
Could you begin by outlining the key aims 
and objectives of your research? What drew 
you to parasitology?

As a structural biologist, I am interested in the 
three-dimensional structures of proteins, since 
this information is of pivotal importance for 
understanding their molecular mechanisms. 
Only through correlating structure with 
function can we get a clear picture of how 
individual proteins work, and thus clues as 
to the molecular basis of disease. I am very 
excited about parasite proteins for two 
reasons. On the one hand, a lot of genetic 
and proteomic information is just becoming 
available; on the other, there is still a lot of 
unchartered territory. Parasitic and infectious 
diseases are a major burden worldwide and 
little scientifi c or drug discovery work has been 
carried out on many of these aptly named 
‘neglected’ diseases.

How is climate change benefi ting infectious 
disease-causing parasites?

The changing climate brings about shifts in 
both temperatures and precipitation. This 
means that parasitic species can survive in 

habitats not previously offering suitable 
environmental conditions. Higher water 
temperatures increase the growth rate of 
many pathogens, and during fl oods there 
is frequently the danger of contamination 
of water resources. To complicate matters 
further, globalisation and demographic drivers 
affect worldwide and local distribution of 
pathogens, and are thus interwoven with the 
purely environmental parameters. This leads to 
a complex network of general risk factors for 
infectious diseases.

Which parasitic infections do you 
investigate?

The parasitic diseases we are currently 
concentrating on are infections by trematodes, 
for instance schistosomes, as well as helminths 
infecting human and live stock, such as 
hookworms and others. We also work on enteric 
water-borne disease caused by a protozoan 
called Giardia. Intriguingly, not all parasitic 
molecules are a burden. Recent evidence shows 
that some proteins secreted by hookworms 
relieve symptoms of auto-immune diseases 
such as Crohn’s. Work on this latter project in 
collaboration with the lab of Alex Loukas is an 
exciting new addition to our current portfolio.

How important is collaboration to your 
research?

These days, research studies that make a 
difference at a larger scale are almost always 
interdisciplinary and collaborative in nature. This 
is especially true for method-based disciplines 
such as structural biology. I have been 
extremely fortunate in meeting such fantastic 
colleagues as Malcolm Jones, Alex Loukas and 
Robin Gasser, whose expertise in their fi elds 
is absolutely essential to the work happening 
in my laboratory. Also, here at the Eskitis 
Institute, we are collaborating with Ron Quinn 
on mycobacterial proteins, and make use of the 
unique chemical resources of the Queensland 
Compound Library hosted by the Institute.

Do you expect your investigations to lead 
to novel ways of interfering with chemical 
compounds (drug therapy) or antibodies 
(vaccine therapy) in the near future? 
What barriers are there to you achieving 
this goal?

We think that certain structural features 
distinguish schistosome annexins from those 
of human homologues and it is these features 
that we want to target. We now need to 
validate this idea and develop a sound basis 
for understanding the structural differences 
in these proteins. With grant funding from 
the National Health and Medical Research 
Council, we are now in a position to conduct 
these experiments. Currently, we are making 
recombinant proteins that will serve as 
samples for structural and immunological 
investigation, but also for laboratory vaccine 
trials. In this particular case, interference with 
chemical compounds is less likely to work, 
but we will also use the produced proteins to 
address this aspect. 

What are the next stages in your research? 
Will you continue down this line of 
investigation or are you planning to diversify 
into other fi elds and topics?

I am fascinated by the way nature achieves 
functionality by providing a three-dimensional 
structural framework. We are therefore 
investigating several different protein 
systems in my laboratory and trying to 
decipher the molecular basis of disease by 
analysing protein structures in the healthy and 
pathological states. We focus on infectious and 
infl ammatory diseases, and we have active and 
prolifi c research programmes on helminth and 
nematode proteins, but also on streptococcal 
and mycobacterial proteins. Other projects of 
my laboratory investigate brain proteins and 
their involvement in cell growth, migration 
and signalling, which can cause such different 
diseases as paraplegia, dementia, schizophrenia 
and cancer.

