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We are not alone
by Freddie Theodoulou, Science Editor

I’m not talking about aliens: the title of this 
editorial refers to the microscopic organisms 
whose ancestors inhabited our planet long 
before humans walked the earth. With the 
exception of plants and animals deliberately 
raised in sterile laboratory conditions, all 
of us are colonized- within and without- by 

trillions of microorganisms. This community of bacteria, fungi and 
archaea, collectively called the microbiota or microbiome is arguably as 
important as any of the cells that make up our tissues and organs. Bacteria 
have traditionally suffered a bad press as disease-causing baddies, but 
the explosion of studies reporting pervasive beneficial effects of the 
microbiome represents an image change that would make any self-
respecting PR agency green with envy. Long recognized for assisting 
digestion, we now know that gut bacteria influence our metabolism, 
impact our immune system and can even reset our circadian clocks. 
As associations between disease and gut dysbiosis are increasingly 
reported, altered microbial signatures have become warning beacons 
for serious underlying conditions and whilst there is still some work 
to do to separate cause from effect, manipulation of microbiotas is an 
emerging target for therapy.

The vast majority of microbes are unculturable but the advent of 
next-generation sequencing has opened up the world of the microbiome 
and spawned a metagenomics frenzy. Pretty much everything from 
aardvarks to zebras has been swabbed and sequenced, leading to gleeful 
popular science articles (“Some beards as dirty as toilets”, “Bearded 
men have poop on their faces”, “Your mobile phone carries your 
microbiome”). Microbiome studies are not just limited to the here and 
now: in a recent report, the scrapings from a handful of Neanderthal 
teeth proved sufficient to suggest that our closest hominin relatives 
dined on woolly rhino and pine nuts, dabbled with herbal medicines 
and probably enjoyed the odd snog. Racy headlines notwithstanding, 
the DNA analysis was truly impressive, with 10 x coverage of a 48,000-
year old archaeal genome.

This month, The Biochemist features have a focus on the human 
microbiome, but the microbes that live in and alongside other 
organisms are just as fascinating and just as important. Plants have 
intimate, complex and dynamic relationships with soil microbes that 
underpin the health of the ecosystem and the production of our food. 
Lurking below the surface, plant roots tailor their local soil microbiome 
by secreting attractants and key nutrients, allowing them to recruit 
microorganisms that facilitate nutrient uptake and combat soil-borne 
diseases. In a neat parallel with human medicine, manipulating the soil 
microbiome for agricultural and environmental benefit is an inexact 
but promising science. Soil, with its kaleidoscopic community of 
microorganisms is no longer dismissed as dirt, but valued as a potential 
source of much-needed new antibiotics. A topic that has the potential to 
bring together clinicians, soil scientists, drug developers and more, the 
microbiome continues to intrigue, inform and offer routes to improve 
our quality of life.  ■
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Mingling microbiomes
Microbiomes undergo dynamic changes in their 

composition, often associated with emergence of a 
disease state or during a response to changes in host 
biology/environment, for instance, after taking a dose 
of systemic antibiotics. Microbiomes can gain new 
members and lose established members, with varying 
effects on the ‘health’ of the community. There can also be 
huge variations between the microbiomes of individuals. 

Swabbing hands and growing the microbes 
recovered is a great public engagement activity, which 
also readily demonstrates considerable diversity in the 
abundance and composition of the skin microbiomes 
of individuals. The hand microbiome may be a 
particularly dynamic example, but it exemplifies some 
of the processes that can shape microbiomes.

Sampling the hand microbiome at a particular time 
gives very different results depending on the natural 

Microbiome is a new word for an old microbial ecology 
concept, a description of the collection of microbes 
(and/or their genomes) in a particular location. 
Although first coined in 2001, 90% of the 6500 reviews 
in PubMed featuring the search term ‘microbiome’ 
were published in just the last 6 years, and the vast 
majority (more than 82%) of those also feature ‘human’ 
as a keyword. 

This is due to the increasing appreciation of the 
importance of the co-evolution of metazoans and 
their microbial flora. It is now widely accepted that the 
relationship between host and microbial flora can be 
mostly thought of as mutualistic, with both partners 
deriving benefits from the association. Human health is 
consequently dependent on the ‘health’ of the individual’s 
native flora and many illnesses are associated with 
perturbation of the ‘natural’ microbiome.

David Whitworth 
(Aberystwyth University, UK)
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history of the hand’s host. Was the hand washed 
recently, has it touched food, did it use gym equipment, 
touch a contaminated surface, or has it just cleaned the 
toilet? In addition, members of one hand’s microbiome 
can pass to that of another – perhaps through a shared 
door handle or maybe by direct contact. In such a way, 
our microbiomes can be shared and mingle with those 
of others around us.

Humans are very social organisms, and diverse 
cultures use ritualised touch as part of daily greetings 
– the handshake, the Hongi nose-rub of New 
Zealand Māori, the cheek-kiss and the Welsh cwtch 
(affectionate hug). As well as reinforcing bonds 
of friendship, such greetings help create a shared 
communal microbiome. 

In some cultures, traditional greetings are 
contactless (the namaste), whereas in contexts such as 
healthcare, it is desirable to prevent physical contact 
as a potential route to spread pathogenic microbes 
between microbiomes. Handshake bans, fist-
bumping and cruise-taps have all been recommended 
recently as ways to prevent or reduce the mingling of 
microbiomes in various social contexts.

Does it matter? How does the composition of the 
hand microbiome affect our health? Have physical 
greetings ‘evolved’ as a mechanism to mingle microbes 
within a community? Who knows?

I don’t. However, an intriguing study last year by 
Frumin et al suggests that hand-sniffing is stimulated 
by hand-shaking and handshakes may therefore have 
a social chemosignalling function. In the context 
of mingling microbiomes, and their potential 
contribution to the smell of our hands, the communal 
shared hand microbiome may well act as a form of 
social glue that allows us to recognise members of our 
own community biochemically.  ■

Further reading

1. Frumin I, Perl O, Endevelt-Shapira Y, Eisen A, Eshel 
N, Heller I, Shemesh M, Ravia A, Sela L, Arzi A, Sobel 
N. A social chemosignaling function for human 
handshaking. Elife. 2015 Mar 3;4. doi: 10.7554/
eLife.05154. 
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Visceral pain: role of the 
microbiome-gut-brain axis

A growing body of preclinical and clinical evidence supports a relationship between the complexity 
and diversity of the microorganisms that inhabit our gut (human gastrointestinal microbiome) 
and health status. These microbes can influence centrally regulated emotional behaviour 
through mechanisms including microbially derived bioactive molecules, mucosal immune and 
enteroendocrine cell activation, as well as vagal nerve stimulation.
Changes to the microbial environment, as a consequence of illness, stress or injury can lead to a broad 
spectrum of local physiological and behavioural effects including a decrease in gut barrier integrity, 
altered gut motility, inflammatory mediator release, as well as nociceptive and distension receptor 
sensitization. Impacts at a central level include alterations in the hypothalamic-pituitary-adrenal 
axis, neuroinflammatory events and concomitant changes to neurotransmitter systems. Thus, both 
central and peripheral pathways associated with pain manifestation and perception are altered as a 
consequence of the microbiome-gut-brain axis imbalance.
The dogmatic approach of antibiotic treatment in the latter century, for the treatment of many diseases 
and conditions, has undergone a radical change. We are 90% microbe, and pragmatism suggests that 
we manipulate this ecosystem for the treatment of various ailments, stress dysfunction and affective 
disorders, including the alleviation of visceral pain.

central nervous system (CNS). Of interest, there is 
substantial overlap in the brain areas underlying 
visceral pain and those that are involved in the 
processing of psychological stress, a key predisposing 
factor for visceral hypersensitivity.

Visceral pain pathways

After an event such as injury, stress or infection, the 
sensory information coding for visceral pain is sent 
from the site of origin to the spinal cord, and then 
through ascending spinal and vagus nerve pathways 
to the brain. Pain receptors in the viscera respond 
to mechanical stimulation such as distension or 
pressure, tissue damage and chemical stimulation as a 
consequence of inflammation, infection or ischaemia. 
These receptors are localized on bare nerve endings 
containing transient receptor potential (TRP) 
channels that detect tissue damage or injury. Agents 
that activate TRP channels include globulin, protein 
kinases, arachidonic acid, prostaglandins, histamine, 
nerve growth factor, substance P, calcitonin gene-
related peptide, serotonin, acetylcholine, ATP and 
changes in pH. 

At the dorsal horn of the spinal cord, biochemically 
active agents including substance P, glutamate, 
aspartate, vasoactive intestinal peptide (VIP), 
cholecystokinin (CCK), somatostatin, calcitonin 
gene-related peptide (CGRP) and galanin are released 

Pain is an unpleasant experience combining a sensory 
component with a complex emotional response. 
This physiological survival mechanism is conserved 
throughout evolution to protect against potential or 
existing tissue damage. While the anatomical pathways 
and signalling mechanisms involved in pain signalling 
from skin and deep tissue are relatively well defined, 
the mechanisms underlying pain from internal organs 
(visceral pain) and its treatment are proving a difficult 
target for therapeutic intervention. Visceral pain is 
believed to affect up to 40% of the population at some 
stage in their lifetime and is commonly associated with 
an aching or throbbing sensation with varying degrees 
of discomfort, and is often difficult to localize to a 
precise anatomical region. 

Although visceral pain disorders include 
myocardial infarction (heart attack), dysmenorrhoea, 
appendicitis, bladder pain and pelvic pain it is the 
functional gastrointestinal disorders (FGIDs) including 
irritable bowel syndrome (IBS) that represent the more 
common forms of visceral pain. IBS alone affects an 
estimated 10–15% of the population in developed 
countries with an estimated economic burden to 
healthcare systems in the billions. 

The perception of visceral pain and discomfort 
from the gastrointestinal tract involves complex 
mechanisms. These include sensitization of sensory 
nerves in the periphery, and dysregulation of thalamic 
and corticolimbic signalling pathways within the 

Kieran Rea, Siobhain M.  
O’ Mahony, Timothy G. 
Dinan and John F. Cryan 

(University College Cork, 

Ireland)
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from the nerve terminals of the visceral primary 
afferents to send the nociceptive signal to second order 
neurons. Under normal physiological conditions, these 
neurons are under ‘gated’ control. However, once a 
certain threshold of stimulation is exceeded, these 
neurons are no longer suppressed and the nociceptive 
information coding for general location and intensity 
projects to supraspinal sites. The two major ascending 
pain pathways in mammals are the spinothalamic 
and the spinoparabrachial tracts, which encode the 
sensory-discriminatory and affective aspects of pain 
respectively. Once the nociceptive information has 
been processed in the CNS, the descending pathways 
(from brain to spinal cord) can exert an inhibitory or 
facilitatory effect on the sensation of pain. Sensitization 
of pain receptors, as a consequence of repeated or 
prolonged activation, can lead to chronic, and often 
unpredictable bouts of visceral pain. Thus, by targeting 
key bioactive chemicals or receptor systems on these 
sensory afferent neurons, the sensation of visceral pain 
could be significantly ameliorated. More recently, a 
new player has emerged in the regulation of visceral 
pain signals – the gut microbiome.

The microbiome

The human gut harbours a complex and dynamic 
microbial ecosystem. We each harbour a unique 
microbiome signature of bacteria, archaea, yeasts, 
single-celled eukaryotes, as well as helminth parasites 
and viruses, including bacteriophage. Under normal 
homeostatic conditions, this microbial population 
helps maintain intestinal peristalsis, mucosal integrity, 
pH balance, immune priming and protection against 
invading pathogens. Numbering approximately 100 
trillion, these microorganisms have an estimated 
collective mass of 1–2 kg, approximately the same 
weight as the human brain. Genes within the human 
gut microbiome significantly outnumber host human 
genes and are capable of producing a plethora of 
centrally acting compounds, influencing virtually all 
aspects of human physiology and biology.

The microbiome-gut-brain axis is a complex 
bi-directional system including the CNS, the 
neuroendocrine and neuroimmune systems, the 
autonomic nervous system, the enteric nervous 
system (ENS), and, of course, the gut microbiome. 
Through endocrine, immune and neuropeptide/
neurotransmitter systems, the microbiome can 
relay information about the health status of the gut. 
This in turn can profoundly impact upon neuronal 
signalling in the brain and, as a result, impact 
emotional systems and behavioural response; thus, 
visceral pain pathways are poised to be regulated by 
the microbiome. 

Microbiome and visceral pain

Sensitization of primary afferent nociceptors (pain 
receptors) may lead to visceral hypersensitivity in 
FGIDs. A number of different receptor types are 
involved in the process of peripheral sensitization 
including the TRPV family, proteinase activated 
receptors, cholecystokinin receptors, serotonin 
receptors, cannabinoid receptors, as well as an array 
of ion channels including ATP-gated ion channels, 
voltage-gated sodium and calcium channels, and acid-
sensing ion channels. The gastrointestinal microbiome 
can activate these receptors directly or indirectly 
through immune responses at the mucosal surface 
during infection, inflammation and autoimmunity, 
formyl peptides and protease release, polyunsatturated 
fatty acid (PUFA) release, short chain fatty acid 
(SCFA) production, neurotransmitter production and 
hormone secretion. The gastrointestinal microbiome 
can also stimulate the release of the body’s natural 
pain-suppressing biomolecules including opioids from 
innate neutrophils and monocytes, endocannabinoids 
from colonic tissue, as well as other pain modulators 
including monoamines. Microbial metabolites can also 
influence epigenetic mechanisms, by altering substrate 
concentrations or by direct inhibiton of enzymatic 
machinery in epigenetic pathways. However, the extent 
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to which these mechanisms either individually or collectively affect the aetiology of 
FGIDs remains unaddressed.

From a physiological perspective relevant to IBS visceral sensitivity, stress can 
influence gut motility, alter gastroinestinal secretions and exacerbate intestinal 
permeability – all of which can have a negative impact on gastroinestinal microbiome 
number and diversity. While most individuals are routinely exposed to intermittent 
stress, some are more susceptible and this can lead to stress-related disorders and 
related comorbidities. It may well be that this maladaptive stress response is mediated 
by a lack or overexpression of a specific gastrointestinal microbiome.

Interestingly, adverse early-life events are linked with a maladaptive stress 
response and might increase the vulnerability of individuals to visceral sensitivity 
and other stress-related disorders later in life. While it is difficult to conclusively 
attribute early-life stress and associated changes in the gastrointestinal microbiome 
with the presentation of visceral sensitivity in later life in humans, the use of animals 
to establish this link has been very informative.

Evidence for gastrointestinal microbiome involvement in 
visceral pain response 

Animals raised in a sterile environment (germ-free mice) have an exaggerated stress 
response and reduced perception of pain following different inflammatory stimuli. 
Antibiotic-mediated depletion of the gastrointestinal microbiome decreased visceral 
pain-related response in experimentally naïve mice and rats, and early-life exposure 
to antibiotics predisposed animals to visceral hypersensitivity in adulthood. Recently, 
faecal matter from viscerally hypersensitive IBS patients was transplanted to germ-
free rats, and the response to distension of the colon was enhanced in these animals. 
Accumulating empirical evidence supports a role for probiotics, which positively 

influence the gastrointestinal microbiome, in the 
treatment of visceral sensitivity – provided vagus nerve 
integrity is maintained.

In contrast to the provocative preclinical evidence 
for a role of the gut microbiome in visceral pain, clinical 
studies remain inconclusive with a large ‘non-responder’ 
population in many probiotic trials. Anecdotal evidence 
suggests that antibiotics, in particular rifaximin, may 
be useful in treating bacterial infections that may be 
contributing to the discomfort and pain associated with 
FGIDs and inflammation, however further research is 
required to confirm these assertions. It is clear that 
longitudinal, placebo-controlled, double-blind studies 
with whole-system analysis and complimentary brain 
imaging are necessary to integrate central, peripheral 
and behavioural alterations before, during and after 
the treatment of visceral pain. The mounting evidence 
for the microbiome in affective processing cannot 
be overlooked. Alterations of the gastrointestinal 
microbiome have been directly linked to immunity, 
inflammatory, motility and neurological changes that 
are hallmark characteristic of FGIDs. And while there 
is still much to learn about the relative contribution 
of the microbiome to various aspects of visceral pain,  
the re-emergence of the gastrointestinal microbiome 
as a therapeutic target offers an exciting new advent of 
pain research.  ■



9April 2017 © Biochemical Society

The Microbiome

John F. Cryan is Professor and Chair at the 
Department of Anatomy & Neuroscience, 
and a Principal Investigator in the APC 
Microbiome Institute, UCC, Ireland. His 
research interests include understanding 
the interaction between the brain, gut and 

microbiome and how it applies to stress, psychiatric and immune-
related disorders across the lifespan. He has over 350 peer-reviewed 
articles and his awards include UCC Researcher of the Year 2012, 
the University of Utrecht Award for Excellence in Pharmaceutical 
Research 2013 and being named on the Thomson Reuters Highly 
Cited Researcher list in 2014. He is President-elect of the European 
Behavioural Pharmacology Society. Email: j.cryan@ucc.ie

Timothy G. Dinan is Professor of Psychiatry 
and a Principal Investigator in the APC 
Microbiome Institute at University College 
Cork, Ireland. He was previously Chair of 
Clinical Neurosciences and Professor of 
Psychological Medicine at St Bartholomew’s 

Hospital, London, UK. He has worked in research laboratories on 
both sides of the Atlantic and has a PhD in Pharmacology from the 
University of London, UK. He has published over 400 papers and 
numerous books on pharmacology and neurobiology. He is on the 
Editorial Boards of several journals. Email: t.dinan@ucc.ie

Siobhain O’ Mahony is a lecturer in the 
Department of Anatomy and Neuroscience 
at UCC, and a Principal Investigator with 
the APC Microbiome Institute. She holds 
a BSc (Hons) in Neuroscience from UCC, 
and a Master’s in Neuropharmacology 

from NUI, Galway. She worked in the Department of Psychiatry and 
Neuropsychology in the University of Maastricht, The Netherlands 
and obtained her PhD from the department of Psychiatry, UCC. 
She completed a postdoctoral position with GlaxoSmithKline and 
continued her research in the APC Microbiome Institute. Her research 
interests include mechanisms whereby early-life stress can impact on 
behaviour and physiology in later life. Email: somahony@ucc.ie

Kieran Rea is Laboratory Manager in 
the Microbiota-Gut-Brain Axis Group 
in the APC Microbiome Institute, 
University College Cork, Ireland. Kieran 
has a BSc (Hons) in Biochemistry and 
MSc in Neuropharmacology from 

the National University of Ireland, Galway. He worked with 
Lundbeck A/S, Copenhagen, Denmark and completed his 
PhD in Neuropharmacology at Rijksuniversiteit Groningen, 
The Netherlands. He worked as a Postdoctoral Researcher at 
the Department of Pharmacology and Therapeutics in NUI 
Galway before he was appointed to his current position. Kieran’s 
research interests include the neurobiological mechanisms by 
which stress impacts on pain, inflammation, mood disorders 
and cognition. Email: kieran.rea@ucc.ie

1 Canavan, C., West, J. and Card, T. (2014) Review article: the economic impact of the 
irritable bowel syndrome. Alimentary Pharmacology & Therapeutics 40, 1023–1034, 
doi:10.1111/apt.12938 

2 Cortright, D.N. and Szallasi, A. (2009) TRP channels and pain. Current Pharmaceutical 
Design 15, 1736–1749 

3 Millan, M.J. (1999) The induction of pain: an integrative review. Progress in Neurobiology 
57, 1–164

4 Rea, K., O’Mahony, S.M., Dinan, T.G. and Cryan, J.F. (2016) The role of the 
gastrointestinal microbiota in visceral pain. Handbook of Experimental Pharmacology, 
doi:10.1007/164_2016_115 

5 O’Mahony, S.M., Dinan, T.G. and Cryan, J.F. (2016) The gut microbiota as a key regulator of 
visceral pain. Pain, doi:10.1097/j.pain.0000000000000779 

6 Human Microbiome Jumpstart Reference Strains Consortium, Nelson, K.E., Weinstock, 
G.M.  et al. (2010) A catalog of reference genomes from the human microbiome. Science 
328, 994–999, doi:10.1126/science.1183605 

7 Frank, D.N. and Pace, N.R. (2008) Gastrointestinal microbiology enters the metagenomics 
era. Current Opinion in Gastroenterology 24, 4–10, doi:10.1097/MOG.0b013e3282f2b0e8 

8 Cryan, J.F. and Dinan, T.G. (2012) Mind-altering microorganisms: the impact of the 
gut microbiota on brain and behaviour. Nature Reviews. Neuroscience 13, 701–712, 
doi:10.1038/nrn3346

9 Mayer, E.A., Knight, R., Mazmanian, S.K., Cryan, J.F. and Tillisch, K. (2014) Gut microbes 
and the brain: paradigm shift in neuroscience. The Journal of Neuroscience : The 
Official Journal of the Society for Neuroscience 34, 15490–15496, doi:10.1523/
JNEUROSCI.3299-14.2014 

10 Akbar, A., Walters, J.R. and Ghosh, S. (2009) Review article: visceral hypersensitivity in 
irritable bowel syndrome: molecular mechanisms and therapeutic agents. Alimentary 
Pharmacology & Therapeutics 30, 423–435, doi:10.1111/j.1365-2036.2009.04056.x

