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DISTRIBUTION OF STAPHYLOCOCCI
35 species

10 man
Poultry, goats, primates, dolphins, cattle, horses, pigs, sheep, dogs, cats,

rodents, flies.

S. aureus   - opportunistic pathogen of man and animals.

Coagulase -ve staphylococci:-    Primary mode of
existence is as commensals.

          CLOSTRIDIUM GROUP FIRMICUTES (LowG+C)

               BACILLACEAE
                         Staphylococcus



             SKIN CARRIAGE %

SITE INFANTS YOUNG ADULTS OVER 60

Axilla       6             4       9

Toeweb                  23             9                    5

Forehead      39           16     14

Perineum      40           20                  13

  Much higher for skin with perturbed barrier function



NASAL CARRIAGE
                       Natural habitat of S. aureus

                                                              Carrier

                                           Non        Intermittent   Persistent

Occasion %                          0                1-10             >80

Population %                      50                  20                30

Risk (bacteraemia)           lower             lower          higher

Mortality                           higher           higher          lower

Density                                 0               lower           higher



IMPETIGO



CARBUNCLE



ENDOCARDITIS



DISEASES CAUSED BY S. aureus

  Skin infections, e.g. boils, impetigo, furunculosis, toxic epidermal necrolysis

  Endocarditis (Drug addicts, open heart surgery)

  Eye infections - conjunctivitis, styes

  Osteomyelitis (in growing bones of children)

  Food poisoning (ingestion of preformed toxins)

  Toxic Shock Syndrome

  Lung

  Bacteraemia

  Rarely implicated in meningitis, brain abcesses, arthritis



             EXOENZYMES & TOXINS OF S. aureus

Coagulase         Phosphatase                   Leucocidins

Fibrinolysin         Proteinases                     Haemolysins

Lipases         Hyaluronate lyase            DNA’se

Lecithinase                  Staphylokinase      Collagenase 

Exfoliative Toxins

Heat-stable enterotoxins       Toxic Shock Syndrome Toxin-1



                                      ADHESINS

Specific molecules on the surface to bind the cell to a
surface.

Microbial Surface Components Recognising Adhesive
Matrix Molecules  (MSCRAMMS)

Strong and specific for a ligand

Fibrinogen                 Fibronectin                    Vitronectin
Collagen                    Elastin                           Laminin
Thrombaspondin       Osteoparitin                  Sialoprotein



                           STRAINS OF S. aureus

   Multi locus sequence typing MLST
  Virulence genes variations
  Antibiotic genes variations - MRSA
      The Health Improvement and Protection Bill - Hygiene code for hospitals

  Mutants
Small colony variants
agr negative



LIFE CYCLE

Adhesion
MSCRAMMS

Accumulation
Biofilm

Aggression
Toxins

Invasion of host cells

Escape
Proteases

Persistence
SCVs

Colonisation

Fomites, food



SUMMARY

•Relevant and important microorganism

hospital acquired infections

community acquired infections

antibiotic resistance (new targets)

•Complex interactions

Pathogen- many diseases

coloniser - many sites

•Complex array of virulence/ colonisation factors (genes)

•Complex intelligence network, endogenous and exogenous signals

•Complex regulatory network

•Not ONE S.aureus



GENE TO FUNCTION

Promoter                         gene
Genome DNA

Transcription mRNA                                                     WWWWWWWWWWWWWWW    unstable

Translation  protein

DNA Replication

stable

Very stable

Function (s)       1                      2

GENOME

TRANSCRIPTOME

PROTEOME

METABONOME
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GENE REGULATORY NETWORKS

•Closed culture

•Virulence

•Gene knock-outs

accessory gene regulator - endogenous signals, cell density

staphylococcal accessory regulator - exogenous signals?

sigma factor B - endogenous, metabolic stress

        - exogenous, environmental stress

•Hierarchy?

•Others?

•Integration of signals?
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genom
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TRANSCRIPT ANALYSIS

WWWWWWWWWWWWWWW    assay

wwwwww
assay
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assay

Translational fusion

Transcriptional fusion



EXPRESSION OF TST IN S. AUREUS
AS REPORTED BY LUX ON A PLASMID

CONROL INVERTED TST  PROMOTER



REGULON MUTANTS - EFFECT ON VIRULENCE GENE EXPRESSION IN
CLOSED CULTURE

                agr sarA  agr/sarA

hys down       regulation + hys up            regulation -              hys up          regulation -

wild

mutant



sigB rsbVrsbU rsbW

Stress-signal? Endogenous, exogenous

RsbU
Sig
B

RsbV P
RsbW

RsbV

sarS

sarR

sarT

sarU
sarA

P2 P3 P1

SarA

SarR

SarS

TOXINS

ADHESINS

PROTEASES

RNAIII

P3P2agrA agrC agrD agrB-----------------
hld

AgrA

AgrC
AgrD

AgrB

Post exponential
phase protein
synthesis

SUGGESTED NETWORK INTEGRATING sigB, sar and agr

RNAIII

Quorum sensingSignals?



FUTURE

•Ideal
individual cells in vivo, bacterium and host cells

assay all transcripts

•Possible?

large cell numbers in the same phenotype in vitro, no host cells

assay all transcripts

open culture (chemostat), growth conditions under control of experimentor
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Nutrient reservoir with a
Limiting growth factor

Stirred
 growth
Vessel 

Pump

Flow meter

Harvest
reservoir

OPEN CULTURE

Steady state: specific growth rate= dilution rate

      all cells in the same phenotype

Specific growth rate divorced from pH, ToC

Highly selective environment: mutants



Tim
e

Limiting nutrient

concentrationlnx

µ = lnx / t = specific growth rate (h-1)

µ

[ limiting nutrient ]

µmax

0.5 µmax

Ks

µ = µmax ( S / Ks+ S )

Closed Culture

Open Culture

Biomass change = growth - loss

                   dx/dt = µx - Dx

   0 = µ - D  steady state

µ = D    experimentor controls D and therefore controls µ

THEORY ?
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TECHNICAL PROBLEMS

•Growth model

stability, reproducibility, mutations

•Sampling

perturbation (volume), speed

•Transcript analysis

 sensitivity, reproducibility
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Time

wwwwwwwwwwwwwwwwww

Steady state 1

Endogenous signals 1

Exogenous signals1

Balanced growth

Sample for mRNA (3)

Change 1 environmental
parameter

Transient state ?

Unbalanced growth

Sample for mRNA (many)

Steady state 2

Endogenous signals 2

Exogenous signals 2

Balanced growth

Sample for mRNA (3)

PHENOTYPE 1              PHENOTYPE 2
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SUMMARY

• Goal

To predict behaviour/interactions of S.aureus with its environment

• Required

Gene regulatory network knowledge then…..

Finance

Cooperation of modellers and ‘wet’ experimentors

• Technical obstacles

Transcript analysis - micrroarray

Robust in vitro system

Chemostat

Steady state????

Sample volume and high biomass???

Rapid sampling with mRNA stabilisation?



SKIN EQUIVALENT MODEL