Dr Andreas Hofmann of Griffi th University in Australia and colleagues are investigating the roles 
of annexins in schistosome surface homeostasis and host-parasite interactions. He hopes the 
studies will result in practical measures which can benefi t the lives of people worldwide
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THE WORLD HEALTH ORGANIZATION 
estimates that 3 billion people worldwide are 
infected with worms. Parasitic roundworms in 
particular have a massive, long-term impact 
on human health and can cause substantial 
suffering, mainly in children. The effects of such 
diseases are exacerbated by global food and 
water shortages, leading to chronic disease and 
the destruction of lives. 

It has now been established that the global 
warming trend and related increase in 
precipitation and fl ooding has benefi ted parasitic 
diseases further by creating conditions which they 
fi nd favourable in areas which were previously 
uninhabitable. It is no surprise, then, that 
worldwide, the morbidity from worms surpasses 
diabetes and lung cancer in disability-adjusted 
life years. The task of combating the diseases is 
further complicated by the speed with which 
new resistances emerge. Consequently, current 
therapeutic treatments are few and far between, 
and those that do exist are often rendered useless 
very quickly. 

A NEW APPROACH

Dr Andreas Hofmann, Associate Professor and 
Structural Chemistry Program Leader of the Eskitis 
Institute for Cell and Molecular Therapies at Griffi th 
University, and Malcolm Jones, Group Leader in 
Parasite Cell Biology at the Queensland Institute of 
Medical Research, have gathered a cross-discipline 
team to combat these diseases. Along with Robin 
Gasser and Alex Loukas, they are approaching the 
problem of tackling parasitic worms from a fresh 
angle. Eskitis’ new study aims to investigate the 
interactions between parasites and their hosts at 
a molecular level, with the hope of understanding 
the pathogenic mechanisms which take place. This, 
in turn, will allow them to probe for novel ways of 
interference, either with chemical compounds 
(drug therapy) or antibodies (vaccine therapy). 

Hofmann’s motivation is clear: “By choosing 
parasitic proteins and their interactions with 
the host as the subject for our research, we can 
engage in projects and deliver results that can 
be translated into practice and hopefully make a 
valuable difference to people’s lives”.

The team is looking particularly at schistosomes, 
which thrive on human blood. Their aim is to 
impede the schistosomes’ digestion of this form 
of nutrition, starving them to death and thus 
reducing both their fecundity and egg-associated 
pathology. This is crucial, as Jones explains: 
“Female schistosomes lay large numbers of eggs 
in the vessels. The eggs cause major damage 
to various organ systems including the liver, 
intestine, bladder and genital tissues”.

For a number of reasons, this is a harder task than 
it might appear. Jones elaborates: “Part of the 
problem in elucidating functional aspects of these 
organisms is that they can only be maintained 
successfully for prolonged periods in a host. The 
parasites are not amenable to in vitro cultivation, 
at least not for long periods of their development”. 
Added to this there are, from an exploratory point 
of view, three crucial and very specifi c criteria for 
identifying a suitable vaccine target. “Firstly, it 
needs to be present in the parasite in abundance; 
secondly, the spatial and timely occurrence needs 
to be such that an acquired immune response 
of the host can recognise the epitope; and 
lastly, there need to be key differences in some 
functional domains when compared to related 
host molecules,” Hofmann adds.

ANNEXINS

Blood-feeding worm schistosomes have a body 
wall which consists of an external protective 
layer which is the site for the majority of the 
parasites’ interactions with its host. Although 
not a huge deal is known about the molecular 

contents and structure of this layer, it has become 
clear that it is populated by a particular set of 
proteins called annexins. “Due to their adapter-
like roles, annexins stabilise particular membrane 
structures and as such are vital for the integrity 
of organisms,” Hofmann explains. It has emerged 
that worm annexin proteins are remote relatives 
of human annexins. Using the huge amounts of 
knowledge which have been obtained for the 
human variety, Hofmann and his colleagues 
hypothesise that worm annexins are a crucial 
stabilising factor in the body wall of schistosomes.