11 Moloney, R.D., Johnson, A.C., O’Mahony, S.M. et al. (2016) Stress and the microbiota-gut-
brain axis in visceral pain: relevance to irritable bowel syndrome. CNS Neuroscience & 
Therapeutics 22, 102–117, doi:10.1111/cns.12490 

12 Stilling, R.M., Dinan, T.G. and Cryan, J.F. (2014) Microbial genes, brain & behaviour 
- epigenetic regulation of the gut-brain axis. Genes, Brain, and Behavior 13, 69–86, 
doi:10.1111/gbb.12109

13 O’Mahony, S.M., Felice, V.D., Nally, K. et al. (2014) Disturbance of the gut microbiota in 
early-life selectively affects visceral pain in adulthood without impacting cognitive 
or anxiety-related behaviors in male rats. Neuroscience 277, 885–901, doi:10.1016/j.
neuroscience.2014.07.054

14 Crouzet, L., Gaultier, E., Del’Homme, C. et al. (2013) The hypersensitivity to colonic 
distension of IBS patients can be transferred to rats through their fecal microbiota. 
Neurogastroenterology and Motility : The Official Journal of the European 
Gastrointestinal Motility Society 25, e272–282, doi:10.1111/nmo.12103

15 Bravo, J.A., Forsythe, P., Chew, M.V. et al. (2011) Ingestion of Lactobacillus strain regulates 
emotional behavior and central GABA receptor expression in a mouse via the vagus 
nerve. Proceedings of the National Academy of Sciences of the United States of America 
108, 16050–16055, doi:10.1073/pnas.1102999108

16 Romana, B. and Tahan, V. (2017) Rifaximin in treatment of patients with irritable bowel 
syndrome. The Turkish Journal of Gastroenterology : The Official Journal of Turkish 
Society of Gastroenterology 28, 77–78, doi:10.5152/tjg.2016.25122016

17 Mayer, E.A., Tillisch, K. and Gupta, A. (2015) Gut/brain axis and the microbiota. The 
Journal of Clinical Investigation 125, 926–938, doi:10.1172/JCI76304 

18 Mayer, E.A., Gupta, A., Kilpatrick, L.A. and Hong, J.Y. (2015) Imaging brain mechanisms in 
chronic visceral pain. Pain 156 Suppl 1, S50–63, doi:10.1097/j.pain.0000000000000106

Further reading



10 April 2017 © Biochemical Society

The Microbiome

The gut microbiome in Myalgic 
Encephalomyelitis

Over the last dozen years, increasingly powerful DNA sequencing methods have allowed 
characterization of the microbes residing on and in humans in much greater detail than ever 
possible before. Abnormalities present in the gut microbiome—those microbial communities 
residing in our intestines—have now been observed in a number of diseases. One such 
illness is Myalgic Encephalomyelitis (ME), also known as Chronic Fatigue Syndrome (CFS). 
CFS was a name coined by the US Centers for Disease Control (CDC) in 1988, and reviled by 
patients for the resultant trivializing of this serious illness. Recently, the US National 
Academy of Medicine (NAM) recommended a new name: Systemic Exertion Intolerance 
Disease, though this name is not yet widely used. In ME, as in other diseases, the diversity of 
the bacterial species in the gut microbiome is lower than in healthy individuals. Furthermore, 
the abundances of different bacterial residents of the gut, which influence health both 
favourably and negatively, differ between ME patients and healthy controls. Bacteria 
translocate into the blood in greater amount in ME, leading to inflammation. Dysbiosis in 
the gut likely contributes to symptoms in this life-limiting disease.

case of influenza or mononucleosis. Two additional 
symptoms were identified by the National Academies 
of Medicine committee in a 2015 report (http://www.
nationalacademies.org/hmd/Reports/2015/ME-ME.
aspx) as hallmarks of the disease: post-exertional 
malaise and unrefreshing sleep. The new diagnostic 
criteria also require either cognitive impairment or 
orthostatic intolerance. The latter refers to a surge 
of symptoms when upright that improves when the 
patient reclines, likely due to a disturbance in the 
autonomic nervous system. With regard to cognitive 
impairment, patients often report ‘brain fog,’ like 
the impaired mental capacity, poor memory and 
concentration that healthy individuals experience 
when they have been awake all night. 

Most people with ME reach a steady-state level 
of physical and/or mental activity they can sustain 
without inducing an ensuing increase in symptoms 
known as post-exertional malaise. Many are home-
bound – simple acts such as shopping for groceries 
can result in worsening of their symptoms. For those 
who are bedbound, any sort of stimulation, even the 
mental and physical effort to carry on a conversation, 
can intensify their symptoms. Many ME patients, 
whether bedbound or not, are unusually sensitive 
to light and sound. Bedbound patients often require 
eyeshades and sound-protecting headphones to 
cope with those stimuli. Among the most severely 
ill ME patients (Figure 1), some must be supported 
at the level of those who are comatose. Some are too 
impaired to speak and cannot eat nor digest food 
normally and must be tube fed.

Three to four times more women than men have 
ME. Children and adolescents as well as adults are 
susceptible to the disease. Prevalence is difficult to 
determine because of the lack of a simple, objective 
diagnostic test. While physicians experienced with the 
disease are readily able to make correct diagnoses, the 
clinical criteria often vary between studies, making 
enumeration of patients difficult. An investigation of 
ME in three regions of England found that about 0.2% 
fit a widely used 1994 CDC definition. A meta-analysis 
of 14 studies found the prevalence by clinical assessment 
to be 0.76%. These numbers translate into 128,000 to 
486,000 ME patients in the UK. Thus, even if the lower 
figure is used, ME does not fit the definition of a rare 
disease (see www.raredisease.org.uk). An example of a 
rare but serious disorder that affects intestinal function 
is Clostridium difficile infection which is at least 10 
times less common than ME.

The severity of the disease varies, though most 
affected individuals are unable to work or attend school 
full time. For example, a small survey of 25 children with 
ME in the UK found that only one could attend a full day. 
Indeed, another study found that ME was responsible for 
42% of the medically certified, extended school absences 
in the UK over a five-year period.

While the ‘fatigue’ element in the name emphasizes 
a major symptom of ME, most patients report that 
the fatigue is not the same as that experienced by 
healthy individuals after vigorous physical exercise 
or inadequate sleep. Instead, the fatigue is described 
as a profound lack of energy, more akin to the 
sensation of exhaustion that occurs during a severe 

Maureen R. Hanson and 
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Possible roles of the gut  microbiome in ME

Gastrointestinal disturbance is a symptom often 
reported by ME patients. This fact has encouraged 
several investigators to compare the gut  microbiome in 
patients versus controls. 

Our research group undertook a study of the 
bacterial gut microbiome by comparing 16S rRNA 
from faecal samples of 48 ME patients and 39 controls. 
The 16S rRNA sequence is commonly used to identify 
bacterial species, as the presence of very variable regions 
in the 16S rRNA gene provides species-specific signature 
sequences. We obtained an average of 98,000 sequence 
reads per sample, more than ample to identify almost all 
of the bacterial diversity. To determine how many reads 
are needed, the number of species detected per number 
of sequences can be graphed to produce a ‘rarefaction 
curve’ (Figure 2). As more sequences are obtained, the 
number of species detected increases until a plateau 
is reached, where few additional species will be found 
despite a large number of additional sequence reads. 
For our samples, it is evident that 30,000 reads would 
be more than sufficient. For the example shown of a 
theoretical sample with low diversity, 5000 reads would 
have been adequate, while the high-diversity example 
indicates that even 30,000 reads would not suffice. 

A conclusion that can be drawn from Figure 2 
is that ME cases have reduced bacterial diversity in 
comparison to healthy controls. Such reduced diversity 
has been observed in other diseases such as Clostridium 
difficile infection, inflammatory bowel disease and 
necrotizing enterocolitis. 

The sequence data can also be analyzed for differences 
in the abundance of various species between cases and 
controls. Some species that we found to be differentially 
abundant represented a very small fraction of the bacteria 
present and thus may not have a large effect on gut 
ecology and function. In Figure 3, we show those genera 
that a) represent more than 1% of the gut microbiome 
and 2) varied significantly among faecal samples between 
ME and healthy controls. The reduced abundances 
of Bifidobacterium and Faecalibacterium species in 
patients have also been reported in inflammatory bowel 
disease and other conditions. Faecalibacterium species 
produce butyrate, a short-chain fatty acid that has anti-
inflammatory properties, and thus its reduction would 
predict lower levels of butyrate. While we did not measure 
butyrate in our samples, when faecal samples of 34 female 
cases and 25 controls were examined by Armstrong et al. 
in another study, surprisingly, butyrate was higher in the 
ME patient samples. Determining which metabolites are 
actually present in the gut can be difficult to predict merely 
from a list of species that reside there, given the complex 
interactions among different microbial communities and 
with the cells in the intestine.

Several studies in which bacteria were cultured also demonstrated differences between 
ME patients and controls. However, many gut microbial residents cannot be cultured 
and are known only by their DNA sequences, so that high-throughput sequencing of 
16S ribosomal DNA for identifying bacterial taxonomic groups is beginning to supplant 
culture methods. Nevertheless, there are also limitations to knowledge from DNA 

Figure 2. Rarefaction curve, graph of species detected per sample sequenced. When the 
slope is steep, many species remain to be discovered. At the plateau, most species have been 
detected and additional sequences will not reveal many more.

Figure 1. ME devastates lives. A healthy college student one month before becoming ill with 
ME (left), soon becomes too debilitated to sit up, unable to tolerate light nor sound. Bedbound 
for two years, he becomes unable to chew and must enter hospital to receive a feeding tube 
because he is too weak to eat.

Figure 3. Differences between abundance of members of bacterial genera in ME patients 
versus healthy controls. A log10 scale is used in order to fit genera with large ranges of 
abundance onto the same graph. All differences shown are statistically significant (p<0.05).
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sequences of intestinal contents. For example, while ribosomal DNA sequencing can 
detect that Escherichia coli is present, it doesn’t reveal whether one of the highly virulent 
E. coli strains is present in addition to benign or beneficial E. coli strains that reside in 
most individuals. To find pathogenic E. coli, bacteria are grown on specific culture media 
and then tested with an antibody that reacts with proteins present in disease-causing E. 
coli strains. Thus, a harmful bacterium could be present in ME patients and go undetected 
by ribosomal DNA sequencing.

Leaky gut problems

When the intestinal lining is inflamed, bacteria can translocate into the bloodstream 
through loosened intestinal tight junctions leading to a ‘leaky gut’ (Figure 4). The 
immune system then detects the presence of bacteria or bacterial components in the 
blood and mounts an immune response to counter this apparent invasion. There can be 
collateral damage from the immune system’s attack on perceived threats. ME patients 
often have symptoms of chronic inflammation such as muscle and joint pain and 
swollen lymph nodes.

In order to find out whether ME patients might have more bacterial products 
in their blood than healthy people and could be responding to them, we tested 
whether the levels of certain molecules were different in the blood of the same ME 

patients and healthy controls whose faecal samples 
were sequenced. We found that patients had higher 
levels of lipopolysaccharides (LPS), a large molecule 
comprised of both lipid and sugar components. LPS 
are present on the outer membrane of some bacteria 
and cause a strong immune response. We found that 
levels of LPS, LPS-binding proteins and a receptor for 
LPS-binding protein (soluble CD14), which signals the 
presence of LPS to the immune system, are increased 
in ME patients. Thus, the abnormal gut microbiome 
in ME patients likely contributes to their chronic 
inflammation and ensuing symptoms. While digestion 
most often comes to mind when considering intestinal 
bacterial species, there is increasing evidence that the 
gut microbiome affects the risk of colorectal cancer, 
obesity and abnormal mental function. Metabolites 
and proteins from the gut enter the bloodstream in 
healthy as well as diseased individuals, and some can 
affect the central nervous system and brain.

Prospects for treatment

Oral prebiotics and probiotics are being investigated 
for restoration of bacterial diversity and resolution 
of gastrointestinal diseases. Prebiotics are substances 
thought to improve growth of beneficial species, while 
probiotic supplements contain microbes known to be 
present in healthy guts. In order to be incorporated into 
a probiotic pill, bacteria must be grown in culture, but 
culture conditions for growing many of the bacterial 
species present in the human gut are not known. Thus, 
only a selection of certain species can be incorporated 
into commercially available probiotics. How these 
different species affect people with different types of gut 
microbiomes, and whether gastrointestinal illnesses can 
be improved with their aid is an important topic that is 
currently being explored in the research community.

Because pure cultures of many gut microbes cannot 
be obtained, researchers have turned to faecal transplants, 
i.e. introduction of faecal material from healthy human 
donors into recipients. This treatment has cured some 
individuals with severe gastrointestinal dysfunction from 
Clostridium difficile infection. Whether this process can 
also help patients with other types of intestinal diseases 
and ME is less clear. Promising reports have appeared 
about improvements in ulcerative colitis, Crohn’s disease 
and autism. With regard to ME, anecdotal reports from 

Figure 4. Healthy versus unhealthy intestinal barriers. (1) Under healthy conditions, the 
intestinal mucosal cells are bound together by proteins referred to as tight junctions. (2) Factors 
such as microbial gut imbalance, infections, some foods and toxins may alter the intestinal 
permeability, resulting in the intestinal lining becoming more porous, with holes and ‘leaks’. 
(3) The digestive tract becomes inflamed with compromised tight junctions, leading to ‘leaky 
gut syndrome’, allowing translocation of undesired gut content into the bloodstream. (4) 
Once such undigested food particles, toxins and bacteria are absorbed, an immune response 
is activated, creating further inflammation, which in turn promotes more leaking. 
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patients who have tried faecal transplantation indicate 
some reduction in symptoms, but not complete recovery 
nor persistent improvement in their conditions. One 
study of faecal transplantation indicated that 42/60 
ME patients had a favourable response. The results are 
sufficiently promising to suggest that a clinical trial of 
faecal transplants in ME would be worthwhile.

Future directions

Multiple studies now show that the gut bacterial 
composition is abnormal in patients with ME, a life-
limiting disease. These findings are now among many 
discoveries of biological differences between ME patients 
and healthy individuals, all of which should dispel any 
remaining notions that the illness is psychological in 
nature. Future studies on the eukaryotic microbiome 
and virome may reveal additional disturbances in the 
microbial communities of people with the disease. While 
these gut abnormalities may be a response to some other 
inciting factor, rather than the basal cause of disease, 
learning how to ameliorate them could have clinical 
benefits for patients and help promote recovery, perhaps 
in conjunction with other treatments.  ■
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The postmortem 
microbiome and 
gene expression  
in vertebrates 
In life, most internal organs of a healthy adult vertebrate are essentially ‘microbial-cell-free’ – but 
in death, microorganisms invade and proliferate these internal organs and genes are expressed 
by the host presumably in response. We recently investigated how these two interconnected 
processes change with postmortem time and examined the feasibility of using this information to 
determine the postmortem interval, i.e. the elapsed-time-since-death. Although more research is 
needed, our findings suggest one of them has a significant potential to determine the length of 
time from the person dying until discovery of the body.

colonization? Would bile-tolerant microbial species, 
for example, flourish in the liver and species adapted 
to iron-rich environments proliferate in the spleen?  
What is the response of the host in terms of gene 
expression? At the time we started this work, there 
were no answers to these questions and that motivated 
us to investigate the ‘biology of death’ as it is apparently 
an open field for scientific discovery. 

On a practical level, forensic scientists need 
tools to establish the elapsed time since a person has 
died and the postmortem investigation begins. The 
elapsed-time-of-death is more commonly referred to 
as the postmortem interval or PMI. While there are 
many biological, chemical and physical indicators 
that could be used to determine the PMI – most 
are not accurate. We were interested in ascertaining 

Before a human is born, it is essentially ‘microbial-
cell-free’. But once the baby exits from the uterus, 
consumes food and interacts with parents/siblings 
and the environment, he or she becomes inoculated 
with microorganisms that live and thrive in the 
body. Exceptions to the rule are some internal 
organs, such as the kidneys, liver, spleen and brain. 
Apparently, protective barriers and the immune 
system prevent these organs from being colonized by 
microorganisms in life. 

Given that there is a massive increase in microbial 
abundance when an animal dies, we wondered 
what happens to these ‘microbial-cell-free’ organs 
in organismal death? Do microorganisms invade 
and proliferate in these organs? Do differences in 
the biochemistry of the organs affect microbial 

Peter A. Noble (University of Washington, USA) and Alexander E. Pozhitkov (Beckman Research Institute, USA)

Figure 1. Transcriptional profiles of three genes, two from the zebrafish and one from the mouse. L, live flash-frozen; an open 
circle represents the datum point of the mRNA transcript from two zebrafish or one individual mouse.



15April 2017 © Biochemical Society

The Microbiome
if the following would be good predictors of PMI: 
presence/absence or abundance of certain bacteria 
in the internal organs (since microorganisms are 
not directly exposed to the environment) and the 
expression of host response genes in internal organs 
or whole animals.

Conventional wisdom

When an adult human dies, e.g. a massive heart 
attack or a gunshot wound, there is a sequential 
chain of events that takes place that is well known 
to forensic scientists: (i) cells in the body become 
hypoxic because the heart stops and blood 
circulation ceases, (ii) hypoxia triggers the release 
of intracellular factors that causes the organized 
degradation of cellular organelles by proteolytic and 
autolytic enzymes, (iii) vesicles, formed by these 
enzymes, are released into the tissue fluid where 
they are phagocytized, (iv) membranes of human 
cells are lysed by autolytic enzymes resulting in 
the release of cellular constituents (carbohydrates, 
amino acids, lipids, minerals and water) into the 
tissue fluids and (v) there is a massive increase in 

microbial abundance because necrotic human cells 
release their nutrients to the surrounding tissue, and 
microorganisms metabolize the cellular constituents. 

Postmortem microbiome

In terms of time, in the first few hours after 
organismal death, microorganisms cannot 
metabolize cellular constituents in the tissue fluid 
because they are suppressed by the immune system. 
After 24 hours, however, microbial cells overwhelm 
the immune system and proliferate. The microbial 
cells presumably enter the internal organs through 
the gut and respiratory systems and spread through 
the arterial/venous, lymphatic and mucus system in a 
time/temperature-dependent manner. Alternatively, 
a protrusion into the body or a breakage of the skin 
might introduce microorganisms in the blood and/
or oxygen into the body. We assume that microbial 
community composition and abundance in the 
blood and organs will change with time/temperature 
because bacteria have different growth optima; 
therefore, some bacteria will utilize cellular fluids 
more rapidly than others.
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We surveyed the postmortem microbiome of 

the brain, heart, spleen and blood of 11 cadavers to 
establish the earliest detection of microorganisms 
and to ascertain if the microbial composition varied 
by organ and/or cadaver. This was accomplished by 
extracting DNA, amplifying the 16S rRNA genes using 
PCR (polymerase chain reaction) and sequencing the 
amplicons using next-generation sequencing (NGS). 
16S rRNA sequencing is commonly used to identify 
different species of bacteria due to its variability as a 
gene and its presence across a wide range of species. 

The earliest detection of microorganisms in a liver 
was 20 hours postmortem and the earliest detection 
in other sampled organ tissues (i.e. the brain, heart, 
spleen and blood) was 58 hours postmortem. A 
putative reason microorganisms are first detected in 
the liver is because it receives nutrient-rich blood 
from the hepatic portal vein and artery and its location 
is in close proximity to other organs that have high 
microbial content (i.e. gastrointestinal tract). Despite 
differences in microbial detection times between 
organs, we found no predictable pattern of microbial 
distribution by organ. In fact, there was more variation 
between individual cadavers than there was between 
organs within a single cadaver. 

A major drawback of our postmortem microbiome 
study was the method used to determine microbial 
community composition. Specifically, NGS was sub-
optimal because the reported microbial abundances 
were neither accurate nor quantitative. As we showed 
in a recent comparative study, about 45% of the 
microbial species in biological samples detected 
by Gene Meter technology (i.e. calibrated DNA 
microarrays) were not detected by conventional NGS. 
Data mining of the Gene Meter and NGS sequencing 
data revealed that filter processing of the sequencing 
reads was the source of this problem. In addition, 
comparisons of NGS reads of unamplified DNA versus 
PCR amplified 16S rRNA genes of the same biological 
samples were not correlated, indicating bias in read 
counts presumably due to PCR amplification. Taken 
together, we concluded that determining the PMI using 
microorganisms in internal organs by NGS might not 
be as useful as initially envisioned and we sought other 
ways to explore the ‘biology of death’. 

Postmortem gene expression

The reason we investigated gene expression is because 
there is ample evidence that it takes place long after 
organismal death. Take, for example, Giovanni 
Aldini’s infamous experiment where he stimulated 
a cadaver with an electrical current to report that 
‘the jaw began to quiver, and the adjoining muscles 
horribly contorted, and one eye actually opened’. 

Hence, the body of the cadaver appeared to be ‘alive’ 
despite having no blood and a severed spinal cord. 
Genes have to be expressed for muscle movement; 
the critical question here is: how long does gene 
expression occur after organismal death?

Recall that messenger RNAs (mRNAs) are 
transcribed from genes in response to physiological 
demands of the cell. The ‘turning on’ of the genes and 
the production of mRNAs tells us about the inner 
workings of genetic regulatory networks. In death, 
we would expect the upregulation of response genes 
associated with hypoxia and stress because the heart 
is no longer supplying the cells with oxygen. We 
would also expect upregulation of immunity genes 
that keep microorganisms in check. We focused on 
the abundance of mRNA transcripts using whole 
zebrafish and the brains and livers of mice because 
transcript abundances could be precisely determined 
using Gene Meter technology. We constructed a 
fine-grain time series of postmortem transcriptome 
data for these animals and identified gene transcripts 
that significantly increased in abundance relative to 
live controls. 

