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From the editor 
By Jim Manos 

We are pleased to bring you another feature-packed issue of 
Syntrophy this month. The great series from UTS continues this month 
with an article from Cynthia Whitchurch’s group (Mandal et al.) on 
bacterial membrane vesicles. We also have a feature article by 
Chelsea Stokes on Cryptococcus neoformans a pernicious fungal 
infection that presents as a major cause of mortality amongst AIDS 
sufferers. 

Bugs by the Beach in Wollongong is coming up fast (November 13 and 
14 at the North Wollongong Surf Club), so if you haven’t decided to go 
yet, here’s your last chance to be at one of the best small meetings in 
Australia and rub shoulders in a cosy atmosphere with the some of the 
leading microbiologists in the field. Don’t forget the Yeast products 
Discovery meeting 4-6 December at the University of Sydney. If yeast 
is your thing or if you want to find out more about it, this is the meeting 
for you. 

I have left the best till the end: Our annual branch Christmas Party! 
This year, by popular demand, it will be held at the same venue as last 
year “The Rocks Brewery” (which is not in The Rocks, by the way, but 
in Alexandria!) on Tuesday 5th December. Please see the ad in 
Syntrophy on how to get your ticket and to RSVP (tickets are online via 
Trybooking.com). See you all there! 
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the Syntrophy Coordinator via the ASM NSW-
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Organisations with research opportunities, or 
companies seeking to fill positions are 
welcome to place an advertisement in an 
upcoming issue of Syntrophy. Please contact 
the Syntrophy Coordinator with your details 
for inclusion. 
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Let’s Party! 
The Australian Society for Microbiology 
(NSW/ACT) invites you to their annual 

Holiday Party 
December 5, 2019 6:30-9:00 PM 

ROCKS Brewing Co 
 Building 2, 160 Bourke 

St Alexandria, NSW 
 
 

Costs: 
Food + Drink 

ASM/Non-ASM: $15/$30 
 

Payment: Online by Trybooking ONLY. No Cash at the door. 
https://www.trybooking.com/book/event?eid=574202& 
Please make sure to INCLUDE YOUR NAME in the booking 
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Focus Article 
Bacterial membrane vesicles: an outcome of bacteriophage 
mediated bacterial lysis 
Pappu K. Mandal1, Giulia Ballerin1, Nicola K. Petty1, and Cynthia B. Whitchurch1 
1The ithree institute, University of Technology Sydney, Ultimo, NSW, 2007, Australia. 
Introduction 
Membrane vesicles (MVs) prevail in all the three domains of life. Bacterial MVs are mostly spherical nanostructures (20- 400 
nm) that are involved in diverse biological processes such as pathogenicity, horizontal gene transfer, biofilm formation, and 
decoys to defend bacteria from antibiotics, antimicrobial peptides and bacteriophage predation1,2. MVs biogenesis in Gram-
negative bacteria has recently been reported to occur through explosive cell lysis due to expression of a bacteriophage-related 
endolysin3. Observations of vesicular structures within phage preparations have also been reported in various literatures. Indeed, 
bacteriophage mediated lysis in Gram-negative bacteria has been reported as a cell bursting phenomenon similar to that of 
explosive cell lysis 4. However, there remains a lack of knowledge on the source of MVs in phage lysates and also no direct 
evidence of bacteriophage mediated MVs formation. Thus, this work aimed to determine if MVs biogenesis occurs through 
bacteriophage-mediated cell lysis of Gram-negative bacteria.  

Methodology 
A model organism E. coli K-12 was infected separately with the two distinct standard virulent phages T4 and T7 in liquid medium 
5. Phase contrast video microscopy and fast 3D structured illumination super-resolution microscopy (f3D-SIM) were used to 
observe bacterial cells after phage infection. Transmission electron microscopy (TEM) was used to visualise membrane 
vesicles in phage lysates.   

