cases of pneumonia, 60 deaths
· 1984: Rajneeshee cult spread Salmonella enterica through restaurant salad bars in The Dalles, Oregon
· 751 sick, no deaths
· Goal to incapacitate voters
· 1990’s: Aum Shinrikyo (Japanese Doomsday Cult)
· 1996: Dallas, Texas, Medical lab
· Lab tech laced pastries with Shigella dysenteriae lab strain
· 12 people infected, 4 went to hospital
· 2001: milled anthrax spores sent via letters to individual in the US
Bioterrorism agents 
· Ideal characteristics
· Cheap and easy to produce
· Aerosolized (1-5micrometers)
· Resistant to environmental conditions
· Causes lethal or disabling disease
· Efficient person to person transmission
· Few if any therapies
· Human pathogen act is not about identifying bioterrorists
· Just points at which pathogens are at what level of dangerousness (potential for bioterrorism)
· CDC has a list of bioterrorism agents as well as their categories
CDC Classification 
Category A: Organisms that pose a risk to national security
· Can be easily disseminated or transmitted person to person
· Result in high mortality rates
· Ex. Smallpox, Bacillus anthracis, Yersinia pestis, hemorrhagic fever (Ebola, Marburg)
Category B: Second highest priority agents
· Moderately easy to disseminate, causing moderate morbidity and low mortality 
· Ex. Brucella species, Coxiella burnetti (Q-fever), Burkholderia mallei (glanders)
Category C: Third highest priority
· Emerging pathogens which could be engineered because of availability, ease of production and dissemination and potential for high morbidity and mortality
· Ex. Nipah virus, Hantaviruses
· Emerging pathogen: don’t know a lot about them, can be very dangerous
Dissemination (3 ways)
· Cutaneous: Skin, mucous membranes
· Relies on cuts, abrasions and penetration through mucous membranes
· Ex. Ricin delivered in metal ball-bearing from umbrella tip (1978 assassination of Bulgarian exile, Georgi Markov)
· Appropriate for chemical agents and toxins
· Not a very effective method of dissemination
· Gastrointestinal 
· Food: potentially significant route of delivery, secondary to purposeful or accidental exposure to aerosol 
· Water: capacity to affect large number of people
· Not efficient method because dilution factor and water treatment
· Respiratory
· Inhalation of spores, droplets, aerosols
· Must have effective delivery method
· Dependent on environmental conditions
· Droplet nuclei
· 1-5um in diameter most effective
· Must remain airborne
· Must reach lower respiratory tract
Case study: Anthrax
· Causative agent: Bacillus anthracis, gram positive spore forming rod.
· Zoonotic (infectious disease of animals that can be naturally transmitted to humans) infection of herbivores
· Spores remain stable and viable for years in soil and environment
Structure-Spores
· Originates in the cytoplasm
· Produced when cells are under stress  (dessication, heat, nutritional stress)
· Ensures prolonged survival
· Produced by limited number of medically important agents (bacillus anthracis, clostridium tetani, C. botulinum)
· Phases: vegetative (metabolically active), sporulation (conversion to inert spore form), germination (reactivation of the spores into vegetative form)
Pathogenesis
· Spores are the infectious form
· LD50: 8000-10000 spores
· Enters skin, GI tract or lungs
· Spores germinate in macrophages and transported to local lymph nodes 
· Vegetative cells produce toxins, leading to edema (fluid in tissues) and necrosis
· Three different forms of disease defined by route of spore entry (Cutaneous, GI, Inhalational)
Cutaneous Anthrax
· Most common form of natural infection (people who work with wool/animal products)
· Spores penetrate cuts, abrasions onskin
· Sensitive to a lot of antibiotics (treatable)
· Mortality rare if appropriately treated (<1%, 20% if untreated)
· Lesions often seen on neck, face, arms, hands
· Begins as papule progessing to a blilster-like fluid filled vesicle
· Vesicle dries forming coal-black scab
· Anthrax is greek for coal
GI Anthrax
· Rare natural form, contracted following ingestion of poorly cooked meat of infected animals
· Initial signs of nausea, vomiting, feversevere diarrhea, sepsis