Not surprisingly, most gene transcripts of the 
zebrafish and mouse decreased in abundance within 
the first hour after death and continued to decrease for 
the postmortem times measured from 48 to 96 hours. 
The decrease in transcript abundances presumably 
reflects degradation and/or the downregulation of 
genes. Yet, about 1% of the gene transcripts (548 in the 
zebrafish and 515 in the mouse) significantly increased 
in abundance (relative to controls) from 48 to 96 hours 
postmortem. It should be noted that the diversity of 
gene transcripts (with increased abundance) declined 
from 24 hours postmortem in both animals, perhaps 
indicating that a natural threshold had been reached. 

Variability in typical transcript profiles of the 1% 
of increased gene transcripts are shown in Figure 1. 
For the zebrafish, each datum point represents the 
mRNA from two individuals, and for the mouse, each 
datum point represents one individual. The transcript 
abundance of the Hsp70.3 gene increased after 1 hour 
postmortem to reach a maximum at 12 hours; the Tox2 
gene increased after 12 hours postmortem to reach a 
maximum at 24 hours; and the NULL (non-annotated) 
transcript abundance consistently increased with 
postmortem time. The figure shows that replicated 
samples of the same gene transcript taken at the same 
postmortem time were highly similar, indicating 
high reproducibility of the sample replicates in their 
response to organismal death.

Our research showed that postmortem transcripts 
could be used to determine the PMI. This was 
accomplished by modelling parameters of the gene 
transcript abundances to the postmortem time, and 
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calculating the fit and slope of predicted versus actual 
postmortem times. The top predictive sets of gene 
transcription profiles for an animal were identified 
by repeating this design several thousand to a million 
times. Hence, by knowing the transcript abundances of 
a set of genes, we were able to precisely and accurately 
determine the PMI for a specific animal. In theory, 
we captured the ‘genetic selfie’ of a corpse (i.e. the 
transcript abundances of a set of genes) and used this 
information to determine how long a corpse has been 
dead. A practical outcome of our research is a validated 
experimental design that can now be adapted by 
forensic scientists to predict the PMI of cadavers. 

A path forward

To date, no study has investigated the interactions 
between the postmortem microbiome and gene 
expression of the host with postmortem time. 
Although we investigated them separately, much 
more information could be attained by understanding 
how these two interconnected processes change 
with postmortem time. We emphasize this point 
because in life, the interactions between animals and 
microorganisms are not specialized occurrences but 
rather fundamentally important aspects of animal 

biology from development to systems ecology. The 
question we ask is: if microorganisms play such 
important roles in life, why wouldn’t they play 
important roles in organismal death? Future research 
in this area is needed to reveal the grey areas in the 
existence of microorganisms and vertebrates – in both 
life and death.  ■
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Searching for new therapy 
options – the microbiome in 
the spotlight of stroke research

Commensal microorganisms are indispensable for the proper function of the central nervous system, 
and alterations in the composition and function of the microbiome are linked to different disease 
states. In this feature, we provide insight into microbiome research from a neuroscientific perspective 
and trace back basic ideas concerning the contribution of the microbiome to the pathophysiological 
processes in stroke – one of the most important neurological disorders. 

Promisingly, targeting the microbiome for therapeutic 
reasons appears to be a straightforward approach.  

Bacteria – friend or foe?

Bacteria coevolved with their respective hosts through 
millions of years, establishing symbiotic relationships. 
The largest community of commensals resides within the 
intestine and its metabolic capacities can be compared 
with that of the human liver. Gut bacteria are crucial for 
the development of the immune system as well as for the 
homeostasis of the central nervous system. Although 
systematic studies of intestinal bacteria started in the 19th 
century, the golden era of microbiology was focused on the 
identification of pathogens. Only recently, new experimental 
techniques have enabled detailed investigations of the gut 
microbiome and microbiologists opted for a more complex 
view of the human–microbial relationship, acknowledging 
the potential of commensal bacteria. Intensive work with 
transgenic mice, germ-free (raised without contact with 
any microorganism throughout their life) and gnotobiotic 
animals (colonized with a defined microbiome), combined 
with the use of next-generation sequencing has led 
to important discoveries highlighting the role of the 
microbiome for host homeostasis and imbalance.

Microbiome in the spotlight of 
neuroscience 

What makes the microbiome so interesting for 
neuroscience? On the one hand, it has been shown that 
the brains of animals raised in germ-free conditions 
differ in several features from those of conventionally 
colonized hosts. For example, the blood–brain barrier 
(BBB), protecting the central nervous system (CNS) from 
pathogens and potentially harmful substances, is more 

Stroke is one of the major causes of disability and the 
second leading cause of death worldwide. Ischaemic stroke 
is mainly caused by atherothrombotic or cardioembolic 
occlusion of vessels disturbing perfusion of distinct brain 
regions. Since neurons are highly sensitive to hypoxia and 
hypoglycaemia, time is the most critical factor in stroke 
treatment and stroke patients benefit primarily from 
early causative therapy initiated within the first hours 
after the onset of symptoms. Intravenously administered 
recombinant tissue plasminogen activator, a protein 
that breaks down blood clots to restore normal blood 
circulation in the brain, was introduced two decades ago 
and is, even today, the most effective single treatment in 
stroke care. More recently, endovascular approaches to 
mechanical revascularization have proved to be efficient 
and have become a cornerstone of acute stroke treatment. 
These causal treatment procedures are time sensitive and 
therefore reach only 5–15% of all stroke patients. For the 
majority of patients, stroke units providing specialized care, 
mainly to prevent post-stroke complications, are the key 
for improving prognosis. More sophisticated approaches 
for neuroprotection, which have been developed in 
experimental models, failed consistently in hundreds 
of clinical trials. Considering that almost 40% of stroke 
patients have a poor outcome, even under best medical 
practice, neuroscientists continue investigating stroke 
pathophysiology in order to provide novel prevention and 
treatment strategies. Beyond risk factors, stroke has been 
long considered to be merely a brain disorder. However, it 
becomes more and more clear that a damaged brain also 
affects peripheral organs and vice versa. Best characterized 
in brain-body communication is the suppressed immunity 
following stroke, mediated via the activation of the 
autonomic nervous system and hypothalamus-pituitary-
adrenal glands axis. Within this context, investigations of 
the microbiome came into the focus of stroke research. 
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permeable in germ-free animals; germ-free mice have a 
thicker myelin sheath around axons in specific brain regions; 
microglia – CNS-resident immune cells have an immature 
phenotype in germ-free mice. On the other hand, microbes 
have been shown to produce substances that are used by the 
host such as neurotransmitters (e.g. gamma-aminobutyric 
acid, GABA) and to react to molecules produced by the 
host, like adrenaline. The gut microbiome contributes to 
the metabolism of not only food particles, but also of drugs, 
affecting their biological availability. Many medications can 
in turn affect the intestinal microbiome; the most relevant 
in the clinical setting being antibiotics. Less obvious 
are pharmaceuticals utilized for treating noninfectious 
disorders, but also influencing the composition of gut 
bacteria. One example is metformin, which is used to treat 
diabetes. Importantly, pathogenic as well as commensal 
bacteria ‘train’ the peripheral immune system and fine-
tune the immune response. Germ-free mice have deficits 
in lymphatic organs – smaller Peyer’s patches, mesenteric 
lymph nodes or splenic white pulp, accompanied by 
marked deficits in immunity. The crosstalk between the 
microbiome and the immune system is probably one 
of the most important signalling pathways between the 
microbiome and CNS in the case of brain injury.

Role of immunity in stroke

The CNS communicates with the peripheral immune 
system by several nervous and humoral pathways, 
involving signalling over the autonomous nervous system 
and hypothalamus-pituitary-adrenal glands axis. After 
brain injury, one of the first events is the rapid activation of 
microglia, which are the resident immune cells of the brain, 
followed by their migration to the lesion site where they 
release inflammatory molecules. Metalloproteinases are 
involved in breaking down the extracellular matrix thereby 
contributing to the increase in the BBB permeability. These 
events facilitate the infiltration of peripheral immune cells 
to the brain. Cells of the innate immune system, neutrophils 
and macrophages arrive at the CNS first, followed by 
lymphocytes that contribute to local inflammation, tissue 
reorganization and regeneration processes. Lymphocyte 
subpopulations with unique cytokine secretion profiles are 
crucially involved in the temporo-spatial orchestration of 
neuro-inflammation, which has a major impact on infarct 
maturation. For example, pro-inflammatory responses 
driven by infiltration of certain T lymphocyte subsets, e.g. 
Th1, Th17 or γδ TCR cells, increase infarct volume. Anti-
inflammatory IL-10 secreting regulatory T cells (Treg) are 
beneficial by dampening neuro-inflammation and initiating 
post-ischaemic tissue regeneration. Acute CNS lesions such 
as stroke not only induce local inflammation in the brain, 
but also influence systemic immune responses. Stroke 
causes a rapid but temporary, down-regulation of systemic 
cellular immune responses, i.e. a rapid numerical decrease 

in peripheral blood lymphocyte subpopulations such as T 
or invariant natural killer cells and functional deactivation 
of monocytes as well as a shift from pro-inflammatory 
(Th1) to anti-inflammatory (Th2) lymphocytic responses. 
In this process cholinergic pathways of the autonomic 
nervous system mainly affect cells of the innate immunity, 
such as macrophages or epithelial cells in the lung. Cells 
of adaptive immunity are regulated by the sympathetic 
nervous system in peripheral lymphoid organs, such as the 
spleen and lymph nodes. While the attenuation of systemic 
immunity might represent an adaptive mechanism 
protecting the brain from overwhelming inflammation, 
immunodepression increases the susceptibility for post-
stroke bacterial infections. Urinary tract infections and 
pneumonia are the most common complications after 
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stroke. Importantly, pneumonia is linked to worsening 
of neurological outcome and contributes substantially to 
increased mortality after stroke. The crosstalk between the 
nervous and immune system becomes even more complex 
in the gut, where the microbiome enters the picture.  

Stroke and gut microbiome

Intestinal bacteria direct polarization of local immune 
cells towards a pro-inflammatory Th17/TCRγδ response 
or an anti-inflammatory phenotype, mediated by Treg 
lymphocytes.  After CNS injury, cells from the intestinal 
immune compartment might travel to the brain and 
infiltrate the injured site, thereby influencing the 
inflammatory micromilieu in the ischaemic tissue. A 
beneficial composition of gut bacteria shifts the immune 
response towards the anti-inflammatory profile and might 
thereby reduce the volume of ischaemic brain lesion. Two 
groups described this mechanism independently, although 
the composition of the intestinal microbiome having 
beneficial effects on stroke outcome differed between their 
studies. Commonly, it is accepted that for a healthy state 
of the host, the pattern of the gut microbiome should be 
diverse. In line with this assumption, transplantation of a 
complex and balanced microbiome from naive animals to 
animals after experimental stroke resulted in smaller lesion 
size when compared with vehicle treatment. In the second 
study, however, a significantly rarified gut microbiome, 
consisting mainly of Proteobacteria, had beneficial effects 
on neurological outcome. Therefore, further investigations 
to characterize immunomodulatory effects of particular 
bacterial strains are needed. 

In the experimental model, stroke perturbs the 
composition of the microbiome depending on lesion size 
and localization. Mechanisms, which might be causative 
for the altered gut microbiome, include breakdown of 
host barriers, impaired intestinal motility, increased 
permeability and down-regulated intestinal immune 
response. Gut bacteria might thereby escape from the 
intestinal niche via the bloodstream or lymphatic vessels 
and translocate to other organs. Until now, conflicting 
data concerning bacterial translocation after stroke and 
its role for post-stroke infections and stroke outcome 
have been published. From a clinical perspective, bacterial 
translocation is rather unlikely to play a role in pneumonia 
and urinary tract infections, the most important bacterial 
infections in stroke patients. 

Although alterations in the gut microbiome in 
patients after stroke and transient ischaemic attack have 
been described, investigations with larger sample sizes are 
needed to characterize specific patterns of changes in the gut 
microbiome and their clinical relevance for stroke outcome. 
In contrast to experimental research, studies in the clinical 
setting are influenced by additional confounding variables. 
Changes in diet, lifestyle, prolonged immobility, exposure to 

the hospital environment and medication can all influence 
the composition of the microbiome. Antibiotics are often 
implemented in the treatment of post-stroke infections, 
further impacting composition and possibly the functional 
profile of gut microbiome. Whether and to what extent 
this treatment modulates host-microbiome signalling after 
stroke needs to be investigated as well as its consequences 
on neuro-inflammation. Experimental studies suggest 
that prolonged broad-spectrum antibiotic pretreatment 
resulting in deep depletion of the microbiome leads to a 
dramatic increase of mortality after cerebral ischaemia. 

In conclusion, stroke might influence the composition 
of the gut microbiome, which itself might affect stroke 
outcome. However, there is a further important linkage 
between stroke and the intestinal microbiome, which is 
mediated by metabolic phenotypes of intestinal bacteria. 
Gut microorganisms might play an important role in the 
pathogenesis of atherosclerosis, hypertension, diabetes 
and obesity that are known risk factors for cerebrovascular 
diseases. Trimethylamine N-oxide (TMAo), the oxidized 
form of the bacterial metabolite trimethylamine, has been 
shown to correlate with atherosclerosis. Although in part 
contradictory, recent clinical studies suggest a link between 
TMAo levels and cardiovascular risk.

Targeting the microbiome in stroke?

Considering the limited treatment options in stroke 
mentioned above, these discoveries potentially 
provide novel treatment opportunities targeting the 
gut microbiome for preventing stroke and post-stroke 
complications, diminishing destructive inflammation 
and fostering regeneration of damaged brain. There 
are several ways of manipulating the microbiome: 
by antimicrobial agents, probiotics, prebiotics or 
synbiotics. More sophisticated approaches would 
include phage therapy constituting the use of 
bacteriophages to selectively deplete bacteria or 
targeting selected bacterial genes. Genetically 
transformed bacteria may be implemented as drug 
delivery systems. Bio-companies test Lactococcus lactis 
genetically engineered to produce certain proteins in 
situ. Lactococcus lactis does not permanently colonize 
the human gut, nevertheless it can be programmed 
to secrete anti-inflammatory molecules in the 
gastrointestinal system. Transferring a gut microbiome 
from healthy donors into stroke patients by faecal 
microbial transplant appears to be a simpler approach 
for manipulating the gut microbiome and has been 
already successfully proven in experimental stroke to 
improve outcome. However, this approach might be 
linked with a higher risk in the clinical setting, since 
pathogenic bacteria, fungi and even viruses may be 
transferred with the transplant, which are potential 
sources of infection. 
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Future directions

The lesson of experimental research is clear: stroke affects 
and is affected by the brain-gut-microbiome-axis, which is 
linked by the autonomic nervous system and the immune 
system. Moreover, products of bacterial metabolism of the 
gut microbiome are involved in the pathogenesis of the 
most relevant risk factors for stroke. Despite these facts, 
there are currently no available clinical applications for 
healthcare professionals and stroke patients concerning 
manipulations of the gut microbiome. However, based 
on the increasing knowledge regarding the role of the 
gut microbiome, novel treatment approaches for stroke 
will presumably be developed. Beyond all experimental 
studies we urgently need large multicentre clinical studies 
and randomized controlled trials for characterizing the 
composition and function of intestinal bacteria as well as 
for proving safety and beneficial effects on stroke outcome 
by interventions manipulating the intestinal microbiome. 
We are already witnessing the bloom of research on 
commensal bacteria, bringing the hope that we will also 
be able to design new therapeutic strategies based on 
targeting the microbiome. There is no time to lose. Time 
is brain.   ■
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Gut microbial function and 
bacterially derived signals 
in cardiovascular disease

is one of the main features of the microbiome that 
impacts physiology and pathophysiology of the 
host. Metabolism-dependent molecules include 
microbial conversion of choline and L-carnitine to 
trimethylamine, microbial fermentation of dietary 
carbohydrates to generate short-chain fatty acids  
and microbial conversion of primary bile acid to 
secondary bile acid signals. Metabolism-independent 
molecules include bacterial cell wall products such as 
lipopolysaccharides and peptidoglycans. Collectively, 
the effects of gut microbial signalling converge to 
modulate the risk of developing cardiovascular 
disease. 

Gut microbiome in  
cardiovascular diseases

Blood pressure regulation
Hypertension is the most prevalent, but modifiable 
risk factor for cardiovascular diseases. Early studies 
have shown an elevated blood pressure in germ-free 
rats, implicating a role for the gut microbiome in 
blood pressure regulation. Microbial composition 
can significantly affect plasma short-chain fatty acids 
levels and a significant association has been reported 
between gut microbial dysbiosis and hypertensive 
pathophysiology. Furthermore, additional 
communication between the gut enteric nervous 
system and central nervous system has recently 
emerged. Thus, the gut microbiome is potentially 
intertwined with the host to functionally control 
blood pressure, and their dysfunctions could be 
associated with hypertension. 

Takeshi Kitai (Heart and 
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How does the microbiome relate to 
cardiovacular diseases?

Health in the balance 
The majority of the gut microbial community 
is composed of only five phyla – Firmicutes, 
Bacteroidetes, Actinobacteria, Proteobacteria and 
Cerrucomicrobia. In the healthy gut, anaerobic 
Firmicutes and Bacteroidetes contribute more than 
90% of the total bacterial species. However, the ratio 
of Firmicutes to Bacteroidetes is not the same in all 
individuals. Inter-individual variation in bacterial 
diversity is caused not only by differences in host 
genomes, but also by environmental factors, such as 
diet, lifestyle and antibiotic use. Recently, increases in 
the Firmicutes/Bacteroidetes ratio have been reported 
to be associated with various cardiovascular and 
metabolic diseases, including hypertension, obesity 
and diabetes. However, the specific mechanism 
through which the gut microbiome influences the 
development and progression of each disease remains 
largely unknown. In other words, we still do not know 
whether changes in microbial composition are causes 
or consequences of diseases.

More than food 
Following dietary exposure to certain nutrients, the 
gut microbiome can elicit both metabolism-dependent 
and metabolism-independent effects on the host. 
It can communicate with distant organs through 
signalling molecules that can either be structural 
components of the microbiota or metabolites 
produced by the microbiota. This ‘endocrine capacity’ 

The human body is inhabited by a vast number of bacteria and other microorganisms, the majority 
residing in the gut. The collective microorganisms that live in coexistence with their hosts are referred 
to as the microbiome. Beyond its role in supporting physiological functions in food digestion, the 
microbiome also performs multiple functions and interacts dynamically with the host. The microbiome 
regulates the intestinal mucosal barriers and assist with development of systemic immune systems 
that potentiate the defence against malevolent pathogenic microorganisms. Collectively, the 
microbiota exerts a fundamental and necessary influence on systemic immunity and metabolism – a 
healthy gut microbiome means an overall healthy host.
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Coronary artery disease and atherosclerosis 
Chronic low-grade inflammation, induced by the 
gut microbiome has been suggested as a potential 
contributor to atherosclerosis. Atherosclerotic 
plaques contain bacterial DNA, whose taxa have 
been found by researchers in either the oral cavity 
or the gut of the same individuals. Furthermore, 
metagenomic sequencing of the stool microbiome 
revealed that the ecology was altered in patients 
with unstable atherosclerotic plaques. These 
observations suggest the gut microbiome of patients 
with cardiovascular diseases may be producing 
more proinflammatory molecules compared with 
their healthy counterparts, which may contribute to 
cardiovascular disease progression.

Recently, trimethylamine N-oxide (TMAO) has 
gained much attention as a potential contributor to 
atherosclerosis. Trimethylamine is rapidly oxidized 

into TMAO by flavin monooxygenase enzymes 
in the liver and then released into the circulation. 
We have examined the relationship between 
plasma TMAO and major adverse cardiac events 
in over 4000 patients undergoing elective coronary 
angiography (a medical imaging technique used to 
visualize inside blood vessels) over a 3-year follow-
up period. Specifically, patients in the upper quartile 
were observed to have a 2.5-fold increased risk 
of having a major adverse cardiac event compared 
with the lowest quartile. These observations 
highlight the obligatory role of the gut microbiome 
in the generation of TMAO from multiple dietary 
nutrients. Given that intestinal TMAO production 
correlates with the consumption of red meat and 
other animal products, dietary counselling holds 
noteworthy potential.
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lead to greater mechanistic understanding of the 
impact of gut-directed heart failure therapy. 

Could the gut microbiome be a therapeutic 
target for cardiovascular diseases? 

Given that an alteration in the composition of the 
gut microbiome has been linked to different diseases, 
modulation of the gut microbiome through dietary 
intervention represents a promising therapeutic target. 
Dietary approaches to nutritional interventions in 
cardiovascular disease have proved to be an effective 
strategy in reducing cardiovascular risk.