Result and Discussion 
Both T4 and T7 bacteriophage infection resulted in lysis of E. coli K-12 whereas no lysis was observed in the absence of 
bacteriophage. This confirmed that the lysis observed was solely due to bacteriophage infection and not due to any extraneous 
condition or experimental artefacts. The lysis was observed by live-cell phase contrast video microscopy as explosion of the 
bacterial cell with expulsion of the cell content.  Analysis of multiple lysis events (104 and 118 with T4 and T7 phage respectively) 
revealed that the cell either lysed as direct blowout without any gross changes in cellular morphology or in progressive changes 
into spheroid morphology before rupturing. Strikingly, the majority of cell lysis with phage T4 was mostly at or near the pole and 
occurred without any gross morphological changes whereas the majority of lysis with phage T7 involved rounding of the cell 
before lysis (Fig 1). Since both T4 and T7 phage have canonical holin-lysin systems, the observed differences in lysis patterns 
could be due to differences in sites of accumulation of the lysin within the cell wall.  

Live-cell super-resolution microscopy (f3D-SIM) demonstrated that irrespective of the lysis pattern, the exploding bacteria 
produced shattered membrane fragments that curled up inward and then rounded up forming circular MVs, which persisted in 
the same topology thereafter (Fig 2). Indeed, the aforementioned process of MVs formation through phage mediated explosive 
cell lysis agreed with Turnbull et. al., who showed that the MV biogenesis from explosive cell lysis is due to the curling and self-
annealing of the shattered membrane fragments from the lysed cell 3. Furthermore, TEM revealed the presence of different 
forms of MVs within phage lysates, consistent with MVs formation through phage mediated bacterial lysis. Analysis of multiple 
TEM images of MVs within both the T4 and T7 phage lysates revealed variability among sizes of MVs with both the phages, 
which could be further interpreted as a result of dynamic nature of explosive cell lysis. 

Conclusion 
This study has shown that both T4 and T7 bacteriophage mediate explosive lysis of E. coli K-12, and results in MVs formation 
through self-annealing of shattered membrane fragments derived from the lysed cell. Since phage mediated bacterial lysis is a 
common process, this could be a major mechanism responsible for the abundance of MVs in nature. 
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Unit (MAU), UTS for access to the transmission electron microscope. 
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Figure 1: Phage mediated cell lysis in E. coli.  Time lapse image sequences of E. coli MG1655 treated with phage T4 showing 
lysis  (A) lysis as direct blowout near pole without any gross change in cell morphology, (B) lysis as direct blowout near mid cell 
without any gross change in cell morphology, (C) gross change in morphology before lysis (i.e. rounding and lysis). (D) A bar 
chart on frequency of different types of lysis pattern observed with phage T4 and T7. Images were taken using phase contrast 
(Olympus IX71) under 100X oil immersion objective. Scale bar is 2 µm. 
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Figure 2: Membrane vesicles produced through phage mediated lysis of E. coli (A) Super resolution microscopic image of phage 
mediated lysed cell population with MVs, (B) TEM image of phage lysate showing MV and phage, (C) Size of MVs within phage 
lysates observed by TEM.  
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Student Articles 

In this issue of Syntrophy, we have published the final winning article produced by second year microbiology students (in the 
subject General Microbiology) from the University of Technology Sydney. 
Courtesy of the Australian Society for Microbiology NSW-ACT Branch, winning articles were given certificates and a $100 JB 
Hi-Fi voucher for their efforts. Students were asked to write a 2-page magazine-style article on a contemporary microbiology 
topic which in 2019 included Cryptococcus, Pseudomonas aeruginosa infection in cystic fibrosis sufferers and bacteriophage 
therapy. 
This assessment is designed to enhance students' communication of science to society. They were given journalistic freedom 
to identify an interesting angle of the topic and to write and present their article in a way that engages with a broad audience. 

In this issue of Syntrophy, on pages #5-7 we present the article written by the winner of the Cryptococcus topic. Congratulations 
to Chelsea Stokes. 

Key dates 
Bugs by the Beach 3 
13 – 14 November 2019, see details page 9 

Yeast Products and Discovery Meeting 
4 – 6 December 2019, see details page 9 



 

CRYPTOCOCCOSIS NEOFORMANS: THE SECOND BIGGEST KILLER OF AIDS RELATED MORTALITY 

By Chelsea Stokes | May 6 2019, 12:00 pm 

 FUNGUS |     GENERAL MICROBIOLOGY  |    HEALTH

such as HIV patients, recipients of organ 
transplants and individuals taking 
corticosteroids. Whereas, C. gattii targets 
healthy people with normal immune system 
function (C. neoformans Infection | Fungal 
Diseases | CDC. 2019). Devastatingly we are 
all susceptible. 