· Mortality: 25-60% (higher rate but rare)
Inhalational Anthrax
· Rare, confined to occupational exposure (if present in general population, likely deliberate exposure)
· Mortality rate 100% in untreated cases
· Delayed therapy is still high mortality (70-80%)
Infectious Process
· For inhalational anthrax, lungs are portal of entry of spores, phagocytosed by alveolar macrophages
· Infected cells carry spores to peripheral lymph nodes 
· Spores germinate to become toxin-producing vegetative cells
· Pneumonia is a consequence of advanced disease
Clinical symptoms/Dx
· Incubation: 1-6 days: Patients initially complain of non specific flu-like illness
· Abrupt onset of respiratory distress, shock and death within 24-36 hours
· Dx: culture of blood, CSF, other fluids (sputum not useful)
Virulence
· 2 plasmids carry essential genes for virulence
· pOX1 carries genes that encode: 
· Lethal factor (LF): protease, with ill-defined activity
· Edema factor (EF): calmodulin dependent adenylate cyclase
· Protective Atigen (PA): carrier protein, no active site, ESSENTIAL for the two toxins, no enzymatic function
· pOX2 carries genes that encode:
· proteins required to express capsule
· ability to survive and germinate in phagocytic cells
Protective Antigen (PA)
· delivery  mechanism of 2 different anthrax toxin
· Secreted as a single chain
· Cell surface protease cleaves the protein, oligomerizes, into six-sided ring
· Ring binds firmly to the cell surface and is thought to extend loops into the membrane, forming a pore
· No enzymatic function
Edema factor (EF)
· Removes two phosphate groups form ATP and closes the loop to form cAMP
· cAMP important intracellular messenger
· disrupts osmotic balance leading to flow of water and edema
Lethal Factor (LF)-causes two problems
· Protease targets several protein kinase kinases disrupting signaling pathways important in cell growth and proliferation
· Targets not well defined
· Immunomodulator, stimulates IL-1 release triggering shock process
Toxins:
· Lethal toxin (LF,PA)
· Edema toxin (EF,PA)
· Either EF or LF associates with PA and is internalized to cause effects
Antibiotic Resistance
Penicillin Discovery
· Agar plate has bacterial culture of Micrococcus luteus
· Penicillium notatum (mold that produces penicillin) inoculated in the middle
· Zone of clearing appeared which meant compound was killing the bacteria
· Discovery was a chance observation by Alexander Fleming
· Warned about the dangers of underdosage (ability to create resistance)
Timeline of antibiotic drug discovery
· 1908-Salvarasan (arsenical)	
· Discovered by paul ehrlich
· Used to treat syphilis
· 1929-Penecillin
· 1946 saw widespread use and resistance observed
· 1940s-1950s is the golden era for discovery of antibiotics
What are antibiotics?
· Compounds produced by bacteria, plants (natural) and chemists (synthetic) that kill or inhibit the growth of bacteria 
· Compounds that bacteria need to protect themselves from
· Producers (trying to establish niche) will have resistance mechanisms to protect themselves from what they are producing 
· Other bacteria (innocent bystanders) need to respond to these signals (and somehow protect themselves)
Antibiotics have targets in the bacterial cell
· Interact with the target and prevent proper function resulting in death or growth inhibition
· Resistance occurs when this interaction no longer occurs
Antibiotic Resistance 
· The more often bacteria are exposed to antibiotic, more likely they will develop resistance
· Antibiotic=selective agent for bacteria that have a resistance gene
· DO NOT need to be exposed to antibiotics to become resistant
Most antibiotics come actinomycetes. Resistance elements can be transferred to other bacteria (antibiotic resistome)
· Of 480 isolated actinomycetes, every strain had resistance to clinically important antibiotics (7 or 8) even when they haven’t been exposed to it
· This is due to these bacteria being producers and thus they have protection methods
· Between 1980-2000, there has been an increase in all three cases of antibiotic resistant bacteria (MRSA, VRE, FQRP)
How does antibiotic resistance arise?