Probiotics are live bacteria administered to re-
establish an appropriate, beneficial intestinal balance. 
In a recent study, administration of Lactobacillus reuteri 
increased insulin secretion in glucose-tolerant obese 

Heart failure
There is growing literature to support the role of the 
gut in the pathogenesis of heart failure, aptly named 
the ‘gut hypothesis’ of heart failure. Specifically, the 
gut hypothesis implies that decreased cardiac output 
and elevated systemic congestion can lead to intestinal 
mucosal ischaemia, leading to increased bacterial 
translocation and increased circulating endotoxins 
that contribute to the underlying inflammation 
seen in heart failure patients. Recent data showed a 
corresponding increase between the amount of faecal 
gut microorganisms and the increased intestinal 
permeability in patients with heart failure, when 
compared with healthy controls. TMAO levels have 
also been linked to disease progression and poor 
prognosis in heart failure patients. These data imply 
that an assessment of intestinal barrier function may 
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subjects. Similarly, administration of Lactobacillus sp. 
was associated with a significant reduction of uraemic 
toxins produced by the small intestine in patients with 
chronic kidney disease. Another strategy for modulating 
intestinal microbiota is the use of prebiotics, which are 
orally indigestible molecules such as oligosaccharides 
or complex saccharides. Prebiotics can stimulate the 
proliferation and activity of beneficial intestinal bacteria. 

Gut microbial modulation via faecal 
transplantation has recently been increasing and 
has garnered much attention. This intervention 
is designed to displace intestinal pathogens by 
introducing faecal contents from healthy subjects into 
the gastrointestinal tract of patients. 

Future perspectives

Mounting evidence supports the theory that the 
gut microbiome plays an important role in the 
pathophysiology of cardiovascular diseases. The 
identification of bacterial metabolites modulating 
physiological processes will advance our mechanistic 
understanding of how the gut microbiome 
communicates with distal organs and tissues in the 
host. Better understanding of the links between 
dietary intake and the gut microbiome may provide 
insights into defining individuals at risk for disease 
progression. More personalized and tailored 
interventions may prove more beneficial to reduce 
risks for cardiovascular diseases.  ■
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The obesity epidemic and 
our gut microbiome – could 
it all be down to our ‘bugs’?

According to the World Health Organization, obesity is officially a global epidemic they have aptly 
termed – ‘Globesity’. Obesity worldwide has more than doubled since 1980, reaching 600 million 
in 2014, occurring in parallel with increased high-energy, low-nutrition food consumption and 
sedentary lifestyles – both of which result in a positive energy imbalance. These environmental factors 
influence our metabolism, by modifying the way our genes are expressed, and similarly those of any 
organisms within us, such as the 38 trillion bacterial microbes inhabiting our gastrointestinal tract 
(gut microbiome), compared with 30 trillion human cells in the entire body. 

dietary fibres are converted into short-chain fatty acids 
(acetate, propionate and butyrate; SCFA); products 
which are readily absorbed by the host, and contribute 
a 10% daily energy requirement, while also being 
responsible for almost 75% of colonic epithelium 
energy metabolism. Consequently, fluctuations in SCFA 
metabolism rates have the ability to induce positive 
and equally negative energy imbalances for the host. 
A positive energy imbalance, where more energy is 
consumed than expended, is a fundamental propagator 
of obesity.

In 2005, Ley and colleagues sought to investigate the 
contribution of the microbiome and its components to 
obesity. It was observed that 90% of the obese and lean 
microbiome consisted of only two divisions: Firmicutes 
and Bacteroides, while the obese microbiome had a 
significantly elevated Firmicutes:Bacteroides (F:B) 
ratio. This was associated with host elevated body fat, 
while no differences were attributable to food/energy 
consumption between groups, suggesting something 
different was occurring with the diet consumed within 
the host. Further to this, reducing nutrient intake for the 
obese group resulted in an F:B ratio shift in favour of 
Bacteroides, correlating with weight loss. This potentially 
indicates an obesogenic function of an F:B ratio in favour 
of Firmicutes, and vice versa for an anti-obesogenic 
function with Bacteroides. But how are these functions 
being expressed within the host?

In 2006, Turnbaugh and colleagues, answered 
this question by characterizing the function of the 
obese microbiome using shotgun sequencing, which 
produces long DNA strands comprised of functional, 
transcribed genes. Based on the genes’ origin when 
compared with whole bacterial genomes, a similar F:B 

The gut microbiome (hereafter referred to as the 
‘microbiome’) is essentially a mass energy-producing 
microbial reactor, continually coexisting within the 
human body. Through many studies, the influences of 
the microbiome on human physiology are becoming 
increasingly understood, including indigestible fibre 
fermentation, modulating energy homeostasis, intestinal 
structure and host behaviour. However, this can be 
perceived as a far from complete microbiome function 
guide, as the metagenome presents a mass 150 times 
larger than the human genetic portfolio, including 3.3 
million non-redundant genes – many functions of which 
are completely unknown. 

Dysbiosis in obesity 

Alongside the identification of microbiome functions, 
studies have found dysbiosis – microbial imbalances in 
or on the body – is linked to many diseases. One of these 
diseases is obesity, and there are numerous contributing 
mechanisms.

If one were to throw too much wood into a lit clay 
chiminea (a freestanding front-loading fireplace or 
oven), the heat may become too great, resulting in cracks. 
Equally, specific types of fuel, perhaps petrol, may result 
in larger cracks. We can use this analogy when thinking 
about the microbiome interactions with its host, how 
dysbiosis occurs and its contributions to host obesity.

Increased energy harvest from the diet

Energy harvest is a normal function of the microbiome 
and has its role in breaking down dietary fibres which 
are otherwise indigestible by humans. The metabolized 
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ratio was observed for both obese and lean groups, as 
discussed above. However, the gene distribution for 
the obese microbiome and their respective functions 
favoured starch, galactose and butyrate metabolism, 
with a significant enrichment of starch-metabolizing 
enzymes: α-amylases and amylomaltases. The enhanced 
fibre metabolic potential of the obese microbiome was 
verified with significantly elevated SCFAs, butyrate and 
acetate, and reduced energy remaining in the faeces 
compared with their lean counterparts. This suggests 
that a higher F:B ratio contributes to enhanced energy 
harvest, lipogenesis and obesity. 

Therefore, with respect to our chiminea (the host), 
enhanced colonization of Firmicutes in preference to 
Bacteroides would translate to putting a heap of dry 
leaves into the lit fire, producing rapid heat and a burst of 
energy, potentially causing damage, i.e. enhanced energy 
harvest and risk of obesity. Alternatively, if you put in 
a heap of dry wood, analogous to enhanced Bacteroides 
over Firmicutes colonization, this would translate to a 
sustained slow released wealth of ‘chimineal’ warmth, 
simulating optimal metabolism under physiological 
conditions. However, can the microbiome alter the way 
their hosts’ genes function to induce obesity?

Inhibition of fasting-induced 
adipocyte factor

Fasting-induced adipocyte factor (FIAF) is a cell-
signalling hormone secreted by the liver, large intestinal 
cells and adipocytes, downstream of peroxisome 
proliferator-activator receptors, which are fundamental 
in regulating lipid metabolism. Under normal 
physiological conditions, FIAF inhibits the ability of 
lipoprotein lipase (LPL) to hydrolyse blood-bound 
lipoproteins, resulting in release and re-esterification of 
fatty acids for peripheral fat storage. Simply put, FIAF 
limits LPLs’ ability to deposit fat around the body.

In 2004, Bäckhead and colleagues found that 
colonization of germ-free (without a microbiome) mice 
was followed by down-regulation in FIAF expression, a 
simultaneous 122% increased adipocyte LPL function 
and a 57% increased total fat mass content. This finding 
indicated a microbiome-dependent inhibition of FIAF 
expression instigating lipogenesis. However, what was 
unknown was the particular microbiome component 
that contributed to the FIAF down-regulation and thus 
increased lipogenesis.

Following on from this in 2010, Aronsson and 
colleagues used probiotic Lactobacillus paracasei 
F19 supplemented in a high-fat diet, to test its ability 
in modulating host FIAF expression and activity. It 
was found that L. paracasei F19 up-regulated FIAF 
expression, in association with an increased very low-
density lipoprotein blood concentration – representing 

a reduction in LPL-induced release and deposition of 
fat from circulating lipoproteins. Another experiment, 
focusing specifically on colonic cells confirmed this 
up-regulation of FIAF with L. paracasei F19 and 
Bifidobacterium lactis; however, supplementation with 
Bacteroides thetaiotaomicron resulted in no increase of 
FIAF expression.

Referring back to our chiminea, this information 
would suggest that species such as L. paracasei F19, and 
B. lactis, are simple kindling, optimizing the fire (through 
anti-obesogenic stimulation of FIAF expression). 
Therefore, could supplementation with these species 
afford a prophylactic therapy for those predisposed 
to obesity? In contrast, B. thetaiotaomicron does not 
confer FIAF anti-obesogenic benefit for the host, and 
it therefore could be a volatile fuel (one of undoubtedly 
many) in our chiminea, contributing towards dysbiosis-
induced obesity.

However, it is important to note that studies such 
as that of Fleissner and colleagues in 2010 have found 
contradictory results by comparing obesogenic diets, 
which in turn fuel the microbiome and consequently 
FIAF concentrations differently. This presents the 
complexity of the microbiome and its studies, as it is not 
necessarily macronutrients in diets, but the components 
of macronutrients that contribute to microbiome 
formation. Therefore, this is another dynamic to be 
taken into account when studying this increasingly 
complex system.

Increased inflammation and  
intestinal permeability

In obesity, chronic low-grade inflammation is a disease 
hallmark, attributable to pro-inflammatory cytokines: 
tumour necrosis factor alpha and interleukin-6, released 
from adipocytes. These cytokines induce inflammation, 
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act in a paracrine/autocrine adipocyte manner, self-
perpetuating local pro-inflammatory cytokine release, 
and promote lipogenesis. Therefore, microbial species 
within the microbiome could be contributors in this 
vicious obesogenic pro-inflammatory cycle due to their 
immunogenic nature.

Lipopolysaccharide (LPS) is a pro-inflammatory, 
fundamental component of Gram-negative bacteria. 
In obesity, ‘metabolic endotoxaemia’ (ME) – a low-
level systemic increase in LPS, is a characteristic of the 
disease. How can we know if the LPS – as part of the 
microbiome – is a cause or consequence of obesity?

In 2007, Cani and colleagues used LPS infusions in 
germ-free mice lacking a microbiome in order to assess 
the direct contributions of LPS to ME and obesity. The 
infused LPS produced ME symptoms, and increased 
body fat on a non-obesogenic diet, in parallel with other 
subjects consuming an obesogenic high-fat diet. The 
ME initially observed was associated with a significant 
reduction in Bacteroides, which has been discussed 
above as a potentially anti-obesogenic group, with to a 
lesser extent, reductions in Bifidobacterium, also anti-
obesogenic, and Clostridium coccoides (Firmicutes).

In order to further validate this LPS infusion 
as a microbiome component inducing obesity, they 
mutated CD14, an LPS receptor. With all mice on 
obesogenic diets, those with mutated CD14 were shown 
to be protected against visceral fat deposition, with 
blunted pro-inflammatory cytokine concentrations in 
comparison to non-mutated groups. This protection 
brought about by the CD14 mutation was not forever 
lasting, as eventually, the genetically altered mice also 
succumbed to the obese state. This delay in disease 
presentation could be linked with diminished overall 
signalling of LPS, as another LPS receptor TLR4 has 
the ability to signal LPS independently of CD14 and 
consequently it could be essentially, a ‘ticking time 
bomb’ of obesogenesis.

Developmental programming of obesity

In 1993, a culmination of epidemiological studies led 
Barker and colleagues to observe the basis of what is 
now recognized as, the Developmental Origins of Health 
and Disease Hypothesis They found that malnutrition 
in gestation correlated with cardiovascular disease in 
adulthood. Now, 25 years removed from this initial 
finding, we are aware of the dynamic responses the 
microbiome has to different diets. Consequently, could 
maternal obesity induce intergenerational transmission of 
obesity to the offspring?

Last year, Paul and colleagues presented a novel 
study of diet-induced obese pregnancy utilizing 
metabolomics to analyse the effects of prebiotic 
supplementation on maternal/offspring metabolism. 
Prebiotics are named based on their ability to fuel 
metabolism of specific health-promoting bacteria 
in the human intestines. Therefore, the idea of this 
study was to supplement obese pregnant rats with 
prebiotics, in order to determine the influence of the 
microbiome on programming of offspring obesity, 
and whether they could manipulate it in order to 
prevent deleterious obesity programming.

Pregnant rats with diet-induced obesity had higher 
and lower relative abundances of Clostridia (Firmicutes 
phylum) and Bifidobacterium species, respectively. This 
could be associated with microbiome mechanisms 
discussed above, where a high F:B ratio enhanced 
energy harvest, and Bifidobacterium supplementation 
ameliorated dysfunctional intestinal permeability. 
Remarkably, maternal prebiotic supplementation 
enhanced relative abundances of Bacteroides and 
Bifidobacterium, and reduced Clostridia, preventing 
excessive maternal gestational weight gain (GWG). 
Furthermore, supplementation also lowered the relative 
abundance of archael Methanobrevibacter species, which 
act synergistically with certain bacteria in propagating 
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energy harvest, contributing to obesity. From this, it can 
be inferred that maternal prebiotic supplementation had 
the ability to modulate the microbiome profile in favour 
of anti-obesogenic species, associated with reduced 
GWG. But what happened to the offspring? Were they all 
normal? Were they obese? Or were they protected from 
maternally programmed obesity?

The maternally supplemented offspring had lower fat 
mass and percentage body fat at weaning in comparison 
with maternally non-supplemented offspring. Further 
to this, supplemented offspring had significantly lower 
fasting plasma glucose concentrations, and similar insulin 
concentrations compared with non-supplemented 
offspring. This indicates improved glycaemic control 
among maternally supplemented offspring, in contrast 
to non-supplemented offspring, reducing risk of insulin 
resistance and diabetes in later life. Furthermore, host 
behaviour may have been modulated as a consequence 
of the prebiotics as satiety hormones peptide-YY, GLP-1 
and GLP-2 were all highest in maternally supplemented 
offspring, indicating an increased ability for the offspring 
to regulate their energy intake, therefore combatting a 
primary contributor of obesity.

In summary, the vicious intergenerational cycle 
of obesity begets obesity, the phrase you are what you 
eat is now a thing of the past. You are what you eat and 
also what your mother ate and how far back this goes 
remains to be revealed. Paul and colleagues, however, 
presented new information indicating that the maternal 
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microbiome modulation via prebiotics, potentially has 
the ability to halt the developmental programming of 
offspring obesity.

Future directions

The global epidemic of obesity has numerous 
microbiome-propagated mechanisms, which likely 
intertwine in obese states. Whilst bacterial–microbiome 
mechanisms of obesity have been discussed here, other 
groups of microorganisms such as fungal or viral 
species have not been discussed as very little is known 
about their prevalence in the microbiome, let alone 
obesity. However, what is undeniable, is the ability the 
microbiome has to both cause disease, and likewise 
prevent it, highlighting it as a promising therapeutic tool 
in obesity and beyond.  ■
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Dancing to circadian 
rhythms: microbes 
and metabolism 

Since the turn of the 21st century, two advances in biology have revolutionized our thinking 
of human metabolism. First, is the in-depth characterization of a previously recognized, but 
hitherto poorly defined organ system, the gut microbiome. This microbial organ exquisitely 
interacts with the diet which greatly influences its metabolic functions to impact host 
metabolism through the production of small bioactive molecules that continuously enter the 
bloodstream to act at local and distant organ tissues. Equally important, the host metabolism 
can also modulate the gut microbiome setting up the two as intricate and well-suited partners. 
Second, is the recognition that most of the cells and organs of the body are dependent on 
circadian rhythms, systemic timekeepers that play a major role in regulating behavioural and 
physiological functions to manage energy balance. In conditions of metabolic health, circadian 
rhythms are the beat to which the two well-matched partners, microbes and metabolism, dance. 
When these partners are out of step or mismatched, negative consequences may develop that 
promote metabolic disturbances and disease. Thus, unravelling this complex choreography 
becomes key to understanding how to maintain metabolic health and to correct missteps that 
may lead to the development of conditions like diet-induced obesity. 

of this. Although the field is still nascent, the role 
that gut microbes have in regulating host metabolism 
is becoming increasingly recognized. Thus, 
transplantation of a microbial ‘organ’ from a healthy 
donor, as seen with faecal microbiota transplants, 
remarkably reverses C. difficile infections and restores 
health. Germ-free mice (devoid of any microbiota) are 
highly resistant to the development of diet-induced 
obesity, despite the fact that they consume more chow 
than their counterparts with a normal gut microbiota, 
just to maintain body weight. This simple observation 
strongly suggests that the gut microbiome plays an 
essential role in determining the energy balance of 
the host. In addition, colonization of germ-free mice 
with faecal microbiota from obese mice or humans 
exhibit increased adiposity. In humans, the transfer 
of gut microbes from lean subjects to overweight 
recipients has also been shown to improve glucose 
homeostasis over a six-week period. Thus, it appears 
that the gut microbiome has considerable influence 
on host metabolic networks and vice versa. However, 
it should be noted that it is not healthy for humans to 
be completely germ free. When host and microbiome 

Two to tango: gut microbes  
and host metabolism

With the advent of pyrosequencing in combination 
with advances in data science, we have begun to unravel 
the mysteries enshrouding the gut microbiome. 
This organ system is comprised of a trillion or 
more bacteria, fungi, archaea, protists and viruses 
belonging to thousands of species which colonize the 
lumen and mucosal lining of the gastrointestinal tract. 
Collectively, these groups have 100-times more genes 
than the human genome and many of these genes are 
essential for the host’s well-being. These organisms 
affect a myriad of host functions and, to mention a 
few, they range from early immune and metabolic 
development, to deterrence of pathogens, and to the 
regulation of gene expression and function of many 
organ systems. Like other critical organ systems, loss 
or dysfunction (dysbiosis) of the gut microbial organ, 
as seen in response to broad-spectrum antibiotics 
can have severe, life-threatening consequences. 
Clostridium difficile colitis, a common, sometimes 
lethal, hospital-derived infection is a good example 
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are in step, host metabolic functions are optimal, but 
when out of step due to disturbances on either the host 
or microbiome side (or both), metabolic balance can 
become disrupted to promote diet-induced obesity. 

Dancing to circadian rhythms 

Nearly all life forms, whether human, animal, 
plant or photosynthetic microbe, possess a 
network of biological clocks, driven by a circadian 
transcriptional-translational feedback loop of 
proteins, which depend on the proper expression of 
a full complement of a dozen or so circadian ‘clock’ 
genes. Circadian clocks are master regulators and 
integrators of host energy balance, behaviour (e.g. 
sleep/wake cycles) and metabolic homeostasis. Not 
surprisingly, perturbations to circadian rhythms are 
accompanied by changes in metabolism, behaviour 
and physiological functions. For instance, 
disruption of circadian function in humans by sleep 
disorders, shift-work, jet lag and high-fat ‘Western-
type’ diets can be associated with metabolic 
consequences including obesity. Similarly, genetic 
disruption of circadian clock function in animal 
models is associated with a range of metabolic and 
physiological perturbations. Up to 20% of the gut 

microbes exhibit diurnal variations, wherein the 
levels of individual taxa oscillate over a 24-hour 
period such that the composition of the day and night 
gut microbiota can be quite different. The main driver 
of this appears to be the exquisite sensitivity of the 
microbiota to host dietary cues. Synchronous with 
this diurnal variation, the microbes release bioactive 
molecules that provide important cues to host 
metabolic networks necessary for the maintenance 
of energy balance. It is now becoming apparent that 
circadian rhythms are a key step by which the gut 
microbiome and host metabolism are inextricably 
linked. The circadian links are bi-directional and 
it is essential for these systems to be synchronized, 
but, at the same time, have some fluidity to respond 
to variations in environmental and dietary stimuli. 
The master regulatory centre for circadian rhythms, 
located in the suprachiasmatic nucleus (SCN) of 
the brain, receives light and dark cues from ocular 
photoreceptors that are important for setting the 
circadian clock signal. The clock signal, in turn, 
entrains peripheral circadian networks such as that 
of the liver and also affects the diurnal variation of 
the gut microbiome. Conversely, the oscillations of 
the gut microbiome affect both central and some 
peripheral clock functions. For example, these 

Interdependence of diet, microbial oscillators of the gut and host circadian networks on metabolic outcomes. (Upper panel) 
Low-fat, high-fibre diets provide important cues to the gut microbiome that promote ‘oscillatory’ behaviour and metabolic 
output of certain gut microbes. These microbial signals provide essential cues to central and peripheral circadian networks that 
are important for maintaining metabolic homeostasis and states of leanness. (Lower panel) High-fat, low-fibre diets cause an 
intestinal dysbiosis characterized by loss of oscillatory microbes and their metabolites that signal to the central and peripheral 
circadian networks. Without these cues, host circadian rhythms are disturbed, resulting in metabolic imbalance that may 
promote states of obesity.
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networks are disturbed in the germ-free mouse 
with some circadian genes showing diminished 
amplitude and phasic properties, despite mice being 
in the same light: dark conditions as their non-
germ free counterparts. These findings underscore 
the importance of gut microbes in maintaining 
host circadian rhythms and metabolic functions, 
presumably by providing input on when, what and 
how much nutrients are consumed. This information 
is integrated with other circadian cues so that 
the host can adjust energy expenditure relative to 
activity and food consumption. As with any highly 
tuned system, perturbations of any component of 
these networks can have adverse consequences. The 
consumption of high-fat, high-caloric, ‘Western-
type’ diets, for example, creates a gut dysbiosis that 
is characterized by a drastic change and loss of 
diurnal variation in microbial membership, a shift 
in the metabolome to an obesogenic profile and 
not surprisingly a disruption of rhythmicity and 
function of both central and peripheral circadian 
clock genes. Key microbe-derived signalling 
molecules such as short-chain fatty acids and 
tryptophan derivatives that may be critical inputs 
for host circadian networks are severely attenuated. 
Without these oscillator signals, host circadian 
networks are disrupted, shifting energy balance and 
promoting the development of obesity. 

