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From the editor 
By Mitchell Brown 

We have a fairly concise edition of Syntrophy for you to read 
this month. You will find a great focus article by Anukriti 
Mathur “A multi-component toxin from Bacillus cereus 
activates the NLRP3 inflammasome.” Anukriti is a PhD 
student in the Immunology Department at the John Curtin 
School of Medical Research, ANU, Canberra, researching 
innate immunity and the inflammasome. On page 3 there 
are a few key dates for your diaries - BacPath is on the 30th 
September, and the ASM’s annual scientific meeting is fast 
approaching, beginning the 30th of June. Further details of 
ASM Adelaide 2019 can be found on page 4. Note that the 
poster abstract deadline is fast approaching, closing on the 
17th of May. I encourage you to take a look at the 
programme and consider attending the meeting. The 
conference is full of high-calibre local and international 
speakers. Prof. Alan Landay with over 35 years of 
experience at the forefront of HIV research, and Snowdon 
Orator Dr Marnie L Peterson, an expert in resistance, 
stewardship and therapeutics, are two of the speakers that 
I am particularly looking forward to hearing. While those two 
speakers caught my eye, this is a general meeting and there 
is something for all in the programme so check it out here 
http://asmmeeting.theasm.org.au/programs/program-at-a-
glance/. You can also find information on registration here 
http://asmmeeting.theasm.org.au/registration/ We hope you 
enjoy this Month’s edition of Syntrophy. 
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Focus Article 
A multi-component toxin from Bacillus cereus activates the 
NLRP3 inflammasome 
By Anukriti Mathur, Shouya Feng, Jenni A. Hayward, Chinh Ngo, Daniel Fox and Si Ming Man 

The John Curtin School of Medical Research, The Australian National University, Canberra, Australia.
Infectious diseases result in substantial health burden worldwide. 
There is a need to find innovative ways to prevent and treat 
infectious diseases, and more research is required to understand 
the molecular basis of host-pathogen interactions. Bacteria and 
their ligands trigger activation of the inflammasome in the host 
cell during infection 1,2. An inflammasome is a cytosolic signalling 
complex comprising of a sensor, an adaptor protein ASC and the 
protease caspase-1 2. The inflammasome sensor detects either 
cytosolic bacteria and bacterial products, or cellular perturbations 
induced by extracellular bacterial virulence factors such as toxins 
1. Following detection of bacterial ligands, inflammasomes elicit 
inflammation and cell death which are important for the killing 
and clearance of pathogens.  
A central question in the field of host recognition of pathogens is 
“What are the microbial ligands that trigger innate immune 
responses?” To answer this question, we screened a panel of 
intracellular and extracellular bacteria for their inflammasome-
activating capacity in macrophages. We identified cell-free 
supernatant of the foodborne bacterium Bacillus cereus activated 
the inflammasome 3. B. cereus is a ubiquitous Gram-positive 
bacterium which causes gastrointestinal disease, sepsis, 
pneumonia, and meningitis 4. We further identified that the 
inflammasome sensor NLRP3 recognises a novel secreted factor 
of B. cereus. We demonstrated over a series of experiments that 
the unknown inflammasome-activating factor is a heat-sensitive 
proteinaceous factor of 30-50 kDa in size. In addition, profiling of 
46 strains of B. cereus from human and environmental sources 
revealed that 91% (42/46) of the strains triggered activation of 
the NLRP3 inflammasome. This observation suggested that this 
bacterial factor is highly prevalent and that NLRP3 is the 
cytosolic innate immune sensor of this bacterium. Gene and 
protein expression analyses indicated the presence of an 
enterotoxin haemolysin BL (HBL) in the inflammasome-
activating strains of B. cereus but not in the non-activating strains 
of B. cereus. 
Further confirmation came from experiments using wildtype B. 
cereus and its isogenic B. cereus mutant lacking HBL. The 
mutant bacteria failed to induce activation of the NLRP3 
inflammasome in macrophages. Furthermore, neutralisation of 
the B. cereus supernatant with anti-HBL antibodies abolished the 
ability of the supernatant to induce activation of the 
inflammasome. HBL is a tripartite toxin composed of the 
components B, L1 and L2 5. We found that purified recombinant 
HBL induced robust activation of the inflammasome in wildtype 
but not in Nlrp3–/– macrophages, confirming HBL as a novel 
activator of the NLRP3 inflammasome. Importantly, we showed 
that the three subunits of HBL assemble in a single and linear 
order of B, L1, followed by L2 on the cell membrane to form a lytic 
pore (Figure 1). Mechanistically, the HBL-induced pore resulted 
in potassium efflux triggering activation of the NLRP3 
inflammasome.  
Of particular interest is that B. cereus produces several pore-
forming toxins. However, it appears that HBL, but not other pore-
forming toxins produced by B. cereus, induced activation of the 
NLRP3 inflammasome. It is possible that the size of the toxin 
pore and/or the binding capacity of each toxin to the cell surface 
might contribute to the selectivity of individual toxins.  
We also observed, in an intraperitoneal model of B. cereus 
infection, that Nlrp3–/– and Casp1/11–/– mice were resistant to B. 
cereus-induced lethality and secreted substantially less IL-18 in 
the serum and peritoneal fluid compared to wildtype mice. This 
finding suggested that overt inflammation triggered by the 

NLRP3 inflammasome might be driving immunopathology and 
septic shock-like conditions in mice. Administration of the NLRP3 
inhibitor, MCC950, completely abrogated B. cereus-induced 
lethality in mice. Overall, our results highlight that cytosolic 
sensing of a secreted toxin is critical for the innate immune 
recognition of B. cereus infection (Figure 1). Our study also 
argues the importance of therapeutic modulation of the 
inflammasome in the prevention and treatment of deadly 
bacterial infections. 