· Vertical evolution: a spontaneous mutation occurs that allows a subset of the population to withstand some seletion while the rest of the population dies off 
· Horizontal evolution: the acquisition of resistance (either spontaneous or antibiotic resistome) from another org
· Intrinsic reistance: present in the genome without mutation (Ex. Outer membrane becomes more impermeable to only allow certain sized compounds in)
· Acquired resistance: when an originally susceptible bacterium becomes resistance due to the acquisition of a resistance gene or through mutation
Factors that cause the development of resistance
· Overuse of antibiotics in humans/agriculture
· Antibiotics often prescribed for illnesses due to a virus
· Individuals are put on long-term antibiotics treatments for reccurent infections/acne
· Clinical antibiotics are used in agriculture (fed to compensate for unsanitary conditions, promote growth)
· 70% of antibiotics are used to feed healthy cattle, pigs and poultry
· Non-compliance: patients often stop taking antibiotics too soon because symptoms go away
· Natural exposure to antimicrobial agents
· Prophylaxis-use of medication (antibiotics) to prevent symptoms from occuring 
Antibiotics in the environment
· Excreted antibiotics from humans/animals go into environment and continue to exert selective pressure
· Soil organisms which produce antimicrobial agents naturally creating environment for selection of resistance
· Consequences
· Natural evolution: bacterial mutation rate  108 
· Likely mutation present for any given gene
· Natural exposure to antimicrobial compounds in nature
· Produces must have mechs to withstand exposure
· Generally gene encoded in chromosome or transmissible elements 
General antibiotic resistance mechanisms
· Goes nowhere near its target

· Alteration of outer membrane
· Impermeable barrier (antibiotic not getting in)
· Upregulation of drug efflux pumps (efflux pumps eliminate certain compounds from the cell (can be natural or can be upregulated in clinically important bacteria)
· Alteration of the target
· Ex. Mutation in the RNA polymerase is the target and drug doesn’t work against it anymore
· Inactivation of the antibiotic
· Enzyme cleaves the antibiotic or adds something to it
Classes of Antibiotics
5 classes
1. B-lactams
2. Glycopeptides
3. Macrolides
4. Aminoglycosides
5. Quinolones
· 1,2 target cell wall
· 3,4 target ribosome
· 5 targets replication

B-lactams
· Bacteriocidal
· Mechanism of Action: inhibit peptidoglycan synthesis by binding penicillin-binding proteins (transpeptidases)
· Transpeptidation step inhibited: Pentapeptides from chain cross-linking provides strength but this step is inhibited
· Best known: Penicillin
· Works against gram pos and gram neg impermeables
· Broad spectrum
· Cephalosporins
· 4 generations
· Broad spectrum
· Carbapenems
· Resistance
· Loss or diminished expression of outer membrane proteins (beta lactam cant get in)
· Alteration in penicillin binding proteins so that they have reduced affinity for beta lactams (cant interact)
· Production of B-lactamases (enzymes that breakdown beta lactam ring 
· Major resistance to b-lactams
· Over 890 identified
· Can mediate resistance to penicillin only as well as others
Glycopeptides
· Spectrum of activity restricted to Gram positive organism
· Vancomycin, teicoplanin, telavancin
· Mechanism of Action: inhibit peptideglycan synthesis by forming complex with D-Ala-D-Ala portion of the cell wall precursor
· Bactericidal antibiotics (kills the cell)
· Prevents transpeptidation of two d alanine at the end of peptide chain
· Resistance
· Alteration in peptidoglycan precursor
· Mod to D-Ala-D-Ala terminal portion to D-Ala-D-Lac
· Requires multiple genes encoding complex series of enzymes
· Reduced penetration of glycopeptides (thick peptidoglycan)
Macrolides
· Inhibition of protein synthesis by reversible binding to 50s subunit (larger subunit)
· Thought to inhibit elongation of peptide chain by interfering with peptide bonding
· Mostly bacteriostatic but can be bacteriocidal at high concentrations 
· Ex. Erythromycin, azithromycin
· Resistance
· Active efflux
· Alteration of antibiotic binding site by methylation (on the ribosome)
· Antibiotic modification by esterase
· Uncommon except for several gram negative bacteria
Aminoglycosides
· Streptomycin, gentamycin, tobramycin
· Bactericidal
· Bind to 30S subunit (at interface of 30s and 50s)
· Interferes with RNA translation by inducing ribosomal dissociation
· Resistance 
· Ribosome alteration (single mutations in rpsL,D or E) results in increased resistance to streptomycin
· Decreased permeability of outer membrane as well as active efflux
· Inactivation of aminoglycosides by addition of acyl/phosphate group
Quinolones
· Inhibitors of nuclei synthesis
· Inhibit DNA gyrase or topoisomerase IV and tertiary negative supercoiling
· Activity is bactericidal and spectrum varies according to class
· 3 generations of quinolones (Nalidixic, fluoroquinones (added fluoride group), levofloxacin, 8 methoxy substitution
· Spectrum defined by affinith of binding to gyrase, topoiso, or both
· Resistance
· Alteration of targets (topoisomerase IV, DNA gyrase..) alteration doesn’t affect function but affects interaction with quinolone
· Efflux/permeability changes outer membrane
· Plasmid based gnr genes
· Encodes protein that probably binds DNA gyrase/topoiso to protect them from quinolones based on gnr genes 
How does resistance arise? 
