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Food safety – is this an issue?



Staphylococcus aureus - challenges

• Robust

• Virulence 
factors

• SAg toxins:
• TSST-1 & SEs 

• Mobile genetic
elements

• Regulatory
mechanisms

• Strain variation

• Unreported

(http://www.cdc.gov/foodsafety/outbreaks/investigating-outbreaks/production-chain.html)

Supply chain Biology



Targeting toxin production

Bovine mastitis:
- influence of SEC & TSST

S. aureus enterotoxin A (SEA)
- regulation and production

Monitor SEA production:
- Detection and quantification

� in real time

GFP



SEA production – strain variation

• 21 strains: food isolates and fully sequenced strains
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sea gene – two alleles – high & low producers
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sea gene – temperate bacteriophage

• Genetic backbone: Siphoviridae bacteriophages

� Link between phage life cycle & sea expression?

Ref: Sumby P. & Waldor M. K. (2003) 

J Bacteriol (185) 6841-51



Phage life cycle and SEA production

prophage

induction
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• MC = Mitomycin C: Phage inducing agent



Phage induction – SEA production

• MC = Mitomycin C: Phage inducing agent

37 ⁰C, BHI, 200 rpm

37 ⁰C, BHI+MC, 200 rpm
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Phage life cycle and SEA production

� Phage-activated sea mRNA from P2 & more SEA
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RF copies & sea gene dose effect

induction

Phage replicative 
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What happens in food?

� What about SEA production?
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Growth and SEA production

SEA production in sausage
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Monitor SEA production in real-time

Fluorescent  

protein-based in vivo

reporter systems
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Sa17- GFP SEA reporter strain

S. aureus Sa17 - GFP

sea-gfp

Strains Mean µ max
Mean max 

OD620

Sa17 
(n=3)

1.34 ± 0.05 17.95 ± 1.72

Sa17-GFP
(n=8)

1.32 ± 0.08 17.53 ± 1.53

37 ⁰C, BHI, 200 rpm



Sa17- GFP production in real-time

Fluorescence histogram 
Sa17-GFP population
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Population heterogeneity 

37 ⁰C, BHI + MC, 200 rpm Proportion (%) induced cells 
in a population
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Bovine mastitis – SEC and TSST

∆sec & ∆tst-1          

deletion mutants

Infection model 
bovine mammary 

epithelial cells 

Proteomics

Wt strains:

• MAS 106 PT U

• MAS 602 PT Q

• MAS 660 PT E

Deletion mutants:

sec tsst

2226 bp

x sec tsst

2226 bp

x

� MAS 106∆sec

� MAS 602∆sec

� MAS 660∆sec

� MAS 106∆tst-1

� MAS 602∆tst-1
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� different SEC & TSST production
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Infection BME cells – ∆sec & ∆tst-1

BME-UV cells in

antibiotic-free

medium 24 h

S. aureus added

Exposure: 2 h
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Proteomics BME cells – MAS 602 ∆sec & 

∆tst-1

BME-UV cells in

antibiotic-free

medium 24 h
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Targeting S. aureus toxin production

Bovine mastitis:

� Infection capability influenced by SEC & TSST 

� Protein profiles in BME-cells altered 

S. aureus SEA:

� Production is strain dependent

� Regulation linked to bacteriophage life cycle

induction

Phage 
replicative 
form (RF)

- FOR IMPROVED FOOD SAFETY AND ANIMAL HEALTH

Detection of SEA production:

� Monitoring in real-time

� Population heterogeneity

GFP



Acknowledgement

SEA-project:
Food safety group

Master students

GFP-project:
Magnus Carlquist

Claes von Wachenfeldt

Jakob Engman

LP3 - Lund Protein Production Platform

Mastitis project:
Karin Artursson

Lihong Liu

Jonas Bergquist

SciLifeLab, Uppsala University

http://www.tmb.lth.se/

Thank you!