Can microbiome-based interventions be 
used to prevent or treat human obesity?

Obesity is no longer a problem restricted to rich 
nations but is affecting both developed and developing 
countries worldwide. The ready availability of 
inexpensive, processed, fatty foods is the ‘enemy’. 
In Western societies, poor food choices combined 
with less physical activity and overindulgence have 
dramatically contributed to the increased incidence 
in obesity. In low- and middle-income countries, 
while infectious diseases and poor child nutrition 
prevail in many settings, the food that is available 
at low cost is high in fat, sugars and calories and low 
in essential micronutrients. Many of these factors 
are ingrained in Western societies and difficult to 
change, yet they contribute to shifts in the metabolic 
set-points of individuals that defines the trajectory 
of their metabolic outcomes. Few things can change 
this trajectory, although bariatric surgery has been 
successful in achieving sustained weight loss in 
the morbidly obese. Originally thought to work 
solely through reducing caloric uptake, bariatric 
surgery may in fact work through altered energy 
balance, i.e. changing the metabolic set-point of the 
individual so calorie conversion to fat is reduced. 

While the underlying mechanisms for this shift are 
not well understood, a role of the gut microbiome 
has been implicated. Understanding if and how 
gut microbes can restore metabolic homeostasis 
therefore represents an emerging area for discovery 
and development of novel non-surgical alternatives 
for the prevention and treatment of diet-induced 
obesity. In this regard, there has been considerable 
attention paid to the use of prebiotics, probiotics and 
their combination, synbiotics, to restore ‘healthy’ gut 
microbiota and their functions. More recently, faecal 
microbial transplant therapy has gained credence. 
However, the jury is still out on these approaches of 
‘restoring gut microbiota’ since our understanding of 
microbial gut ecology is still in its infancy. At issue is 
whether gut microbial ‘oscillators’, including defined 
microbial strains and/or their metabolic products, can 
be used to restore missing microbe-derived signals 
to a broken circadian clock even with continued 
consumption of Western-type diets. In essence, is 
it possible to have your cake and eat it too? There 
are some emerging experimental data that support 
this notion. Restricting feeding of mice on a high-
fat diet to a certain time of the day has been shown 
to restore some of the oscillatory properties of the 
gut microbiome, to restore host circadian rhythms 
and to prevent obesity. Additionally, we have found 
that supplementation of high-fat ‘Western-type’ diets 
with the short-chain fatty acid butyrate can partially 
restore host circadian rhythm and reduce adiposity. 
This observation provides compelling evidence that 
timed delivery of microbiome-based interventions 
for diet-induced obesity is realistic and feasible. 

Is there a finale?

There are a few key take-home messages from 
watching the two partners, the microbiome and 
metabolism, dance to the rhythm of the circadian 
clocks as summarized in Figure 1. The orchestration of 
three complex dynamic systems, the microbiome, host 
metabolism and circadian rhythms is not governed 
by a single musical score. Their functions are closely 
linked and are integrated with other organ systems 
to balance caloric intake and energy utilization. 
Tweaking any one component undoubtedly affects 
the other two with drastic consequences. Thus, 
when there is a mismatched partner, such as when 
fermentative bacteria are replaced with obesogenic 
microbes, cues like short-chain fatty acids are lost, 
resulting in misdirection of host circadian networks 
and the loss of specific clock gene oscillations. 
Regarding metabolism, an example could be the 
switch from fatty acid oxidation to lipogenesis. 
Asynchrony among the microbial, peripheral and 
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central clocks results in dysbiosis and metabolic 
dysfunction leading to obesity. A complex problem 
like this needs a multipronged solution. Decreased 
physical activity associated with urbanization, 
sedentary occupations and easy availability of highly 
processed, fatty foods are major contributors to 
the obesity epidemic, especially in children. These 
problems have to be addressed by experts in industry, 
by promoting nutritious foods at competitive prices 
and by lawmakers, public health officials and leaders 
of society through education and better environments 
that promote health. From a practical perspective, 

with the preponderance of readily available processed 
foods, social and behavioural changes will be slow. 
Further, while considerable progress has been made 
with ‘biotics’, the scientific community is still far from 
completely unravelling the mysteries of microbial 
ecology and host–microbe interactions. Therefore, 
we posit that a feasible in-hand solution may lay 
in defining a cocktail of key microbial ‘oscillators’, 
consisting of microbes and/or their metabolites, given 
at the right time of day that can restore host circadian 
rhythms to which microbe and metabolic partners 
can again harmoniously dance.  ■
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A gut check at the doctor
Have you ever been curious to find out which microbes live inside your intestinal tract 
(otherwise known as your gut)? Our gut is full of microbes that are intricately connected to 
many physiological processes, and these communities vary between persons or as a result of 
changes in our diet, lifestyle or health. Changes in these microbial communities are associated 
with certain diseases, and the analysis of the composition of our gut microbiome can be used 
as a clinical tool by medical professionals.

remnants, fermentation products and gut microbes 
that continuously divide and grow, but inevitably end 
up in the toilet bowl. It can also be used to monitor our 
health, by analysing its colour, consistency, presence 
of blood, or the presence or absence of pathogens and 
beneficial bacteria. 

Impressive developments in DNA sequencing 
technologies have improved the high-throughput 
analysis of large numbers of samples, including gut 
microbiome samples from stool. The microbes present 
in stool or other types of samples can now be analysed 
using genetic techniques that directly amplify and 
sequence the bacterial, archaeal, viral and fungal DNA 
without having to culture them on a Petri dish. These 
developments have greatly enhanced our knowledge 
about the composition and functions of human-
associated microbiomes.

Gut microbes in health and disease

Since our gut microbiome is so intricately connected 
to our body, our diet and our health, it is not 
surprising that many gastrointestinal diseases are 
associated with changes in its composition. By 
comparing stool samples from patients with 
health conditions, for example Crohn’s disease, 
ulcerative colitis, colorectal cancer or diabetes, to 
those from healthy people, researchers have found 
bacterial signatures associated with these diseases. 
Certain bacterial groups such as Akkermansia, 
Bifidobacterium, Blautia, Butyrivibrio, Eubacterium, 
Faecalibacterium, Prevotella, Roseburia and 
Ruminococcus are present in the stool of most healthy 
individuals, with decreased relative abundance in 
the stool of people with gastrointestinal disorders. In 
contrast, other bacterial groups such as Escherichia, 
Desulfovibrio, Dialister and Fusobacterium are 
increased in individuals with intestinal diseases. 

It is worth pointing out that associations between 
the relative abundances of gut microbial species and 
diseases are just that – associations. They simply tell us 

Microbes in our gut

We humans might need a little reminder that most life 
on earth is microbial. It is estimated that a trillion species 
of microbes live on our planet, in environments such as 
the ocean and soil, associated with plants and animals, 
and also associated with us. Our bodies are home to 
diverse communities of microbes, called microbiotas or 
the human microbiome. These communities consist of 
bacteria, archaea, viruses and microscopic eukaryotes 
such as fungi that live on our skin, in our mouth, nose, 
stomach and gut. In fact, one of the densest populations 
of microbes lives in the human gut. Our distal gut 
harbours 40 trillion microbial cells, which is roughly 
the same number as human cells in our body. Most of 
these microbes are bacteria and together they comprise 
about 500 species.

Although the human microbiome is the most dense 
and species-rich in our intestinal tract, some other parts 
of our bodies that are exposed to the outside are home 
to microbial communities as well. Our skin is covered 
with a thin layer of bacteria, our mouths and noses each 
have their specialized microbial inhabitants and most 
healthy vaginas are colonized by Lactobacillus species. 
In addition to this variation per anatomical site, these 
microbiomes differ from person to person, even among 
healthy subjects. 

The microbes in our gut are essential for human 
health. They digest dietary components that are 
indigestible by human enzymes, make vitamins and 
other molecules needed for our physiology and help 
protect us against pathogens. Interestingly, our gut 
microbes can vary over time as well, as they respond 
to the food we eat, changes in environment during 
travel, antibiotics we take, fluctuations in our health 
and as we age.  

The composition of the gut microbiome has 
historically been sampled by collecting, transferring 
and delivering full stool samples to laboratories which 
use traditional techniques to culture bacteria. Stool 
is the end product of a six-metre journey of food 
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that the gut microbiome in patients is different from 
that of healthy people, but such associations cannot 
distinguish between cause and effect. In addition, it is 
often hard to tease apart the combined effects of diet, 
health condition, medicine use and gut microbiome 
composition. For example, Crohn’s disease patients are 
likely to have a recent history of medicine use, and often 
exclude certain food items that trigger exacerbations 
in their diet, both of which might already influence 
the composition of their gut microbiome. In another 
example, people who eat a lot of red meat might have 
a higher risk of atherosclerosis, so the finding that gut 
bacteria in patients with that disease are different from 
those in healthy controls might just be the result of 
eating a different diet. However, in this particular case, 
there is scientific evidence that the gut microbiome 
is indeed directly involved, because gut microbes 
can convert carnitine, a molecule in red meat, into 
molecules involved in atherosclerosis.  

Recent studies have also greatly increased 
our knowledge about the molecules that each of 
these bacterial groups make. Blautia, Eubacterium, 
Faecalibacterium and Roseburia, for example, break 
down dietary fibres and produce butyrate, a short-chain 
fatty acid. This small molecule serves as fuel for intestinal 
cells, and might be one of the key signals connecting our 
gut to other organs including our brain. Oxalobacter 
formigenes degrades oxalate, a molecule involved in 
the formation of calcium-oxalate kidney stones. People 
whose gut microbiome contains O. formigenes might 
therefore have a lower risk of kidney stones than people 
lacking this bacterium in their gut.

Analysing your own microbiome

With more and more mainstream media articles 
about the important role of the gut microbiome 
in our health, it’s not surprising that people are 
curious about the composition of the microbes 
in their own gut, if it falls into a healthy range 
and what they can do to improve their health. 
Microbiome analysis, however, was until recently 
only performed in academic research centres. To 
make such tools available for the general audience, 
uBiome, a San Francisco-based start-up provides a 
platform that turns the public into ‘citizen scientists’ 
to answer questions about their own microbiome. 
The uBiome Explorer™ kits allow people to analyse 
their own microbiome from different sites (such as 
gut, mouth, nose, skin or genitals) and track their 
responses to different lifestyle changes such as diet, 
exercise, travel, etc. uBiome Explorer users can 
learn more about their microbiome and how their 
samples compare with others in the world’s largest 
microbiome database with nearly 150,000 samples.

Microbiome analysis at the doctor

Given the rapidly increasing list of health conditions 
associated with a disturbed gut microbiome, analysis 
of the composition of the microbes present in 
stool samples is likely to become a part of regular 
healthcare. Taxa detected in the gut microbiome 
include many bacterial groups associated with health 
or disease.
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In 2016, uBiome released SmartGutTM, the first 

sequencing-based clinical microbiome screening test 
that determines the relative abundance of microbial 
groups in patients’ stool. This is the first test that 
determines ranges of these microbes – similar to those 
performed on blood samples, such as cholesterol, 
iron, haemoglobin, etc. – based on a healthy cohort of 
nearly 900 people.

As a doctor-ordered, insurance-reimbursed test, 
SmartGut™ enables doctors direct access to uBiome’s 
CLIA-certified, CAP-accredited laboratory and 
bioinformatics. The laboratory processing is highly 
automated and the data analysis is performed by a 
bioinformatics pipeline that processes and interprets 
the sequence data. Analysed data made available in 
one clinical report gives doctors a clear picture of 
patients’ overall gut health – including information 
on specific pathogens and microbial diversity – with 
documentation on how to interpret the data with 
supporting scientific publications. Additionally, 
sampling methods used by uBiome greatly reduce 
the sampling burden on behalf of the patient – one 
simply swabs stool from a piece of toilet paper, stirs 
in a small vial and returns to the laboratory in a pre-
paid envelope.

As more and more diseases are linked to the 
status of the gut microbiome, stool analysis by 
the doctor is likely to play an increasing role in 
diagnostics and patient care. uBiome’s clinical test 
offers medical professionals a welcome additional 
tool in the diagnosis and treatment of many chronic 
health conditions. 

Precision DNA sequencing™ technology

Metagenomic deep-sequencing is often used in 
identifying microbial pathways, novel functional 
genes, antibiotic resistance genes and genes involved 
in interactions and coevolution between the 
microbiome and host. However, deep sequencing 
is unable to easily resolve low abundance species or 
genes. To overcome this limitation, uBiome launched 
the SmartBiome™ platform in 2016. SmartBiome™ 
uses a combination of full metagenomic deep-
sequencing and the simultaneous specific 
enrichment and identification of additional targeted 
genes of agnostic-type samples, a platform based on 
a pioneer patent-pending method termed precision 
DNA sequencing™. SmartBiome ID™ for infectious 
disease is the first product on this platform, 
providing hypothesis-free detection of hundreds of 
bacterial, viral, fungal and eukaryotic targets from a 
single sample of a variety of types, including blood, 
stool and urine, among others.

The future of microbiome analysis

Microbiome research is an exciting field with 
enormous possibilities for our health. The 
development of the technologies described above has 
already led to a better understanding of the microbes 
present in health and disease, and is expected to 
result in new diagnostic tests and therapeutics in the 
near future. Collaboration between academic centres 
and industry might be as beneficial as the symbiosis 
between our microbial communities and our bodies. 

uBiome will continue to build on its research 
capabilities and develop broad-spectrum clinical 
microbiome tests with unprecedented precision. 
uBiome has a successful record of diverse collaborative 
studies including work with the Centers for Disease 
Control (CDC) to better understand hospital-acquired 
infections, a project with Harvard University on a 
large-scale study of the relationship between genomic 
and microbiome data in collaboration with Dr George 
Church, and investigations with the University of North 
Carolina that aim to better understand the relationship 
between the microbiome and eating disorders.

It is beyond doubt that these and other collaborations 
will lead to valuable new insights in how our microbiomes 
affect our health, and new ways to improve our health by 
changing their composition.  ■
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Putting the DIY into 
molecular biology
Citizen science has traditionally been more focused on topics such as astronomy, computing and 
ecology, but two young entrepreneurs, Bethan Wolfenden and Philipp Boeing, have gone a long way 
towards putting molecular biology firmly in the citizen science arena. Wolfenden, a biochemist, and 
Boeing, a computer scientist, met as undergraduates at University College London. Having been drawn 
into citizen science by the enthusiasm of ‘biohackers’ they met during a student project, they decided 
to form a company called Bento Bio and have worked very hard over the last few years to develop 
a portable DNA laboratory the size of a laptop called Bento Lab. Containing a PCR thermocycler, a 
centrifuge and a gel electrophoresis box, the Bento Lab aims to make molecular biology accessible 
for beginners, as well as being a useful tool for scientists in the field. With the first non-prototype kits 
being sent out to consumers next month, Helen Albert met up with Wolfenden and Boeing to discuss 
their story and find out how they are helping to put molecular biology on the citizen science map. 

PB: I’d just heard about the DIY Bio thing and I saw 
there was a nascent community there. I thought that was 
an interesting subject and of course in a competition you 
always think ‘how can we differentiate ourselves and give 
an interesting angle?’ So I think that was my motivation 
to initially to get started with them.

BW: We ended up collaborating with them over the 
summer. They were really interested in synthetic biology, 
but they didn’t have a licence so they couldn’t actually 
get to the point of transforming bacteria in their lab. 
So we had a partnership where we built everything up 
to the point of transformation in their lab and then we 
bought it across to ours and actually taught them how 
to do transformation and the basics of synthetic biology. 

PB: We went in there pretty naively and said well 
great here is a group of hobbyists and we can just give 
them some pipettes and they will do all our assembly 
and we will just get so much stuff done! Of course they 
were just hungry for knowledge and they were excited 
because they wanted to learn something. It was an 
interesting cultural exchange where I think initially we 
thought ‘well we are going to show them the right way’, 
but actually what we came away with was this idea of 
frugality and hacking. We realised that actually we can 
do a lot of things on the cheap and it’s not always the 
right approach, there is no ‘right’ way. 

BW: For example, when we created the competent 
cells we built a shaking incubator over the course of 
2 hours. We were all standing there on a Wednesday 
evening and saying we need a shaking incubator, what 
can we use? Different people came up with different 
parts. One person built the fridge box with a light that 
was flashing, and I built this wobbly piece of cardboard 

Where did you start your journey into citizen science?
BW: We met working together about 5 years ago now. 
We were taking part in a student competition called 
iGEM (http://igem.org). Philipp was the team leader 
and I joined the team and we worked for the summer 
on a project looking at how you could potentially 
use synthetic biology to treat harder-to-reach 
patches of microplastic waste. During that summer 
Philipp thought of getting involved with the London 
Biohackspace (https://biohackspace.org/) as part of our 
project for iGEM.

Philipp Boeing (L) and Bethan Wolfenden (R), founders of 
Bento Lab. Image: Bento Bioworks (http://www.bento.bio)
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and springs that was going to shake back and forwards 
with a motor with someone else. I think that was a really 
big revelation for us. 

How did that initial collaboration end up 
producing the Bento Lab?
BW: We became quite good friends and stayed in touch 
with the DIY Bio community. I think once iGEM finished 
we thought we wanted to continue being involved and 
doing wet lab stuff. So we were going to all these meet 
ups across Europe and at a lot of those meet ups were 
discussions around how do we enable people and how do 
we encourage people to get more involved in the science? 
What kind of projects do we share? There is a mailing 
group and almost every week there was someone saying 
how do I get started and there was no real resource to 
direct people to.

PB: I think there was a sense that it was an important 
thing to be engaged in. I feel there is something important 
about synthetic biology and the democratisation of 
biotechnology in general and the DIY Bio movement. 
The reason why we went to all these spaces and talked 
about the sociology, as well as the enabling factors and 
the factors that held people back, was about creating the 
conditions for an interesting future that we wanted to be 
a part of. That’s how I think we transitioned from this 
initial engagement with DIY Bio during iGEM to now. 
We were waiting for the right project to come along.

BW: We ended up with this idea that we wanted 
to make some sort of starter kit. Because there is lots 
of open source hardware out there that you can build 

from downloadable designs, but it’s not always easy to 
build. So I think we were thinking of the people, like 
me and others I know, that aren’t really comfortable in a 
hackspace or aren’t really comfortable building their own 
equipment, but they are really passionately excited about 
the idea of the biology. We wanted to build something 
that is a lot more user-friendly for them, where as soon 
as they get started they are just doing biology.

PB: There is the analogy of the personal computer 
revolution where everyone was building their own 
hardware, but nobody was writing software. I think to me 
this whole comparison with the computer revolution is 
overused, but there was a sort of sense when we looked at 
it that well everyone here is building PCR machines and 
building the equipment, but they are not actually using 
them very much and we thought that we have to transition 
to a world where biohackers do biology and they don’t 
just build equipment. There is a purpose in both of those 
things, but we felt that one audience at that moment 
was much larger than the other. Maybe it’s just harder to 
make it approachable and interesting to do DIY biology 
as opposed to DIY biology tool making, because that tool 
making has a whole history of making with 3D printing 
and Arduino (https://www.arduino.cc/) as well. That’s well 
established, so we thought we’d take on the challenge of 
making the biology something that’s approachable. 

How are you making sure that the Bento Lab is 
affordable and accessible for people?
PB: It’s about affordability, but also accessibility 
and making it into something exciting and sort of 

Image: Bento Bioworks (http://www.bento.bio)
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seductive. It’s an almost silly design, but it’s a very 
imaginative design where the idea is that someone 
sees that it’s a laptop-sized lab and the whole movie 
plays in their head and they say I know what a laptop 
does, and I know what changes that has made, and 
so now you can see the same movie happening 
with biology. The reason why we wanted to do that 
was we wanted to give to people the idea that this 
is something that is really approachable, it’s kind 
of a sexy piece of hardware, but it comes with all 
these experiments you can do and this is not just 
something for somebody in a lab coat, but it’s a piece 
of consumer electronics. It’s just as easy to use as a 
new MacBook, so very early on with the first few 
iterations of the prototypes we tried to make them 
look as complete and professional as we could. We 
wanted it to be a professional grade PCR machine 
at a price that a hobbyist who is serious can afford.

BW: In terms of affordability, if you are looking 
to do PCR incredibly cheaply this definitely isn’t the 
best method, on the other hand if you are looking for 
something that has comfort and usability at a low price 
range that is where we were aiming for. I think going 
forwards we are keen to iterate on that and to have a 
whole range of options, because £1000, which is where 
we are at right now, is still quite expensive. We did a lot 
of talking to people and many said ‘I’d spend £50 on that 
kind of experience’ they kind of expect it to be like a 
chemistry kit or an Arduino kit and I don’t think that’s 

feasible with DNA analysis just yet. Often, at least what 
we are seeing now, is that it’s a group thing. For example, 
David Harries, our user in West Wales, uses it with 
four other people. They are the Pembrokeshire Fungus 
Recording Network. There is a fairly large group of them 
that go out and collect fungi and record what they have 
collected and then a subset of them have decided to go 
further into the analysis side of things and that is led by 
David. 