· Mutation, selection and transfer of resistance
· Presence of specific genes for resistance that likely originated from producers of the antibiotic
· Ex. Beta lactamase resistance likely came from producers of it
Organisms of concern
· Methicillin Resistant S. aureus (MRSA)
· Vancomycin Resistant Enterococcus (VRE)
· Multidrug resistant P. aeruginosa
MRSA 
· Methicillin (B-lactam) indrouced in 1959
· MRSA first identified in Britain in 1961
· MRSA is a major cause of nosocomial infections worldwide
· Resistance
· mecA gene
· mecA encodes a variant of a penicillin binding protein (PBP2a) that does not bind B-lactams
· allows for normal peptidoglycan production and doesn’t interact with drug
· located on Staphylococcal Cassette Chromosome mec (SCCmec) of which there are eight types that all contain mecA but differ in additional drug resistance
· this mobile genetic element jumps from genome to genome 
· Community acquired MRSA (CA-MRSA) is more and more common
· Strains isolated in an outpatient setting (not gone to hospital) or within 48hrs of hospital admission
· More virulent that HA-MRSA (hospital acquired)
· Though susceptible to other antibiotics
Overuse of antibiotics in agriculture
· 70% of all antibiotics used to feed pigs, poultry and beef cattle
· Farm workers are continually in contact with antibiotics and antibiotic-resistant bacteria
· Antibiotic-resistant bacteria enter environment through farm waste
· MRSA shown to colonize in pigs and pig farmers (25% and 20%, respectively)
VRE 
· Vancomycin (glycopeptide forms complex with D-Ala-D-Ala portion 
· First observed in 1980s
· Majority of Enterococcus faecium (gram positive diplococcus, causes UTI’s, wound infections, sepsis)
· 1 in 8 are caused by enterococci and 30% are resistant to vancomycin 
· Resistance
· 6 types (VanA,B,D,E,G are acquired and VanC is intrinsic to E.gallinarum)
· Classification is based on structural genes involved in resistance
· VanA type most common in Enterococi
· VanA-type resitance
· Due to presence of resistance element, Tn1546 transmissible element
· Action of 9 genes on Tn1546 result in changes of target vancomycin from D-Ala-D-Ala to D-Ala-D-lactate (prevents interaction)
· Results in 1000x fold decrease in affinity between vancomycin and target
Pseudomonas aeruginosa
· Common isolate of p. aeruginosa in hospital is resistant to several antibiotics (b-lactams, fluoroquinolones, aminoglycosides)
· Acquired and intrinsic resistance
· Naturally resistant to a certain level
· Resistance
· Limited outer membrane permeability (intrinsic resistance)
· Efflux pumps (intrinsic and acquired)
· 4major: MexAB-OprM, MexXY-OprM, MexCD-OprJ, MexEF-OprN
· Yellow is intrinsic, underlined are acquired by overexpression
· Mex proteins are inner membrane and periplasmic proteins
· Intrinsic resistance linked pumps are always pumping out substrates from p. aeruginosa
· mexCD not expressed under normal conditions, when it is, you see more resistance
· MexAB-OprM
· Expressed constitutively in wild type cells (intrinsic res.)