Alarming inequity 
Cryptococcosis remains the second biggest 
killer of AIDS-related mortality 
(Rajasingham, R., et al. 2017). This 
pathogenic spread in both humans and 
animals represents a threat to all public 
health, especially in resource poor countries 
(Srikanta, D., et al 2014). Almost 50% of 
patients in resource-poor countries die in the 
year after their infection, mostly from the 
ineffectiveness of diagnosis, treatment and 
prevention. Cryptococcosis can be treated 
with antifungal drugs such as fluconazole but 
due to high costs remain unavailable to many 
regions (Williamson, P. 2017).   

In addition, cryptococcal genomes contain 
the adaptability and capacity for 
microevolution, challenging diagnosis of the 
disease (Perfect, J., et al 2015). Samira’s 
chance of survival is slim. Developed 
countries have experienced a decline in rates 
of infection and mortality due to high-quality 
healthcare, access to medicine and use of 
Antiretroviral therapy (ART) which has 
improved the immune systems of HIV 
patients as demonstrated in figure 2. 

Symptoms & Transmission 
 

Samira is an intelligent young adult from 
Nigeria, her heart is full of love and she 
should have the world at her feet. Except, 
she is an HIV-patient in Sub-Saharan Africa 
with symptoms of cryptococcosis. Lack of 
doctor expertise, absence of infrastructure 
and inability to access basic medicine 
means she can’t get the treatment she needs. 

This is the unfortunate reality for over 
27,000 patients in Nigeria, a country with 
the largest annual incidence of cryptococcal 
meningitis. It doesn’t stop there, South 
Africa, Mozambique, India, Uganda and 
many more resource-poor countries are 
battling to find a solution to the ongoing 
problem of cryptococcosis. Global deaths 
from cryptococcal meningitis were at an 
estimated 181, 100 annually in 2014 
(Rajasingham, R., et al. 2017). 

Unpacking Cryptococcosis 
Cryptococcosis is a fungal disease linked to 
significant morbidity and mortality and has 
emerged as one of the world’s most 
problematic killers (Idnurm, A., et al 2015). 
It is caused by inhalation of the infectious 
microscopic yeast Cryptococcus which 
initially causes a lung infection that spreads 
to the Central Nervous System (CNS) and 
moves through the blood-brain barrier 
towards the brain to cause fatal 
cryptococcal meningitis (Srikanta, D., et al 
2014). From the phylum Basidiomycota, 
the genus Cryptococcus encompasses many 
different species but only var. Cryptococcus 
neoformans and var. Cryptococcus gattii 
have life-threatening risks to humans (Aye, 
C., 2016).  

Whether you’re sitting in the park in 
Northern Canada or watching your child in 
the playground in Southern Argentina, 
Cryptococcus neoformans could be living 
within the soil beneath you. Figure 3 
identifies the annual incidence of the 
cryptococcosis by country and emphasises 
the weight of the burden on sub-Saharan 
Africa as well as Asia and the Pacific.  C. 
neoformans and C. gattii are commonly 
found in soil, decaying wood, tree hollows 
and pigeon faeces. C. neoformans targets 
people with weakened immune systems 

Cryptococcosis: a global burden of disease 

Figure 2. Global burden of HIV-related cryptococcal meningitis (C. 
neoformans Infection | Fungal Diseases | CDC. 2019). 

Figure 1. Africa has the highest rate of HIV-related 
cryptococcal infections. 

behaviour. If you are experiencing any of these 
symptoms, please contact your healthcare 
professional (C. neoformans Infection | Fungal 
Diseases | CDC. 2019). 

Scarily, C. neoformans can remain in the body for 
extended periods and only become present if the 
individual’s immune system is weakened! Before 
you self-diagnose with Dr Google, most people 
exposed to this ‘feared fungus’ never get sick from 
it. It is NOT contagious and can’t be ‘caught’ from 
someone else or from an animal (C. neoformans 
Infection | Fungal Diseases | CDC. 2019). 

