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“The sheer size and 

complexity of the 

data is drawing 

other disciplines into 

microbiology — including 

bioinformaticians, 

systems biologists, 

synthetic biologists 

and even ecologists.”

SPOTLIGHT ON MICROBIOLOGY

Microbiology gets bigger
Gut bacterial studies open up new doors for medicine, and collaboration 

opportunities for researchers.

ONCE, A microbiologist would 
spend their time studying individual 
species of bacteria one by one. Now, 
microbiologists look at how those 
bacteria and their hundreds of 
thousands of genes work together — 
with the immune system, metabolic 
pathways, and even with the brain.

An accounting of the millions 
of genes in the human gut — 
collectively known as the human 
microbiome — was recorded over 
the past decade by several large 
sequencing efforts including the 
Human Microbiome Project in the 
US and MetaHIT in Europe.

The research found that, for every 
single gene we hold in each cell, 
the collective bacteria in our gut 
accounts for around 20.

The two projects have expanded 
and energized microbiology 
research, as each of the thousands 
of bacterial species in the gut need 
detailed analysis of their own. 
Additionally, the sheer size and 
complexity of the data is drawing 
other disciplines into microbiology 

— including bioinformaticians, 
systems biologists, synthetic 
biologists and even ecologists.

Opportunities in microbiology 
are now appearing on two fronts. 
Since the publication of the 
microbiome, many universities 
have launched multidisciplinary 
centres that aim to study gut 
bacteria and how they interact with 
the human body. Also, because of 
a growing awareness of the role 
these bacteria play in diseases, drug 
discovery companies are hustling 
to harness the microbiome’s 
therapeutic potential (see bang or 
bust). If that potential is realized, 
microbiome-based medicine could 
create an entire new therapeutic arm, 
alongside small molecule medicines 
and protein-based therapies.

New microbiome research 
centres — at New York University, 
the University of Pennsylvania, 
the University of California, San 
Diego, the Massachusetts Institute 
of Technology, and many others 
— have opened their doors in 
the past five years. All are adding 
multidisciplinary faculty to their 
ranks — not just microbiologists.

In Europe, Imperial College 
London launched the Centre 
for Digestive and Gut Health 
in 2011. King’s College London 
followed suit with British Gut 
— an open-source effort to study 
microbial diversity — in 2014. 
And in January this year, the 
Karolinska Institute in Stockholm, 
Sweden partnered with Ferring 
Pharmaceuticals in Switzerland 
to build a new therapy-focused 
microbiome research program.

New journals are also 
being devoted to this area, 
including npj Biofilms and 
Microbiomes, which published its 
first issue in March 2015.

Stanford University launched 
the Center for Human Microbiome 

Studies this March. As co-director, 
Justin Sonnenburg aims to get a 
grasp on the microbiome’s size 
and complexity by changing 
the microbiome of humans and 
watching how this affects other 
aspects of their biology. Because 
there are trillions of microbes in 
our gut, representing thousands 
of species, this will not be easy. 
Microbes interact both with each 
other and with our bodies. Further 
complicating things, they are not 
static. The population can change, 
due to diet or antibiotics. Species 
can die off or evolve.

Sonnenburg suspects that 
opportunities for scientists willing 
to engage in microbiology will 
grow. For instance, he’s looking 
for a postdoc who can mine data 
related to the immune system 
and the microbiome to build 
mathematical models for medical 
predictions. Such a person must be 
familiar with both immunology 
and microbiology, of course, and 
must have a strong computational 
background.

But, once a scientist meeting 
that description conducts 
bioinformatics analysis, the Heidi Nelson
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lab will still need to check how 
the modelled interactions can 
be translated to humans, and 
understand the underlying 
mechanisms. “You still have 
to roll your sleeves up and do 
experiments,” Sonnenburg says.

Heidi Nelson, director of 
the Mayo Clinic’s four-year-old 
Microbiome Program, based at the 
Rochester, Minnesota hospital, 
is also looking for someone to 
build mathematical models out of 
microbiome research, though she 
says her biggest need is in systems 
biology. �e models will help 
clinicians narrow their therapeutic 
approaches, and also develop 
treatments for individual patients. 
Patients’ microbiomes vary, 
depending on diet and disease.

To inform the clinician, Nelson 
sees more �elds and specialties 
developing that could help doctors 
understand which microbial 
genes contribute to diseases, 
including drug-resistant infections. 

“Somebody’s going to have to be the 
bridge to clinical practice.”

Nelson agrees with Sonnenburg 
that microbiome data creates an 
intersection between immunology 
and microbiology, because many 
chronic diseases — like Crohn’s 
and In�ammatory Bowel Disease 
(IBD) — result from in�ammation 
and microbial imbalance in the gut. 
But she sees another disciplinary 
crossroad: metabolism. �e gut 
bacteria, both individually and 
collectively — create molecular 
compounds that help maintain gut 
health and function. But when the 
balance is altered, diseases emerge. 
�erefore, scientists who can 
apply high-throughput screening 
of metabolite production to the 
microbiome should be in great 
demand.