· Over expressed mexAB occurs when mutation in mexR gene (repressor of MexAB) results in increased resistance to fluoroquinolones
· MexXY-OprM
· Expression induced by subinhibitory concentrations of antibiotics 
· Overexpression of mexXY has been observed in CF patients
· mexZ (negative regulator) is mutated in these strains
Genetic Basis for Biofilm Antibiotic Resistance
· genes important for antibiotic resistance
· cells in a collective are more resistant compared to genetically identical planktonic counterparts
Properties of a Mature Biofilm
· surrounded by exopoysaccharide matrix
· heterogeneity-bacteria throughout the biofilm experience different environments
· resistant to antimicrobial agents
· genetic screen to identify genes important for biofilm-specific antibiotic resistance 
In vitro Biofilm Assay
· Minimal Bacteriocidal Concentration (MBC) assay
· Each well has a different mutant from an already made library
· Inoculate, add drug, replace with fresh media, transfer, assess viability
· Determine lowest concentration of antibiotic that kills the bacteria
Antibiotic
MBC (mg/ml)
Planktonic
Biofilm
Fold Change
Tb
0.008
0.40
50x

Tobramycin
· Drug of choice for CF
· Aminoglycoside
· Binds to 30s subunit of the bacterial ribsome to interfere with protein synthesis
· Bactericidal 
· [bookmark: _GoBack]The screen
· 10 000 transposons-insertion mutants
· 43 candidates
· Analyze in a battery of secondary screens
· Isolated 6 mutants
· Mutatnts represent genes whose WILD type function for antibiotics resistance in biofilms (as opposed to planktonic resistance)
· Example of intrinsic antibiotic resistance
· Confirmation of biofilm-specific antibiotic sensitivity phenotype because when doing mbc assay at planktonic, wt and mutant strains are same BUT when you form biofilms, mutant strains are less effective in mutant after deleting suspected mutants
Role of P. aeruginosa Glucans in Biofilm-specific Resistance
· Biofilm architecture
· ndvB
· Sequestration
· Signalling
·  
Summary for ndvB
· required to produce glucans
· important for biofilm-specific resistance to a subset of antibiotics
· more highly expressed in biofilms
· model: glucans may function in biofilm specific-resistance by preventing access of antibiotics to targets in the cell and affecting the expression of genes important for protecting cells against the cytotoxic effects of ROS
Mini Summary
· Used genetics to identify mutants deficient in biofilm-specific antibiotic resistance
· Confirmed phenotype
· Identified genes 
· Using biochemistry, molecular biology and microscopy to determine function of gene products (ndvB was example)
· These are intrinsic resistance mechanisms- not due to mutation- and likely evolved to protect biofilm bacteria from the antimicrobial compounds in environment
Recap 
· 5 classes of antibiotics discussed
· Planktonic mechanisms of resistance 
· well-studied 
· often a result of mutation but can be due to acquisition of antibiotic-resistance gene (eg b-lactamase)
· Intrinsic mechanisms include expression of efflux pumps and having a relatively impermeable outer membrane
· Biofilm-specific mechanisms of resistance
· based on being a part of a community
· based on the functions of wild type genes (intrinsic)
· Antibiotic resistance can be caused by the cycle of exposure, mutation, selection and transfer but it can also be due to the presence of genes on the chromosome (ie not due to mutations and not due to exposure)
· Concept of antibiotic resistome 
· We are not doomed but thinking outside of the box may be the only solution



















Secretory Pathways
Importance?
· Proteins need to be exported from the bacterial cell
· Secreted into host cells
· Secreted into extracellular medium
· Expressed on bacterial surface
· Method in which how most pathogenic organisms exert effects on host cell
· Some pathogens don’t secrete obvious virulence factors
What is a pathogen?
· Microorganism that can cause disease in a plant, animal or insect 
· Invade host
· Produce toxins (endo and exo)
· Classic virulence factors secreted
· Protein toxin
· Proteases
· Lipases
· DNA
· Adhesins
How does a substrate get through a cell wall?