From a funding perspective, how did you scale it 
up from the prototype to what you have now?
BW: We were quite good initially at using public 
engagement funds, where we would say we want to build 
something for an activity for a workshop and then we still 
had the equipment afterwards. We both did a workshop 
with it and then we got to test and get feedback on it. 
That was at a very early stage when we had £800 to fund 
a bunch of activities and we used part of that to build 
the prototype lab. Then we got some loans and grants of 
£5000–£10,000 from the University. I think we probably 
got something like £20,000 in small grants and prizes 
here and there and that’s got us to the point where we 
launched our extended project on Kickstarter (https://
www.kickstarter.com).

PB: Well not quite. We had the photoshoot for the 
website and we had the final ‘first version’ and then we 
were not quite ready to really commit to it as a company, 
because then we hit the beta testing. So we thought, well 
we’ve got this product and we’ve done some workshops 
and people like it when we’ve shown it to them, but we 
haven’t really had someone use it properly. So we built 15 
prototypes and had an open call on our website saying 
if you want one, tell us what you want to do with it, tell 
us who you are and you have to pay something like £450 
and you will get one. What was interesting for us was to 
see who are the people who are interested in this, who is 
actually willing to put money down.

BW: I think that was pretty critical, as we had so 
many people who wanted to test it, but you weren’t 
guaranteed results from them, whereas if someone was 
willing to put some money down then they were more 
willing to actually use it and provide us with feedback. 
Of those who beta tested the lab, only 10% had never 
done molecular biology before, about 70% were 
somehow connected to academia and were using it for 
outreach, or for education, or they wanted to test it for 
fieldwork and the remaining 20% had a goal or a project 
they were working on, but weren’t necessarily a biologist, 
like David Harries. 

We also took a loan from family and friends to tide 
us over until we got the Kickstarter money. It is actually 
really difficult when you do Kickstarter for the first time 
and when you do manufacturing for the first time, just 
to estimate how long things will take, how that cash flow 

David Harries testing the Beta version. Image: Bento Bioworks (http://www.bento.bio)
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should work, how much funding you are going to need. 
I think, as with probably most Kickstarter projects, we 
under budgeted. So now it’s a matter of stretching that out 
and being a bit more creative about how we do things.

PB: We have a really good relationship with our 
manufacturing partner and our industrial design 
company, but what’s interesting is that there is no product 
like this and so when you say ‘how much do you think 
this costs?’ and they say ‘maybe this much’ or ‘maybe that 
much’ those estimates are not as solid as they might be if 
you were making something like a doorbell, for example. 
So we are just learning now how much more we have 
to be involved in that process because we understand 
how the product works and what is important on it, 
compared to a more conventional product. 

BW: I think we were aiming to sell 200 units 
on Kickstarter, we knew that was our minimum 
manufacturing run, and we were fairly confident that 
if that didn’t happen that we could add to it elsewhere. 
We ended up getting something more like 300–350. 
Kickstarter liked our project and advertised us via their 
newsletter, which generated about 45% of the people 
that backed us. We prepared our campaign for about 2 
months beforehand. We didn’t spend a lot of money on 
it, but a lot of work went into it and we really tried to 
explain it clearly and make it attractive to people.

Having a really good ‘helpdesk’ or resource that 
your customers can call on if they need to must be 
key for this project. How are you managing this?
PB: I think first of all we wanted to take advantage of 
having a mobile app or a website where we can have 
videos, rather than just still images, as videos make 
techniques easier to replicate. We also have 100–200 
people doing this for now, which is quite a lot for a first 
run, but it means 200 people are going through the same 
thing and so it means we can do things like connect 
them. Here we take cues from the ecosystem that exists 
with electronics like Arduino and their community 
resources. Of course it’s a different topic, but how can we 
have something that fulfils the same purpose in biology. 
We plan to ask people to share their experiences of doing 
the experiments in the kits, so they don’t feel like they 
are doing this by themselves, but are part of a larger, 
international group. 

We actually made the decision to cut out the printed 
booklet, which will probably annoy some people, but 
this way, by forcing people to go through the digital 
route, we can see much more easily where people are 
struggling. Hopefully, by the end of the year we will have 
a lot of insight into what we missed and where people are 
struggling and we can then fix that. 

BW: I think there is so much that you take for 
granted when you come from a background of 
expertise. For example, the instruction to ‘resuspend 

this now’. You can explain what resuspending is, but 
for someone who has just learnt how to pipette that is 
really difficult. We ended up with someone asking ‘can 
I just mix it’, someone literally just swirled their pipette 
tip around in the tube, and that also worked. So I think 
we are hoping the reporting mechanism will pick up 
that sort of thing. I’ve been doing experiments where 
I have been getting a friend or a contact who doesn’t 
have a science background to go through the starter kit 
and then I watch them. As they are going along they 
will turn to me and say ‘is this OK?’ and that’s the point 
that we are trying to get around, as there will not be 
a person there to ask, so I have to sit there and say ‘I 
don’t know, do you think it’s ok? If you were alone what 
decision would you make?’ 

PB: The point is that at the end of it you shouldn’t 
feel like you are done now, but at the beginning of 
something. That you now have the skills and also know 
what the critical reasons are for doing things, not just 
‘I have to turn the pipette 5 times’ but actually there is 
a reason for the proportions and so on. Also, obviously 
in the spirit of iGEM, not just to be educated in the 
methodology, but also in terms of biosafety laws and the 
ethics or the responsibilities of being a scientist.

BW: It’s been so interesting for me to break 
down what each component in a DNA extraction 
actually does. We have been thinking about how do 
we incorporate that into our information, like DNA 
ladders, where do they come from? I think where it 
ends up being really relevant is for troubleshooting 
and trying to understand what is wrong and what 
might be wrong. For example, with primers, I’ve been 
storing my primers at room temperature in TE buffer, 
which for most scientists would be unheard of. They 
say ‘you’ve got to freeze it’, but actually why? You 
haven’t got to freeze it, it increases the probably of it 
being ‘good’ by about 2% and actually it means you 
might be shearing the DNA through multiple freezing 
and refreezing. 

What interesting citizen science projects are 
people exploring with Bento Lab?
BW: One project we are really excited for is that Kew 
Gardens wants to use them for the Lost and Found 
Fungi project where they are going to be working with 
three to four fungi recording groups around the UK 
and showing them how to prepare barcoding samples 
to send off for sequencing. So that’s an awesome 
project, partly because we think lots of our users 
would be really interested in that too. We want to 
consider is how can we support people that are doing 
interesting projects and support them sharing that 
project with the users that come on board to learn 
biology. We’ve had a whole variety of people who 
have contacted us saying I work with hops, or I work 
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to each other a lot and they are posting blog posts about 
what they are working on and then you get comments 
and discussion. It’s less of a ‘I’ve published a paper once 
every two years and then I get feedback and then I get 
peer reviewed’. It’s like having a continual improvement 
to the way that you work, for example with someone 
pointing out you’ve made an error in your experiment 
right there. 

PB: I think it is also important that we really make 
people a bit sceptical. Because there is a point where if 
you think well, I’m a citizen science biochemist and I can 
do all of this and people might be a bit overconfident, 
it’s a bit like being an amateur doctor, we don’t really 
want that. As an equipment manufacturer we don’t really 
have a responsibility for this, but I think building this 
platform we take on the responsibility by saying we don’t 
just want our users to have a good time, but we want 
them to get a sense of scientific responsibility.

BW: One of the interesting things I am really hoping 
to see with our platform is people really discussing what 
their result is, or why there might not be something 
visible and what’s going on. 

PB: It’s hard to do these things, but we are trying to 
create the right environment where people do have these 
sort of attitudes towards it. Then they know that a lot of 
things can go wrong and they can be sceptical, but that 
it’s quite open and hopefully a more pleasant space. 

How are you getting the scientific  
community involved?
PB: We haven’t really had a problem with getting 
researchers on side. Researchers look at Bento Lab and 
what they see is a bit quirky, but it’s great for public 
engagement and communication, and can actually 
also be a really good field research tool. You can easily 
travel with it and if you are doing something like 
Zika or Ebola research and working with a nanopore 
sequencer and need to do sample prep it can be a 
really useful tool. It’s also much cheaper than standard 
equipment, so if it breaks down somewhere in South 
America then it’s OK. 

BW: What we haven’t done yet is actively gone 
out and looked for scientists and asked if they want to 
collaborate with us. But what we have had is people 
coming to us with a project and saying I think this might 
work, can I use it? Or people saying I am doing public 
engagement will it work for that? But I think the way we 
will work around it is more focusing on the people that 
come to us and are already keen and interested. 

PB: Some of our beta testers like Stéphane Boyer in 
New Zealand, who is a biodiversity researcher and also 
teaches undergrads, are advocates for us. Stéphane likes 
the project and the tool and he wants to use it for all sorts 
of purposes from research, to education with undergrads, 
to public engagement outside of the university. 

with bees, or I work with crickets, and I want to use 
your lab for this project. I think for us the next step 
is working out how we potentially offer people who 
don’t have a project the opportunity to participate in 
the research that others are doing or help collect the 
data that others are compiling. 

The hypothesis we went in with at the start was 
there is scope for people to do very involved citizen 
science projects. The lab is a starting point and we 
can develop that and make that cheaper, but the 
question that we still need to finish answering a bit is 
how feasible are those deeply involved citizen science 
projects? Can a researcher put their project up on our 
platform and can other people participate and actually 
get a result or get data out of that? 

How are people determining the accuracy of 
their projects?
PB: I think that is a second stage concern. I think for 
now those projects are really about a hobby, maybe 
there is something actionable there, maybe if you 
have 1000 data points you can do something with that 
even if it’s noisy, depending on what kind of noise it 
is. I mean there is nothing that stops a citizen scientist 
from engaging over a long time and then becoming as 
accurate as a scientist. I think the point is that some 
citizen scientists will want to do that and maybe we’ll 
have some tools to help them get to that point, but 
for many people that is not necessary and they just 
want to do it for a hobby and for fun and maybe as a 
community thing.

BW: The community also self regulates. They speak 

Stéphane Boyer testing the Beta version. Image: Bento 
Bioworks (http://www.bento.bio)
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BW: Have you heard of the Zooniverse (https://

www.zooniverse.org/)? They are a citizen science 
platform that enables volunteers to help scientists to deal 
with data. It started with an astronomy project about 7 
years ago and they now have a fair amount of projects on 
their platform. I guess the point I wanted to make is we 
don’t necessarily want a huge amount of projects on our 
platform, as then you start to lose quality. So if we had 
something like 20–50 long-term projects over the next 
few years then that is probably enough, and I think we 
can quite easily find 20–50 researchers who would like 
to give this a go. 

PB: I think what we are trying to do right now is 
to build the first version of what those communities 
can be like. One that is really easy to engage with and 
really quite diverse. There are a lot of tools that are 
in the pipeline at the moment, from automation to 
sequencing, that once they are ready can make a huge 
impact on those kind of communities.

BW: I guess what we’re doing that’s different from 
anyone at the moment is that we are saying we want to 
help people learn and do molecular biology and we will 
hold their hand. We are not perfect at it yet, but we are 
interested in you, not as a student, not as a researcher, but 
you as an individual who is interested in science. There 
are biotechnology companies that do really great stuff for 
school kids and there are biotechnology companies who 
do really great stuff for researchers, but there is no-one 
who is saying ‘you are not one of those people and we are 
still interested in you’. 

Where do you hope to be with this project in 10 
years’ time?
BW: To have this really thriving community platform 
where people are creating projects and partaking in 
projects, they are collecting sequencing data and doing 
PCR and experimental design at home. Depending on 
how regulation evolves with synthetic biology they are 
also prototyping. 

PB: Right now we are really focused on DNA analysis, 
even though we were from a synbio background. Maybe 
in 10 years it will be a lot more hybrid, because what 
I think we don’t have to recreate is the silos that exist 
in academia. I think what is really interesting is where 
there is a bit of chemistry analysis, maybe there is a bit of 
electronics, maybe a bit of DNA analysis – like hybrid art, 
but hybrid citizen science. So I think if we can get it right 
for DNA analysis, there are other scientific disciplines 
that those lessons could be applied to. We will see. We 
are already making a hardware, software and wetware 
product which is a challenge for a small team!

Why should scientists support this and get involved?
PB: Because science is not an end in itself, it’s about 

making an impact, it’s about understanding the social 

context of the science and the wider stakeholders and 
that ranges from people within the university on the 
lab benches, to people doing those things outside of 
the lab such as citizen scientists, to other stakeholders. 
I think the citizen science community can be a really 
good bridge because they are much more steeped in 
both worlds and they will be the real advocates of 
science outside of traditional institutions.

BW: This is kind of like a stepping stone, a bridge, it 
brings people much more into the topic and makes them 
more comfortable with a subject and gets them on the 
side of saying let’s do this.

PB: That’s the public engagement argument, but 
there is also the innovation argument to be made. It 
would be great if people spent less time watching TV 
and more time being citizen scientists. There is a lot 
of innovation that could be unlocked this way! Also 
because the people who are those innovators are 
much closer to the extra applications, because maybe 
they are a farmer and so they know that environment, 
rather than being a scientist who wants to make 
something for a farmer. They are some people in the 
hacking culture who are very used to being frugal 
and being very innovative and combining new 
technologies; but also there are people who are much 
closer to potential problems and so they don’t know 
the science so much, but they really understand 
the context of the problem. If they knew a bit more 
science, they might be able to do something about it 
or at least to make the connection. So I think there 
is a public engagement argument and there is an 
innovation argument.

BW: One of our fundamental starting points is that 
actually molecular biology is something that anyone 
can do that doesn’t have a PhD. It’s not easy, it takes 
time and it takes training and the right resources, but 
you don’t have to go to school for 4 years to do some 
experiments that you might find exciting.  ■

Further reading

1. Bento Bio website https://www.bento.bio/
2. iGEM competition website http://igem.org/Main_Page
3. London Biohackspace website https://biohackspace.org/
4. Bento Lab Kickstarter campaign webpage https://www.

kickstarter.com/projects/339005690/bento-lab-a-dna-
laboratory-for-everybody/description 

5. Pembrokeshire Fungus Recording Network http://
www.pembsfungi.org.uk/

6. Lost and Found Fungi project, Kew Gardens blog http://
www.kew.org/blogs/kew-science/lost-and-found-fungi-
project 

7. The Zooniverse website https://www.zooniverse.org/
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Testing many keys in one 
lock: an unsuccessful yet 
fruitful quest for the cure 
of beri-beri
Sutematsu Kajiura found himself in the early 20th century where the known essential nutrients 
only consisted of amino acids, carbohydrates, fats, minerals and water. Therefore, scientists and 
doctors were navigating a battlefield without comprehensive knowledge of the terrain, being 
completely unaware of the essential sector of vitamins. This is the world in which our story 
was published and Kajiura was on a mission to find the cause of the ‘national disease,’ beri-
beri, now known to be caused primarily by thiamine (vitamin B1) deficiency. Though Kajiura 
discovered neither the cause nor the cure, he made major contributions to plant seed biology 
by identifying and isolating the major protein in rice, oryzenin, which was later studied in-
depth. In addition, he was unknowingly a part of the massive movement toward the discovery 
of vitamins, the newest member of the essential nutrient family. 

Therefore, the nation was unwittingly eating its way 
to heightened beri-beri susceptibility.

The military adopted white rice as the staple by 
providing it free of charge for its soldiers while other 
dishes were obtained at the expense of the individual. 
As a result, the rates of beri-beri in the army and 
navy were 20% and 50%, respectively, and without 
a cure, the patients could do nothing but stop their 
work and await their fate, which was often a painful 
death. Taking a sidelong glance at other nations, 
the Japanese noticed that Western countries did not 
suffer from beri-beri. The Japanese military needed 
to find a cure.

The naval doctor Kanehiro Takaki is generally 
credited with the first experimental progress in 
discovering the cause of beri-beri. Through record 
keeping and surveys, Takaki conjectured that the 
disease did not spread from person to person but was 
a result of the diet. However, as outlined by Aoki, 
his subsequent conclusions were incorrect as he 
attributed the cause to the disproportionately high 
ratio of carbohydrates to protein in the Japanese diet 
compared with the Western diet. 

Ensuing research found that the carbohydrate to 
protein ratio did not influence beri-beri incidence 

Sutematsu Kajiura was a naval physician who was 
part of a provisional committee gathered by the 
Japanese national army and tasked with discovering 
the cause of and treatment for beri-beri, which was 
inflicting huge casualties on the Japanese military. 
Beri-beri is caused by vitamin B1 deficiency and was 
common in people whose diets consisted mainly of 
polished white rice, which is milled to remove the 
grain’s husk, bran and germ, and with it, vitamin B1. 
Kajiura’s research was performed during the end of 
a long era of beri-beri research which took many 
different twists and turns along the way, ultimately 
leading to the discovery of vitamin B1. 

In 17th century Japan, beri-beri incidence 
increased markedly, particularly in wealthy districts 
and among the affluent ranks of society. Those living 
in the countryside with less wealth surprisingly 
enjoyed lower incidences of the disease. Yet, as 
Japan progressed through the modernized Meiji 
era (1868–1912) the disease became common even 
among the poor. This peculiar trend can now be 
traced back to the popularization of white, polished 
rice as the primary food for Japanese people. It was at 
first an expensive luxury that could not be afforded 
by peasants, but eventually became more accessible. 

Megumi Takashima, Chiaki Sano and Motonari Uesugi (Kyoto University, WPI-iCeMS and JSBBA, Japan)
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and other researchers insisted on beri-beri’s 
pathogenic origin, denying the strong evidence for 
a nutritional cause. Yet, the navy and eventually the 
army experienced significantly decreased rates of the 
disease after they adopted a mixed barley and rice 
diet. The fundamental cause of the disease was still 
unknown, so a provisional commission was brought 
together in 1908 after the Japanese had suffered 
extreme casualties from beri-beri in the Russo-
Japanese war (1904–1905). Committee members 
included ten army and four naval physicians, five 
infectious disease scientists, two Kyoto University 
and six University of Tokyo staff members, and five 
medical doctors.

Kajiura was a member of this specialized 
committee and worked under Otto Rosenheim, 
a German-born biochemist at King’s College in 
London, as a short-term researcher. Based on 
Takaki’s studies, which suggested white rice as the 
key factor in the outbreak of the disease, Kajiura 
pursued experiments on white rice in search of 
the responsible component, which eventually led 
to two publications. One was the 1908 Biochemical 
Journal paper which is the focus of this article. 
This was initially left unpublished by Kajiura, but 
was assembled into a paper by Rosenheim who 
considered its publication necessary. It is noteworthy 
that Rosenheim wrote up the paper without claiming 
authorship – an act that is unthinkable today. The 
second paper (Kajiura, S. & Rosenheim, O. 1910) is 
only briefly discussed here but gives the motivation 
and background for their work and outlines animal 
studies with poultry. 

Kajiura utilized the precedent set by Thomas B. 
Osborne, who was a prominent agrochemist at Yale 
University and responsible for a startling number of 
discoveries contributing to the identification of the 
essential amino acids and the discovery of vitamin 
A. Osborne had a passion for analysing the minute 
details of plant matter and for a time was focused on 
isolating and characterizing the proteins of seeds. As 
described in his 1908 paper in Science, he used an 
extraction protocol to separate the proteins by their 
solubilities in different solutions as well as by their 
degradation products, classifying the proteins into 
four major classes: globulins, prolamins, glutelins 
and albumins. Kajiura references Osborne’s work for 
his protocols and follows Osborne’s classifications of 
plant proteins. 

In the 1908 Biochemical Journal paper, Kajiura 
and Rosenheim found that refined rice contains 
minimal amounts of albumins and globulins and that 
the major protein was a glutelin, which they named 
oryzenin. Their optimized conditions to isolate 
oryzenin involved extraction of 5 kg of ground 

Figure 2. Records of Kajiura’s death preserved at the national archives Center for Asian 
Historical Records.

Figure 1. Testing many keys in one lock. Japan was under the crippling lock of beri-beri 
and many researchers including Kajiura were searching for the key to liberate the nation 
from the disease. Pathogens, toxins and dietary composition (protein content) of rice were 
hypothesized to be the cause. Kajiura chose proteins for his investigations.
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rice with 10 litres of saline solution to remove any 
albumins and globulins. The remaining residue was 
then treated with tens of litres of dilute alkali to 
extract the remaining protein. After filtration, the 
filtrate was twice treated with a stream of carbon 
dioxide, punctuated with a wash step where water-
soluble components were removed. Final washes with 
water, alcohol and ether, and repeated precipitations 
afforded a white powder, the purity of which was 
determined by its solubility properties and the 
absence of phosphorus. At the time, oryzenin was 
the only known glutenin that could be isolated from 
cereals in significant quantities other than glutenin 
from wheat, the two of which were differentiated 
by atomic composition and nitrogen partitioning 
experiments. Rosenheim and Kajiura highlighted the 
lack of prolamins in rice as a possible cause of beri-
beri. In their separate publication in 1910, Kajiura 
and Rosenheim established that rice is intimately 
linked to the mysterious disease and subsequently 
described the two predominant suspects: the 
nutritional imbalance of rice or a yet unknown toxin 

in rice. They focused on the former and pursued 
animal feeding studies with birds investigating the 
possibility of the absence of proteins or inorganic 
components as the culprits of the disease. However, 
their efforts failed to support their hypothesis.    