Tim Spector, a professor of 
genetic epidemiology at Kings 
College London, is more interested 
in how microbiomes interact with 
dietary variations, rather than 

mining the gut for medicine. 
He estimates that humans 
only share about 20 percent of 
their microbiome universally. 
�at makes identifying simple 
variants for broad treatment tricky. 
”We mustn’t underestimate the 
complexity of the microbiome,” 
Spector says.

Still, there are some broad 
patterns. Diets rich in fruits, 
vegetables and unprocessed grains 
tend to produce the most robust 
microbiome, in terms of diversity. 
A more Western diet of meats, 
fats and processed foods tends to 
produce a less diverse microbiome.

To help bridge academic research 
with clinical approaches, the 
Janssen Pharmaceutical Company 
— a subsidiary of pharma giant 
Johnson & Johnson — created 
the Janssen Human Microbiome 
Institute in 2015. �ey named Dirk 
Gevers, a computational biologist 
and formerly a group leader at the 
Broad Institute, to run it.

He is eager to learn how the gut 
bacteria function collectively. “�e 
next generation of microbiology 
is not about individual organisms 
on their own, but about 
understanding how organisms in 
the community are interacting 
with one another and with the 
host,” Gevers says. As a result, 
he sees microbial ecology as an 
emerging �eld. �e idea is to look 
at the gut as a rainforest, with a 
robust amount of species living 
together. Adding or subtracting 
some species may have small 
e�ects, while altering populations 
of others could have drastic 
consequences.

Gaining an ecological 
understanding of this system 
has the potential for treating 
diseases at their root, rather than 
just dampening their symptoms. 
For example, existing therapies 
for IBD just silence the immune 
system once the disease has kicked 
in and caused in�ammation. 
A complementary approach 
could arise from understanding 
which microbes are causing the 
in�ammation, then adjusting their 
populations accordingly.

Because the microbiome 
impacts so many biological systems 
and harnessing it has so much 
therapeutic potential, Gevers 
suspects scientists from many 
backgrounds will play a role in 
studying it. “�is entire �eld is 

looking for talent, whether your 
background is in the wet lab, as a 
computational biologist, or if you’re 
in drug development — you are 
highly sought a�er to start work 
at institutions that are building 
interdisciplinary microbiome 
centres,” Gevers says.

Roger Pomerantz, chief 
executive of Seres Bioscience, 
agrees with Gevers’ rainforest 
analogy, although he prefers a 
coral reef one. �at philosophy 
has coloured the company’s 
approach to drug development. 
�ey are testing a cocktail of 
bacteria that, they hope, could 
“reseed” the human microbiome 
a�er several waves of antibiotics 
have wiped out key bacteria in the 
gut. �ey have con�dence in this 
approach, because some people 
who’ve experienced Clostridium 
di�cile infection following 
antibiotics have been treated by 
repopulating gut bacteria through 
a faecal transplant from a person 
with a healthy microbiome. Seres 
aims to replace only key bacteria, 
in capsule form, rather than the 
entire microbiome in a faecal 
transplant. If successful, they 
intend to move on to IBD and 
Crohn’s as well.

And, now that Seres have 
multiple candidates in clinical 
studies, they are seeking people 
with commercialization skills, 
such as marketing and regulatory 
a�airs. If Seres — and a growing 
number of biotechs tapping into 
the microbiome — succeed, it 
could lead to more such jobs, as 
well as a continued growth in 
microbiology research that overlaps 
with immunology, metabolism and 
other disciplines. ■

This content was commissioned and 
edited by the Naturejobs editor
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Bang or bust
�e human microbiome is at a juncture.

�e ability to harness the thousands of bacterial species in the 

human gut to treat illnesses ranging from Crohn’s Disease to cancer 

could be the next biotech revolution — creating a whole new branch of 

therapeutics, next to small molecules and biologics. Or, it could be the 

next gene therapy: a vastly overhyped �eld that hit a wall, and is only 

now making incremental impacts.

Microbiome-based start-ups — and the Pharma �rms and venture 

capitalists funding them — think it’s the �rst. �ey’ve pumped millions 

of dollars into scores of companies, many of which have ramped up 

hiring as their therapies progress through clinical trials. Will these 

investments pay o� ? �e next few years should provide the answer. If 

early candidates clear clinical trials and make it to market, investments 

will continue and job growth will skyrocket. If not, the �eld will 

retrench. �e science is sound — the question is whether clinicians, 

and the companies funding them, are able to exploit the microbiome 

for practical therapies.

Karim Dabbagh, CSO of Second Genome, in South San Francisco, 

says the �eld is “exploding,” because the microbiome impacts so 

many areas — nutrition, diagnostics, agriculture, as well as medicine. 

�e company has collaborated with Johnson & Johnson, P�zer, the 

Mayo Clinic and Cork University in Ireland to explore some of these 

relationships, and raised $42.6 million in April.