· 6 secretion systems
· In gram negative bacteria, type 2, 4, and 5 need an additional system: Sec-dependent secretion system
· Required to transport unfolded proteins through inner membrane, then separate to transport proteins through outer
Type 1: continuous system going to extracellular medium
· Proteins not processed during secretion
· Components:
· inner mem ATP-binding cassette (ABC) protein
· membrane fusion protein
· pore-forming outer membrane protein
· Ex. E.coli and hemolysin transport
· Major virulence factor in Uropathogenic E.coli (UPEC) in UTI’s is alpha-hemolysin, HlyA
· Forms holes in host cell membrane 
· Synthesis and secretion of HlyA depends on hlyCABD operon
· hlyA-HlyA, hlyB-ABC, hlyC-HlyA inactive to active, hlyD-membrane fusion protein
· TolC, a general outer membrane prot, not on operon
· All proteins produced in cytoplasm
· Secretion signal on HlyA on C-terminus of protein
· Secretion signal is recognized by HlyB (sitting in inner mem and in complex with HlyD)
· TolC is sitting in the outer membrane with periplasmic side of its pore closed by coiled coils
· When HlyA binds, HlyB/D complex, HlyD iniates complex formation with TolC, opening up a continuous tunnel (conform change in HlyD interacts with TolC)
Type 2: Requires Sec-dependent 
· Two step Sec-dependent fashion
· Step 1:Proteins have N terminal signal sequence that targets them to Sec inner membrane secretion pathway 
· Step 2:Transport across outer membrane requires 12-16 accessory proteins that make up secreton
· Proteins fold in periplasm between step 1 and 2
Step 1. Sec-dependent secretion 
Stages
1. Targeting of the preprotein
a. Leader peptide (30 a.a) associated with chaperones which direct the complex to SecA
2. Translocation of the preprotein through preprotein translocase
a. Once bound to SecA, preprotein loses association with chaperones
b. ATP provides energy and translocated through inner membrane complex
3. Release of the protein
a. Lep protease cleaves the leader peptid from the preprotein and the protein is able to fold in the periplasm
Step 2. 
1. Transport of folded protein from periplasm to extracellular membrane
2. Involves 12-16 proteins called secreton

· Ex. Vibrio cholera
· Gram negative, curved rod
· Major virulence factor: cholera toxin and toxin co-regulated pilus (TCP)
· Cholera toxin has two subuntis (Activity and Binding)
· Eps protein required for v. cholera secretion
· Included in secreton
Type 3: continues into host cell (goes through 3 layers: inner, outer and host cell membrane)
· Transports proteins across the inner and outer membranes of gram negative bacteria
· Signal sequence is prot or mRNA located within first 15mRNA codons or a.a’s of secreted prot
· Ex. Yersinia pestis
· Gram negative
· Major virulence factors: Yop proteins and type 3 secretion apparatus (Ysc proteins)
· Yops-transcloted into the host cell and subvert host cell functions
· Act to regulate the translocation event
· Part of translocation apparatus
· Yop proteins have antiphagocytic action
· YopJ and YopH: Down regulate inflammatory response
· YopJ prevents transcription of antiapoptotic genes
· YopH inhibits production of monocyte chemoattractant
· Yop Secretion
· Triggered by contact between bacterium and host cell
· Needle formed by YscF (also senses/responds to calcium concentration as regulation-low calcium when in contact with eukaryotic cell so it knows to secrete)
· YopB, YopD (inserted into memb) and LcrV (forms platform for pore assembly) needed as translocator proteins

Type 4: continuous like type 3. Some forms of type 4 require sec dependent transport
· Three subfamilies: Conjugation (through 4 membranes), DNA uptake and release (through 2 membranes), effector translocation (through 3 membranes if bacterial-host, 2 membranes if bacterial-phagosome)
· A. tumefaciens T4SS
· DNA transfer and replication (Dtr) proteins assemble at orgin of transfer (oriT) on the T-plasmid (DNA processed into ss substrate called T-strand)
· Vir proteins make up secretion apparatus and have a regulatory function
· Models of T4SS
· Channel model: the pilus is a channel for the substrate to pass through
· Piston model: pilus acts as a piston motor to push the substrate into the host cell 
· Ex. Bartonella henselae
Type 5: Always requires Sec dependent for secretion through inner membrane
· Autotransporters