The group now aims to use their knowledge 
of annexins to fi nd a way of compromising 
the worm’s external protective layer, leaving it 
susceptible to the human body’s natural defences. 
Promisingly, their studies have singled out one 
major difference in the structural makeup of 
some parasite annexins compared to their human 
relatives. This additional structural element, which 
is absent in the human proteins, can serve as a 
recognition site for human antibodies, opening 
an avenue for vaccine therapy. “While humans 
possess 12 different annexins, the blood fl uke 
Schistosoma mansoni has 13, and the intestinal 
parasite Giardia, cause of water-borne disease 
worldwide, has 21 different annexin proteins. The 
discovery of a novel structural element, so far 
only found in parasite annexins, was therefore a 
very exciting moment,” Hofmann notes.

THE THREE-DIMENSIONAL STRUCTURE OF 
PROTEINS

This discovery was only made possible through 
protein X-ray crystallography. This technique 
requires proteins to be purifi ed at the highest 
level at the milligram scale; these proteins are 
then crystallised and X-rays are fi red at them, 
which causes a diffraction pattern to form. The 
pattern is key for determining three-dimensional 
structure of the proteins. 

Disrupting parasite annexins
Parasitic worms of humans cause destructive and often chronic diseases that carry with them serious socioeconomic 
and health consequences. The Eskitis Institute for Cell and Molecular Therapies and the Queensland Institute  
of Medical Research in Australia are exploring novel, cross-discipline methods to control and combat such illnesses 
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Thanks to the increasing availability of 
entire genomes, it is possible for Hofmann 
and his team at Eskitis to investigate the pool 
of proteins from an entire organism, a proteome, 
with computational methods. “Excellent 
algorithms are available that predict structural 
elements of proteins based on their amino acid 
sequence,” he states. “We are combining the 
sequence information with predicted structural 
elements and have developed software to 
generate a line-up of large sets of proteins.”

IMMUNOLOGICAL METHODS

Hofmann and his collaborators are also looking 
at immunological approaches to their research. 
One area in particular that they are keen to 
explore is whether annexins are recognised 
by hosts in natural infections. For example, 
investigations have shown that molecules such 
as schistosome tetraspanins demonstrated 
that inhabitants of schistosome-endemic 
regions and those who possessed a natural 
immunity to the disease had unique sting 
protective antibody responses towards the 
molecule. The study will now look at whether 
annexins may also be targeted by the immune 
system of individuals who are naturally 
immune to schistosomiasis. It is believed that 
there is reason to assume that annexins are 
vital surface-related molecules, due to the very 
complex nature of the schistosome surface 
membrane and the role of the molecules in 
membrane interactions. 

Their immunological investigations also include 
electron microscopy, antibody production and 
vaccine trials, schistosome survival assay and 
ribonucleic acid interference.

CREATING AN OPEN-SOURCE FACILITY

Hofmann is committed to making his work 
accessible and open. He recalls: “The way I 
have been educated in school and university 
has given me a strong desire to give back to the 
community. I have been fortunate to meet many 
colleagues who taught me and shared their 
expertise and resources without reservation, and 
this prompted me to follow their examples”. His 
website (www.annexins.org) has had 22,000 
hits since its creation, mainly for its database 
of laboratories working on annexins worldwide, 
and the catalogue of annexin sequences which 
it hosts. The website demonstrates Hofmann’s 
belief in working towards a common goal, and 
it will continue to grow as the battle against 
parasites continues.

INTELLIGENCE

The team now aims to use their 

knowledge of annexins to fi nd a 

way of compromising the worm’s 

external protective layer, leaving 

it susceptible to the human body’s 

natural defences

ROLES OF ANNEXINS IN SCHISTOSOME 
SURFACE HOMEOSTASIS AND HOST-
PARASITE INTERACTIONS

OBJECTIVES

This research investigates the interactions of 
parasites and their hosts at a molecular level 
to understand the pathogenic mechanisms 
and probe for novel ways of interference 
with chemical compounds (drug therapy) or 
antibodies (vaccine therapy).

KEY COLLABORATORS

Professor Robin Gasser, University of 
Melbourne • Professor Alex Loukas, James 
Cook University

FUNDING

National Health and Medical Research 
Council APP1002898 • Australian Research 
Council • Rebecca L Cooper Foundation
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