 
The effects of 
cryptococcosis are 
mainly experienced in 
the lungs and CNS but 
are not limited to these 
areas. Symptoms of 
infection within the 
lungs includes shortness 
of breath, fever, chest 
pain and a cough. . 
Symptoms of meningitis 
include fever, nausea, 
headaches, pain in the 
neck, vomiting, light 
sensitivity, confusion or 
even a change in 
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What has been done to help? 
The World Health Organisation released 
updated guidelines in March 2018 that 
delivered new recommendations on optimal 
diagnosis, antigen screening in people with 
advanced HIV, ways to prevent antifungal 
drug toxicity, warnings against the use of 
systemic corticosteroids and ideal start times  
for ART in cryptococcal meningitis patients 
in low-income regions.  
 
It has also explored shorter, safer and more 
effective accessible antifungal drugs which 
have reduced cryptococcal meningitis 
mortality by 38%. These improved 
guidelines of ‘Prevent. Screen. Treat’ will 
enhance diagnosis, treatment and prevention 
of cryptococcosis as well as decrease the 
rates of HIV-related deaths globally and 
especially within Africa, assisting to reach 
the global target of reducing HIV-related 
deaths by 50% by 2020 (Cryptococcal 
disease: what's new and important 2019). 
  
The DREAMM project is an African 
investigator-led project in Kamuzu Central 
Hospital in Malawi, Hospital Central in 
Cameroon and Muhimbili Hospital in 
Tanzania. This project aims to decrease 
mortality by education, policy efforts and 
treatment guidelines to improve access to 
diagnostic tests such as the lateral flow assay 
and critical medicines to help combat the 
number of cases (Williamson, P. 2017). 
 
The International Conference of 
Cryptococcus and Cryptococcosis (ICCC) is 
held every 3 years since 1989 and brings 
together 303 global investigators to discuss 
the newest discoveries on the disease, adjust 
estimates of the disease burden and 
addresses the availability of antifungal drugs 
for countries and people like Samira in need 
(Idnurm, A., et al 2015). 
  
Why is all this important?   
Figures 2 and 3 emphasise the ongoing 
global burden of HIV-associated 
cryptococcosis. Research on the complex 
Cryptococcus should remain a priority to 
find new treatment strategies to improve 
access to resource poor areas.  
 
Treating Cryptococcosis is complex and 
influenced strongly by socio-economic 
conditions (Idnurm, A., et al 2015). If 
aggressive approaches such as these aren’t 
implemented, the progression of 
cryptococcal disease will be the demise of 
Samira and the HIV population, particularly 
within sub-Saharan Africa. 
 

 Figure 3. Annual incidence of cryptococcal infection by country (Rajasingham, R., et al 2017) 

How does it survive? 
The primary virulence factor (harmfulness of the 
disease) for C. neoformans is the polysaccharide 
(carbohydrate) capsule which has the ability to 
grow to numerous times the cell diameter. This 
unique characteristic inhibits the breakdown of 
the pathogen (phagocytosis) and host immune 
responses. Additionally, Melanin produced by C. 
neoformans provides protection against 
environmental stresses including antifungal 
medication (Srikanta, D., et al 2014). Lastly, its 
virulence potential is majorly increased by its 
ability to grow and thrive at 37°C, the temperature 
within the human body (Idnurm, A., et al 2015). 
YOU are the perfect host...  
 
Detection 
Cryptococcosis must be diagnosed early on to 
prevent long term neurological decline or 
mortality thus methods of detection are ever 
changing to become cheaper, more effective and 
more accessible. In order to diagnose patients, 
adequate medical history, symptom checks, 
physical examination and laboratory tests are 
required. 
  
Cryptococcosis can be identified within the body 
through blood tests or by completing a lumbar 
puncture to withdraw cerebrospinal fluid (CSF). 
Body fluid (CSF or blood) is negatively stained 
with India Ink, tested with an antigen test or 
cultured to identify the carbohydrate capsule or 
antigen of C. neoformans fungus (C. neoformans 
Infection | Fungal Diseases | CDC. 2019). Lateral 
flow assay’s (LFA) could also be used for 
detection (Idnurm, A., et al 2015). Additional x-
rays, CT scan of the lungs and brain may also be 
necessary to confirm diagnosis. 
 