· Conventional (monomeric, 14 stranded beta barrel) and trimeric (12 stranded beta barrel)
· Passengers of autotransporter can either be released from cell or remain in contact with cell
· Ex. Haemophilus influenzae
Type 6: Continuous, injection right into host cell
· Often involved in interaction with eukaryotic cells
· Hcp (hemolysin coregulated protein)
· VgrG (valine-glycine repeat protein)
· Ex. Pseudomonas aeruginosa















	












Spirochetes
· Long, slender, coiled (due to axial filaments), gram negative bacteria
· 6 species
· Examples of disease in human: syphilis and Lyme
· Symbionts of cows
· Remarkable ability to invade, disseminate within and persist in hosts
3 human pathogens: Borrelia (lyme disease), Treponema (syphilis) and Leptospira
· Treponema species infect only human
· Other spirochtes have animal reservoirs
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· Spirochetes penetrate intact mucous membranes through lesions in the membranes or through arthropod-born infections
· Spirochetes specific motility is key factor in invasion and dissemination because of ability to move through viscous substances
Cell structure
· Similar to gram negative
· Outer membrane
· Highly immunogenic
· Ill defined chemical composition
Motility
· Periplasmic flagella or axial fibrils run entire length of the cell
· Provide structural stability, cell morphology and corkscrew motility
· Periodic contractions of axial fibrils in wave-like motion
Axial Fibrils 
· Similar composition and structure to bacterial flagella, completely intracellular
· Achored on either pole through insertion apparatus
· Number per cell varies
Spirochete infections
· Persistent, chronic infections 
· Lyme disease can last 2+ years
· Syphilis can last 30+ years
· Chronic infections related to ability avoid host defence (IMMUNE evasion and ANTIGENIC variation)
Syphilis 
· Symptoms are non-specific, easily confusable
· If left untreated, can damage cardiovascular/nervous systems
Clinical evolution
· Primary
· 3-4 weeks incubation
· Painless, non-weeping ulcer, persists 3-6 weeks
· Lesions spontaneously heal
· Some lymph node swelling
· Secondary
· 6-8 weeks after primary ulcer resolves
· Infection becomes systematic
· High spirochaetemia
· Widespread vasculitis
· Resolves spontaneously without treatment (3-6 weeks)
· Latency
· 1/3 of patients evolve to latency
· Two phases: early phase (first 2 years, relapsing secondary syphilis), late latency (periodic flares, generally asymptomatic)
· Infection is latent 
· Tertiary
· 1/3 of patients will progress from latency to tertiary
· Slow progressive inflammatory response
· 3 main manifestations: gummatous syphilis usually affected bone and skin (3-12 years), Neurosyphilis (5-20 years), Cardiosyphilis (15-30 years)
Pathogenesis
· Capable of glycolysis but not oxidative phosphorylation
· Transporters very important 
· Studying pathogenesis is a challenge
· No obvious classical virulence factors
· No known medium that supports in vitro growth
· Replicate soon after invasion 
· Disseminate through lymphatic and circulatory
Attachment and invasion
· TP0155, TP0483 and RevA bind fibronectin (fibronectin= cell adhesion, migration, signaling)
· TP0751 binds laminin (laminin= structural scaffold)
· Enters circulation by invading through tight junctions (spirochete motility)
Latent syphilis= persistence
· Host response results in effective local clearance from primary and secondary lesions
· Bacteria persist likely due to evasion and antigenic variation
Persistence
· Initial rapid dissemination through bloodstream to different tissues
· Slow metabolism (idea that the minimum number of organisms required to illicit an immune response)
· Antigenic variation during latency
· Outer membrane has few proteins
· Tpr proteins are predominant proteins
· 12 tpr (tprA-tprL)
· Ill defined role, thought to mediate attachment and function as porins
· Immunogenic: Tpr proteins elicit an immune response in experimental models of syphilis
· Antigenic variation (through gene conversion) may be important in establishing persistence
· TprK
· Best studied Tpr proteins
· Sequence differes between strains of T.palladium
· Seven discrete variable regions 
· Variable and donor (flanking tprD) sequences have internal 4 base repeats that are involved in recombination
· How does T.pallidum persist