In 1910, Umetaro Suzuki, another Japanese 
scientist involved in beri-beri research at the 
University of Tokyo and also a founder of the 
Japan Society for Bioscience, Biotechnology and 
Agrochemistry, presented, for the first time, his work 
on isolating oryzanin (vitamin B1, more commonly 
called thiamin and distinct from Kajiura’s protein, 
oryzenin). Suzuki published this work in two papers 
and proved oryzanin’s curative properties over the 
next year with a series of animal studies. Casmir Funk 
in Poland published his own discovery of oryzanin in 
December of 1911 and coined the term we use today: 
‘vitamin’. Since then, vitamin research has identified 
and categorized over a dozen molecules as vitamins. 

Unfortunately, Kajiura died of parathyroid fever 
on 17 September, 1914 (Taisho 3) just a few years after 
the publication of his paper and was therefore unable 
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to see the full story of which he was a part. Even so, 
Kajiura leaves his own unique legacy as the first to 
isolate oryzenin and the first East Asian scientist 
to publish in the Biochemical Journal. Kajiura was 
performing his huge extractions on powderized rice 
during a time when Japan was undergoing major 
modernization and developing into a competitor 
in research and technology. Now, a hundred years 
later in the Heisei era (1989–to present), the then 
unknown vitamins are a multi-billion dollar industry 
and scientific research has globalized. 

Though Kajiura and Rosenheim did not succeed 
in discovering the key to ‘unlock’ beri-beri, their work 
has great inherent value not only as an experimental 
feat but also as a lesson to the modern researcher. 
We are all responsible for our own little slivers of 
an expansive panorama and though our efforts may 
not lead us where we expect or hope, they will not 
be excluded from the bigger picture. Keeping this in 
mind can give us courage and motivation to boldly 
carry out our tasks at hand.  ■
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Assessing the quality  
of research: preparing  
for REF2021
Gabriele Butkute (Science Policy Officer, Biochemical Society)

In an age where huge amounts of data is collected on everything we do – from our Google 
searches to our GPS coordinates – we like to be able to count, measure and assess things. This 
includes measuring the impact and quality of research in the UK, through an assessment method 
known as the Research Excellence Framework (REF).

monetary costs, which are £246m according to the 
REF Accountability Review (published July 2015). 
That and other concerns have led the Government to 
carry out a review of REF2014 so the process can be 
improved for the next round, REF2021.

The Stern Review of REF, carried out in July 2016, 
sets out the purposes of REF, including to develop 
an evidence base to inform strategic decisions about 
national priorities; to show the outcome of public 
investment and make it accountable; to incentivize 
universities and to provide a reputational benchmark. 
To summarize, it informs the Government, charities 
and other funding institutions about where to make 
investments. Needless to say, it’s been a topic of 
extensive discussion. 

While REF has had its critics, many people believe 
there is still a need for some kind of an assessment. 
Therefore, in December 2016, the Government 
launched a consultation to investigate the concerns 
and opportunities raised by the community in order 
to inform REF2021.

The Society contributed to the consultation 
(which is now closed) as part of the Royal Society 
of Biology’s response. We thank everyone who sent 
in their comments and completed our online survey. 
One of the recommendations from the Stern Review 
that raised the most concerns among respondees 
was the non-portability of research outputs. This 
essentially means that when the fixed term contract 
of an academic comes to an end, all research 
outputs (eg. papers and other publications) will stay 
behind and will contribute to the REF score of the 
previous employer as the person moves on. This is 
a new proposal since in REF2014 researchers were 
able to take their publications with them to new 
employers when they changed jobs. The reason the 

The REF measures the quality of research outputs, 
the impact of research and the research environment. 
Universities submit case studies to highlight the 
research they have done and are assessed by a 
panel. At the end of this long process we have what 
essentially is a league table, telling individuals and 
funders which universities are best at research.

REF2014 is said to have been a rather burdensome 
exercise – from time and human resource to 

Taken from REF2014 website (www.ref.ac.uk)
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recommendation is there is because there have been 
concerns about ‘poaching’ research active academics 
right before REF so that institutions can return these 
papers to REF as their own.

Another point raised by our membership was the 
number of impact studies returned per individual as part 
of REF assessment. It was suggested that this figure could 
well be zero for some members of staff if all of them are 
as part of REF assessment, as some people may only be 
spending a small proportion of their time on research. 
There may also be paternity/maternity/caring factors 
at play that might change an individual’s output during 
the REF period, so setting zero reduces problems of 
discrimination as they would not be penalised for taking 
time off work for caring or other responsibilities. On the 
other hand, if not everybody is subject to REF, then how 
objective will be submissions be?

Finally, while it is tempting to assess research and 
teaching separately, these elements are intertwined 
and incentivising research has the potential to affect 
the quality of teaching. Helen Watson, Chair of the 
Biochemical Society’s Training Theme Panel and a 
lecturer at the University of Plymouth, commented:

“There is no mention of how to prevent 
institutions from changing their recruitment and/
or promotions policies to favour research intensive 
staff over teaching intensive staff. By encouraging 
recruitment and development of researchers, there 
is a risk that student experience will be damaged as 
(i) fewer teaching focussed staff may be recruited/
developed and/or (ii) research and teaching staff will 
have more pressure to publish high impact research 
and may focus less on their teaching responsibilities. 
It would seem sensible to consider how the TEF and 
REF may interact in terms of staff development and 
how institutions can improve both research and 
teaching quality in parallel.”

This consultation has been the topic of many 
meetings and discussions in academia and outside 
of it. We will continue to monitor how REF is 
implemented and feed in our membership’s views 
where appropriate.  ■
Interested in REF? Read Charlotte Dodson’s opinion 
piece on our blog where she explores one of the Stern 
Review recommendations, portability of outputs, in 
more detail: wp.me/p1diOI-165 

We are currently recruiting members to our new Policy 
Network. This is a unique opportunity for you to feed 
into our policy activities on a variety of issues, including 
education policy, industry, research funding, EU policy, 
antimicrobial resistance and equality and diversity. 
The network is open to all members. To find out more, 
please email our Science Policy Officer, Gabriele Butkute 
(gabriele.butkute@biochemistry.org)

Further reading

• REF2014 website
 http://www.ref.ac.uk/

• REF Accountability Review: Costs, benefits 
and burden. Technopolis, 2015. http://www.
hefce.ac.uk/media/HEFCE,2014/Content/Pubs/
Independentresearch/2015/REF,Accountability,Review,
Costs,benefits,and,burden/2015_refreviewcosts.pdf

• Research Excellence Framework review 
 https://www.gov.uk/government/publications/

research-excellence-framework-review 
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Building BORIS – an outreach project on 
drug design and molecular modelling
Steven Rossington 
(Biomedical Research Centre, 

School of Environment and 

Life Sciences, The University 

of Salford, UK) 

Within university chemistry departments, organic chemists are formulating reaction pathways which 
will yield a desired chemical product. In most cases, it is often found that the targeted product exerts 
some beneficial biological effect towards cellular activity. In my organic chemistry lectureship within 
the University of Salford, I too am involved in the synthesis of potential biologically active compounds; 
namely a range of anti-cancer compounds and anti-bacterial agents. Using my professional knowledge, 
I have developed an outreach project known as BORIS designed to show GCSE and A-level students 
what proteins look like, their importance and role within the body and how drugs interact with them.

proteins in the human body (e.g. the need for protein 
intake in the diet) and the function of enzymes in the body 
(protease, lipase etc.). Additionally, the AS/A2 Biology and 
Chemistry syllabuses also highlighted how proteins are 
formed (transcription and translation), structural identity 
(primary to quaternary structures), functional group 
identification within individual amino acids (amino and 
carboxylic acid portions), how proteins may work, and 
their tasks in the human body (e.g. antibodies, blood 
clotting, Na+/K+ pump in cell membranes etc). It was 
obvious from this that proteins are given great importance 
at both key stage 4 and 5. I envisaged that once a reasonable 
protein model could be constructed, you could highlight 
how any drug system could ‘dock’ into the active site of a 
protein and why some drugs would work on one protein 
but others would not. By re-emphasizing the importance 
of proteins in the development of a disease, a session that 
could showcase the concepts of drug therapy by making it 
‘hands-on and practical’ to the audience could be used to 
highlight the concept of drug therapy whilst supporting 
the appropriate syllabus.

The idea in practice

With the idea of explaining drug therapy by molecular 
modelling in place, work started on building the model 
protein structure. Early on I decided that a simplified 
story of a protein responsible for pain would be told. The 
enzyme cyclooxygenase (COX), found in the human 
body, is responsible for prostaglandin production and 
hence pain transmission. The structure of this enzyme 
is known, but I decided to produce a generic protein 
structure instead. 

With a supply of metal coat hangers and pliers in 
hand, over a period of two months a twisted metal 
structure emerged which satisfied me that what was taking 
shape was a structure resembling the tertiary/quaternary 
structure of a protein. The metal inner skeleton was 
then coated in insulating foam and, after the application 
of a silver tape to give an outer skin, a giant protein 

Research chemists are fully aware that our finalized 
compounds will only show ‘activity’ if they manage 
to interact successfully with the targeted organism. 
Simplistically, any ‘drug’ must target a host protein 
that is contributing to a deleterious effect in order for a 
therapeutic benefit to be felt. Once the structure of this 
protein has been confirmed, computerised molecular 
modelling can enable chemists to identify possible ‘drug’ 
molecules which could target it. With this in mind, 
in the autumn of 2006, I decided to investigate the 
possibility of building a life size protein model which 
could be used to show non-university audiences (namely 
GCSE and A-level students) what proteins look like in 
their fundamental ‘globular shape’, their importance and 
role within the human body and, crucially, how ‘drugs’ 
interact with them when we treat the human body with 
medicinal products.

A quick look at GCSE Biology syllabuses (AQA, 
Edexcel, OCR) revealed content on the importance of 

Figure 1. BORIS at Franklin College in Lincolnshire
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structure had emerged! At this point, when questioned 
by colleagues on what I was up to, I mischievously at 
first responded that I was building a ‘monster’, and on 
the latter stages of constructing the protein, I couldn’t 
get the famous Boris Pickett tune ‘Monster Mash’ of my 
head when I was at work. Hence BORIS (the ‘Biological 
ORIgins of Systems,’ or the ‘Monster’) was born! (figure 
1). Once the giant structure of the model had been built, 
a selection of Molymod (Spring Enterprise Ltd) was 
purchased and ibuprofen, aspirin and paracetamol were 
selected as systems which would be active on ‘BORIS’, a 
protein responsible for the signalling of pain in the body.

For simplicity three ‘active sites’ were constructed on 
the protein and the drug systems would be ‘active’ if two 
criteria were fully met: 

1. The drug model must fit into the ‘active site’.
2.  If the model fits in then certain atom colours 

must match up: black on the active site to black on the 
molecule (black being carbon), red to red (oxygen), blue 
to blue (nitrogen). With this, the idea was to illustrate to 
students the concepts of Lipinski’s rule in a visual way.

Thus, with much patience and care, three carefully 
colour coded active sites were grafted onto ‘Boris’, with 
one site being able to accept ibuprofen, aspirin and 
paracetamol each. Other molecules built, included 
cholesterol, oestrogen, progesterone, testosterone, 
α-glucose, adrenalin, dopamine, serotonin, glycerol, 
adenosine triphosphate, nicotine, caffeine, acetylcholine, 
saccharin, lactic acid, ecstasy, lactic acid, urea, penicillin 
G, Viagra and mustard gas. 

Finding the money and developing the idea

Since 2007, funding has been provided by The 
Biotechnology and Biological Sciences Research 
Council (BBSRC), the Research Council UK (RCUK), 
the Biochemical Society’s Scientific Outreach Grant 
Programme and The Royal Society of Chemistry’s 
Outreach Grant Programme. This funding covered the 
cost of transportation to venues, chemicals for laboratory 
practical sessions and the purchase of Molymod for the 
construction of molecules.

Running events

Two types of presentation were developed, one aimed at 
A-level students and one for GCSE students, and can be 
modified as appropriate. Sessions have been run either 
at the University of Salford or held at the hosting school/
college. On average, fifteen to twenty sessions are held per 
school year and each session can host up to 25 students.  
The session starts with introductions and the aims of the 
session. Questions are then posed to the student-body, 
testing their knowledge, and a PowerPoint presentation 
is delivered which illustrates the importance of cell 

physiology, including; how DNA and proteins are related, how proteins could be responsible 
for transmission and signalling in the human body and the issues of pharmacokinetics 
and pharmacodynamics in drug design. Issues of absorption, distribution, metabolism 
and excretion (ADME) are then brought into the presentation. Once proteins have been 
introduced, depending on the age and level of the audience, then ‘molecular shape’, drug 
shape and chirality of molecules are explained, together with examples of chiral molecules 
in nature. The presentation then recaps why some chiral molecules may exert biological 
effect and some may not. For all audiences, the example of the drug Thalidomide is used 
to explain why we always need to get the correct ‘3D-shape’ of a molecule and what could 
happen if the wrong ‘shape’ of a drug is introduced into the body. 

An experimental session was also incorporated, namely an electrophoresis practical if 
the session is run over a suitable period of time. A practical of thin layer chromatography 
and chromatography of amino acids or common organic molecules also took place. In 
addition to the laboratory session, in the past two years a computing molecular modelling 
session using AutoDock Vina has also been incorporated into the session. 

Identification of audiences and future plans

This project has, to date, worked with schools and colleges and members of the public 
(Rotary Clubs, Manchester and Bradford Science Festivals) throughout the UK. Since 
2007, over 156 secondary schools, colleges and academies have been engaged with 
records showing 6942 students and 213 teachers have taken in events. Schools and 
colleges are contacted by myself or by the university for ‘taster sessions’. I believe future 
activities will benefit from the inclusion of more Molymod molecule construction, 
using more computer modelling in sessions as the provision of internet-use in lessons 
is increasing with greater access to 4G/5G networks, and, for those schools and colleges 
wishing to receive them, the inclusion of the laboratory sessions. Any interested school/
college interested in receiving a visit is encouraged to contact me (S.B.Rossington@
salford.ac.uk) for more details.  ■

Figure 2. Molecular modelling using AutoDock Vina at Runshaw College in Lancashire.

If you’re interested in running your own public engagement event on protein-drug 
interactions, why not try downloading the Biochemical Society’s Medicine Makers activity, 
available on our website.
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Dianne Stilwell 1956–2016

Dianne Stillwell, previously Assistant Director – 
Professional and Education at the Biochemical Society, 
sadly died peacefully in her sleep in May 2016. She 
worked for the Society for 12 years between 1985 and 
1997. Science communication was her forte and she 
did this very well. Whether it was communicating 
through words or pictures or textiles or bunnies, she 
always seemed to know what to say and how to say it. In 
particular, Dianne was well known for her entertaining 
Christmas editions of The Biochemist. 

Since leaving the Society in the 90’s, Dianne 
continued to apply her skills in communication at a 
number of notable scientific organizations including 
the Institute of Physics, the UK Energy Research 
Centre, the National Centre for the Replacement, 
Refinement and Reduction of Animals in Research and 
more recently the Forestry Commission, where she had 
worked as Head of Communications since 2013. 

Dianne had the rare ability of being able to make 
the world look good, the world sound good and 
particularly if gin and tonic was involved the world 
feel good. And it is for this reason that she touched 
so many lives.  

Aged 18, Dianne left home and flew to New York 
to work as a nanny. She loved America and here she 
caught the travel bug. This was to be the first of many 
worldwide trips to come. 

From America, Dianne went on to Newcastle 
University to study Biochemistry, which she squeezed 
into the odd few hours she had free in between devoting 
her every waking moment to Gilbert and Sullivan am-
dram. Needless to say, she seamlessly achieved her 
degree, became a scientist and moved to London.

It was in her capacity as a bell ringer for a church 
in Twickenham that Dianne, aged 25, met Peter. She 
was living in Richmond at the time in a one-bedroom 
bedsit, roughly the size of a garage, but in her creative, 
meticulous way, Dianne transformed it into a bijou 
palace where all furnishings were colour or texture 
coordinated and everything seemed to fit. Even when 
all 6 foot 2 inches of Peter moved in, there managed to 
be enough room to throw a cat, which was just as well 
because Dianne adored cats. 

Though there was a thirty-year age gap between 
them, Peter and Dianne connected. Both artistic - 
Peter was a graphic designer and photographer - both 
passionate francophiles, both keen bell ringers and 

foodies and intrepid explorers, they were made for 
each other. 

Together, Peter and Dianne were instrumental 
in transforming the Landmark into the successful 
Arts Centre it is today. They played a big role in the 
running of the Blagdon Walk Estate and both, equally 
unflappable, threw great New Year’s Day parties and 
many a BBQ

Dianne loved her work as a science communicator 
and was exceptional at explaining science so that 
it made sense. She was a founding member of 
STEMPRA, the network for science, technology PR 
and communications professionals, where she has been 
described as remaining a great “pillar of support and 
inspiration to everyone”. 

Dianne cared greatly about professionalism and 
standards in the field of science communication. One 
colleague describes Dianne as having an intimate 
understanding of what reporters needed and always 
going the extra mile to help with their stories.

When Peter and Dianne moved to Munster Road 
in Teddington, Dianne must have been in a reverie 
presented with a whole, three-story blank canvas upon 
which to let loose her artistic passions. 

With creative aplomb, she transformed with her 
skilled hands, every inch of the house into a work of art; 
blinds, sofa covers, cushions, wall hangings, pictures 
and the garden – an array of colour coordinated pots 
and plants. 

When Peter died eight years ago after 27 years 
together with Dianne, there was the expectation that 
Dianne would be utterly lost. Peter was her rock, but 
she learned to live with the grief throwing herself heart 
and soul into her work and valuing the support and 
love of her closest friends and family.

Every Christmas she volunteered for the charity, 
CRISIS as a member of the sewing team, altering and 
repairing clothes for the homeless and making good use 
of her skills as a zealous member of the Embroiderer’s 
Guild. She also volunteered at the weekends as a 
receptionist at Princess Alice Hospice and was a 
dedicated supporter of the RSPB.

What came across most frequently about Dianne 
was her cracking sense of humour, her irreverence, her 
ability to cheer people up and put the world to rights 
and the fact that she was great fun to be with. She will 
be fondly remembered.  ■
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A Biochemical Society  
Independent Meeting:

Bioenergetics Christmas 
Meeting 2016

16 December 2016, University of Oxford, UK

The annual Bioenergetics meeting, 
supported by the Biochemical Society, was 
this year held at the University of Oxford, 
attended by approximately 75 people. The 
one day meeting allowed young researchers 
the opportunity to present their work to an 
expert audience in an informal environment, 
bringing to the fore the talented and varied 
research being conducted in the UK. This 
year Judy Hirst, FRSC, of the Mitochondrial 
Biology Unit and University of Cambridge, 
gave an inspirational opening lecture 
entitled ‘CryoEM structure of mammalian 
respiratory complex I, an asymmetric 1 MDa 
energy-converting enzyme’. Of the student 
and early post-doctoral speakers we had 
11 talks ranging in techniques used, such 
as protein film electrochemistry, atomic 
force microscopy and use of nanodiscs; 
and systems studied, such as mitochondrial 
disease prevention through early pronuclear 
transfer, hydrocarbon synthesis in 
cyanobacteria and copper centre biogenesis 
in nitrous oxide reductases. Our prize for 
best presenter went to Matthew Kerr (DPAG, 
Oxford) for his talk on mitochondrial lipid 
regulation in diabetic hearts.

Rhiannon M Evans (University of Oxford, UK)

The Art of Communication: 
Signalling Cascades in 
Mechanotransduction

5–6 September 2016, Cardiff University, UK

The 2016 autumn meeting of the British Society 
for Matrix Biology, supported by the Biochemical 
Society, showcased research from the field 
of mechanotransduction and signalling. 74 
delegates attended from across the UK with many 
international speakers; 40 posters were presented 
and prizes were awarded to Giulia de Rossi 
(Queen Mary University of London), Madeline 
Smith (Bristol) and Michal Dudek (Manchester).

There were 4 themed sessions covering the 
topics of subcellular signal transduction, tools 
for studying cellular communication, coupling 
of mechanical signals across the cell membrane, 
and mechanotransduction in pathology. Excellent 
plenary lectures were given by a number of 
speakers including Prof Jan Lammerding (Cornell, 
USA), Prof Sarah Cartmell (Manchester), Prof 
Martin Schwartz (Yale, USA and Manchester) 
and Dr Laoise McNamara (NUI, Galway). The 
programme also included the Young Investigator 
award, The John Scott Lecture, which was awarded 
to Dr Thomas Cox (Copenhagen, Denmark). 
Thomas delivered a comprehensive review of his 
career to date, including the role of lysyl oxidase 
(LOX) in metastatic cancer progression.

In summary, this was a very successful and 
well run cross-disciplinary conference bringing 
together researchers across the whole spectrum of 
mechanobiology and signalling.