Dabbagh says that faecal transplant successes showed proof of 

concept. Dabbagh and others also add that, unlike small molecules 

from pharma or biologics in biotech, microbiome-based therapies 

aim to utilize molecules natural to the human body. �at should, 

in principle, increase safety, if not guarantee e�cacy. And if both 

are proved in clinical trials, investment and jobs will increase, he 

says. “�is de�nitely feels like the early days of biotechnology and 

recombinant DNA.”
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IN SEARCH OF 
REMARKABLE SCIENTISTS
Molecular Technologist Houston, Texas

Do you have a PhD in microbiology or biochemistry with a strong desire to change the 
world to biofuels? Then we’d like you to help us pilot an exciting new project.
Purpose
We are seeking remarkable PhD candidates to fill a scientist position in Shell’s Biofuels 
Research and Development program. The program is focused on delivering Next 
Generation Biofuels into the market, primarily from ligno-cellulosic feedstocks, by both 
biological and thermochemical routes.
Role Accountabilities
The role will be based in Shell’s Projects & Technology Group, located in the Shell 
Technology Center, Houston, Texas. The successful candidate will work within Shell’s 
in-house Microbial Biofuels team, working with transformable host organisms to efficiently 
produce different biofuel components at both lab and pilot scale. The challenges range 
from working with both yeast and bacteria, mesophiles and thermophiles, solid and liquid 
phase fermentation, to molecular microbiological transformations that generate robust and 
high carbon flux microbes for efficient fuel component production.
Responsibilities will include: the evaluation of different metabolic routes, the transformation 
of specific hosts and the evolution of organisms taking into account a wide range of 
contributory factors, identifying opportunities and engaging with the development of 
commercial plans.
Required Qualifications/Skills
Ideally, the successful candidate will have a PhD (or be in their final year/write-up of a 
PhD) in one of the following areas, or a related field:
     • Microbiology
     • Biochemistry
Candidate should have demonstrated a willingness to learn and apply cross-discipline 
approaches to solving problems, and be happy working in a tight-knit team.
Experience in one or more of the following areas would be a distinct advantage:
     • Metabolic pathway improvement via transformation
     • Microbial/pathway evolution
     • Transformation of non-standard hosts
     • Solid or liquid fermentation (batch or continuous flow at pilot scale)
Find out more and apply online at www.shell.com/careers. In the “Students and Graduates” section, 
click on “Shell Recruitment Day” and then create an account. When entering your contact details, select 
“Other” in response to “Where you found out about this Shell opportunity,” click “Next” and then type 
in “Biofuels.”

DISCOVER WHAT YOU CAN ACHIEVE AT SHELL

Minority, Female, Disabled and Veteran EEO/AA Employer.

Postdoctoral Fellowships in Prostate Cancer
The Prostate Cancer Research Center of Excellence at Cleveland Clinic is 
directed by Nima Sharifi, M.D. and Eric Klein, M.D. and is composed of a 
multidisciplinary group of investigators with the stated purpose of defining 
the underlying clinical and biochemical behavior of the lethal form of 
prostate cancer and to identify new strategies to prevent symptoms and 
lethality from this disease. Postdoctoral fellowships are available for the 
following projects and Laboratories in the Center.

Nima Sharifi, M.D. – Identification of metabolic phenotypes of prostate 
cancer that confer resistance to androgen deprivation therapy, and the next-
generation hormonal therapies, enzalutamide and abiraterone.  See Chang, 
et al. Cell. 2013 154(5):1074-1084 and Li, et al. Nature. 2015 523(7560):347-
51. Contact: sharifn@ccf.org 

George R. Stark, Ph.D. and Robert H. Silverman, Ph.D. - Novel therapeutic 
approaches to prostate cancer, involving modification of poly(ADP)
ribose by interferon-inducible proteins and consequent modulation of 
the DNA damage response. See Cheon, et al. EMBO J. 2013 32(20):2751-
63 and Banerjee, et al. Oncotarget. 2015 6(42):44360-72. Contact: 
starkg@ccf.org; silverr@ccf.org  

Angela Ting, Ph.D. and Eric Klein, M.D. - Our research focuses on 
understanding the functional impact of abnormal DNA methylation on 
prostate cancer aggressiveness. We employ next generation sequencing 
(NGS) technologies to identify epigenetic changes throughout the genome 
and carry out mechanistic studies to define the functions of these changes 
and their impact on prostate cancer biology. See Lee, et al. Cancer Research. 
2013 73:1211-1218 and Bhasin, et al. Cell Reports. 13:2135-2146. Contact: 
tinga@ccf.org 

Hannelore Heemers, Ph.D. - Defining how molecular heterogeneity in 
androgen receptor’s transcriptional output translates into different modes 
of androgen receptor action and in novel opportunities for androgen 
deprivation therapy. See Heemers, et al. Cancer Res. 2011 71(5):1978-88 and 
Heemers HV. Int J Biol Sci. 2014 10(6):576-87. Contact: heemerh@ccf.org

These interdisciplinary projects have opportunities to interface with expert 
laboratory scientists, urologists, medical oncologists, pathologists and 
radiologists – all focused on prostate cancer. 
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Are you looking for  
a non-traditional  
science career?

Find jobs in these areas  
on Naturejobs
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www.nature.com
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