· Cannot grow in vitro
· Unusual outer membrane (few Ags, no LPS)
Lyme Disease (Causative agent: Borrelia burgdorferi)
· Zoonotic infection caused by the spirochete Borrelia burdorferi
· Transmitted through arthropods from animal reservoir to human host
· Infection characterized by rash known as erythema migrans
· Can become chronic, disseminate to joints, heart and CNS
· 3 genospecies: B. burgdorferi, B. garinii, B. afzelei
Tick development: larvae, nymph and adult (one blood meal per stage)
Blood meal 1
· larva feeds on infected host and carries Bb infection throughout rest of lifecycle (animal reservoirs)
· OspA binds TROSPA (OpsA receptor in tick midgut
Blood meal 2
· Nymphs feed on naïve mice, squirrels and abirds, transmitting Bb to more reservoir hosts for next generation 
Blood meal 3
· Adults feed on deer (incompetent host) but important because adult ticks mate on deer
All stages can interact with humans but nymphs are the main cause (humans are dead-end host)
Lyme disease: transmission of bacterium from tick to human
· Feeding requires >48hrs (consistent with timing of multiplication and switching from OspAOspC, dispersal in tick)
· Transmission occurs during a blood meal by salivation
· Transmission within under 24 hours not likely
Progression
· Highly variable but predictable
· Acute (early lyme)
· Appear within 1 month
· Erythema migrans 5-7 days after tick bite
· Symptoms include flue like illness, lymphadenopathy
· Episodic inflammation (early disseminated Lyme)
· 5-7 months after bite
· Migratory bone/joint pain
· Early seeding of CNS, meningitis
· Cardiac: myocardiatis
· Dissemination follows seeding of circulatory system
· Chronic inflammation (late Lyme)
· Patterns of episodic inflammation give way to more persistent chronic inflammation of CNS
· Prolonged arthritis, chronic neurologic syndromes, keratitis
PATHOGENESIS	
· Many outer membrane porteins called Osps (outer surface proteins
· No LPS
· No obvious toxins
· No secretion machinery
· Motility
· Tissue damage due to host inflamm response
· Persistence (antigenic variation)
Bb in flat nymphs need to deal with nutrient deprivation (attached to midgut epithelial cells via OspA and is non-motile
When there is blood influx, regulatory pathway activated , become motile and transit to salivary glands (down reg of OspA and upregulation of OspC-binds to salivary glands)
Within 24 hours of nymphal feeding, activation/expression of p66(adhesin) and BbCRASPS (protects against complement-mediated lysis)
Once inside human, replicates, adherence to ECM and dissemination
Bb adherence factors
· 6 firbronectin
· 2 collagen
· 2 integrin
· 7 plasminogen-bindign prots (including OspC and CspA)
OspC
· Adherence to salivary glands
· Regulated by RpoS (stress response sigma factor) and DNA supercoiling
· Interacts with Salp15 (salivary gland protein)
· In mammalian  host, interacts with plasminogen
BbCRASPs
· Complement regulator acquiring surface proteins
· Family of 5 distinct surface expressed CRASPs
· Bidning to complementary regulator factors: factor H and H-like protein 1
· Inactivates C3b
VlsE (Variable Membrane-like protein)
· Outer membrane lipoprotein of Bb which undergoes antigenic variation 
· Role in evasion of host immune response and estab. of chronic, persistent infections
· 1 vlsE expression site, 15 vlsE silent cassettes that have flanking repeats inorder to splice into locus
vfliG1 important for Bb motility which is important for survival in host
Summary
· Spirochetes cause chronic infections with a wide range of clinical manifestations in humans
· Cell structure and motility are unique (periplasmic flagella)
· Pathogenesis related to motility and immune evasion leading to persistence
· Syphilis has three stages: primary, secondary (latency) and tertiary
· Treponema pallidum causes syphilis; small genome, no classic virulence factors, cannot grow in the lab
· T. pallidum binds to ECM components
· Antigenic variation is key to persistence (TprK is example)
· Lyme disease (early, early disseminated, late) is caused by Borrelia burgdorferi (Bb) 
· Enzootic cycle of Bb: ticks are the vector, small animals are hosts
· Bb: no classic virulence factors; many proteins involved in adhesion
· Differential expression of OspA and OspC
· Antigenic variation: VlsE is example
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