Sophie Gilbert (Cardiff University, UK)

Meeting Reports
Protein Modelling and its Applications in 
Current Science
6–7 April, 2017, Keele, UK
 
The 1st Biochemical Society and Against 
Breast Cancer Glyco Oncology Workshop
6 April 2017, Oxford, UK
 
Quantitative Proteomics
22–23 May, 2017, London, UK
 
Non-Coding RNA: Recent Insights into the 
Mechanisms of Action
22–23 June 2017, Edinburgh, UK
 
Deubiquitinases - From Structure to Physiology
26–28 June 2017, Oxford, UK
 
A Breath of Fresh Air: Helminth Protection 
from Chronic and Acute Lung Diseases
5–6 July 2017, Winchester, UK
 
Translation UK 2017
6–7 July 2017, Nottingham, UK
 
EMBO Conference - Helicases and Nucleic 
Acid-Based Machines - Sponsored by Harden 
Conferences
23–28 July 2017, Bamberg, Germany
 
Extracellular Electron Transfer: Mechanisms 
and Opportunities
21–23 August 2017, Norwich, UK
 
The Pleiotropic Nuclear Envelope
22–25 August 2017, Edinburgh, UK
 
Glycobiology in Infectious Disease
4–5 September 2017, Keele, UK
 
Insulin and Exercise Signalling for Glucose 
Homeostasis and Metabolic Health
6–8 September 2017, Bath, UK
 
Exosomes and Microvesicles in Cancer:  
Roles in Disease Pathology and Therapy
14–15 September 2017, London, UK
 
       Scientific Meeting           Outreach Event
       Medal Lecture           Training Event
       Free to attend 

For more information:
www.biochemistry.org/Events.aspx

F

Dr Rhiannon M Evans (organizer) and Mr Matthew 
Kerr (prize winner).

Have an idea 
for a Scientific 

meeting?
Next proposal 

deadline:
2 May 2017

www.biochemistry.
org/events
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Inflammatory Diseases - Mechanisms  
and Clinical Perspectives

3–4 November 2016, Maynooth University, Ireland

The conference, which was organized by the Irish Area Section 
of the Biochemical Society, in partnership with Dublin City 
University, Maynooth University and Royal College of Surgeons 
in Ireland, explored the interplay between the microbiome, 
diet, exercise and the innate immune response. The molecular 
mechanisms that drive innate immune signalling and concomitant 
inflammatory pathologies was also explored. Thematic to the 
conference, a session focused on exploring new ways to curtail 
inflammation using pharmaceuticals. With a view to enhancing 
student engagement and career development, a session focused on 
exploring career development options for early stage researchers. 

The conference culminated with the awarding of the IASBS 
silver medal to Professor Cormac Taylor (UCD) for his work 
towards elucidating the inflammatory mechanisms involved in 
inflammatory bowel disease.

Professor Philip Nolan, President of Maynooth University, 
commented: “It is particularly welcome to see that the Irish Area 
Section of the Biochemical Society includes a formal session devoted 
to exploring careers for Early Stage Researchers not just in academia 
but also in other sectors such as industry and scientific publishing.”

The conference was enjoyable, relaxed and informative and 
provided numerous networking opportunities to meet and interact 
with leading scientists, researchers, friends and colleagues. Many 
lively discussions followed and new collaborative opportunities 
were explored.

Sinead Miggin (Maynooth University, Ireland)

Local Ambassador Focus – Stephen Yarwood

Stephen Yarwood obtained his PhD from the 
University of Glasgow in 1998 based on work 
carried out at the Hannah Research Institute on 
the control of fat cell development. Following 
this he undertook a three year Post-Doctoral 
Fellowship in the laboratory of Professor Miles 
Houslay, studying protein-protein interactions 

within the cyclic AMP signalling pathway. In 1999 he won a Human 
Frontiers Science Program Fellowship (1999–2001) in the laboratory 
of Professor Jim Woodgett, at the Ontario Cancer Institute, Toronto, 
Canada. There he investigated the impact of extracellular matrix on 
global gene expression patterns in cells undergoing growth factor 
treatment. After returning from Canada to a lectureship position at 
Glasgow, his research concentrated on understanding the molecular 
control of disease processes by cyclic AMP, including chronic 
inflammation associated with atherosclerosis and bone health 
associated with diabetes. In 2016 he moved to an Associate Professor 
position at Heriot-Watt University, Edinburgh, where he continues his 
investigations into the molecular control of cyclic AMP signalling in 
health and disease. During his career he has obtained funding from 
BBSRC, the British Heart Foundation and the European Commission.
What motivated you to become a scientist?
The book and series “Life on Earth” by David Attenborough. I think 
I have always been interested in natural history and, as a kid, 
Attenborough’s descriptions of evolution and the wonderful images 
of the natural world really blew me away. My science teachers in 
secondary school were also inspirational, particularly in biology and 
chemistry, which, along with maths, were my favourite subjects. They 

seemed to impart good humour combined with a deep insight into 
the workings of the world.
What inspires you about molecular bioscience?
The elegance and complexity of cell signalling mechanisms. Through 
detailed study using state of the art technologies, we can now gain a 
real insight into living processes.
What are you reading at the moment?
Currently I am reading a series of papers describing the role of the 
cyclic AMP sensor, EPAC1, in controling metabolism. Our current 
thinking is that EPAC1 represent a valid therapeutic target to treat 
a range of metabolic diseases. The next step will be to test this 
formally. My bedtime read is Ben Aaronovitch’s “Rivers of London” 
series of novels, which are fantastical in the extreme but great fun 
to read.
What’s on your lab bench/desk right now?
On my desk now are reviewer’s comments on our manuscript 
submission describing small molecular regulators of EPAC1. I think 
we can meet all the reviewers’ suggestions!
What’s been the greatest challenge in your career so far?
Starting a working lab from scratch!
What is your advice for someone who would like to pursue a 
career in molecular bioscience?
There are infinite possibilities for exploration in molecular and 
cellular systems. You cannot do everything at once so try to apply 
yourself to the current task to the best of your abilities.
What do you do in your spare time?
Tai chi chuan, swimming, walking, reading, cooking and French 
language workshops.

Ambassadors are a key group of members that help us to raise awareness of the Biochemical Society, promote its activities, recruit new 
members and act as the Society’s point of contact at their institution. If you would like to get involved as an Ambassador please contact: 
membership@biochemistry.org.
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CEO Viewpoint 
find out more about this opportunity (gabriele.butkute@
biochemistry.org). 

Last month, we offered our members a unique 
opportunity to take part in the RSB’s Voice of the Future 
event, held at the Houses of Parliament on 15th March. 
Six of our members were among student and early 
career representatives from a wide range of science 
and engineering organizations to quiz the leading 
figures dealing with science, whether in Parliament or 
Government. This was an exciting chance for young 
scientists to ask MPs the burning questions that matter to 
them about science policy and I hope that our members 
found the experience both interesting and informative.

Our diverse programme of events continues too, 
and I am especially pleased to see the fruition of our 
work developing the Society’s training programme in 
two forthcoming training events. We will be in Keele 
this month to run a training event, ‘Protein modelling 
and its applications in current science’ (6–7 April), and 
in May (22–23) we will be running the fifth iteration of 
our highly successful Quantitative Proteomics training 
event in London. Additionally, don’t forget to look out 
for the Society at the upcoming Experimental Biology 
in Chicago (22–26 April), and for our symposium at 
the British Neuroscience Association’s 2017 Festival of 
Neuroscience (10–13 April), ‘Epigenetics: causes and 
consequences in neurological disorders’. 

At the time of writing we are still receiving 
nominations for vacant positions on our committees, 
some of which are brand new positions arising from 
the new governance structure. It has been really 
encouraging to see that the new system for online 
nominations, Mi-Voice, has facilitated a much greater 
response to our call for nominations than in previous 
years and you will soon receive details on the outcomes 
of this process, and next steps for elections.

Finally, I’d like to take this opportunity to share a 
date for your diaries, as the Biochemical Society’s Annual 
General Meeting will take place on 5 July this year. This 
will be a great opportunity for members to receive a full 
update on another busy year of activities, and I look 
forward to sharing plenty more news with you then! ■

This month, I am pleased to announce that the first 
issue of our brand new journal Emerging Topics in 
Life Sciences (jointly owned with the Royal Society 
of Biology) is to be published, and will focus on 
Antibiotics of the Future. Of interest to some younger 
prospective scientists, our public engagement activity 
Scientific Scissors (recently developed in collaboration 
with the British Society for Gene and Cell Therapy) 
will be a new fixture at the range of science festivals 
and outreach events the Society will attend this year. 
During April we will also be announcing the winners of 
the Biochemical Society Awards, including three new 
awards for 2018: the Teaching Excellence Award; the 
Industry and Academic Collaboration Award; and the 
International Award. Every year the Society hosts the 
Emeritus Members’ Luncheon, which this year takes 
place on Friday 7 April. As always this promises to be 
a lively occasion, sprinkled with a little nostalgia as old 
friends and colleagues catch up, and we look forward to 
welcoming our Emeritus Members to Charles Darwin 
House on Friday, 7 April. 

In order to ensure a strong future for the molecular 
biosciences, the Society represents the views of our 
community to policy makers through our ongoing 
partnership with the Royal Society of Biology (RSB). 
We have recently fed into the RSB’s consultation 
response to the Higher Education Funding Council 
for England’s consultation on the second Research 
Excellence Framework, and also into the response to the 
Department for Business, Energy and Industry Strategy’s 
consultation on its proposed Industrial Strategy. 

It is important that we continue to facilitate ways in 
which our members can feed into our policy work and 
the consultations we respond to, to help shape and inform 
these activities. With this in mind, we are currently 
recruiting members to join our newly formed Policy 
Network, which will provide opportunities to input into 
a diverse range of policy activities including education, 
industry, research funding, the EU, antimicrobial 
resistance, and equality and diversity. This invitation is 
extended to all members; if you are interested, please 
contact our Science Policy Officer, Gabriele Butkute, to 

Kate Baillie  
(Chief Executive,  

Biochemical Society 

and Managing Director, 

Portland Press) 
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panels still exist, but are now enhanced by an overarching 
Basic Bioscience Theme Panel, consisting of the Chairs from 
the six research areas (Genes, Cells, Molecular Structure 
and Function, Signalling, Energy and Metabolism, 
Biological Systems). This will enhance crosstalk between 
the main research areas to find complementary interests 
and stimulate new collaborative ideas for meetings. The 
second key change is that Conferences Committee (which 
replaces the previous Meetings Board) will now include 
representation not only from the Basic Bioscience Theme 
Panel but also from the Training Theme Panel and the 
Clinical & Translational Theme Panel of the Biochemical 
Society. This will facilitate the integration of training and 
clinical/translational ideas into the mix and ensure that 
any opportunity for common ground is exploited. These 
changes have created a number of new positions that we 
are currently filling to ensure that the process works as 
smoothly as possible. 

The Events team at the Biochemical Society ensure 
that the organization runs smoothly from planning to 
implementation. Lorraine Reese has recently joined the 
Society to head the Conferences and Events team. She 
brings substantial experience in conference organization, 
most recently from the International Society of Ultrasound 
in Obstetrics and Gynecology. Her team includes recent 
recruits Alise Vilsone and Megan Smart who have joined 
Annette Ettarh in Events organization, and the team is 
completed by Sponsorship and Operations Manager 
Hannah Atkins. The Conferences and Events team are there 
to make the meetings successful and are highly committed 
to the task.

There is an exciting smorgasbord of meetings lined 
up for the summer of 2017, across a broad range of 
interests and include Deubiquitinases-from Structure 
to Physiology (June), the Pleiotropic Nuclear Envelope 
(August) and Exosomes and Microvesicles in Cancer 
(September). Harden Conferences deserve a special 
mention, as a meeting type that is unique among the 
Biochemical Society’s portfolio. The 82nd Harden 
Conference, Helicases and Nucleic Acid-Based Machines, 
will be held in Germany (23–28 July). I strongly urge you 
to look at the meetings that your colleagues have arranged 
through the Society, as they include something for 
everyone. If you feel there are gaps, then please propose a 
meeting. The process is straightforward and there’s plenty 
of help at hand. The Biochemical Society web site also has 
a wealth of information and resources. We look forward 
to seeing you at Biochemical Society sponsored meeting 
in the coming year!  ■

Introducing the Honorary Meetings Secretary
I would like to introduce myself as the new Honorary 
Meetings Secretary. I recently took over from Sheila 
Graham following her completion of term. Sheila has 
certainly left me some tough shoes to fill. She played a key 
role in the recent major changes in the structure of the 
Biochemical Society. As part of this, Sheila implemented 
major improvements in the way that the Society generates 
new ideas for meetings to make it fit for the future. Indeed, 
the organization of scientific meetings is a central function 
of any Learned Society. The new structure places meetings 
at the core of activities to ensure that the society can respond 
effectively to the needs of biomolecular scientists. 

In the October issue of the magazine, Steve Busby 
offered the insight that “Successive Honorary Meetings 
Secretaries have grappled with the issue of what makes the 
perfect meeting”. Nothing could be more true! I certainly do 
not have the audacity to claim that I have the answer to this. 
However, I do believe that the key to generating ideas for the 
best meetings needs to employ mechanisms to fully include 
the grassroots of the Society. It is only by engaging the 
membership that the breadth and depth of our excellence 
in the molecular life sciences can be truly represented in 
the meetings portfolio. There are of course other critical 
ingredients in the recipe to ensure that we generate and run 
as near-perfect meetings as possible. Long gone are the days 
when biochemical approaches alone are deemed sufficient 
to explore the mechanisms that underpin biology. Indeed, 
we all engage with ideas and methods that are outside the 
classical biomolecular area. We therefore need to interact 
effectively with other societies to find common ground and 
create the conditions to exploit new ideas. There have been 
significant advances on this front in recent years and Sheila 
promoted the initiation of several joint ventures between 
the Biochemical Society and others and more joint meetings 
are in the pipeline. In this regard, Charles Darwin house 
and the Royal Society of Biology provides a hub for effective 
interaction between Learned Societies. The Biochemical 
Society also needs to ensure that it engages at all stages of 
the meetings planning and implementation process so that 
the scientific organizers of meetings are fully supported. 
The Events team at the Society are experts in this area and 
provide outstanding support to the meeting organizers to 
ensure a smoothly run meeting schedule.

The restructuring of the Society has included many 
changes that will improve the way that ideas for meetings 
are generated and how they are organized. Previously, 
the scientific Theme Panels dealt with subject areas that 
acted as generators for meetings ideas and engaged with 
the grassroots to formulate meetings. These scientific area 

Stefan Roberts  
(University of Bristol, UK)
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Gut: The Inside Story of Our Body’s Most Under-rated Organ by Giulia Enders

This easy to read book covers faeces to food intolerances and why we 
vomit. The book is collection of the latest scientific research and Enders’ 
own personal experiences. She baffled doctors with an illness, studied 
medicine herself and became bewildered by the lack of interest in an 
organ as extraordinary as the gut. 

I enjoyed turning each of the 288 pages to read Enders’ fascinating 
analogies about a very important, but often overlooked, system of 
the human body.  This charming book breaks the taboo of talking 
about toilet troubles. The author provides entertaining anecdotes and 
informative descriptions on ‘gut feeling’, ‘the nervous system of the gut’ 
and ‘the world of microbes’. 

Opening with the best posture for pooing, this book immediately throws out the rule book 
of what is unspeakable. Enders celebrates the sphincter’s ability to communicate with the brain 
to determine an acceptable time to poo. She delights in the inquisitive nature of the tonsils, and 
how they contribute to our immune system and marvels at the detail in the microscopic folds of 
the small intestine. 

Later, she takes you on a journey through the gut, from the perspective of a piece of cake.  She 
describes the ‘tour de force performance’ of vomiting and cleverly displays text in a disjointed 
layout, showcasing how miscommunication (between gut and nerves) can lead to constipation. 

Finally, Enders describes our microbial ecosystem. With up to 100 trillion bacteria, 
and weighing up to two kilograms, our gut’s microbiome is a significant part of us. Yet our 
understanding of it is limited. What we do know, is that when the composition of our microbiome 
shifts, we usually suffer; with conditions ranging from depression to digestive disorders (as 
addressed in the rest of this issue). 

The book’s message is simple: treat your gut well, and it will treat you well in return. It’s easy to 
see why Ender’s Gut won critical acclaim and went viral on YouTube. Her passion for the subject 
is infectious, her story telling is warm and her sister’s illustrations bring the words off the page. 
An excellent medical science book for everyone to read.  

Sarah. E Cotterill (Newcastle University, UK)

I Contain Multitudes: The Microbes Within Us and a 
Grander View of Life by Ed Yong

Many of us might not understand the microbial 
world; trillions of microbes and viruses are 
multiplying on our faces, hands and of course 
in our gut, but pick up Ed Yong’s I Contain 
Multitudes and you’re off to a good start.

I Contain Multitudes presents, as the 
subtitle has it, “a grander view of life” and opens 
up the world of microbes and their symbioses 
with their hosts to the world. Yong writes 
eloquently about everything from the coffee 
berry borer beetle, a pest which has bacteria in 

its guts that can detoxify caffeine, to the ingredients in breast milk that 
evolved to nourish a baby’s first microbes.

My favourite symbiosis tale is that of Aliivibrio fischeri and the 
Hawaiian bobtail squid. A. fischeri is a bacterium that occupies this 
particular squid, turning on the luminescence machinery that cancels 
its shadow and makes it invisible to submarine predators.

According to Yong, I Contain Multitudes is the story of 
“extraordinary partnerships, between the familiar creatures of our 
world and those we never knew existed”. He highlights in his book the 
importance of microbes not only to humans, but to a wide variety of 
species and our planet as a whole. 

Yong has an enviable knack for metaphor and humour. He 
describes a choanoflagellate, which is considered to be the closest 
living relative of animals amongst microorganisms, “like a sperm 
wearing a skirt” and the giant tubeworm Riftia pachyptila like a “badly 
packed string of sausages”! 

How better to describe a fundamental difference than “archaea 
are as different from bacteria in biochemistry as PCs are Macs in 
operating systems”.

I Contain Multitudes is not a light read – unless you’re a 
microbiologist, much of it will probably be new to you – but those who 
love life sciences will definitely enjoy it. Whether you need a fascinating 
book for bedtime reading or a book to recommend or use with students, 
I Contain Multitudes should be at the top of your list.

Anastasia Stefanidou (Biochemical Society, UK)

Biochemical Evolution: The Pursuit of 
Perfection, Second Edition by Athel 
Cornish-Bowden 

Rarely does a book about evolution talk 
about the nuts and bolts of biochemistry. 
Curiously, the branch of science underlying 
the fundamental processes of all living 
organisms, is often missing from the literature 
of evolution. Cornish-Bowden fills this void, 
making biochemistry accessible with a feast of 
fascinating topics. 

The book begins with the building blocks 
of biochemistry and molecular biology, 
describing enzymes, proteins and DNA. Later, 
accidents of evolution are discussed alongside 
adaptations, and a theory to explain why 
humans have an abnormal proportion of 
dominant mutant genes is provided. The author 
includes three new chapters in this edition 
discussing the meaning of life, the growing 
threat of creationism to education and whether 
natural selection has failed in aspects of human 
health, from obesity to collagen-related disease. 

This concisely-written and clearly laid out 
book reveals a rich amount of technical detail 
on the chemical processes underpinning life. 
The topics listed are not easy to simplify, but 
Cornish-Bowden deftly explains what they are 
and why they matter. 

Sarah. E Cotterill (Newcastle University, UK)
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Prize Crossword
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Across
4. Roman goddess of flowers (5)
6. Explosive tool for hunting 

genomes (7)
8. Clotting agent made by gut 

bacteria (7,1)
9. Opening or cavity(5)
11. Someone living within a 

dwelling (8)
12. A fair, open and permissive 

attitude (9)
13. Surface of a drum (4)
14. Complex adherent structure 

created by microorganisms (7)
15. Living in an interdependent 

relationship (9)
18. Mucosa
19. Term for animals grown in a 

sterile environment (4,4)
20. A combination of species 

forming an ecological unit (9)

Down
1. Creator of alcoholic 

effervescence (5)
2. The full complement of 

chromosomes (6)
3. To settle and become 

established in a new area (8)
5. Informal term for single celled, 

eukaryotic organisms (8)
7. Without an infectious agent (7)
8. Sub microscopic entities that 

replicate within living cells (7)
10. Microorganisms associated 

with extreme conditions (7)
14. Single celled organisms lacking 

a distinct nucleus (8)
16. When something comes into 

existence (5)
17. Exempt or protected (6)

N.A. Davies

Solutions to the crossword featured in the February 2017 issue are: Across: 3. Prostate, 7. Endometriosis, 8. Male, 9. Alzheimers, 10. Sex,  
11. Gallstones, 14. Cystitis, 15. Osteoporosis, 16. Snoring. Down: 1. Testosterone, 2. Ovary, 3. Peyronie’s, 4. Autism, 5. Testes, 6. Balanitis,  
12. Lupus, 13. Breast, 14. Cervix.

Crossword Competition

Win
This month’s crossword prize is a Lakeland Electric Yoghurt Maker
Simply email the missing word, made up from letters in the highlighted boxes to  
biochemist@biochemistry.org, by Monday 1 May 2017. 
Please include the words ‘April crossword competition’ in the email subject line. 

Congratulations to February’s winner: 

Alexandra Kendall from the University of Manchester
The missing word from last issue’s competition was REPRODUCTION
Alexandra received The End of Sex and the Future of Human Reproduction by Henry T. Greely as the prize.

Terms and conditions: only one entry per person, entrant must be a current Biochemical Society member; closing date Monday 1 May 2017. The winner 
will be drawn independently at random from the correct entries received. The winner will receive a Lakeland Electric Yoghurt Maker. No cash alternative 
available. No employee, agent, affiliate, officer or director of Portland Press Limited or the Biochemical Society is eligible to enter. The winner will be notified 
by email within 7 days of the draw. The name of the winner will be announced in the next issue of The Biochemist. The promoter accepts no responsibility for 
lost or delayed entries. Promoter: Biochemical Society, Charles Darwin House, 12 Roger Street, London WC1N 2JU; do not send entries to this address.
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