 
Figure 1. Model of HBL-induced activation of the NLRP3 

inflammasome. 
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Anukriti Mathur is a PhD student at the Immunology 
Department, John Curtin School of Medical Research, 
Australian National University. Anukriti does research in 
innate immunity and infectious diseases trying to uncover 
how host cells recognise and respond to several 
pathogens. Her most recent publications are; ‘A 
multicomponent toxin from Bacillus cereus incites 
inflammation and shapes host outcome via the NLRP3 
inflammasome’, ‘Cytosolic Recognition of Microbes and 
Pathogens: Inflammasomes in Action’ and 'Molecular 
mechanisms of inflammasome signalling'. 



Syntrophy   Volume 20 | Issue 03 2019 | Page 3 of 4 

 
Key dates 
ASM 2019 South Australia Poster Abstract Deadline 
17th May 2019 

ASM NSW Seminar 
18th July 2019, see details below 

ASM BacPath 15 
30 September – 3 October 2019, see details below 

 

 

ASM NSW Seminar 
Alternatives to Antibiotics for Multidrug Resistant Infections and Inflammation 
R.E.W. (Bob) Hancock, Dept. Microbiology and Immunology, UBC, Vancouver, Canada 

Thursday 18th July 
To be held at School of Optometry and Vision Science, UNSW  
Rupert Myers Building, Barker St, Kensington NSW 2033 

Contacts: Professor Mark Willcox 
UNSW School of Optometry & Vision Science. Tel: 0409 658313 

and   Dr Alan Heritage,  
ASM NSW Branch Committee, Tel: 0418 459496. 

The inexorable increase in multidrug resistant infections combined with a decrease in new antibiotic discovery and the 
lack of compounds to treat recalcitrant infections, such as those associated with sepsis and chronic infections, is creating 
a potential crisis in human medicine. 
Thus, it is imperative to consider alternatives to conventional antibiotics for treating infections.  
I will discuss four examples, namely: (1) an approach to address immune dysfunction in sepsis based on a predictive 
diagnostic gene expression signature of cellular reprogramming; (2) immunomodulatory peptides based on a template of 
natural cationic host defence (antimicrobial) peptides, which protect against infections and inflammation, (3) a new 
strategy for identifying host-directed therapies based on the use of mutated stem cells and (4) a class of broad-spectrum 
peptides that acts against chronic and biofilm infections. 
 
 
 
 
 
 
 
 
 
 
 

http://theasm.org.au/
http://www.bacpath.org/
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Confirmed Plenary Speakers 

 

Bazeley Orator, Prof. Luigina Romani is 
internationally recognized in the area of 
antifungal immunity — a field in which her 
major interest is on the comprehension of 
mechanisms of antifungal immunity that 
lead to the activation of protective and non-
protective adaptive immunity.  

 

Snowdon Orator, Dr. Marnie L. Peterson is 
an expert in antibiotic resistance, 
antimicrobial stewardship, experimental 
therapeutics, and microbial pathogenesis 
with over 20 years of experience in the 
development of new therapeutics for 
infectious diseases 

 

Dr. Alan Landay is Professor in the 
Departments of Internal Medicine and 
Microbial Pathogens and Immunity and is 
Assistant Provost for Team Science at Rush 
University Medical Center in Chicago. He has 
been involved in HIV research for over 35 
years having performed some of the first 
immune evaluations of HIV infected 
haemophiliacs in 1982 while completing a 
postdoctoral fellowship at the University of 
Alabama, Birmingham. 

 

Dr. Karen Carroll is a Professor of 
Pathology at the Johns Hopkins University 
School of Medicine. She attended the 
University of Maryland School of Medicine 
and stayed on to do an internship in Primary 
Care Internal Medicine. She spent the next 
three years in Rochester, NY in the Internal 
Medicine Program at the Associated 
Hospitals Program, University of Rochester 
School of Medicine, where she was also 
Chief resident of her program. 

 

Prof. Noah Fierer is a Professor in the 
Department of Ecology and Evolutionary 
Biology and a Fellow of the Cooperative 
Institute for Research in Environmental 
Sciences at the University of Colorado at 
Boulder. He is a microbial ecologist and his 
research program focuses on microbes living 
in a range of environments. 

 

Prof. Sarah Gurr studied at Imperial College 
of Science, Technology and Medicine (BSc, 
ARCS, DIC and PhD), where she was 
awarded The Huxley Medal for her 
outstanding record of achievement. She 
was a post-doctoral Fellow in Fungal 
Biology at St Andrews University and then 
held an independent Royal Society 
University Research Fellowship in Molecular 
Plant Pathology. 

 

Rubbo Orator, A/Prof. Tilman Ruff is Co-
President of International Physicians for the 
Prevention of Nuclear War (Nobel Peace 
Prize 1985); and co-founder and founding 
international and Australian chair of the 
International Campaign to Abolish Nuclear 
Weapons (ICAN), awarded the Nobel Peace 
Prize in 2017 “for its work to draw attention 
to the catastrophic humanitarian 
consequences of any use of nuclear weapons 
and for its ground-breaking efforts to 
achieve a treaty-based prohibition of such 
weapons". 

 

Prof. Miguel Viveiros is Full Professor with 
Habilitation in Biomedical Sciences 
(Speciality Microbiology) in the Unit of 
Medical Microbiology (Group of 
Mycobacteriology) of the Instituto de 
Higiene e Medicina Tropical da 
Universidade Nova de Lisboa. 

 

http://asmmeeting.theasm.org.au/invited-speakers/
http://asmmeeting.theasm.org.au/