However, performance of diagnosis techniques 
are suboptimal for Samira and resource-poor 
countries due to lack of doctors’ knowledge, 
motivation, equipment as well as fear of needles 
and lumbar punctures, specifically within African 
countries (Perfect, J., et al 2015). Further 
contributing to the burden of disease. 
 
 

Treatment options 
Researchers have found a link between the 
time of diagnosis and long-term neurological 
decline, therefore testing has become an 
important aspect of diagnosis and treatment 
(Aye, C., 2016). Amphotericin, Flucytosine 
and Fluconazole are antifungal treatment 
options used for cryptococcosis (Aye, C., 
2016). They are taken for over 6 months and 
the type of treatment depends on the severity 
of the disease.  
 
Asymptomatic patients (diagnosed through 
screening) and those experiencing a lung 
infection are generally treated with 
fluconazole. Patients with severe lung or 
central nervous system infections take a mix 
of amphotericin B and flucytosine before 
taking fluconazole until the infection has 
cleared. However, due to the high cost of 
antifungal drugs Samira and many others 
can’t access these treatment options, 
minimising their chance of survival.   
 
Control methods 
In order to reduce mortality rates for HIV-
related cryptococcal disease it is essential for 
patients to be screened for the cryptococcal 
antigen in their body fluid, pre-emptively 
given fluconazole and initiated on ART.  
 
The ongoing burden of HIV-related 
cryptococcosis in sub-Saharan Africa and 
Asia and the Pacific suggests that antigen 
testing and pre-emptive fluconazole 
treatment becomes a routine aspect of care 
for individuals with HIV. (Rajasingham, R., 
et al 2017).  
 
Even ‘Point of care’ tests are being 
implemented and tested in Uganda, Rwanda, 
Mozambique and South Africa to assist 
diagnosis and pre-emptive therapy to address 
prevention strategies (Perfect, J., et al 2015). 
 
  



  

References 

Aye, C., Henderson, A., Yu, H., & Norton, R. (2016). Cryptococcosis—the impact of delay to diagnosis. Clinical Microbiology 
And Infection, 22(7), 632-635. doi: 10.1016/j.cmi.2016.04.022 

C. neoformans Infection | Fungal Diseases | CDC. (2019). Retrieved from https://www.cdc.gov/fungal/diseases/cryptococcosis-
neoformans/index.html 

Cryptococcal disease: what's new and important. (2019). Retrieved from https://www.who.int/hiv/mediacentre/news/cryptococcal-
disease-key-messages/en/ 

Idnurm, A., & Lin, X. (2015). Rising to the challenge of multiple Cryptococcus species and the diseases they cause. Fungal 
Genetics And Biology, 78, 1-6. doi: 10.1016/j.fgb.2015.05.002 

Perfect, J., & Bicanic, T. (2015). Cryptococcosis diagnosis and treatment: What do we know now. Fungal Genetics And 
Biology, 78, 49-54. doi: 10.1016/j.fgb.2014.10.003 

Rajasingham, R., Smith, R., Park, B., Jarvis, J., Govender, N., & Chiller, T. et al. (2017). Global burden of disease of HIV-
associated cryptococcal meningitis: an updated analysis. The Lancet Infectious Diseases, 17(8), 873-881. doi: 
10.1016/s1473-3099(17)30243-8 

Srikanta, D., Santiago-Tirado, F., & Doering, T. (2014). Cryptococcus neoformans: historical curiosity to modern 
pathogen. Yeast, 31(2), 47-60. doi: 10.1002/yea.2997 

Williamson, P. (2017). The relentless march of cryptococcal meningitis. The Lancet Infectious Diseases, 17(8), 790-791. doi: 
10.1016/s1473-3099(17)30245-1 

 
Sources of images 

http://hallelujah.co.ke/children-and-parents/ 

 
 
 
 
 
 
 
 
 
 
 
 



Syntrophy   Volume 20 | Issue 08 2019 | Page 9 of 9 

 
 


